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SUMMARY
Background. Knee ligaments are not only recognized as mechanical stabilizers, but
also as sensorimotor components contributing to the proprioceptive feedback mechanisms and neuromuscular stabilization of knee joint. The study investigated the influence of isolated and bicruciate ligament injury of cruciate ligaments on postural stability in male individuals prior to reconstruction surgery.
Materials and methods. An individual case, control study design was used. Thirty-six
patients were categorized into three groups depending on a history of a recent knee
joint: ACL group with an anterior cruciate ligament injury, BCL group with an anterior and posterior cruciate ligament injury and control group with no knee injury and
no lower limb injury during last 12 months. Postural stability was expressed by body
sways (angular degrees, º) in the antero-posterior (AP-Shift), latero-medial (LM-Shift)
and in both planes (2D-Shift) assessed with a Delos Postural System in standing one
leg position with and without visual control. Non-parametric Kruskal-Wallis and
Mann-Whitney U tests were used to assess changes between studied variables.
Results. There was statistical difference between individuals with BCL who had higher body sways with closed eyes in all examined planes while standing on the affected
limb compared to control and their own unaffected limbs (p < 0.05). Additionally,
AP-Shift and 2D-shift were higher in BCL group than in the ACL injured group with
eyes closed (p < 0.05). The ratio of body sways between closed and open eyes was
greater in the BCL group in all planes for both limbs than in the healthy men (p <
0.05). In BCL and ACL groups the ratio of body sway distribution during stability
tests was two times higher in the injured limb than in the uninjured one (p < 0.05).
There was statistical difference in AP-Shift between participants with ACL and BCL
injury in affected and unaffected limb (p < 0.05). The only changed detected in the
ACL group was increased body sway for all studied planes when standing on the
injured limb with closed eyes as compared to standing with open eyes (p < 0.05).
Conclusions. Under lack of visual cues, body sway increases in BCL but not ACL knee
injured individuals suggesting a substantial decline in proprioceptive input after the
bicruciate ligament rupture.
KEY WORDS
Mechanoreceptors; postural control; proprioception; sensorimotor control; cruciate ligament.

367

Postural Stability in Knee Injury

BACKGROUND
The anterior cruciate ligament (ACL) injury impairs postural control. This is manifested by increased body sway, especially during single leg stance on the injured limb without
vision (1, 2).
The injured limb is more affected than the uninjured one,
although deficits of postural control have been found in
both limbs after an ACL injury (3). The effect of the posterior ligament (PCL) injury on the postural control is not
known perhaps due to the fact that isolated lesions of this
ligament are relatively rare or are not appropriately diagnosed (4). However, patients with a subacute or chronic
PCL injury may experience instability during rapid change
of movement direction, especially if the injury is combined
with patellar lateral subluxation (5).
Postural control is composed of postural orientation and
postural stability (6). Postural orientation relies on the ability to monitor the interrelationship between body segments
relative to the environment based on visual and vestibular
guidance. Postural stability depends on the integration of
somatosensory information to control the center of mass in
relationship to the base of support (7).
Knee ligaments are not only recognized as mechanical stabilizers, but also as sensorimotor components contributing to
the proprioceptive feedback mechanisms and neuromuscular stabilization of the knee joint (8). The ACL and PCL
are particularly rich in different types of mechanoreceptors.
They participate in the regulation of muscle tone and spinal
reflexes (9).
Damage to the knee joint ligament system leads not only to
joint mechanical instability but also to a
decreased number of mechanoreceptors involved in the
neuromuscular feedback and the motor coordination of
periarticular muscles (10).
The importance of the present study is related to the fact
that the evaluation of postural stability may serve as a preoperative prognostic factor of the functional status and reinju-

ry and inform preoperative and postoperative therapeutic
decision making (11).
The aim of this study was to evaluate static postural stability in patients with an isolated-(ACL) and bicruciate ligament (ACL and PCL) knee injury prior to surgery. It has
been assumed that the size of an articular ligament injury
will have an impact on stability and that bicruciate ligament
knee injuries will cause greater body sway than isolated-ligament injuries.

MATERIALS AND METHODS
Participants
Only male respondents were sought among the individuals
referred to the outpatient orthopedic clinic and they were
retrospectively selected to the inclusion and exclusion criteria (12, 13) (table I).
In the case of the third degree of anterior or posterior instability, the subjects were qualified for reconstructive surgery (14). Injuries to the knee joint ligaments were
verified by the same orthopedic physician during manual examination and all of the participants were precisely assessed in magnetic resonance imaging. In the ACL
group, there were 2 patients with isolated ACL injuries,
8 with the ACL and medial meniscus injuries, and 2 with
the ACL and lateral meniscus injuries. In the BCL group, 5
patients had ACL and PCL ligament injuries, 7 had ACL,
PCL and medial meniscus injuries. During manual testing, a total translation of the tibia relative to the femur was
assessed with the knee at 30° (Lachman test) and 90° of
flexion (drawer test).
An individual case control study design was used. The
sample size was determined based on the significance level,
power, and magnitude of the difference (effect size) (15).
However, before starting the study we established a sample
size based on the previous study report (8, 16).

Table I. The inclusion and exclusion criteria.
Inclusion criteria

Exclusion criteria

Only male volunteers, not athletes

Previous ligaments injuries in lower limb

Age between 18 and 45 years old

Surgical procedures in lower limb

Isolated ACL rupture qualified for reconstructive surgery

Orthopedic problems

ACL + PCL qualified for reconstructive surgery

Neurological disorders
Visual disturbances

Chronic phase of ligament rupture od > 3 months after injury
(not more than 12 months)

Balance problems including: inner ear, vestibular disorders, low
back pain)
Pharmacological treatment that may impair balance problems

ACL: anterior cruciate ligament; PCL: posterior cruciate ligament.
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Twelve male participants with an anterior cruciate ligament
injury (ACL group) and the same number of respondents with
an anterior and posterior cruciate ligament injury (BCL group)
were included in the study. The control group consisted of 12
non-injured men corresponding with age, height and body
weight to the subjects from the other groups. The subjects
had no prior ligament injuries, did not undergo surgeries in
the past, and did not have other orthopedic or neurological
problems of the limbs. They were not athletes. They did not
receive pharmacological treatment and were recruited among
employees and students of the university and the outpatient
clinic and authors’ colleagues. The demographic data of the
studied individuals has been presented in table II.
In the ACL group, there were 12 patients with the isolated
ACL injuries, and in the BCL group 12 patients had ACL
and PCL ligament injuries. Most of the injuries were caused
by accidents during recreational activities (5 in ACL injuries, 4 in BCL), some patients were injured during road accidents (4 in ACL, 6 in BCL) and due to a fall (3 in ACL
and 3 in BCL). Functional assessment of the knee joint was
performed according to the IKDC 2000 form where the
transformed score was interpreted as a measure of function.
Higher scores represented higher levels of function and
lower levels of symptoms. A score of 100 points is interpreted to mean no limitation with activities of daily living or
sports activities and the absence of symptoms (17) (table II).
The average time duration from injury to examination was
over 6 months in both groups.
The subjects did not experience pain during the test with
eyes open and closed, which could possibly affect the
final result.
The study was approved by the Bioethics Committee of the
Medical University of Poznan. All subjects gave informed
consent to participate in the study.

Postural control assessment
The evaluation of postural control was performed using a
postural balance control system (Delos Postural System,
Italy) (18). The system consists of a vertical controller which is synchronized (the data is recorded simultaneously) with the sensorized bar. The vertical controller
is a two-dimensional accelerometer (7 × 4.5 × 2.5 cm in
size) that records in real-time the antero-posterior and
latero-medial body sway expressed in angular degrees
(º) from the vertical (sensitivity of 0.1º with respect to
center of mass, the measuring range up to ± 2G). The
sensorized bar is an adjustable in height support frame
equipped with an infrared sensor that allows assessment
of the time during which subjects lean on it. Twenty out
of twenty-four patients from both groups had an injury
of the right lower limb. Therefore, the affected limb of
ACL and BCL injured individuals was compared to the
healthy right lower limb of the uninjured subjects. In
patients with ACL and BCL injury, the injured limb was
additionally compared with the non-injured limb, while
in the subjects from the control group the right limb was
compared with the left one.

Single stance balance assessment procedure
Trunk angular sway during stance has been shown to be a
reliable measure of changes in balance stability. The vertical
controller was attached using an elastic strap to the sternum
right above the xiphoid process, allowing for the recording
of body sways in frontal and sagittal planes.
Before each attempt, the accelerometer was calibrated with respect to the vertical position of the erect body
while standing on both feet. The procedure was explained

Table II. Clinical and demographic parameters score for patients described by mean,
standard deviation and distribution (n = 36).
CON (n = 12)

ACL (n = 12)

BCL (n = 12)

Age (years)

29.8 ± 9.0

29.4 ± 8.6

32.2 ± 9.0

Height (cm)

180.5 ± 6.8

180.0 ± 5.8

180.6 ± 4.8

Body weight (kg)

83.8 ± 8.9

83.7 ± 10.9

82.0 ± 11.6

BMI (kg/m2)

25.7 ± 7.8

25.9 ± 7.8

25.1 ± 8.5

Injury duration (months)

-

6.6 ± 3.44

IKDC 2000 score (%)
90-100 points
76-89 points
50-75 points
< 50 points

-

11%
0%
33%
56%

6.2 ± 2.7
0%
0%
17%
83%

Data is expressed as mean ± SD with minimum and maximum values in brackets; CON: control group; ACL: individuals with ACL rupture; BCL: individuals with ACL and PCL rupture; International Knee Documentation Committee; Subjective Knee Evaluation Form (2000 IKDC).
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to the participants, and they were familiarized with the
commands for subsequent measurements. The static balance test was carried out for lower limbs separately while standing barefoot on one leg with upper limbs
hanging aside. The untested lower limb was held slightly flexed in the hip, knee and ankle joint just above the
ground. During the test, the subjects looked forward. No
feedback on postural sway was given during the tests. The
sensorized bar was located 30 cm in front of the subjects
to protect them from falling and to enable rapid regaining
of vertical posture in case of balance loss. In accordance
with the previous recommendations, four 30-second trials
of stability assessment were performed for each lower
limb, two with opened (EO) and two with closed (EC)
eyes. The trials proceeded automatically with an alternated sequence of the left and the right limb stance,
performed first with EO and then with EC (figure 1 a, b).
This was a sort of randomization procedure because most
of the patients had injury to the right while some to the

A

left knee. Each trial was followed by a 15-second break.
Prior to testing the participants were subjected to a familiarization test performed on each limb. The accelerometer sensor output was digitized at a rate of 100 Hz and
recorded with a personal computer equipped with dedicated software (DPPS 5.0). The raw data were initially
averaged with a 4-tap sliding window, to narrow the 3 dB
bandwidth to approximately 11 Hz. The average amplitude (expressed in angular degrees) of body sway (BS)
was derived from the average body instability in the frontal (latero-medial direction, LM), sagittal (antero-posterior direction, AP) planes as well as both planes combined
(2D). The exact equation algorithms used for the calculation of the studied variables have been precisely described
in the previous report of Riva et al. (18). The best trial
out of 2 for each leg, i.e., the trial with the least BS was
analysed. The ratio of body sways between EC and EO
testing conditions was calculated to depict the increase
in the body sway between both conditions. The second-

B

Figure 1. (A) The measurement of postural sway with eyes opened. (B) The measurement of postural sway with eyes closed.
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ary variable was the total time of not leaning against the
barrier (expressed in seconds) and thus maintaining the
postural balance.

In the ACL group, stability did not differ from that in
healthy individuals.

The comparison of stability between
subject’s own limbs

Statistical analysis
The statistical analysis was performed using Statistica 8
Software. The demographic details and main characteristics of respondents were summarized using descriptive
statistics. Data distribution was tested using the Shapiro–
Wilk test, while homogeneity of variance was verified with
Levene’s test. As the distribution of variables was different
than normal and no homogeneity of variance was observed,
non-parametric Kruskal-Wallis test was used for the statistical analysis. The Mann-Whitney U test was applied for
the post-hoc analysis of independent variables. The alpha
level of significance was set at p < 0.05.

RESULTS
Regarding the differences in the total time without leaning against the frame, there were significant differences in
the examination with eyes closed and opened in the injured
limb, in the ACL and BCL groups and in the non-injured
limb in the BCL group. No significant interactions were
noted between the limbs in all the groups (table III). Hence,
the time of maintaining the postural control was similar for
all the studied groups.

The comparison of stability between injured and
uninjured subjects
Compared to the control group, the BCL group showed
significantly higher median values of BS in tests conducted with EC in all the examined planes (LM BS by 283%,
AP BS by 310% and 2D by 278%) only when standing
on the injured limb. In addition, median values of AP BS
and 2D BS were greater by 194% and 174%, respectively,
than in the ACL group during tests with EC (table IV).

In the control group and ACL group, no differences in BS
were found in any tested plane when comparing own lower
limbs, either in trials with EO or EC (table IV). In contrast,
in the BCL group, significantly higher median values of BS
were found in all the examined planes (LM BS by 126%,
AP BS by 182% and 2D by 142%) while standing on the
injured limb compared to the healthy limb, but only during
tests with EC (table IV).

The comparison of stability in tests with eyes
open and eyes closed
Apart from the left limb in the control group, LM and 2D
BS were higher in all the groups in trials with EC than in
those with EO. AP BS was greater during EC than EO only
in the injured limb of the ACL group and in the injured and
non-injured limb in the BCL group (table IV).
In the ACL group, no changes in ratio of sways were
observed compared to the control group. In the BCL group,
except for AP BS for the non-injured limb, the ratio of body
sway between EC and EO was higher in both limbs than in
the control group. This ratio was also greater than in the
ACL group for LM BS in the non-injured limb and for AP
BS in the injured limb.
Furthermore, only in the BCL group, the ratio of sways
was greater for AP BS in the injured limb than in the own
non-injured limb (table V).

DISCUSSION
As hypothesized, greater ligament injury to the knee joint
resulted in increased antero-posterior, latero-medial and
two-dimensional body sways during single leg stance on the

Table III. The mean of time without contact with the supporting frame during the stability test.
CON (n = 12)
Limb

Left

EO (s)

18.7 ± 4.3

ACL (n = 12)
P value
EO vs
EC

Right

18.6 ± 4.8
0.273

EC (s)

17.9 ± 5.5

P value
EO vs
EC

Non-injured

BCL (n = 12)
P value Injured
EO vs
EC

20.0 ± 1.5
0.109

16.9 ± 6.9

19.9 ± 0.4
0.028

17.7 ± 4.0

P value
EO vs
EC

Non-injured

19.5 ± 1.8
0.018

16.9 ± 4.5

P value Injured
EO vs
EC
19.6 ± 1.5
0.028

18.0 ± 3.2

P value
EO vs
EC
0.028

15.4 ± 6.5

Values are shown as means ± SD; EO: eyes opened; EC: eyes closed; s: seconds; CON: Control group; ACL: subjects with ACL rupture; BCL: subjects
with ACL and PCL rupture; Post Hoc. Paired tests comparisons.
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1.2
(1.0-2.8)

EC (°)

1.1
(0.8-1.7)

EC (°)

1.7
(1.5-3.6)

EC (°)

1.8
(1.4-3.1)

0.9
(0.7-1.3)

1.0
(0.8-1.7)

0.6
(0.5-0.9)

1.2
(1.0-2.0)

0.5
(0.4-0.9)

0.750

0.931

0.663

2.3
(1.6-3.8)

1.3
(1.0-1.6)

1.2
(0.9-1.7)

0.8
(0.6-1.0)

1.4
(1.1-2.4)

0.7
(0.6-0.8)

0.127

0.368

0.072

P value
ACL vs
CON

2.9
(2.2-4.3)

1.1
(0.9-1.2)

1.6
(1.0-1.9)

0.8
(0.6-0.8)

2.1
(1.3-3.5)

0.7
(0.5-0.7)

Injured

0.080

0.075

0.165

P value
ACL vs
CON

0.203

0.203

0.183

P value
Injured
vs
Non-injured
ACL

3.5
(1.9-4.0)

1.0
(0.9-1.2)

1.7
(0.9-2.2)

0.7
(0.6-0.9)

2.7
(1.4-3.2)

0.6
(0.5-0.7)

Non-injured

BCL
(n =12)

0.029

0.071

0.038

P value
APCL
vs
CON

0.127

0.368

0.072

P value
APCL
vs
ACL

5.0
(3.3-10.7)

1.3
(1.0-1.6)

3.1
(1.5-3.8)

0.8
(0.5-0.8)

3.4
(2.2-6.0)

0.9
(0.4-1.3)

Injured

0.001

0.001

0.003

P value
APCL vs
CON

0.047

0.010

0.221

0.038

0.015

0.218

P value
P value
APCL vs Injured vs
ACL
Non-injured
APCL

1.7
(1.2-2.3)

1.5
(1.0-2.1)

1.9
(1.6-2.7)

1.7
(1.2-2.3)

1.5
(1.0-2.1)

1.9
(1.6-2.7)

0.751

0.686

0.525

P value
Left vs
Right

1.7
(1.2-2.9)

1.6
(1.0-2.9)

1.7
(1.3-3.3)

Non-injured

Right

Left

0.751

0.488

0.954

P value
ACL vs
CON

2.8
(1.6-4.3)

2.2
(1.3-2.7)

3.3
(1.4-6.1)

Injured

0.119

0.166

0.326

P value
ACL vs
CON

0.166

0.260

0.174

P value
Injured vs
Non-injured

3.1
(1.8-4.0)

2.0
(1.6-2.7)

4.0
(2.0-5.9)

Non-injured

BCL (n =12)

0.039

0.064

0.019

P value
APCL vs
CON

0.103

0.414

0.047

P value
APCL vs
ACL

4.2
(2.4-6.4)

4.0
(2.0-6.0)

4.5
(2.4-6.1)

Injured

0.007

0.002

0.045

P value
APCL vs
CON

0.183

0.030

0.463

P value
APCL vs
ACL

0.124

0.026

0.663

P value
Injured vs
Non-injured

Values are shown as median (lower quartile - upper quartile); LM BS: latero-medial body sways; AP BP: antero- posterior body sways; 2D BS: two dimensional body sways (angular degrees, °);
EO: eyes opened; EC: eyes closed; CON: Control group; ACL: subjects with ACL rupture; BCL: subjects with ACL and PCL rupture; Post Hoc. Paired tests comparisons.

EC/EO

2D BS

EC/EO

AP BS

EC/EO

LM BS

Limb

ACL (n =12)

CON (n = 12)

Table V. The ratio of body sway distribution during tests with the eyes opened and closed.

Values are shown as median (lower quartile - upper quartile); LM BS: latero- medial body sways; AP BP: antero- posterior body sways; 2D BS: two dimensional body sways (angular degrees,
°); EO: eyes opened; EC: eyes closed; CON: Control group; ACL: subjects with ACL rupture; BCL: subjects with ACL and PCL rupture; Post Hoc. Paired tests comparisons.

1.0
(0.8-2.1)

EO (°)

2D BS

0.7
(0.6-1.3)

EO (°)

AP BS

0.6
(0.5-1.4)

EO (°)

LM BS

Limb

Non-injured

P value
Left vs
Right

Left

Right

ACL
(n =12)

CON (n = 12)

Table IV. Comparison of body sway distribution during tests with the eyes opened and closed.
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injured limb but only for trials performed with closed eyes.
The stability was decreased not only compared to the healthy
individuals, but to the patients with ACL ligament rupture,
who showed changes in body sway only in measurement in
the injured limb in all planes with eyes closed (19). The only
change detected in the ACL group was an increased body sway
for all studied planes when standing on the injured limb with
closed eyes as compared to standing with open eyes (p < 0.05).
Okuda et al. (1) conclude that the amount of postural
sway in the ACL-injured knee increased significantly on
the injured leg standing with eyes closed, and that vision
appears to be dominant in compensating for the decreased
contribution the ACL. Moreover, the postural sway did not
increase significantly with eyes open.
Contrary to the results of the present study, in the recent
systemic review of literature it has been shown that patients
with a one-sided ACL injury often exhibit greater postural sway than healthy subjects, especially during single limb
stance on the injured limb (to a lesser extent on the healthy
limb) in tests with closed eyes (20). However, in most of the
included studies various derivatives of the center of pressure
were used to visualize the amount of body sway. In this study,
we assessed the body sway as the trunk angular sway from
the vertical. It is important to emphasize the fact that in this
study the patients were after the injury but before the reconstruction surgery.
This is the factor that distinguishes these results from others.
Most systemic reviews of the literature analyze postural
stability after reconstruction. This may indicate that the graft
implanted during the surgery is only a mechanical stabilizer.
The process of re-innervation is long and sometimes does
not appear at all. To our knowledge the postural stability
measured with a Delos Postural System in one leg standing position with and without eye control before the reconstruction surgery has not been assessed in the literature.
When the base of support is narrow, little ankle torque can be
applied to control body stability, and the hip strategy is expected to be employed (21). Thus, it may be speculated that in the
present study the ACL injured subjects used the hip strategy
to compensate for the increased sway of the center of pressure.
The tested individuals with a combined ACL and PCL
rupture had increased deficits of postural stability only in
the absence of vision and only when standing on the injured
limb, even though they did not have any neurological abnormalities, including vestibular disorders. Moreover, they
demonstrated a significantly higher increase of body sways
between the tests with open and closed eyes than normal
and isolated ACL ruptured subjects. As the reduced transmission of proprioceptive signals from mechanoreceptors
can be compensated only by vision (22), we suppose that the
main reason for postural instability after the BCL rupture
Muscles, Ligaments and Tendons Journal 2021;11 (3)

was the disturbance in proprioceptive feedback due to the
damage to cruciate ligaments and the resultant inability to
compensate body perturbations through the hip strategy
and trunk proprioceptive control (23, 24).
The ACL contains Ruffini, Pacinian and Golgi’s corpuscles
providing information about the position of the joint and the
movement of the limb (25). The PCL also contains numerous sensory endings, such as Ruffini, Pacinian, Krause’s and
other morphologically unclassified receptors that play a
specific role in the proprioceptive control of the knee joint.
The menisci have a small number of receptors and their
damage seems to have little effect on postural stability (26).
It seems that after the rupture of both cruciate ligaments
the transmission from cruciate ligaments is so substantially
deprived that it dramatically disrupts sensorimotor postural
adjustments.
In addition to sensorimotor aspects, neuromuscular disabilities could also be the cause of impairment of postural
control. The ability to maintain small body sways probably depends on the ability to instantly generate brief, rapid
muscle contractions (27). There are, however, conflicting
eports of the impact of muscle strength on postural stability.
Some studies have shown the relationship between muscle
strength and postural stability (28, 29), while others not (30).
Moreover, if strength deficits contributed to the deficits in
the postural control seen after the BCL rupture, body sway
would also increase during the trials performed with open
eyes, which was not the case.
The latero-medial sways of the body while standing on one
limb are linked with the lateral pelvic displacement strategy
of maintaining the balance, because the anatomical structure
of the knee joint makes it impossible to sway in the frontal
plane (31). In patients with BCL the body sway increased in
both planes, which could be linked to the greater knee instability. However, previous studies did not find any correlation between tibia translocation and postural sway (1, 2).
For example, after a ligament damage, the size of frontal
instability in the knee joint did not have an influence on
postural stability (32). The lack of changes in body sways in
the injured limb in patients with bicruciate ligament injuries
during the tests with open eyes indicates that mechanical
instability of the joint due to a bicruciate ligament injury was
unlikely to be the cause of decreased stability.
In all disorders associated with musculoskeletal knee
conditions pain is a consistent feature. However, it is difficult to isolate the effects of nociceptive stimulation on
knee joint perception from others associated with inflammation or muscle function. Bennell et al. (33) evaluated
the effect of experimentally induced knee pain on knee
joint position sense in healthy individuals. The results were
surprising: knee joint position sense was not alerted by
373
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acute knee pain in any of the positions tested (30). Using
an experimental pain model in healthy volunteers allows
controlled investigation of the effects of pain on proprioception. The authors emphasize that resolution of pain is
unlikely to lead to improvements in joint position sense.
A similar study was developed to evaluate the effects of
knee pain on the standing balance. Postural stability was
not significantly alerted by experimentally induced acute
knee pain, nor was there any relationship between severity
of the reported pain and balance scores (34).

Clinical implications
To our knowledge, this is the first study that has analyzed
the relationship between an isolated- and bicruciate ligament knee injury and postural stability in a male group
before reconstruction surgery. After the bicruciate ACL
and PCL but not isolated ACL injury the postural stability
was substantially decreased in frontal and sagittal planes,
suggesting poor control of trunk alignment in both planes
in this group. An increase of knee load in the frontal plane
due to a poorly controlled trunk has been shown as a
potential risk factor for ACL injury in a healthy population
of female athletes (21). Moreover, poor postural stability is
a strong predictor of a second ACL injury after ACL reconstruction (11). Therefore, therapists should recognize that
before ligament reconstruction surgery, neurosensory core
training (kinesthetic and proprioceptive) (21) and perturbation balance training on the injured and non-injured
limb seem to be important therapeutic strategies which
need to be included in rehabilitation protocols of men with
bicruciate ligament injuries of the knee joint (3).

Limitations
This study presents some limitations. First of all, we did
the measurements of static balance after but not before the
anterior cruciate ligament and bicruciate (ACL and PCL)
injury, which is not feasible. Therefore, we were not able
to identify if there were any differences in the control of
postural stability before the injury. Furthermore, the level
of physical activity was not assessed using a standardized
questionnaire. It was only determined in an interview with
a patient whether subjects were professional athletes or

practiced any sports before and at the time of enrolment
to the study. These were the basic criteria for exclusion
from the study, due to the possible loss of mechanoreceptors in the ligaments as a result of intense physical exercise
history. What is valuable in the conducted research, is that
it was possible to select a group of patients with bicruciate ligament knee injury coherent with the study material.
This allowed us to describe the functional state of patients
and their neurological deficits at the level of proprioceptive sensation. This type of research, when patients are
before the surgery, presents biological changes in the functional meaning. It also should be remembered that reconstruction treatment at first brings mechanical stabilization
of the knee while the re-innervation process will take much
longer. Hence it is worth conducting examinations before
surgery to verify the progress of surgical and physiotherapeutic treatment. Future studies should attempt to investigate the influence of isolated and bicruciate ligament
injury on postural stability in female individuals prior to
reconstruction surgery and also after it.

CONCLUSIONS
The results of the present study confirm the assumption
that the greater the size of knee ligament damage, the greater deficits in the postural control. The greatest body sway
was found after the bicruciate knee ligament injury. Larger body sways were observed only in the absence of visual control, suggesting that, due to the loss of functionality of articular mechanoreceptors, the proprioception
impairment is a major reason for imbalance disorders and
presumably contributes to the poor control of trunk stability. The study meets the ethical standards of the journal (35).
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SUMMARY
Background. Plantar fasciitis (PF) is one of the most common causes of heel pain. The
use of ESWT is approved in the treatment of chronic PF. The aim of this study was
to conduct a retrospective analysis to create models for a pre-treatment evaluation in
people with PF, and to assess whether demographic and clinical features could be used
to predict medium-term outcomes six months after fESWT.
Methods. 183 cases of plantar fasciitis were treated with fESWT. The outcome was
NRS variation at three and six months. Age, gender, Likert scale and FAOS were the
predictive factors evaluated.
Results. A significant improvement in the mean values of NRS and FAOS was observed
at the follow up controls. Patients with unfavorable characteristics association (age ≥
56 years, FAOS < 66.7, Likert scale 3-4) showed higher NRS values, instead patients
with favorable characteristics association (age < 56 years, FAOS ≥ 66.7, Likert scale
1-2) showed lower NRS values.
Conclusions. The multilevel modeling creates clinical models for a pre-treatment evaluation of patients with PF, predicting a better or worse medium-term after fESWT.
The patient presenting a combination of unfavorable characteristics could be informed
about a worst therapeutic response, and modification on therapy protocol or association of different therapies could be considered.
KEY WORDS
Plantar fasciitis; ESWT; shock waves; predictive factors; multilevel modeling.

BACKGROUND
Plantar fasciitis is one of the most common causes of heel
pain. Typically, the tender point is located on the plantar
fascia origin, at the medial process of the calcaneal tuberosity. The heel pain is worse at the first steps in the morning
or after a prolonged period of rest and generally increases
with passive stretching of the plantar fascia (1). It affects
7-10% of the general population and the incidence is 8-21%
376

among athletes and runners. People aged 40-60 years are
mostly affected (2). The aetiology is unclear and probably
multifactorial. Plantar fasciitis is generally believed to be
due to an overuse injury, when repetitive microtrauma and
damage exceed the tissue healing ability, with a chronic
inflammation associated. Intrinsic and extrinsic risk factors
are recognized: anatomical features (overweight, excessive
foot pronation), functional features (Achilles tendon tightness), wearing inadequate footwear, prolonged standing or
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walking occupations, incorrect training (1-3). Patients with
plantar fasciitis often present a heel spur, but it also occurs
in asymptomatic populations, so its causal role in the development of plantar fasciitis is uncertain (4).
The diagnosis is primarily based on symptoms and clinical
evaluation. Plain radiographs frequently reveal heel spur
on the inferior surface of the calcaneus, and it is useful
to exclude calcaneal stress fracture and other rare bony
lesions (1, 3). Ultrasound examination is frequently used
to confirm the plantar fasciitis diagnosis and exclude other
causes of heel pain (1). A hypoechoic and thickened (> 4
mm) fascia, the presence of bony erosions, heel spur, signs
of fascia ruptures and color Doppler activity are the ultrasound aspects that suggest the diagnosis of plantar fasciitis (3). Magnetic resonance (MR) images show the plantar
fascia thickening and the T2 high signal intensity area. MR
images are often performed for differential diagnosis from
other diseases, such as bone marrow edema of the calcaneous. Other differential diagnosis are painful peripheral
neuropathies, tarsal tunnel syndrome, lesion of the plantar
nerve, tumors, and plantar fascia fibromatosis (4).
Plantar fasciitis is managed conservatively: non-steroidal
anti-inflammatory drugs (NSAIDs), corticosteroid injection, foot orthotic devices, physical therapy (laser therapy,
cryoultrasound), stretching exercises for foot and lower
limb muscles, kinesiotaping, platelet-rich plasma (PRP)
injection (1, 3). When plantar fasciitis symptoms persist
after 6 months of different and repetitive conservative treatments, surgical option is considered. Surgical treatment
includes endoscopic or open plantar fascia release and cryosurgery (5). In 2000 the USA Food and Drug Administration (FDA) approved the use of extracorporeal shockwave
therapy (ESWT) in the treatment of chronic plantar fasciitis. The rationale for ESWT in clinical use is inhibition of
pain receptors and stimulation of soft-tissue healing (1, 3).
Several studies showed that ESWT induces neo-vascularization in treated tissue and that it is a reparative stimulus
through remodeling collagen, reducing the expression of
the pro-inflammatory profile M1 macrophages and inducing the expression of an anti-inflammatory profile M2 (6).
Many authors have studied its efficacy on plantar fasciitis
and have compared their effects with other conservative
treatments (3, 7). Yin et al. in their meta-analysis showed
a strong statistical evidence of focused ESWT e radial
pressure wave efficacy in the treatment of chronic plantar
fasciitis in the medium term (within 6 months), with better
results using energy flux density (EFD) < 0.20 mJ/mm (2,
7). Similar results are showed in the more recent meta-analysis of RCT conduct by Li et al. (8). Sun et al. in their
meta-analysis analyzed 9 RCT that evaluated the effectiveness of focused ESWT e radial pressure wave in the treatMuscles, Ligaments and Tendons Journal 2021;11 (3)

ment of chronic plantar fasciitis. Both focused ESWT e
radial pressure waves were more effective than placebo,
with better results for focused ESWT (9). ESWT has been
widely used as a treatment option for plantar fasciitis due to
its non-invasive feature, fast recovery time and convenience
for daily life of patients (10). In literature, demographic,
clinical and ultrasound factors have been investigated as
predictors of a better response to ESWT, with conflicting
results (11-17). The aim of this study was to conduct a retrospective analysis to create models for a pre-treatment evaluation in people with plantar fasciitis, and to assess whether
demographic and clinical features could be used to predict
medium-term outcomes six months after focused ESWT.

MATERIALS AND METHODS
Study design and setting
From January 2015 to March 2018 in the Physical Medicine and Rehabilitation unit of S. Andrea Hospital in Rome
(Sapienza University) a total of 691 cases of plantar fasciitis
were treated with focused ESWT. All participants provided
hand-signed written informed consent to use collected data
for retrospective clinical research purposes. Furthermore,
patient data were anonymized and de-identified prior to
the analysis. Patients who underwent a clinical examination before the treatment and had two clinical follow-up
controls (3 and 6 months after the treatment) were considered eligible for the study. Criteria of exclusion was diagnosis other than plantar fasciitis (e.g., bone edema in MRI
images, neuropathies). The study meets the ethical standards of Muscles, Ligaments and Tendons Journal (18).

Equipment
An electromagnetic generator (Modulith® SLK Storz
Medical) with in-plane ultrasound guide was used to carry
out the treatment: the focus was on the calcaneal enthesis.
Every patient received 3 sessions of focused ESWT, once
a week. At each session, patient received 2400 shocks, at
frequency 4 Hz, at energy flux density (EFD) between
0.14 and 0.20 mJ/mm2, according to literature data (19)
and based on patient’s pain tolerance. No local anesthesia
was practiced. At the end of the treatment patients were
advised to perform home-based stretching exercises of the
plantar fascia to practice daily for at least 30 days.

Outcome measures
The outcome is expressed in terms of variation of the dependent variable Numerical Rating Scale of pain (NRS). NRS is
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a segmented numeric version of the visual analogue scale
(VAS) in which the patient selects a whole number (0-10
integers) that best reflects the intensity of his pain, with 0
representing “no pain” and 10 representing “pain as bad
as you can imagine” and “worst pain imaginable”. In this
study, NRS refers to the first few steps in the morning and
was evaluated before the treatment and at the follow-up
controls (at 3 and at 6 months).
Predictive factors evaluated were the following independent variables: age, gender, severity of the disease (Likert
scale), Foot and Ankle Outcome Score (FAOS) and time.
The severity of the disease was evaluated through a Likert
five-points scale (0: no pain; 1: pain in sport and intense
activities, no limitation; 2: pain, stiffness in the morning and
limitation of intense activities; 3: pain and limitation in daily
activities; 4: pain at rest, continuous) (20). The Foot and
Ankle Outcome Score (FAOS) is a patient-reported questionnaire measuring symptoms and functional limitations
of the foot and ankle. The FAOS consists of 42 questions,
divided into five different patient-relevant subscales: pain;
symptoms such as stiffness, swelling and range of motion;
activities of daily living; ability to perform sports and recreational activities; foot/ankle-related quality of life. The total
score is recorded into a 0-100 scale, with 100 representing
no symptoms or limitations (21). For the statistical analysis,
only the total score was considered. Likert scale and FAOS
were evaluated before the treatment and at the follow-up
controls (at 3 and at 6 months).

it adequately represents the unexplained variability of the
nested structure, which is often arduous to describe in the
single-level approach. The combination of the predictor
factors at T0, T1 and T2 led to the creation of patient models
that showed better or poorer clinical results. A threshold
of significance was considered at p-value < 0.05. Statistical
analysis was conducted using StataSE-12.

RESULTS
Of the 691 cases treated with focused ESWT, 183 cases
were eligible for the study (figure 1). The male patients
were 110 and the female patients were 73. The average age
was 56 years.
A significant improvement in the mean values of
 NRS and
FAOS was observed at the follow-up controls, at three and
six months after treatment (table I).
The multilevel modeling analyzed the statistically significant
independent variables as predictive factors: based on time,
NRS decreased with a coefficient of - 1.7 (p-value < 0.001);

691 plantar
fascias
Lack of: NRS, Likertscale and FAOS
at baseline

Statistical analysis

265 plantar
fascias

Continuous variables were described using the average value
and standard deviation. Repeated measures ANOVA was
used to compare the average NRS and FAOS values at baseline and at the two follow-up control, at three and six months.
A multilevel modeling was used to evaluate the relationship between the outcome dependent variable of interest (NRS) and the predictive independent variables under
study (age, gender, severity of the disease as Likert scale,
Foot and Ankle Outcome Score FAOS, time), considering the correlated data structure and the nesting of observations. Multilevel modeling was used for data analysis as

Lack of: follow-up
clinical controls
at 3 and 6 months

183 plantar
fascias

Figure 1. Enrolled patients.

Table I. Average NRS and FAOS values.
T0
NRS
(average ± SD)

6.5 ± 1.6

FAOS
(average ± SD)

64.4 ± 14
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T1

T2

p-value

4.0 ± 2.2

2.9 ± 2.5

0.000

80.2 ± 15.6

85.9 ± 15.5

0.000
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based on FAOS, NRS decreased with a coefficient of - 1.4
(p-value < 0.001); based on Likert scale, NRS increased with
a coefficient of 1.5 (p-value < 0.001); based on the age, NRS
increased with a coefficient of 0.33 (p-value = 0.052). Gender
was not considered because it was not statistically significant
(p-value = 0.666). Age was considered as predictive factor
because it tended to statistically significant (p-value = 0.052)
(table II).
The significant variables were dichotomized on the median
value to create clinical models: age < 56 years and ≥ 56 years;
FAOS < 66.7 and ≥ 66.7; Likert scale 1-2 and 3-4. Higher
NRS values are observed in patients with more unfavorable
characteristics association, that are age ≥ 56 years, FAOS <
66.7 and Likert scale 3-4. Lower NRS values are
 observed
in patients with more favorable characteristics association,
that are age < 56 years, FAOS ≥ 66.7, and Likert scale 1-2.
Likert scale seems to be the most discriminating variable for
the variation of NRS at three months and at six months, lesser FAOS (table III).

DISCUSSION
A multilevel modeling was used to create clinical models
for a pre-treatment evaluation predicting medium-term
outcomes six months after focused ESWT. The study results
have shown that higher NRS values are expected in patients
with more unfavorable characteristics association: age ≥ 56
years, FAOS < 66.7 and Likert scale 3-4. Instead, lower NRS
values are expected in patients with more favorable characteristics association: age < 56 years, FAOS ≥ 66.7 and Likert
scale 1-2. Likert scale seems to be the most discriminating
variable for the variation of NRS at three and six months,
lesser FAOS. Despite the retrospective nature of the study
and the monocentric acquisition of data, the effects of potential confounders were adjusted in the multilevel modeling,
which takes into account the correlated data structure and
the nesting of observation. Through the combination of the
predictive factors (age, FAOS and Likert scale), this statistical analysis presented different typologies of patient, with

Table II. Regression coefficients of the independent variables.
Coeff.

p-value

IC (95%)

Time

- 1.7

0.000

FAOS
≤ 66.7
> 66.7

- 1.4

0.000

- 1.88; - 1.59
- 1.68; - 1.08

Likert-scale
I-II
III-IV

1.5

0.000

1.16; 1.80

Age
≤ 56
> 56

0.33

0.052

- 0.003; 0.65

- 0.09

0.666

- 0.82; 0.46

Gender
Male
Female
CI: confidence interval.

Table III. Clinical models created by the multilevel modeling.
CLINICAL MODELS

NRS baseline

NRS
3 months

NRS
6 months

Age ≥ 56

FAOS < 66.7

Likert scale 3-4

6.7

5.7

5.7

Age < 56

FAOS < 66.7

Likert scale 3-4

8.0

5.4

4.5

Age ≥ 56

FAOS ≥ 66.7

Likert scale 3-4

7.0

4.4

3.5

Age < 56

FAOS ≥ 66.7

Likert scale 3-4

6.7

4.1

3.2

Age ≥ 56

FAOS < 66.7

Likert scale 1-2

6.7

4.1

3.2

Age < 56

FAOS < 66.7

Likert scale 1-2

6.4

3.8

2.9

Age ≥ 56

FAOS ≥ 66.7

Likert scale 1-2

5.4

2.8

1.9

Age < 56

FAOS ≥ 66.7

Likert scale 1-2

5.1

2.5

1.6
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better or worse outcome to the treatment, that could guide
clinical decisions. The lack of other clinical predictors, such
as body mass index (BMI), pain duration or sport activity,
as reported in other studies, is due to the retrospective study
design. Moreover, no other diagnostic data were considered
(e.g., Rx for calcaneal spur detection). In our clinical practice, patients underwent an ultrasound evaluation before
treatment and 3 month after ESWT, however ultrasound
parameters were not included in the modeling for the lack
of a 6-months ultrasound follow-up and multilevel analysis
requires at least two follow up controls.
In literature, many demographic and clinical features were
examined as prognostic factors on the treatment outcome,
although to our knowledge none of these have used multilevel modeling. Hansen et al. conducted a cohort study on
174 patients with PF treated by ultrasound-guided corticosteroids injection, to evaluate the long-term prognosis. They
found that the female gender and bilateral calcaneal pain
showed a significantly elevated risk of having long-term
symptoms. Instead, age, BMI, smoker state, physical activity, symptoms induced by physical exercise, fascia thickness
and presence of the calcaneal spine did not seem to have any
impact on the prognosis (2). Fleischer et al. carried out a
secondary analysis of the data obtained from a double-blind
RCT, in which demographic and clinical characteristics
were investigated as predictive of response to conservative
therapy for plantar fasciitis. Age showed a moderate negative association with pain, while BMI showed a moderate
positive association with pain and disability. Instead, laterality of symptoms, the duration of symptoms, the self-reported standing time and fascia thickness were not associated
with pain or disability (22).
The relationship between the characteristics of the patient
with plantar fasciitis and the outcome of treatment with
ESWT is still controversed. Notarnicola et al. conducted an
observational study whose purpose was to find epidemiological and clinical prognostic factors that could influence the
outcome of patients treated with focused ESWT. They evaluated 355 patients with tendinopathies (rotator cuff tendinopathy, epicondylitis, achilles tendinopathy, trochanteritis,
jumper’s knee) and plantar fasciitis (135 plantar fasciitis)
treated with focused ESWT. Predictors of therapeutic benefit were the male gender and high BMI. The other examined
features were not predictive (age, diet, blood group, work
or sport, comorbidity, drugs, type of tendinopathy, other
physiotherapy treatments, applied EFD). The patients with
pathology of the dominant limb seem to have more possibilities to limit functional damage (11). Notarnicola conducted
also a prospective observational cohort study to verify the
clinical outcomes after focused ESWT in patients affected
by plantar fasciitis with and without spur, and found that
380

patients report a clinical improvement regardless of calcaneal spur presence or not (15). Other studies examined calcaneal spur presence as predictive for outcome after ESWT,
with contrasting results. According to Ermutlu et al., the
presence of calcaneal spur was not predictive for functional recovery, like either age, fascia thickness, and duration
of symptoms. AOFAS scores was the only predictive factor
(16). In Chuckpaiwong cohort study, plantar heel spur did
not have a statistically significant effect on the outcome of
ESWT, as well as other factors (gender, marital status, BMI,
amount of exercise, previous cortisone injections, duration
of symptoms, bilateral symptoms, bilateral treatment, smoking, plantar fascia thickness and associated foot pathology).
In the same study, the authors conducted a multivariable
statistical analysis to assess factors leading to successful
outcomes. They found that age, walking more than 8 hours
per day, diabetes mellitus, and documented psychological
disorder significantly affected the outcome (17). Liang et al.
studied the correlation between fascia thickness and pain
after treatment with focal ESWT, and stated that patients
with thinner plantar fascia experienced less pain after treatment (12). Yin et al. tried to identify the predictive factors
for achieving the minimum clinical success of the therapy
(MCST, a minimal reduction of 50% in the VAS score), in
order to construct a predictive model for the application of
radial pressure waves therapy. They conducted a randomized controlled trial on 278 patients, and the variables
considered were: age, gender, BMI, affected side (unilateral or bilateral), duration of symptoms, Roles and Maudsley score, VAS score (pain evoked in the morning after the
first steps), edema, calcaneal spur and EFD applied. Using
a multivariate logistic regression model, in the three-month
follow-up from treatment they identified three predictors of
efficacy of radial pressure waves: higher VAS score, edema
and calcaneal spur. No effect was found on the response to
shockwave treatment for the other variables, although the
patients with history of long-standing plantar fasciitis seem
to be less responsive to treatment (13). According to this last
statement is the work of Saxena et al., which states that early
treatment of plantar fasciitis with radial pressure waves, within 3 months of the onset of symptoms, is more likely to allow
for maintenance of patients’ activity level, instead waiting 6
months to treat plantar fasciitis results in delays and inferior
results (23). Yin et al. recently conducted also a cohort study
on 210 patients. Using “Artificial neural networks” (ANN)
algorithm, the authors created a multilayer model to identify the predictive factors for a minimum clinically successful
therapy (MCST) six months after radial pressure waves for
chronic plantar fasciitis. The results revealed that the VAS
score before ESWT was the most influential factor deciding
the odds of successful MCST. Higher VAS, short-duration
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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severer pain on taking first steps in the morning and calcaneal spur are important prognostic factors for the efficacy of
radial pressure waves. Moreover, high BMI was a prognostic
factor positively influencing the clinical efficacy of ESWT.
Other factors, such as age, gender, affected bilateral side,
Roles and Maudsley score, intensity grade and edema, were
not predictive (14).
The knowledge of the prognostic factors leads physiatrist,
orthopedic surgeon and physiotherapist to better understand the extent of recovery, consequently adapting the
rehabilitation path and the patient’s expectations. In this
study the multilevel modeling provides different patient
typologies combining the predictive factors age, FAOS
and Likert scale, based on time. The results of this statistical analysis make it possible to predict a lower response
to treatment in patients presenting a combination of unfavorable characteristics (age above 56 years, greater degree
of pain and minor degree of function) at the pre-treatment
evaluation. These patients should be informed about possible delays in healing, and modification on therapy protocol
or association of different therapies could be considered. A
second cycle of ESWT could lead the patient to recovery,
although a great number of sessions seems to be linked to a
higher rate of therapeutic failure, so patients unresponsive
after two or more ESWT cycles should be directed to other
types of treatment (11). Stretching exercises of the posterior muscle chain, in association with ESWT, may provide
better results in terms of pain relief and functional improvement (24). A patient with unfavorable pre-treatment characteristics could benefit from a specific stretching exercises
protocol to perform daily, in association to ESWT, as we
recommend to our patients from 2018. Recently Notarnicola et al. studied the effect of a combined protocol, applying focal ESWT to the plantar fascia and muscle mass of
gastrocnemius in the same session, thus obtaining better
results in terms of recovery of dorsal and plantar flexion
(25-29). Similar results were obtained by Giordani et al.,
whose treatment protocol required that the therapy was
focused on the active trigger or myofascial points of the

leg, thigh e pelvis in order to restore the correct plantar
fascia function, the sliding properties and the equilibrium
in the myofascial system of the entire lower limb (6). Modifying the treatment protocol by applying focal ESWT to
other points, in addition to the standard calcaneal enthesis
point of the plantar fascia, could improve clinical results
in patients with unfavorable pre-treatment characteristics.
Further studies using the multilevel modeling are necessary
to increase the patients’ sample. Moreover, other predicting factors, such as BMI, pain duration, sport activity, ultrasound parameters or presence of calcaneal spur, should be
considered to improve modeling accuracy and to better
target clinicians’ work. It would be interesting to evaluate
combined therapy protocols to improve recovery for those
patients who present association of negative prognostic
factors at the time of plantar fasciitis diagnosis.

CONCLUSIONS
The multilevel modeling allows us to create clinical models
for a pre-treatment evaluation of patients with plantar fasciitis, predicting a better or worse medium-term outcome six
months after focused ESWT. Therefore, it could be possible
to predict a lower response to treatment in patients presenting a combination of unfavorable characteristics (age
above 56 years, greater degree of pain and function) at the
pre-treatment evaluation. These patients could be informed
about a worst therapeutic response, and modification on
therapy protocol or association of different therapies could
be considered.
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SUMMARY
Background. A common cause of shoulder pain is attributable to the impingement
syndrome. The objectives of this systematic review are: 1) to investigate the usefulness
of clinical tests and their psychometric qualities in the clinical diagnosis of subacromial
shoulder impingement; 2) to investigate the accuracy of different imaging methods to
identify structural correlates related to rotator cuff injuries as indirect confirmation of
subacromial impingement syndrome.
Materials and methods. This systematic review was carried out following the indications contained in the PRISMA checklist. The methodological quality of the studies
included was assessed through the AMSTAR 2.
Results. Several studies agree that no test improves the post-test probability of detecting subacromial impingement and, therefore, are inaccurate. Ultrasound, Magnetic
Resonance Imaging and Magnetic Resonance Arthrography have the same level of
sensitivity and specificity in the detection of complete lesions of the rotator cuff. For
partial injuries it seems that there is a lower sensitivity in view of high specificity, especially with ultrasound.
Discussion and conclusions. The present review confirms the poor diagnostic ability
of clinical tests for subacromial shoulder impingement and it highlights the criticism in
imaging employment in the complex process of the clinical framing of this syndrome.
KEY WORDS
Diagnostic imaging; physical examination; shoulder pain; screening; subacromial
impingement syndrome.

BACKGROUND
Shoulder pain is the third most common musculoskeletal disorder in the general population and can significantly
influence the patient’s ability to perform work, daily life, and
leisure activities (1-3). Shoulder problems have also a significant social and economic impact (1).

The punctual prevalence of shoulder pain varies between
6.9% and 26% in the adult population and increases with
age (1); the annual incidence varies according to age:
0.9% for those aged between 31 and 35, 2.5% for 42-46
years, 1.1% for 56-60 years and 1.6 % for those aged 70
to 74 (1).
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A common cause of shoulder pain without joint stiffness
is attributable to the subacromial impingement syndrome
(SIS), a nosological entity diagnosed in about 74% of
patients with painful shoulder; SIS is also reported as a
contributing factor to the onset of shoulder pain from 48%
to 65% (4-6).
SIS was initially described by Neer as a pinching of soft
tissues between the humerus and the coracoacromial arch
during the elevation movement of the arm (7); later it was
defined as a clinical entity rather than a diagnostic one since
it can be associated with many tissue, and functional alterations (8).
Shoulder impingement can be caused by external (external
impingement) or internal causes (internal impingement)
(9, 10); among the “external impingement”, the sub-coracoid and the SIS are included (11). SIS can occur due to
different mechanisms and structural factors and functional
factors can contribute to its onset (table I) (11).
According to Neer (7), SIS is due to primary abnormalities
of the coracoacromial arch, such as the acromial spur or
hook morphology of the acromion which cause compression of the subacromial bursa and abrasion of the bursal
part of the tendon of the supraspinatus (7).
Subsequently, Lewis (12) highlighted the hypothesis that
the subacromial conflict, although present, represents the
consequence of an underlying incompetence of the rotator
cuff which leads to an alteration of the normal biomechanics of stability of the humerus inside the glenoid (12).
The conflict of such structures, then, would only be the
tip of the iceberg, one of the last phases of the functional
Table I. Subacromial impingement syndrome: structural
factors and functional factors.

Structural factors

Functional factors
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Bursae (inflammation, thickening).
Rotator cuff tendon (tendinitis,
thickening, partial-thickness tears).
Humeral head (congenital abnormalities,
fracture malunion).
Acromioclavicular joint
(joint abnormalities, sprains,
degenerative spurs).
Acromion (abnormal shape, spurs, os
acromiale unfused, malunion of fracture,
nonunion of fracture).
Rotator cuff (weakness, inflammation).
Imbalance (poor dynamic stabilization).
Capsular (hypomobility, hypermobility).
Scapular factors (postural adaptations,
position, restriction in motion,
neuromuscular control, paralysis,
facioscapulohumeral muscular
dystrophy).

involution of a shoulder with an incompetent rotator cuff,
before it is injured (12).
However, if impingement is not impingement, it means the
pathophysiology is not the rotator cuff hitting the acromion, but other mechanisms and not acromial contact cause
pain in these patients (13). In the light of current knowledge, tendinopathy seems to be the result of a “failed healing response” related to age-related factors, genetic factors,
load alterations, trauma, comorbidities, sports, drugs,
smoking, unhealthy lifestyle (13).
Through the years, therefore, we passed from an extrinsic conception of pathology, to an intrinsic conception,
according to which the rotator cuff tendinopathy originates
in the inner layers of the tendon as a consequence of friction between the intratendinous layers, overuse, nonuse or
overload (9).
So, the SIS has been defined as a clinical rather than diagnostic entity, which corresponds to a series of tissue and
functional alterations (5, 13).
Moreover, SIS in the advanced phase is associated with
rotator cuff injuries even though the relationship between
these two entities is still a matter of debate (14); however,
lesion of the supraspinatus tendon is often identified as an
indirect sign of the SIS (4, 13).
At the base of the diagnostic process of the SIS there are
the patient history and the physical examination (15). The
clinical tests and some instrumental examinations such as
Ultrasound (US), Magnetic Resonance Imaging (MRI) and
Magnetic Resonance Arthrography (MRA) (see Appendix 1)
over time have begun to be identified as an integral part of
this process, although in Guidelines by Diercks et al, imaging were not recommended before 6 weeks after the onset of
symptoms (7, 16, 17).
Numerous studies have proposed to investigate the quality of the psychometric properties of the symptom provocation procedures and the validity compared to the use
of diagnostic imaging to confirm the diagnosis of SIS in
patients with painful shoulder (16-20).
However, methodological quality of the studies on these
topics revealed concerns, and there are also few certainties about the use of imaging techniques as a valid aid to
discriminate between symptomatic and asymptomatic
patients (12, 18, 19).
We will perform two systematic reviews on two different
topics in order to allow clinicians to understand the best
methods of clinical evaluation and instrumental diagnostics
in patients with SIS.
Therefore, the objectives of this systematic review are:
• to investigate the usefulness of clinical tests and their
psychometric qualities in the clinical diagnosis of SIS;
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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RESULTS
Selection of studies on psychometric qualities of
clinical tests
The research conducted on PubMed resulted in 264 articles.
By title and abstract screening 249 studies were excluded.
15 articles were selected for full-text analysis and 3 articles
were excluded because they did not meet the inclusion criteria. Finally, 12 articles were included, specifically including
7 meta-analysis and 5 systematic reviews (table II).

Selection of studies on diagnostic accuracy of
instrumental examinations
The research conducted on PubMed produced 170 results.
By screening of title and abstract 151 articles were excluded.
Muscles, Ligaments and Tendons Journal 2021;11 (3)

Identification
Screening
Eligibility
Included

Records identified through database
(PubMed) searching
(n = 264)

Additional records identified through
other sources
(n = 0)

Records after duplicates removed
(n = 264)

Records screened
(n = 264)

Records excluded
(n = 249)

Full-text articles assessed
for eligibility
(n = 15)

Full-text articles excluded,
with reasons
(n = 3)

Studies included in
qualitative synthesis
(n = 12)

3 items excluded because
they are not relevant to
the research question

Studies included in
quantitative synthesis (metaanalysis)
(n = 0)

Figure 1. Prisma flow-chart Clinical Tests.

Identification

The study meets the ethical standards of the journal (21).
This systematic review was carried out following the methodological indications contained in the PRISMA checklist
(22). A bibliographic search was conducted from July 2018
to December 2018 on the PubMed database (US National Library of Medicine National Institutes of Health) using
a combination of keywords and MeSH terms (appendix 2)
designed to identify studies on clinical tests and instrumental examination in the diagnosis of SIS.
Appendix 3 reported the search strings used with the filter
to select systematic reviews, and eligibility criteria.
Two reviewers (ML, EM) for the clinical test string and (ML,
GG) for the instrumental examinations string have independently analysed titles, abstracts and full-text to identify
the articles of interest. For each point of conflict, an auditor
super-partes (FB) has been consulted.
The methodological quality of the articles included in the
study has been assessed independently by two reviewers for
each string through the AMSTAR 2 scale. AMSTAR 2 is the
new revised checklist that evaluates systematic reviews (23).
With the new AMSTAR 2 version, it is possible to evaluate systematic reviews including NRSI (Non-Randomised
Studies of Interventions) and Randomized Controlled Trial
(RCTs). The checklist includes 16 items with the possibility
to answer “YES”, “NO”, “PARTIAL YES”.
The AMSTAR 2 overall score (appendix 4) is calculated
by entering the answers on the website (https://amstar.ca/
Amstar_Checklist.php) (2).

Screening

MATERIALS AND METHODS

After reading the full text, 12 articles were excluded. Finally, 7 systematic reviews have been included (table III).
The study selection processes for the reliability of the
tests and for the accuracy of the imaging assessment are
summarised in the PRISMA flow-charts (figures 1, 2).

Eligibility

to investigate the accuracy of different imaging methods to identify structural correlates related to rotator
cuff injuries as indirect confirmation of SIS.

Included

•

Records identified through database
(PubMed) searching
(n = 170)

Additional records identified through
other sources
(n = 0)

Records after duplicates removed
(n = 170)

Records screened
(n = 170)

Records excluded
(n = 155)

Full-text articles assessed
for eligibility
(n = 15)

Full-text articles excluded,
with reasons
(n = 8)

Studies included in
qualitative synthesis
(n = 7)

8 items excluded because
they are not relevant to
the research question

Studies included in
quantitative synthesis (metaanalysis)
(n = 0)

Figure 2. Prisma flow-chart Instrumental Examinations.
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Table II. Synoptic table articles included for clinical tests.
Article
Author and publication date

Study design

Objective

Gismervik et al., 2017
Physical examination tests
of the shoulder: a systematic
review and meta-analysis of
diagnostic test performance.

Systematic
This metaReview and
analysis aims to
meta-analysis use diagnostic
odds ratio (DOR)
to evaluate how
much physical
examination tests
of the shoulder
(PETS) shift
overall probability
and to rank the
test performance
of single PETS
in order to aid
the clinician’s
choice of which
tests to use.

Methods

Results

Conclusions

Intervention:
a fixed effect
model was used
to assess the
overall diagnostic
validity of PETS
by pooling DOR
for different
PETS with similar
biomechanical
rationale
when possible.
Single PETS
were assessed
and ranked by
DOR. Clinical
performance
was assessed
by sensitivity,
specificity,
accuracy and
likelihood ratio.

Hawkins test obtained
the highest DOR
(2.86) for impingement
syndrome (sensitivity
0.58, specificity 0.67).
No single PETS showed
superior clinical test
performance.

The clinical
performance
of single PETS
is limited.
The authors
suggest that
clinicians choose
their PETS
among those
with the highest
pooled DOR.

Intervention: the
search strategy
revealed 3259
articles, of which
18 finally met the
inclusion criteria.
Pattern: all
included studies
were prospective
and inter-rater
reliability was
assessed in 17, and
1 study evaluated
inter-rater and
intra-rater
reliability.

The included
studies were of low
methodological quality
according to the
QAREL tool.
Meta-analysis identified
extensive heterogeneity
among studies for
physical examination
tests, thus the findings
of the meta-analysis
may be inaccurate and
need to be interpreted
with caution.

This review
identified a lack
of high- quality
studies evaluating
inter-rater as
well as intrarater reliability of
specific physical
examination tests
for the diagnosis
of shoulder
pathologies.
In addition,
reliability
measures differed
between included
studies hindering
proper cross-study
comparisons.

.
Lange et al., 2016
Reliability of specific
physical examination tests
for the diagnosis of shoulder
pathologies: a systematic
review and meta-analysis
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Systematic
The aim of this
Review and
systematic review
meta-analysis was to summarize
and evaluate intrarater and interrater reliability
of physical
examination tests
in the diagnosis
of shoulder
pathologies
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Article
Author and publication date

Study design

Objective

O’Kane et al., 2014
The Evidenced-Based
Shoulder Evaluation

Systematic
The purpose
Review and
of this article
meta-analysis is to review the
evidence for
several physical
examination
techniques
and imaging
modalities and
to propose an
evidenced-based
strategy for the
evaluation of the
painful shoulder.

Muscles, Ligaments and Tendons Journal 2021;11 (3)

Methods

Results

Conclusions

Intervention:
abstracts were
screened for
statistical
assessment of
examination
or imaging
performance.
In developing
the evaluation
algorithm, the
few shoulder
tests identified
as performing
well in a recent
meta-analysis
were included.
In addition, a
number of studies
identified as low
bias using the
QUADAS-2 tool
were reviewed,
and their reported
sensitivity and
specificity were
used to calculate
likelihood ratios
evaluating the
role of those tests
in the shoulder
evaluation
algorithm.

In total, 57 named
shoulder tests were
identified. Meta-analysis
was possible for 16 tests
assessing 5 diagnoses,
as follows: subacromial
impingement, superior
labral anterior to
posterior (SLAP) tear,
anterior or posterior
labral tear, anterior
instability, and rotator
cuff tendinopathy.

The literature
is replete with
studies describing
physical
examinations
for the shoulder,
although many
are of insufficient
quality. Moreover,
combining history
and physical
examination
improves accuracy
over physical
examinations in
isolation.
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Article
Author and publication date

Study design

Hermans et al., 2013
Does This Patient With
Shoulder Pain
Have Rotator Cuff Disease?
The Rational
Clinical Examination
Systematic Review

Hanchard et al., 2013
Physical tests for shoulder
impingements and local
lesions of bursa, tendon or
labrum that may accompany
impingement (Review)
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Objective

Methods

Results

Conclusions

Systematic
To perform a
Review and
meta-analysis to
meta-analysis identify the most
accurate clinical
examination
findings for
rotator cuff
disease (RCD),
including
subacromial
bursitis
and tendinopathy
which can lead
to a clinical
entity known
as subacromial
impingement
syndrome.

Intervention:
two reviewers
extracted study
characteristics and
diagnostic accuracy
data for the index
and reference
tests of each study.
For each finding,
we recalculated
the sensitivity,
specificity, and
likelihood ratios
(LRs). Two pairs
of reviewers
independently
assigned levels
of evidence.

Twenty-eight studies
assessed the examination
of referred patients
by specialists. Only 5
studies reached Rational
Clinical Examination
quality scores of
level 1-2.
Because of the relatively
low diagnostic accuracy
of commonly performed individual tests,
combinations of findings
for RCD have been
evaluated. However, a
positive Hawkins test
result together with
a positive Neer test
result has a result with
substantial overlap
compared with the
individual tests.

A positive painful
arc test result and
a positive external
rotation resistance
test result were
the most accurate
findings for
detecting RCD.

Systematic
Review

Intervention:
two pairs of
review authors
independently
performed study
selection, assessed
the study quality
using QUADAS.

The standard tests were
Hawkins’ test, Neer’s
sign and the painful arc
test. The modified tests
were Neer’s sign, passive
horizontal adduction,
Speed’s test and
Yergason’s test. There
were three combination
tests, which comprised:
all of seven specific tests
(drop arm test, Hawkins’
test, Neer’s sign, painful
arc, passive horizontal
adduction, Speed’s test
and Yergason’s test);
Hawkins’ test or Neer’s
sign; and Hawkins’ test
and Neer’s sign. The
specificity estimates
ranged from 26% for
the standard Hawkins’
test to 99% for the
Gum-Turn test. Only one
test was performed and
interpreted similarly in
two studies. This was the
standard Hawkins’ test,
but different and possibly
incomparable reference
standards were used.

There is
insufficient
evidence upon
which to base
selection of PETS
impingements,
including
subacromial
impingement, in
primary care.

To evaluate
the diagnostic
accuracy of PETS
impingements
(subacromial or
internal) or local
lesions of bursa,
rotator cuff or
labrum that
may accompany
impingement,
in people whose
symptoms and/
or history suggest
any of these
disorders.
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Article
Author and publication date

Study design

Hegedus et al., 2008
Physical examination tests
of the shoulder: a systematic
review with meta-analysis of
individual tests

Hegedus et al., 2012
Which physical examination
tests provide clinicians
with the most value when
examining the shoulder?
Update of a systematic
review with meta-analysis of
individual tests

Objective

Methods

Results

Conclusions

Systematic
To compile and
Review and
critique research
meta-analysis on the diagnostic
accuracy of
individual
orthopedic
physical
examination tests.

Intervention:
the quality of
the articles was
assessed using the
QUADAS tool and
data was extracted
from each article.
Meta-analysis
was performed
on the Neer test
and the HawkinsKennedy test for
impingement.

Forty-five studies were
critiqued with only
half demonstrating
acceptable high quality
and only two having
adequate sample size.
For impingement,
the meta- analysis
revealed that the
pooled sensitivity and
specificity for the Neer
test was 79% and 53%,
respectively, and for
the Hawkins-Kennedy
test was 79% and 59%,
respectively. Regarding
orthopedic special tests
where meta-analysis
was not possible either
due to lack of sufficient
studies or heterogeneity
between studies, no
tests for impingement
demonstrated significant
diagnostic accuracy.

Based on
pooled data,
the diagnostic
accuracy of the
Neer test and
the HawkinsKennedy test for
impingement
is limited.
There is a great
need for large,
prospective, welldesigned studies
that examine
the diagnostic
accuracy of the
numerous PETS.

Systematic
To update
Review and
previously
meta-analysis published
systematic review
and meta-analysis
by subjecting
the literature on
shoulder physical
examination to
careful analysis
in order to
determine
each tests
clinical utility.

Intervention: this
review is an update
of previous work
(see article n.6
in table).
The QUADAS 2
tool was used to
critique the quality
of each new paper.

Since the publication
of the 2008 review, 32
additional studies were
identified and critiqued.
For subacromial
impingement, the metaanalysis revealed that
the pooled sensitivity
and specificity for the
Neer test was 72% and
60%, respectively, for
the Hawkins-Kennedy
test was 79% and 59%,
respectively, and for the
painful arc was 53% and
76%, respectively.

Based on data
from the original
2008 review and
this update, the
use of any single
shoulder physical
examination
test to make a
pathognomonic
diagnosis cannot
be unequivocally
recommended.
These findings
seem to provide
support for
stressing a
comprehensive
clinical
examination
including history
and physical
examination
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Article
Author and publication date

Study design

Alqunaee et al., 2012
Diagnostic Accuracy
of Clinical Tests for
Subacromial Impingement
Syndrome: A Systematic
Review and Meta-Analysis

May et al., 2010
Reliability of physical
examination tests used in
the assessment of patients
with shoulder problems: a
systematic review

390

Objective

Methods

Results

Conclusions

Systematic
To examine
Review and
the accuracy
meta-analysis of clinical tests
for diagnosing
subacromial
impingement
syndrome (SIS).

Intervention: the
methodological
quality of selected
studies was
assessed using the
QUADAS tool,
a validated tool
for the quality
assessment
of diagnostic
accuracy studies.
Pattern: authors
included
prospective or
retrospective
cohort studies
that examined
individuals with a
painful shoulder,
reported any
clinical test for
SIS, and used
arthroscopy or
open surgery as the
reference standard.

The Hawkins-Kennedy
test, Neer’s sign, and
empty can test are
shown to be more
useful for ruling out
rather than ruling in
SIS, with greater pooled
sensitivity estimates
(range, 0,69–0,78)
than specificity (range,
0,57–0,62). A negative
Neer’s sign reduces
the probability of SIS
from 45% to 14%.
The drop arm test and
lift-off test have higher
pooled specificities
(range, 0,92–0,97) than
sensitivities (range, 0,21–
0,42), indicating that
they are more useful for
ruling in SIS if the test
is positive.

Accurate
diagnosis of SIS
is a challenge to
clinicians, and
the diagnostic
accuracy of some
of the clinical tests
used in clinical
practice needs to
be considered in
the context of the
overall patient
assessment.

Systematic
Review

Intervention:
pre-established
criteria were used
to judge the quality
of the studies
and satisfactory
levels of reliability.
A qualitative
synthesis was
performed
based on levels
of evidence.

Thirty-six studies were
included with a mean
methods score of 57%.
Seventeen studies were
deemed to be of high
quality. The majority
of studies indicated
poor reliability for all
procedures investigated.

There was
conflicting
evidence about
their reliability,
and most fell
below the
predetermined
levels of
acceptable
reliability. Using
these procedures
to make their
associated
diagnoses is
an invalid and
unreproducible
process.

To systematically
review the
reliability
of physical
examination
procedures used
in the clinical
examination of
patients with
shoulder pain.
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Article
Author and publication date

Study design

Objective

Methods

Results

Conclusions

Beaudreuil et al., 2009
Contribution of clinical tests
to the diagnosis of rotator
cuff disease: A systematic
literature review

Systematic
Review

To evaluate
the diagnostic
performance of
clinical tests for
degenerative
RCD, based
on a systematic
literature review.

Intervention:
studies were
selected based
on the following
criteria: patients
with RCD, number
of patients known
to be greater
than 30, known
reference criterion
(sub- acromial
impingement or
tendon disease),
well-described
diagnostic method,
knowledge of
the prevalence of
the abnormality
in the overall
study population,
well-described
clinical tests with
clear definitions
of positive and
negative test results,
and availability
of sensitivity and
specificity data.

Authors selected nine
studies, of which
three investigated
tests for subacromial
impingement
syndrome and seven
tests for rotator cuff
tendinopathy. The
results fail to clarify
the value of the
painful arc test for
diagnosing subacromial
impingement syndrome.
Two studies evaluated
the Neer and Hawkins
tests. Both tests were
sensitive.Specificity, in
contrast, was low.
Few data are available
on the Yocum test.
Sensitivity was
estimated at 78% versus
arthroscopic evidence
of tendinopathy with or
without tearing.

The most
extensively
studied tests
for subacromial
impingement
- Neer and
Hawkins - are
sensitive but lack
specificity.
Nevertheless,
studies of the
performance of
clinical tests are
few. The precise
techniques
and subjective
interpretation
required by
clinical tests lead
to substantial
inter-observer
variability.

Hughes et al., 2008
Most clinical tests cannot
accurately diagnose
rotator cuff pathology: a
systematic review

Systematic
Review

To evaluate
the diagnostic
accuracy of
clinical tests to
diagnose rotator
cuff pathology.

Intervention:
to reduce
sources of bias,
three reviewers
independently
assessed the
included studies
for methodological
quality using
criteria adapted
from guidelines for
appraising studies
concerned with
diagnostic tests
by the National
Health and Medical
Research Council
(1999). Data were
extracted from
each included study
using a standard
form developed for
the review.

Thirteen studies met the
inclusion criteria. The
13 studies evaluated
14 clinical tests.
Most tests for rotator
cuff pathology were
inaccurate and cannot
be recommended for
clinical use.

The poor accuracy
of clinical tests
for rotator cuff
pathology could
be related to a
lack of anatomical
validity of the
tests or it may
be that the close
relationships of
structures in the
shoulder may
make it difficult
to identify specific
pathologies with
clinical tests.
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Article
Author and publication date

Study design

Dinnes et al., 2003
Systematic
The effectiveness of
Review
diagnostic tests for the
assessment of shoulder pain
due to soft tissue disorders: a
systematic review

392

Objective

Methods

Results

Conclusions

The main
objectives were
as follows:
1. to establish
the effectiveness
of clinical
examination and
patient history in
the differential
diagnosis of
shoulder pain;
2. to estimate the
added benefit
gained from use
of diagnostic
imaging for the
identification
of soft tissue
shoulder
disorders;
3. to assess how
the individual
tests could most
effectively and
cost-effectively
be combined
with clinical
examination
in diagnostic
strategies or
algorithms;
4. to identify gaps
in the literature
for the purpose
of informing
future research.

Intervention:
authors proposed
to appraise the
methodological
quality of included
test accuracy
studies using a
formal quality
assessment tool.
Pattern: the
primary inclusion
criteria for the
assessment of test
accuracy were
studies of clinical
examination,
ultrasound, MRI
or MRA in patients
suspected of
having soft tissue
shoulder disorders.
Outcomes assessed
were clinical
impingement
syndrome or
rotator cuff tear
(RCT) (full, partial
or any). Only
cohort studies
were included.

The majority of studies
evaluated the ability
of clinical examination
to identify patients
with RCTs or, in two
cases, specifically fullthickness RCTs. Two
other studies used
clinical examination
to differentiate
impingement syndrome
from other causes of
shoulder pain, and
another evaluated
a clinical test that
aimed to distinguish
outlet from non-outlet
impingement syndrome,
that is, those whose
symptoms were not
due to RCT or bursitis
but were largely due to
labral lesions or tears.
The tests evaluated
tended to be either
highly sensitive or highly
specific, and very few
demonstrated both high
sensitivity and specificity.
As a result, few tests
provided convincing
evidence of the presence
or absence of disease
in the settings in which
they were applied.

Too few studies
evaluated the
same test to draw
any conclusions
regarding
individual tests.
Insufficient
evidence
was found to
recommend
any one clinical
examination test
or set of tests
or to provide
an indication
of the accuracy
of clinical
examination at
differentiating
RC disorders (as
opposed to tears)
from other causes
of shoulder pain.
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Table III. Synoptic table articles included for instrumental examinations.
Article
Author and
publication date

Study
design

Objective

Methods

Results

Conclusions

McGarvey et al. 2016
Diagnosis of rotator
cuff tears using
3-Tesla MRI versus
3-Tesla MRA: a
systematic review and
meta-analysis

Systematic
Review

To compare the
diagnostic accuracy
of MRI (3D) and
MRA (2 & 3D) in
the diagnosis of
rotator cuff tears
when performed
exclusively at 3-T.

Intervention: a
systematic review
was undertaken
of the Cochrane,
MEDLINE and
PubMed databases
in accordance
with the PRISMA
guidelines.
Methodological
appraisal was
performed using
QUADAS 2.
Pooled sensitivity
and specificity
were calculated
and summary
receiver-operating
curves generated.

Both 3-T MRI and
3-T MRA showed
similar excellent
diagnostic accuracy
for full-thickness
supraspinatus tears.
Concerning
partial thickness
supraspinatus tears,
3-T 2D MRA was
significantly more
sensitive (86.6 vs
80.5 %, p = 0.014)
but significantly less
specific (95.2 vs 100
%, p < 0.001). There
was a trend towards
greater accuracy
in the diagnosis of
subscapularis tears
with 3-T MRA.

Three-Tesla MRI
appeared equivalent
to 3-T MRA in the
diagnosis of full- and
partial-thickness
tears, although there
was a trend towards
greater accuracy
in the diagnosis of
subscapularis tears
with 3-T MRA.

The objective
was to perform
a meta-analysis
on the diagnostic
accurancy of
medical imaging
for characterisation
of RC disorders.
A secondary
analysis assessed
accurancy of US
by radiologists and
non- radiologists.

Intervention:
a systematic
search in three
databases was
conducted. Two
raters performed
data extraction
and evaluation
of risk of bias
independently
(QUADAS 2),
and agreement
was achieved by
consensus.

Diagnostic accuracy
of US, MRI and
MRA in the
characterisation of
full-thickness RC
tears was high with
overall estimates
of sensitivity
and specificity
over 0.90. As for
partial RC tears
and tendinopathy,
overall estimates
of specificity were
also high (> 0.90),
while sensitivity
was lower (0.670.83). Diagnostic
accuracy of US was
similar whether a
trained radiologist,
sonographer
or orthopedist
performed it.

Our results show
the diagnostic
accuracy of US,
MRI and MRA in
the characterisation
of full
thickness RC tears.
Regarding the partial
cuff lesions and
tendinopathy the
specificity is high, the
sensitivity lower.
When considering
accuracy, cost, and
safety, US is the
best option.

Roy J-S et al. 2015
Systematic
Diagnostic accurancy of Review and
ultrasonography, MRI
Meta-analysis
and MR arthrography
in the characterisation
of rotator cuff
disorders:
a systematic review and
meta-analysis
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Article
Author and
publication date

Objective

Methods

Results

Conclusions

Lenza M. et al. 2013
Systematic
Magnetic resonance
Review
imaging, magnetic
resonance arthrography
and ultrasonography
for assessing rotator
cuff tears in people
with shoulder pain for
whom surgery is being
considered

To compare the
diagnostic test
accuracy of MRI,
MRA and US
for detecting any
rotator cuff tears
(i.e., partial or
full thickness)
in people with
suspected rotator
cuff tears for whom
surgery is being
considered.

Intervention:
the research was
carried out on
various databases
and the quality
assessment
was performed
according to the
QUADAS criteria.

We included 20
studies of people
with suspected
rotator cuff tears, of
which six evaluated
MRI and US, or
MRA and US in the
same people.

MRI, MRA and US
have good diagnostic
accuracy and any
of these tests could
equally be used
for detection of
full thickness tears
in people with
shoulder pain for
whom surgery is
being considered.
The diagnostic
performance of
MRI and US may be
similar for detection
of any rotator cuff
tears. However, both
MRI and US may
have poor sensitivity
for detecting partial
thickness tears, and
the sensitivity of US
may be much lower
than that of MRI.

Amee Seitz et al. 2010
Ultrasonographic
Measures of
Subacromial Space in
Patients with Rotator
Cuff Disease: A
systematic Review

Evaluate through
the use of US how
much the problems
of rotator cuff
can modify the
measure of the
subacromial space.

Intervention:
5 studies
the search was
were included.
carried out on
various databases
(CENTRAL,
PubMed,
PEDro, Medline,
CIHAHL Plus and
SPORTDiscus).
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Study
design

Systematic
Review

US showed a lower
subacromial distance
(AHD) in patients
with complete cuff
injuries compared to
healthy subjects and
with subacromial
impingement.
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Article
Author and
publication date

Study
design

Ottenheijm et al. 2010
Accurancy of
Diagnostic Ultrasound
in Patients With
Suspected ubacromial
Disorders: A
Systematic Review and
Meta-Analysis

Systematic Review To determine
and Meta-analysis diagnostic accuracy
of US for detecting
subacromial
disorders in
patients presenting
in primary
and secondary
care settings

De Jesus J.O.
Meta-analysis
et al. 2009
Accurancy of MRI,
MR Arthrography
and Ultrasound in the
diagnosis of rotator cuff
tears: a meta-analysis

Objective

Methods

Results

Conclusions

Intervention: the
search was carried
out on Medline
and Embase.

23 studies were
included. Below are
the sensitivity and
specificity values of
ultrasound for each
type of subacromial
disorder considered.
Complete lesions
(sensitivity 0.95,
specificity 0.96).
Partial lesions
(sensitivity 0.72,
specificity 0.93).
Subacromial bursitis
(sensitivity from
0.79 to 0.81 and
specificity from
0.94 to 0.98);
Tendinopathy
(sensitivity from
0.67 to 0.93 and
specificity from 0.88
to 1.00); Tendon
calcifications
(specificity 1.00
and specificity from
0.88 to 0.98).

US is recommended
in those patients in
whom conservative
treatment fails to
detect or exclude
total lesions, partial
lesions and to a lesser
extent, to diagnose
tendinopathy,
subacromial
bursitis and calcific
tendinitis.

65 articles were
included. In
the diagnosis of
complete or partial
lesions, MRA is
more sensitive and
specific than MRI
and ultrasound.

MRA is the most
sensitive and
specific technique
for detecting fullthickness and / or
partial thickness
cuff injuries. US and
MRI have similar
sensitivity and
specificity.

The purpose of
Intervention: a
this study was
Medline search
to compare the
was performed.
diagnostic accuracy
of MRI, MRA
and US for the
diagnosis of rotator
cuff tears through
a meta-analysis of
the studies in the
literature.
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Article
Author and
publication date

Study
design

Dinnes J et al. 2003
The effectiveness of
diagnostic test for
the assessment of
shoulder pain due to
soft tissue disorders: a
systematic review

Systematic Review Evaluate the
efficacy and cost
/ benefit ratios
of the diagnostic
imaging methods,
in addition
to the clinical
examination
and the patient’s
medical history, in
the diagnosis of
shoulder soft tissue
disorders.
To establish the
effectiveness
of the clinical
examination
and the patient’s
medical history
in the differential
diagnosis of
shoulder pain;
Estimate the added
benefit deriving
from the use of
diagnostic imaging
in the identification
of shoulder soft
tissue disorders;
Evaluate how
individual tests
can be combined
more effectively
and economically
with clinical
examination
in diagnostic
strategies or
algorithms
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Objective

Methods

Results

Conclusions

Intervention:
the literature has
been investigated
from various
sources. The
methodological
quality of the
included studies
was carried out
using a formal
assessment tool
for the quality of
diagnostic studies
and data extraction
was performed
in duplicate. For
each imaging
test, positive and
negative sensitivity,
specificity
and LR were
calculated with
95% confidence
intervals for
each study.

10 cohort studies
were included
for the clinical
examination, 38 for
ultrasound, 29 for
MRI and 6 for MRA.
For the clinical
examination the
identified studies
evaluated the
accuracy of the
individual tests
or the clinical
examination in
its entirety: the
individual tests
had high sensitivity
and specificity, but
the small sample
size did not allow
conclusions to be
drawn. US showed
greater accuracy
in detecting fullthickness lesions
while showing lower
sensitivity in the
detection of partial
lesions. MRI showed
high sensitivity and
specificity in the
detection of total
lesions, but a lower
sensitivity for partial
lesions. MRA has
proved to be very
accurate in detecting
total lesions, but less
accurate in detecting
partial lesions.

Clinical examination
by specialists can
exclude the presence
of a cuff lesion
and both MRI
and ultrasound
can be used in the
same way to detect
full-thickness
lesions, although
ultrasound may be
better in detecting
lesions partial.
Furthermore,
ultrasound may also
be more convenient
for the detection
of total lesions
in a specialised
hospital setting.
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Data extraction
Study design, objectives, methods, results, and conclusions have been extracted from the included studies (see
tables II, III). Methodological quality has been assessed
through the AMSTAR 2 systematic review checklist (23)
(appendix 5).

Synopses of the results
Studies on diagnostic psychometric quality of
clinical tests
Gismervik et al. (2017) (18) performed a meta-analysis and
analysed 20 articles with a low risk of bias according to the
QUADAS score (Quality Assessment of Diagnostic Accuracy Studies), with the aim of using the diagnostic odds ratio
(DOR) to evaluate overall efficacy of clinical shoulder tests.
Specifically, the tests analysed for this SIS were the Neer and
Hawkins-Kennedy tests. From this analysis the Hawkins-Kennedy test obtained the highest DOR (2.86) with a sensitivity
of 58% and a specificity of 67%, unlike the Neer test which
obtained a DOR of 2.17 with a sensitivity of 59% and a specificity of 60%. However, it appears that no single test has
shown higher clinical efficacy than another (18).
Lange et al. (2017) (24) included 18 prospective studies
that examined the reliability of 62 clinical tests for the diagnosis of shoulder disorders; 17 of these studies examined
the inter-rater reliability, while only one study assessed the
intra-rater reliability. The meta-analysis identified a wide
heterogeneity for the Hawkins-Kennedy test, Neer Test,
Empty Can Test, Painful Arc Test with a statistical I2 index
> 0.75 which can be interpreted as “considerable heterogeneity” according to the Cochrane manual (24, 25). The
results of the meta-analysis indicate an inter-examiner reliability from moderate to substantial in the Hawkins-Kennedy Test, Neer Test, Empty Can Test and Painful Arc
Test. This study recommends interpreting the results
with caution since they have limited reliability and poor
validity (24).
O’Kane et al. (2014) (26) analysed 32 articles and identified 57 clinical tests for the shoulder. Specifically, the
Hawkins-Kennedy test and the Neer test were analysed
through the results of Hegedus’s meta-analysis included in the study. This reported high sensitivity (80%) and
low specificity (56%) for the Hawkins-Kennedy test. The
authors maintain that low specificity reduces the diagnostic accuracy of the test with a positive likelihood ratio (LR
+) of 1.84 and a negative likelihood ratio (LR -) of 0.35.
Similar results were obtained for the Neer test, with an LR
+ of 1.79 and LR- of 0.47. Thus, for both tests, a positive
result slightly increases the probability of disease, and a
Muscles, Ligaments and Tendons Journal 2021;11 (3)

negative result slightly decreases this probability. Therefore, used individually, clinical tests for SIS have a low
diagnostic capacity (26).
Hermans et al. (2013) (27) performed a meta-analysis on
28 studies which evaluated shoulder clinical examination.
Among the pain provocation tests, the positivity at painful
arc test was the only result with an LR + greater than 2.0
and the negative painful arc had the lowest negative LR. The
positive results of the Hawkins test (LR 1.5) and the Neer
test (range LR 0.98 - 1.6) was of little value. Because of low
diagnostic accuracy of the individual tests performed, multiple test combinations were evaluated. However, a positive
result of the combination of the Neer test and the Hawkins
test (LR 1.6) overlaps with that of the tests performed individually. So even the combination of these tests does not
improve their diagnostic accuracy (27).
Hanchard et al. (2013) (4) included 33 studies. 4 of the studies included, analysed 13 tests for SIS (standard, modified
or combinations of tests) whose specificity and sensitivity
were evaluated. Standard tests: Hawkins test (specificity
0.26-0.44; sensitivity 0.92), Neer sign (specificity 0.32; sensitivity 0.89) and painful arc (specificity 0.82; sensitivity 0.32).
Modified tests: Neer sign in internal rotation (specificity
0.48; sensitivity 0.75), passive horizontal adduction (specificity 0.29; sensitivity 0.82), Speed’s test (specificity 0.55;
sensitivity 0.69) and Yergason test (specificity 0.87, sensitivity 0.37). Finally, three test combinations were analysed:
seven specific tests (drop arm test, Hawkins test, Neer sign,
painful arc, passive horizontal adduction, Speed’s test and
Yergason test) (specificity 0.97; sensibility 0.05); Hawkins
test or modified Neer sign (specificity 0.41; sensibility 0.96);
Hawkins test and modified Neer sign (specificity 0.51;
sensibility 0.71). One study evaluated the internal rotation
resistance strength test to differentiate SIS from internal
impingement and a sensitivity of 88% and a specificity of
96% were highlighted.
However, by collected data, the authors conclude that there
is not enough evidence on which to base the selection of
clinical tests for SIS in a primary care setting. Moreover, an
extreme diversity in performance and in the interpretation
of the tests has been detected, which hinders the synthesis
of evidence and/or clinical applicability (4).
Hegedus et al. (28) elaborated two systematic reviews with
meta-analysis of which the second is an update of the first, in
order to determine the clinical utility of each test. In the first
review 45 studies were included; however, the meta-analysis
was only possible for 3 tests. Regarding SIS, the tests analysed in the meta-analysis were the Hawkins and the Neer
test. The analysis showed the sensitivity and specificity of
the Neer test are 79% and 53% respectively, while for the
Hawkins test they are 79% and 59%. However, statistical
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results suggested that these tests were not significant in diagnostic utility for SIS (29). In the second revision of 2012, a
further 32 articles were included; the results had little variations (Neer test: sensitivity 72%, specificity 60%; Hawkins
test: sensitivity 79%, specificity 59%); In the meta-analysis
of the test for SIS it was also included the painful arch with
a sensitivity of 53% and a specificity of 76%. However, the
diagnostic odds ratio (DOR) for any of the 3 tests examined
indicates that such tests, when positive, are unlikely to have
the diagnostic capacity to discriminate patients with SIS (28).
Alqunaee et al. (2012) (30) performed a systematic review
including 16 prospective and retrospective cohort studies,
of which 10 were included in the meta-analysis. The results
of the study show that the Hawkins-Kennedy test, the Neer
sign and the empty can test are more useful for excluding
rather than confirming SIS. The negative Neer sign reduces
the probability of the presence of SIS from 45% to 14%.
Instead, the lift-off test provides clear evidence to confirm
SIS when the test is positive (LR + 16.47) (30).
May et al. (2010) (31) included 36 studies about shoulder
physical examination procedures. The results were grouped
according to the anatomical or pathological entities examined or based on certain procedures of the physical examination. For all the procedures contradictory results
emerged. The inter-rater reliability from test that assess SIS
was evaluated in 6 studies. Two of these studies showed for
some tests (painful arch, Hawkins-Kennedy test, Neer sign)
values of the kappa coefficient > 0.85, suggesting “almost
perfect” concordance. The results for intra-rater reliability
showed kappa coefficient equal to 1 -in one study-, suggesting “almost perfect” agreement.
The study shows there is conflicting evidence on the reliability of physical examination procedures for the evaluation of
shoulder pain and the majority has a reliability below the
predetermined acceptable levels (31).
Beaudreuil et al. (2009) (32) selected 9 studies, of which 3
examined the tests for SIS.
The painful arc during lateral elevation of the arm was
evaluated in two studies that produced conflicting results
in terms of sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV). In addition, the
accuracy of this test was poor. So, the results fail to clarify
the value of the painful arc test for the diagnosis of SIS.
Two studies evaluated the Neer test and the Hawkins test.
Both tests were very sensitive (Neer, 75-89%; and Hawkins,
91-92%). Specificity, instead, was low (Neer, 30-40%;
Hawkins, 25-44%). PPV and NPV differed between the
two studies. Diagnostic accuracy was determined in one
study and showed that 72/75% of cases were correctly
classified by both tests. The combination of the two tests
produced similar performance characteristics.
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Sensitivity of Yocum test was estimated at 78%.
This study shows that the most studied tests for SIS - Neer
and Hawkins - are sensitive but lack specificity. So, the
precise techniques and subjective interpretation, lead to
substantial inter-observer variability (32).
Hughes et al. (2008) (20) produced a systematic review
including 13 studies that included 89 diagnostic accuracy assessments that were determined using the likelihood
ratios (LRs) of 14 clinical tests. Regarding SIS, the results
show that the Hawkins-Kennedy test was the only one to
have produced a positive likelihood ratio greater than 10
or a negative likelihood ratio of less than 0.1. However, this
result was not found in 6 other evaluations carried out in
3 studies. The Neer test and the horizontal adduction test
were shown to be inaccurate for the diagnosis of SIS (20).
Dinnes et al. (2003) (33) included in their review 10 cohort
studies. 2 of these studies used the clinical examination to
differentiate the SIS from other causes of shoulder pain and
one study evaluated Internal rotation resistance strength test.
Evaluated tests tended to be highly sensitive or highly specific
and very few demonstrated both high sensitivity and specificity. Consequently, few tests have provided convincing evidence
of the presence or absence of pathology in the setting in which
they were applied. Several tests have produced a sensitivity >
80% for the detection of SIS, including the Neer test, the
Hawkins test, the horizontal adduction test, the Jobe test, the
impingement sign, and the painful arc. Tests with specificities
> 80% included the drop arm test, Yergason test, Speed test
and external passive rotation. Notably, the small size of the
sample examined did not provide sufficient evidence to prove
that these tests are really accurate. About the combination of
two or more tests, the negative likelihood ratios proved to
be sufficiently low to confirm that the pathology is absent in
those with a negative diagnosis (33).

Studies on diagnostic accuracy of instrumental
examinations
In Mc Garvey et al.’ s study (2016) (34) 14 articles were
included that investigated the diagnostic accuracy of
MRI and MRA in 2D and 3D (index test) compared to
arthroscopic surgery on rotator cuff lesions. The sensitivity and specificity of MRI and MRA were over 95% for full
thickness supraspinatus tears. For partial thickness supraspinatus tears, the results concerning sensitivity and specificity showed great variability based on the type of imaging
used (Sensitivity: MRI 80.5, MRA 2D 86.5, MRA 3D 82.7;
Specificity: MRI 100, MRA 2D 95.2, MRA 3D 93.9) as well
as for the lesions of the subscapularis (Sensitivity: MRI 64.2,
MRA 2D 80.9, MRA 3D 83.1; Specificity: MRI nd, MRA 2D
86.3, MRA 3D 82.0) (44).
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Roy et al.’s study (2015) (17) compared the diagnostic accuracy of US, MRI and MRA in the diagnosis of lesions of the rotator cuff (full thickness and partial thickness). Furthermore,
secondary analyses were carried out according to the technical characteristics of the imaging equipment (dividing studies
that included US < or equal to 7.5 MHz and with MRI and
MRA < or equal to 1.5 T from studies with US > 7.5 MHz
and MRI - MRA at 3.0 T). All types of imaging considered
reported a similar performance in the detection of rotator cuff
lesions of any type (Sensitivity: US 0.91, MRI 0.90, MRA 0.90;
Specificity: US 0.86, MRI 0.90, MRA 0.90). For full thickness
tears (Sensitivity: US 0.91, MRI 0.90, MRA 0.90; Specificity:
US 0.93, MRI 0.93, MRA 0.95) and partial thickness tears, the
results are similar even if the sensitivity of US and MRI for
partial thickness tears was lower (US 0.68 and MRI 0.67), in
the arthro-resonance the sensitivity was higher (0.83), while
the specificity reported was equivalent for the three diagnostic
modalities (US 0.94, MRI 0.94, MRA 0.93) (17).
The goal of the Cochrane Review by Lenza et al. (2013) (16)
was to investigate the diagnostic accuracy of US, MRI and
MRA in subjects with suspected lesion of the rotator cuff
tendons for which surgery was considered. 272 articles were
identified for systematic review and 82 for meta-analysis.
Studies that used MRI, MRA and US as an index test and
surgery (arthroscopic or open surgery) as a reference standard were included. No statistically significant differences
were found for the sensitivity and specificity between US
and MRI globally in the detection of full-thickness tears of
the rotator cuff regardless of size (sensitivity: MRI = 98%,
US = 91%; specificity: MRI = 79 %, US = 85%), as well as
no differences between US, MRI and MRA were found in
the detection of full-thickness rotator cuff tears with sensitivity and specificity of 92% or more (sensitivity: MRI =
94%, MRA = 94%, US = 92%; specificity: MRI = 93%,
MRA = 92%, US = 93%). Instead, about the partial thickness tears, US and MRI revealed a lower sensitivity (MRI =
74%, US = 52%), while the specificity was high (MRI and
US = 93%). The specificity of all three imaging techniques
was good, except in the case of detection of rotator cuff
lesions in general, with no distinction according to size (16).
In the review by Seitz et al. (2011) (35) 5 case-control studies were included in which the Acromion Humeral Distance
(AHD) was measured by US, both on asymptomatic subjects
and on subjects with rotator cuff disorders. It was found
that the AHD measured with the patient’s arm along the
side (arm by side) was lower in subjects with full-thickness
rotator cuff lesions than in healthy subjects and with SIS
(asymptomatic: 10.5 mm; tendinopathy: 14.4 mm; partial
rotator cuff tears: 10.8 mm; total rotator cuff tears: 8.6 mm).
In addition, lower AHD was detected in subjects with SIS
than in healthy subjects during active arm elevation (35).
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In the study by Ottenheijm et al. (2010) (36), the diagnostic accuracy of the US used to detect SIS was assessed. In
the 23 studies investigating the US scans the sensitivity and
specificity results for each type of subacromial disorder have
been as follows: complete lesions (sensitivity 0.95, specificity 0.96), partial lesions (sensitivity 0.72, specificity 0.93),
subacromial bursitis (sensitivity from 0.79 to 0.81 and specificity from 0.94 to 0.98), tendinopathy (sensitivity from 0.67
to 0.93 and specificity from 0.88 to 1.00) (36).
The study by De Jesus et al. (2009) (37) compared the
diagnostic accuracy of MRI, MRA and US in the diagnosis
of rotator cuff lesions through a meta-analysis. 65 articles
were included and the results of sensitivity and specificity
are as follows: full thickness tears (Sensitivity: MRA 95.4;
MRI 92.1; US 92.3; Specificity: MRA 98.9; MRI 92.9; US
94.4), partial thickness tears (Sensitivity: MRA 85.9; MRI
63.6; US 66.7; Specificity: MRA 96.0; MRI 91.7; US 93.5),
total or partial thickness tears (Sensitivity: MRA 92.3;
MRI 87.0; US 85.1; Specificity: MRA 94.5; MRI 81.7; US
86.1) (37).
Dinnes et al. (2003) (33) compared different imaging techniques (MRA, MRI and US) with the aim of assessing their
accuracy and cost-effectiveness in the diagnosis of shoulder soft tissue disorders in addition to the clinical examination and patient’ s history. 38 studies were included for US,
including 19 on the detection of full-thickness rotator cuff
tears (Sensitivity: 0.87; Specificity 0.96) and 11 for partial
thickness tears (Sensitivity: 0.67; Specificity: 0.94); for MRI
29 studies were included and sensitivity and specificity
values were reported for the detection of full thickness tears
(Sensitivity: 0.89; Specificity 0.93), partial thickness tears
(Sensitivity 0.44; Specificity 0.90) and all types of lesions (
Sensitivity: 0.83; Specificity: 0.86). Finally, for the MRA, 6
studies were included which revealed the following sensitivity and specificity values for full thickness tears (Sensitivity:
0.95; Specificity: 0.93), partial thickness tears (Sensitivity:
0.62; Specificity: 0.92) and for all the types of lesions (Sensitivity: 0.88; Specificity: 0. 83) (33).

DISCUSSION
The objectives of this systematic review were 1) to investigate the utility of clinical tests and their psychometric qualities, and 2) to investigate the accuracy of different imaging
methods in the clinical diagnosis of SIS.

Psychometric qualities of clinical tests
The first question we tried to answer through this review is
if psychometric qualities of clinical tests were accurate for
the diagnosis of SIS.
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In this regard, several studies examined the likelihood ratios
of clinical tests that aim to diagnose SIS and they agree that no
test improves the post-test probability of detecting this type
of conflict and, consequently, they are inaccurate (20, 27 30).
This lack of post-test accuracy, may be due to the excessive
emphasis on a diagnosis based on the recognition of the tissue
involved and the underlying pathology that provides inconsistent information compared to those deriving from the analysis
of signs and symptoms that can be referred to the pain (20).
According to the definition of the IASP (International Association for the Study of Pain), pain is “an unpleasant sensory
and emotional experience associated with tissue damage, present or potential, or described in terms of damage” (38). Therefore, pain is experienced both as a physical sensation and as
an emotional experience, perceived on a cognitive level as an
intense and unpleasant sensation of discomfort which leads to
a reactive behaviour; so, an analysis focused only on structural
discrimination is limited and demonstrates critical issues.
In addition, the subacromial bursa (SAB) is often implicated in shoulder pain. The SAB is a richly innervated structure and is involved and stimulated by every movement of
the arm; consequently, when it is reactive, it could create
false positives in clinical maneuvers which reveal inaccurate
in determining the pain generator (39).
This hypothesis is confirmed by several studies which have
underlined a good sensitivity but a poor specificity of these
tests which are, therefore, able to identify the population
with shoulder pain, but not the specific structure “pain
generator” (20, 27, 32, 33).
About the reliability of orthopedic clinical tests, a fundamental aspect is the inter-examiner concordance that is in various
studies (4, 23, 30). The best evaluation for concordance is the
kappa coefficient4 and the values vary from 0 to 1 (40).
On the basis of these criteria, the authors of the various studies agree that there is a moderate agreement for the Painful Arc test, while for the Neer test the concordance ranges
from modest to moderate, for the Empty Can test and the
Hawkins test they have found only a modest concordance.
Therefore, none of these tests demonstrates a good or excellent inter-examiner agreement and consequently an acceptable level of reliability (31).
In addition, in the systematic review of Hanchard et al. (4)
has been evidenced that the majority of the literature has
revealed an extreme diversity both in the performance and
in the interpretation of the tests that hinders their evidence
and/or uniform clinical applicability (4).

Diagnostic accuracy of instrumental examination
To evaluate the accuracy of US, MRI and MRA, the indirect signs of SIS (i.e., structural alterations of rotator cuff
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tendons) have been considered; notably, sensitivity and
specificity in detection of partial and full rotator cuff injuries have been investigated.
From the studies analyzed, some results have emerged on
which it is necessary do some considerations: US, MRI and
MRA have the same level of sensitivity and specificity in the
detection of complete lesions of the rotator cuff (16, 17, 33).
the US has the best cost-effectiveness ratio of all three diagnostic methods even if it is administered by non-radiologist
professionals, while MRA appears to be more precise for
subscapularis lesions and is the most invasive (17, 33, 34,
37). For partial injuries it seems that there is a lower sensitivity in view of high specificity, especially the US (16, 17, 36).
In the light of the results of this study, it appears that the
diagnostic system we have available to screen the patient
with SIS is methodologically poor as well as pragmatically
inadequate; this could be caused by the persistence of clinicians to give diagnostic labels which, as recent literature has
shown, lack uniformity, accuracy and reliability (41).
In this regard, Hegedus et al., defined the term “impingement” all-encompassing for the pathology of rotator cuff
tendons that at best, is little useful in the guide to treatment;
in the worst is, a clinical illusion; this diagnostic label does not
provide information on diagnosis, treatment or prognosis (31).
So recent literature is oriented to consider the diagnostic
label of SIS as a clinical hypothesis rather than a diagnosis
based on the correlation between structural alterations and
symptoms, so shoulder surgeons begin to replace the term
“subacromial impingement” with the most realistic “anterior shoulder pain” (8).
This nomenclature, therefore, does not represent a diagnostic entity detectable with specific structural tests or imaging
techniques, but a functional clinical entity (4, 13).
To prove the weak correlation between structure and pain
in SIS, numerous studies have not found significantly different values between real and placebo surgery: the “conflict
to be operated” was not the cause of the problem (7, 42).
In light of this work, the Cochraine revision of Karjalainen, 2019, concludes that RCT’s High Evidence showed that
Subacromial decompression does not provide clinically
important benefits over placebo in pain, function or quality
of life (43).
Rotator cuff injuries are just some of the structural alterations that have been associated with the presence of SIS
(11). However, the diagnosis of SIS cannot be based exclusively on their presence since in the rotator cuff tendons
structural anomalies are present in 20% of the general
population and of this 20%, 2/3 are asymptomatic (14-16).
The presence of structural alterations in a large number of
asymptomatic subjects, challenges the ability of the imaging to identify such alterations as “pain generators” (12);
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therefore, all clinicians should not blindly apply the results
of bio-imaging.
Results of this review showed that clinical tests have shown
a limited ability to make diagnosis of SIS; for this reason
they must be interpreted with great caution in terms of diagnostic value and decision-making process since they have
a limited reliability and a poor validity both if performed
singularly and in combination (4, 18, 20, 24, 26-28, 31, 32).
Furthermore, the majority of the clinical tests for SIS are
inaccurate and so it cannot be recommended for clinical
use (4, 18, 20, 24, 26, 27, 31, 32). The only clinical transferability they can have is connected to adequate therapeutic
communication with another professional.
However, in current clinical practice, patients are still
screened to undergo surgery based on the answers of clinical
tests and diagnostic imaging; while recent research suggests
that fewer surgical procedures for SIS should be performed;
surgical treatment should be considered only after the failure of evidence based conservative care for at least 3 months,
based on the patient’s education in pain and exercise (12).
Lewis 2009 (45) and Littlewood 2012 (44) propose to
replace the no more descriptive diagnostic label of the
underlying pathological process with terms like “Rotator
cuff related shoulder pain” / “tendinopathy” because they
enable a well-defined management strategy and prognostic
profile to reassure the patient mainly, despite the lack of a
precise structural diagnosis, emphasizing the acceptability
and feasibility of a conservative treatment as the first useful
and concrete response in case of painful shoulder (43). The
management of painful shoulder therefore includes the
patient’s reassurance and education, the gradual exposure
to the load by therapeutic exercise for a program lasting no
more than 12 weeks (44).
The structural view of shoulder pain rests on a weak diagnostic and confirmatory process, in which the patient with a
painful shoulder and an associated lesion independent of the
ongoing symptomatology could be directed to surgery (46).
Through the years, an increase of the rate of surgery for SIS
has been a consequence of this deficient diagnostic system
and of the resulting and inaccurate diagnostic labels (47)
even if literature highlights same results between conservative treatment and surgery in terms of pain reduction and

quality of live - until 10-year follow-up - with the disadvantage that surgery is more expensive and exposes the patient
at a greater risk of complications, for which conservative
treatment is the best choice (48).
Results of this review show that clinicians should leave the
diagnostic pathology model based on tests that lack validity and reliability and poor instrumental diagnostic examinations because it has been shown that pain is not always
dependent rom structural failures (14, 31, 49-51).

Points of strength and limits
The strengths of this review are the presence of several
reviewers and the inclusion of only systematic reviews and/
or meta-analysis.
Unfortunately, most of the included studies demonstrated
a poor methodological quality according to the AMSTAR
2 checklist (23). Furthermore, the included studies are only
in English and no knowledge of other relevant studies in
other languages is known.
Another main limitation of this revision is the research of
the studies through a single database.

CONCLUSIONS
The present review confirms the poor diagnostic ability
of clinical tests for SIS since the poor values of diagnostic
accuracy and excessive heterogeneity of performance do not
allow an adequate applicability in clinical practice. Furthermore, this review highlights the criticism in imaging employment in the complex process of the clinical framing of SIS.
Diagnostic labeling based on a pathological anatomical classification not always reflect the clinical path, and would
be advisable to manage the patient with SIS with procedures leave no longer focused on special tests and confirmatory instrumental examinations, but rather on the framing of bio-psycho-social factors for optimal and taylorised
management.
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SUPPLEMENTS
Appendix 1. Rationale and main criticisms of clinical tests and instrumental examinations.
1. Clinical tests: the objective of special tests is to make
a differential diagnosis of shoulder disorders based on
painful responses to provocative maneuvers; however,
evidence of efficacy supporting the quality of the psychometric properties of these procedures is lacking as well
as dubious, so this led the authors of recent literature to
question the quality of these properties and the diagnostic
value of these maneuvers (18, 19).

2. Instrumental examination: in the case of the subacromial
impingement syndrome, US, MRI and MRA, which are now
increasingly used, have as their objective the direct confirmation of rotator cuff lesions, specifically the tendon of the
supraspinatus even if it has been amply demonstrated in
numerous studies, that there is no direct correlation between
structural alterations and pain; in addition, the lesions shown
during imaging can be asymptomatic (4, 13, 17).

Appendix 2. Keywords, filters and eligibility criteria used for the construction of the strings.

A)

POPULATION

EXPOSURE

CLINICAL TEST STRING

INSTRUMENTAL EXAMINATION STRING

Shoulder impingement syndrome [Mesh],
Rotator cuff impingement syndrome, Rotator cuff
impingement, Subacromial impingement syndrome,
Rotator cuff syndrome, Subacromial pain, Shoulder
Pain [Mesh], Rotator Cuff [Mesh], Supraspinatus,
Infraspinatus, Teres minor, Subscapularis.

Shoulder impingement syndrome [MesH], Shoulder
pain [MesH], Rotator cuff syndrome, Rotator cuff
impingement, Rotator cuff impingement syndrome,
Subacromial impingement syndrome [MesH],
Subacromial pain, Rotator cuff [MesH], Supraspinatus,
Infraspinatus, Subscapularis, Teres minor.

Test, Clinical test, Special test, Assessment test, Physical
test, Neer sign, Hawkins-Kennedy test, Yocum test,
Internal Rotation Resistance Strenght Test, Painful arc,
Empty can test, Jobe test, Resistance, Strenght, Physical
examination [Mesh], Assessment, Clinical assessment,
Clinical evaluation, Clinical examination.

Diagnostic imaging [MesH], Imaging, MRI,
Magnetic Resonance Imaging [MesH], Ultrasound,
Ultrasonography [MesH], Magnetic Resonance
Arthrography, Radiography [MesH], X-Ray,
Diagnostic procedures, Diagnosis, Instrumental
diagnosis.

FILTERS

1. ((systematic review [ti] OR meta-analysis [pt] OR meta-analysis [ti] OR systematic literature review [ti] OR this systematic
review [tw] OR pooling project [tw] OR (systematic review [tiab] AND review [pt]) OR meta synthesis [ti] OR meta-analy*[ti] OR
integrative review [tw] OR integrative research review [tw] OR rapid review [tw] OR umbrella review [tw] OR consensus development
conference [pt] OR practice guideline [pt] OR drug class reviews [ti] OR cochrane database syst rev [ta] OR acp journal club [ta] OR
health technol assess [ta] OR evid rep technol assess summ [ta] OR jbi database system rev implement rep [ta]) OR (clinical guideline
[tw] AND management [tw]) OR ((evidence based[ti] OR evidence-based medicine [mh] OR best practice* [ti] OR evidence
synthesis [tiab]) AND (review [pt] OR diseases category[mh] OR behavior and behavior mechanisms [mh] OR therapeutics [mh]
OR evaluation studies[pt] OR validation studies[pt] OR guideline [pt] OR pmcbook)) OR ((systematic [tw] OR systematically [tw]
OR critical [tiab] OR (study selection [tw]) OR (predetermined [tw] OR inclusion [tw] AND criteri* [tw]) OR exclusion criteri*
[tw] OR main outcome measures [tw] OR standard of care [tw] OR standards of care [tw]) AND (survey [tiab] OR surveys [tiab]
OR overview* [tw] OR review [tiab] OR reviews [tiab] OR search* [tw] OR handsearch [tw] OR analysis [ti] OR critique [tiab] OR
appraisal [tw] OR (reduction [tw]AND (risk [mh] OR risk [tw]) AND (death OR recurrence))) AND (literature [tiab] OR articles
[tiab] OR publications [tiab] OR publication [tiab] OR bibliography [tiab] OR bibliographies [tiab] OR published [tiab] OR pooled
data [tw] ORunpublished [tw] OR citation [tw] OR citations [tw] OR database [tiab] OR internet [tiab] OR textbooks [tiab] OR
references [tw] OR scales [tw] OR papers [tw] OR datasets [tw] OR trials [tiab] OR meta-analy* [tw] OR (clinical [tiab] AND studies
[tiab]) OR treatment outcome [mh] OR treatment outcome [tw] OR pmcbook)) NOT (letter [pt] OR newspaper article [pt]))
2. Humans
3. English
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B)
ELIGIBILITY CRITERIA
CLINICAL TEST STRING
Inclusion criteria
Revisions that exclusively concern the use of clinical tests in the evaluation of subacromial shoulder impingement have been included.
Only systematic reviews in English have been included.
Exclusion criteria
Studies concerning other components of the diagnostic path were excluded, such as: medical history collection, observation,
diagnostic imaging, evaluation of ROM and muscle strength. In addition, studies concerning surgery or post-surgery and involving
other shoulder disorders have been excluded.

INSTRUMENTAL EXAMINATIONS STRING
Inclusion criteria
Revisions concerning only the use of US, MRI and MRA in the diagnosis of subacromial impingement have been included. Only
systematic reviews in English have been selected.
Exclusion criteria
Non-English articles, articles related to other shoulder disorders and post-surgical studies have been excluded.

Appendix 3. Search strings.
1. Clinical test search string: (“Shoulder impingement
syndrome” [Mesh] OR “Rotator cuff impingement syndrome”
OR “Rotator cuff impingement” OR “Subacromial impingement syndrome” OR “Rotator cuff syndrome” OR “Subacromial pain” OR “Shoulder Pain” [Mesh] OR “Rotator Cuff”
[Mesh] OR “Supraspinatus” OR “Infraspinatus” OR “Teres
minor” OR “Subscapularis”) AND (“Test” OR “Clinical test”
OR “Special test” OR “Assessment test” OR “Physical test”
OR “Neer sign” OR “Hawkins-Kennedy test” OR “Yocum
test” OR “Internal Rotation Resistance Strenght Test” OR
“Painful arc” OR “Empty can test” OR “Jobe test” OR “Resistance” OR “Strenght” OR “Physical examination” [Mesh] OR
“Assessment” OR “Clinical assessment” OR “Clinical evaluation” OR “Clinical examination”) AND ((systematic review
[ti] OR meta-analysis [pt] OR meta-analysis [ti] OR systematic literature review [ti] OR this systematic review [tw] OR
pooling project [tw] OR (systematic review [tiab] AND review
[pt]) OR meta synthesis [ti] OR meta-analy*[ti] OR integrative review [tw] OR integrative research review [tw] OR rapid
review [tw] OR umbrella review [tw] OR consensus development conference [pt] OR practice guideline [pt] OR drug class
reviews [ti] OR cochrane database syst rev [ta] OR acp journal
Muscles, Ligaments and Tendons Journal 2021;11 (3)

club [ta] OR health technol assess [ta] OR evid rep technol
assess summ [ta] OR jbi database system rev implement rep
[ta]) OR (clinical guideline [tw] AND management [tw]) OR
((evidence based[ti] OR evidence-based medicine [mh] OR
best practice* [ti] OR evidence synthesis [tiab]) AND (review
[pt] OR diseases category[mh] OR behavior and behavior mechanisms [mh] OR therapeutics [mh] OR evaluation
studies[pt] OR validation studies[pt] OR guideline [pt] OR
pmcbook)) OR ((systematic [tw] OR systematically [tw] OR
critical [tiab] OR (study selection [tw]) OR (predetermined
[tw] OR inclusion [tw] AND criteri* [tw]) OR exclusion
criteri* [tw] OR main outcome measures [tw] OR standard
of care [tw] OR standards of care [tw]) AND (survey [tiab]
OR surveys [tiab] OR overview* [tw] OR review [tiab] OR
reviews [tiab] OR search* [tw] OR handsearch [tw] OR analysis [ti] OR critique [tiab] OR appraisal [tw] OR (reduction
[tw]AND (risk [mh] OR risk [tw]) AND (death OR recurrence))) AND (literature [tiab] OR articles [tiab] OR publications [tiab] OR publication [tiab] OR bibliography [tiab]
OR bibliographies [tiab] OR published [tiab] OR pooled data
[tw] ORunpublished [tw] OR citation [tw] OR citations [tw]
OR database [tiab] OR internet [tiab] OR textbooks [tiab]
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OR references [tw] OR scales [tw] OR papers [tw] OR datasets [tw] OR trials [tiab] OR meta-analy* [tw] OR (clinical
[tiab] AND studies [tiab]) OR treatment outcome [mh] OR
treatment outcome [tw] OR pmcbook)) NOT (letter [pt] OR
newspaper article [pt])).
2) Instrumental examination search string: ((“shoulder
pain”[MesH Terms] OR “rotator cuff syndrome”[All Fields]
OR “rotator cuff impingement”[All Fields] OR “rotator
cuff impingement syndrome”[All Fields] OR “subacromial pain”[All Fields] OR “rotator cuff”[MesH Terms] OR
“supraspinatus”[All Fields] OR “infraspinatus”[All Fields]
OR “subscapularis”[All Fields] OR “teres minor”[All
Fields] AND (“diagnostic imaging”[MeSH Terms] OR
“imaging”[All Fields] OR “MRI”[All Fields] OR “magnetic resonance imaging”[MesH Terms] OR “ultrasound”[All
Fields] OR “ultrasonography”[MesH Terms] OR “magnetic
resonance arthrography”[All Fields] OR “diagnostic procedures”[All Fields] OR “radiography”[MesH Terms] OR
“x-ray”[All Fields] OR “diagnosis”[All Fields] OR “instrumental diagnosis”[All Fields]))) AND ((systematic review [ti]
OR meta-analysis [pt] OR meta-analysis [ti] OR systematic
literature review [ti] OR this systematic review [tw] OR pooling project [tw] OR (systematic review [tiab] AND review
[pt]) OR meta synthesis [ti] OR meta-analy*[ti] OR integrative review [tw] OR integrative research review [tw] OR rapid
review [tw] OR umbrella review [tw] OR consensus development conference [pt] OR practice guideline [pt] OR drug

class reviews [ti] OR cochrane database syst rev [ta] OR acp
journal club [ta] OR health technol assess [ta] OR evid rep
technol assess summ [ta] OR jbi database system rev implement rep [ta]) OR (clinical guideline [tw] AND management
[tw]) OR ((evidence based[ti] OR evidence-based medicine
[mh] OR best practice* [ti] OR evidence synthesis [tiab])
AND (review [pt] OR diseases category[mh] OR behavior
and behavior mechanisms [mh] OR therapeutics [mh] OR
evaluation studies[pt] OR validation studies[pt] OR guideline [pt] OR pmcbook)) OR ((systematic [tw] OR systematically [tw] OR critical [tiab] OR (study selection [tw]) OR
(predetermined [tw] OR inclusion [tw] AND criteri* [tw])
OR exclusion criteri* [tw] OR main outcome measures [tw]
OR standard of care [tw] OR standards of care [tw]) AND
(survey [tiab] OR surveys [tiab] OR overview* [tw] OR
review [tiab] OR reviews [tiab] OR search* [tw] OR handsearch [tw] OR analysis [ti] OR critique [tiab] OR appraisal
[tw] OR (reduction [tw]AND (risk [mh] OR risk [tw]) AND
(death OR recurrence))) AND (literature [tiab] OR articles [tiab] OR publications [tiab] OR publication [tiab] OR
bibliography [tiab] OR bibliographies [tiab] OR published
[tiab] OR pooled data [tw] OR unpublished [tw] OR citation [tw] OR citations [tw] OR database [tiab] OR internet
[tiab] OR textbooks [tiab] OR references [tw] OR scales
[tw] OR papers [tw] OR datasets [tw] OR trials [tiab] OR
meta-analy* [tw] OR (clinical [tiab] AND studies [tiab]) OR
treatment outcome [mh] OR treatment outcome [tw] OR
pmcbook)) NOT (letter [pt] OR newspaper article [pt]))

Appendix 4. AMSTAR 2.
RATING OVERALL CONFIDENCE IN THE RESULTS OF THE REVIEW
HIGH QUALITY
No or one non-critical weakness: the systematic review provides an accurate and comprehensive summary of the results of the
available studies that address the question of interest.
MODERATE QUALITY
More than one non-critical weakness*: the systematic review has more than one weakness but no critical flaws. It may provide an
accurate summary of the results of the available studies that were included in the review.
LOW QUALITY
One critical flaw with or without non-critical weaknesses: the review has a critical flaw and may not provide an accurate and
comprehensive summary of the available studies that address the question of interest.
CRITICALLY LOW QUALITY
More than one critical flaw with or without non-critical weaknesses: the review has more than one critical flaw and should not be
relied on to provide an accurate and comprehensive summary of the available studies.
*Multiple non-critical weaknesses may diminish confidence in the review and it may be appropriate to move the overall appraisal
down from moderate to low confidence.
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Appendix 5. AMSTAR 2 score.
A)
CLINICAL TESTS
Legend: Y: YES; PY: Partial YES; N: NO; RCTs: Randomised
controlled trial study; NRSI: Non-randomised studies of
interventions; NM: A meta-analysis was not conducted.
ARTICLE 1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16 SCORE

1.
Y
Gismervik
et al., 2017

Y

N

PY

Y

Y

Y

Y

RCTs
Y

N

Y

Y

Y

Y

N

Y

Low Quality

2. Lange
Y
et al., 2016

PY

N

Y

Y

Y

N

N

N

N

Y

Y

N

Y

N

N

Critically Low Quality

3. O’Kane Y
et al., 2014

PY

N

PY

N

N N

PY RCTs
Y

N

N

Y

Y

N

N

Y

Critically Low Quality

Y
4.
Hermans
et al., 2013

PY

Y

PY

Y

Y

N

PY RCTs
Y

N

Y

N

N

N

N

Y

Critically Low Quality

5.
Y
Hanchard
et al., 2013

PY

Y

PY

Y

Y

Y

Y

Y

N

NM

NM N

N

NM

N

Low Quality

6.
Y
Hegedus
et al., 2008

Y

N

PY

Y

Y

N

N

Y

N

Y

N

N

Y

N

Y

Low Quality

7.
Y
Hegedus
et al., 2012

Y

N

PY

Y

Y

N

PY Y

N

Y

Y

Y

Y

Y

Y

Moderate Quality

8.
Y
Alqunaee
et al., 2012

Y

N

PY

Y

Y

N

PY NRSI
Y

N

Y

Y

Y

N

N

Y

Low Quality

9. May
Y
et al., 2010

PY

N

PY

Y

Y

N

N

Y

N

NM

NM N

N

N

Y

Low Quality

10.
Y
Beaudreuil
et al., 2009

N

N

PY

N

N N

N

N

N

NM

NM N

N

N

N

Critically Low Quality

11.
Y
Hughes
et al., 2008

PY

N

PY

Y

Y

Y

N

N

N

NM

NM Y

N

N

N

Critically Low Quality

12. Dinnes Y
et al., 2003

Y

Y

PY

Y

Y

Y

Y

NRSI
Y

N

NRSI N
Y

Y

Y

Y

Low Quality

Y

Legend: Y: YES; PY: Partial YES; N: NO; RCTs: Randomised controlled trial study; NRSI: Non-randomised studies of interventions; NM: A meta-analysis was not conducted.
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B)
INSTRUMENTAL EXAMINATIONS
Y: YES; PY: Partial YES; N: NO; RCTs: Randomised
controlled trial study; NRSI: Non-randomised studies of
interventions; NM: A meta-analysis was not conducted.
ARTICLE

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

SCORE

1. Mc Garvey
et al., 2016

Y

PY

N

PY

N

N

N

N

NRSI
N

N

NN

Y

N

Y

N

Y

Critically
Low Quality

2. Roy
et al., 2015

Y

N

N

N

N

N

N

PY

NRSI
N

N

NY

Y

N

N

N

Y

Critically
Low Quality

3. Lenza
et al., 2013

Y

Y

N

PY

Y

Y

Y

Y

NRSI
Y

N

NY

Y

N

Y

N

Y

Critically
Low Quality

4. Amee
L. Seitz
et al., 2010

Y

PY

Y

PY

N

Y

N

PY

NRSI
PY

N

NY

Y

Y

Y

N

N

Low Quality

5. Ottenheijm
et al., 2010

Y

N

N

PY

Y

Y

N

PY

NRSI
N

N

NY

Y

N

Y

N

N

Critically
Low Quality

6. De Jesus
et al., 2009

Y

N

N

N

N

N

N

N

NRSI
N

N

NY

Y

N

Y

Y

N

Critically
Low Quality

7. Dinnes
et al., 2003

Y

Y

N

PY

Y

Y

Y

PY

NRSI
Y

N

NY

Y

Y

Y

Y

Y

Low Quality

Y: YES; PY: Partial YES; N: NO; RCTs: Randomised controlled trial study; NRSI: Non-randomised studies of interventions; NM: A meta-analysis was
not conducted.

408

Muscles, Ligaments and Tendons Journal 2021;11 (3)

ORIGINAL ARTICLE

Nr 2021;11 (3):409-415

The Immediate Effect of Muscle Energy
Technique and Whole Body Vibration on
Hamstring Muscle Flexibility and Stiffness in
Healthy Young Females
M. Azizi1, A. Shadmehr2, K. Malmir2, N. Qotbi2, Z. Khazaei Pour3
1
2

Department of Physiotherapy, School of Rehabilitation, Tehran University of Medical Sciences, Tehran, Iran
Brain and Spinal Cord Injury Research Center, Neuroscience Institute, Tehran University of Medical Sciences,
Tehran, Iran

CORRESPONDING AUTHOR:
Azadeh Shadmehr
Department of Physiotherapy
School of Rehabilitation
Tehran University of Medical Sciences
Tehran, Iran
E-mail: Shadmehr@tums.ac.ir
DOI:
10.32098/mltj.03.2021.04
LEVEL OF EVIDENCE: 1B

SUMMARY
Background. High prevalence of hamstring injury is attributable to the
lack of efficient flexibility, and different methods are suggested for increasing its flexibility. Therefore, the present study investigated two methods in healthy young females, Muscle Energy Technique (MET) and Whole
Body Vibration (WBV) on flexibility and Hamstring Muscle Stiffness.
Materials and methods. Fifty-six young females were included in the sample with a
mean age of 23.82 ± 3.17 years and were randomly placed in one of two treatment
groups. The participants were treated 3 times with the Post Isometric Relaxation
technique in the MET group. In the WBV group, in three 30-second sets at 30 Hz and
2 mm amplitude, each participant was subjected to vibration. Active Knee Extension
(AKE) and Modified Sit & Reach (Mod S & R) tests measured Hamstring flexibility,
and the Stiffness evaluation was carried out using the Biodex system 3.
Results. The evaluation results revealed a significant difference between pre-intervention and post-intervention (P = 0.000), but there was no significant difference between the
two treatment groups in terms of post-intervention test results (P > 0.000).
Conclusions. The results showed that a single WBV and MET session increased flexibility and decreased the stiffness of the hamstring, but there was no substantial difference in the efficacy of these methods.
KEY WORDS
Flexibility; range of motion; stiffness; Muscle Energy Technique (MET); Whole Body
Vibration (WBV).

INTRODUCTION
Flexibility refers to the elongation of skeletal muscles and
tendons and is generally considered an important rehabilitation protocol component (1, 2). Two concepts, static and
dynamic, provide flexibility. Static flexibility is the threshold of
muscle tolerance towards stretching and can be measured by
movement range. Dynamic flexibility also refers to the amount
of resistance (active or passive) that tissue creates against
stretching, also named stiffness (2). The creation of passive
resistance to length variation is the responsibility of parallel

elastic connective tissues such as sarcolemma, endomysium,
perimysium, and epimysium. In contrast, series structures
such as tendons and cross bridges of muscles are involved in
creating active stiffness. Therefore, stiffness and flexibility are
distinct concepts and cannot be considered synonyms (3).
Normal flexibility is essential to maintaining an ideal
posture and perform activities smoothly. The hamstring
is an important two-joint muscle, which is highly susceptible to shortening. This muscle is the largest knee flexor (4), and has a strong tendency to shortness due to
its two joints structure, its tonic postural property, and
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tension production continuously (5). Hamstring shortness may cause primary and secondary injuries such as
increased strain risk, reduced joints range of motion,
patellofemoral pain syndrome, plantar fasciitis, failure of
lumbopelvic rhythm, and low back pain (6, 7).
Muscle Energy Technique (MET) is a type of manual therapy technique accompanied by an isometric contraction of
target muscle and increases muscle flexibility (8). Various
studies have found that the MET may have more effect than
static stretching because it reduces pain and discomfort and
generally makes further changes either as acute or long term
forms in the target tissue (9-14).
Whole Body Vibration (WBV) is another relatively new
method that has recently become a popular modality in the
rehabilitation and sports domain (15-20). WBV is a safe and
easy method to use that transfers vibrations through a platform to the whole or certain parts of the body (21). WBV
platforms transmit vibrations in two ways. The first type is
Synchronous, which transmits vibration to both legs simultaneously and applies a straight linear acceleration to the
trunk. The second type is Side-alternating, which transmits
vibrations intermittently, so when the right leg is at the lowest
amplitude level, the left one is at the highest. This type of platform causes rotational movements in the hip and lumbosacral
joints. It leads to less vibration load to be transmitted to the
trunk so that more acceleration can be applied to the body
through it (22, 23).
Since the influence on muscle stiffness as a biomechanical
factor of either of these two therapeutic methods has not yet
been studied, we agreed to compare the immediate effect
of MET and WBV on hamstring flexibility and stiffness in
healthy young females.

METHODS
Design
We randomly assigned participants to the two MET and
WBV classes using a balanced block randomization method
in the current randomized, controlled trial between April
2018 and December 2018. The Ethics Committee of Tehran
University of Medical Sciences approved the research. The
biomechanics laboratory of the Rehabilitation Faculty of
Tehran University of Medical Sciences conducted all of the
interventions and assessments.

Participants
According to the Active Knee Extension test, 56 healthy
young women with the extension lack of 20 degrees or more
at their popliteal angles volunteered to participate in the
410

study through advertisements distributed to the faculty. The
inclusion criteria were as follows:
• female ages between 18-30 years;
• 20 degree or more lack of extension during active knee
extension test (4);
• BMI of 18/5- 29/5.
The exclusion criteria were as follows: cardiovascular and
respiratory diseases, chronic neurological and vestibular
musculoskeletal diseases, pregnancy, epilepsy, seizure and
migraine, severe deformities of lower extremities and the
presence of prosthesis, previous hamstring injuries (25),
attending in training programs continuously 3 days a week,
feeling pain, fear or discomfort during intervention and
evaluation, lack of good collaboration at each stage of the
study, disclaimer from participation in the study. All of the
participants read and signed informed consent forms before
participating in the study.

Procedures
Hamstring flexibility was measured by two tests:
1. active knee extension test (AKET): the participant
lay down in a supine position, and straps fastened the
trunk and another leg to fix the pelvis and prevent its
movement. A wooden cube with dimensions of 35 × 38
× 30 cm was then fixed behind the thigh to maintain the
hip joint at 90 degrees of flexion. We asked the participant to keep the knee straight as much as possible, and
its popliteal angle was measured using the goniometer
(instrument model, etc.) (6).
2. Modified Sit & Reach test (Mod S & R): the participant
sat on the floor while her back and head were against
the wall and placed her bare feet against the front wall
of the flex tester box. First, the participant pulled hands
forward without removing the back and head from the
wall and considered the origin or zero’s fingertip location. In the next step, the participant completely bent
her back with knees in extension position and pulled
hands forward on the box. The distance between the
fingertips from the point of origin or zero was considered the test result.
To determine the hamstring stiffness, the participant sat
on the seat of Biodex system 3 (Medical system, etc.), and
straps fixed the trunk and hip. Device settings included
passive mode, the angular velocity of 5 °/sec, and the range
of motion from the flexion to the end of active knee extension. At the beginning of the test, the device moved the
participant’s knee passively with a specified angular velocity to the existing extension’s end. Since the highest stiffness exists at the end of the length of muscles, the final
30° of the extension was considered as the angular posiMuscles, Ligaments and Tendons Journal 2021;11 (3)
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tion. According to the definition of stiffness, the passive
hamstring torque was calculated at the final 30° of the
passive knee extension (26):

Muscle Energy Technique (MET) treatment group
In the MET group, the Post isometric relaxation technique
(Lewit method) was performed to increase hamstring flexibility. The participant lay in a supine position, and the hip
was fixed at 90 degrees of flexion, and the knee joint was
taken passively to the extension until the restrictive barrier. We then asked the participant to put pressure towards
the direction of knee flexion with 75% of Maximal voluntary contraction (MVC) against the applied force by the
therapist (25, 27) and hold it for 7-10 seconds (8). The
participant relaxed the muscle, and the knee was taken
passively to the new range of extension by the therapist.
This technique was repeated 3 times at intervals of about
10 seconds (25, 28).

Whole body vibration (WBV) treatment group
In the WBV group, the participants stood on the platform of Powerplate (next generation, etc.) without shoes
and socks with bending knees (about 20 degrees) while
their legs were open as much as the shoulder width and
put under the vibration at a frequency of 30 Hz and 2
mm of amplitude. This situation prevents vibration transfer to the head (29). Each participant was treated in three
30-seconds sets with 30 seconds of rest between each set.
According to the following equation:
APeak = Aω2(m/s2) = A(2πf)2 = 0.002 (2 × 3.14 × 30)2 ≈ 7g
The amount of applied acceleration to body was approximately 7g (g ≈ 9.8 m/s2) (22).
The reassessment was repeated in both groups after 5
minutes of rest (30).

Statistical analysis
The data was analyzed statistically using version 22 of the
SPSS. First of all, to determine the data normality, the
one-sample Kolmogorov-Smirnov test was used; and its
results indicated the normal distribution of the data (P >
0/05); therefore, the Paired T-test was used in each group to
compare pre-post. An Independent t-test was also used to
compare the changes after the interventions in AKE, Mod S
& R, and stiffness between the two groups.

RESULTS
The participant’s eligibility criteria are summarized in figure
1. The data was collected from 56 young females with
hamstring tightness, and their anthropometric characteristics, including participants’ age, height, weight, and BMI
based on the Mean + SD presents in table I. Also, the results
of AKE, Mod S&R, and stiffness test in each group shown in
table II. According to the Paired t-test, There was a significant difference between before and after the variables in each
group of WBV and MET (P < 0/05). The results of the independent t-test indicated that there was no significant difference between MET and WBV groups regarding increasing
flexibility and decreasing stiffness (P > 0/05) (table III).
Table I. Anthropometric data of participants in each group
(N = 56).
Group

Variable

N

Mean

Age (year)

MET

Height (cm)

28

3.23

19-29

162.71

5.83

150-174

65.14

6.95

52-75

23.46

3.13

18-28

161.57

3.82

156-170

61.46

5.51

49-71

Age (year)
Height (cm)

28

Range

24.18

Weight (kg)
WBV

SD

Weight (kg)

Table II. The comparison of variables before and after of MET and WBV according to the Mean ± SD (N = 56).
MET (N = 28)

WBV (N = 28)
Pre

Post

P-Value

Pre

Post

P-Value

AKE
(Degree)

62.17 ± 8.04

73.41 ± 8.07

0.000

63.93 ± 8.72

74.5 ± 8.85

0.000

Mod S&R
(cm)

20.64 ± 4.88

23.39 ± 4.94

0.000

20.71 ± 5.15

23.12 ± 5.02

0.000

Stiffness
(Nm/Rad)

12.2 ± 2.5

10.46 ± 2.36

0.000

11.97 ± 2.84

10.41 ± 2.84

0.000

Legend: KE, Active Knee Extension; Mod S & R, Modified sit and reach; MET, Muscle Energy Technique; WBV, Whole Body Vibration.
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Table III. The comparison of studie’s variable between two
treatment groups according to the Mean difference ± SD
(N = 56).
MET (N = 28)

WBV (N = 28) P-Value

11.23 ± 1.63

10.64 ± 1.68

0.188

Mod S & R
(cm)

2.75 ± 0.88

2.41 ± 0.85

0.147

Stiffness
(Nm/Rad)

1.77 ± 0.63

1.55 ± 0.6

0.197

AKE
(Degree)

Assessed for eligibility (n = 61)
Excluded (n = 5)
Not meeting inclusion criteria (n = 4)
Decline to participant (n = 1)
Baseline Evaluation & Randomization (n = 56)

Allocation to MET group
& post-treatment evaluation (n = 28)

Allocation to WBV group
& post-treatment evaluation (n = 28)

Statistical analysis & comparison (n = 56)

Figure 1. Flowchart of enrollment and testing procedure.

DISCUSSION
Results indicated increase flexibility and reduction of
hamstring Stiffness after the MET intervention. Despite
the difference of the present study in methodology, sample
size, and even gender of participants, results of the flexibility
evaluation in the present study were consistent with results
of previous that all reported the effectiveness of MET on
hamstring flexibility (8, 9, 27). Some studies also compared
this method with other techniques such as static stretching,
for instance, Shadmehr’s studies in 2009 and Ahmed in 2010.
However, the results of these studies indicate the relatively similar effects of both methods on increasing flexibility.
However, evidence suggests that apparently the MET has
a more prolonged effect on the tissue and can reduce pain
and discomfort by affecting the Gate control and the tolerance threshold, and can generally make more changes than
static stretching (9, 25, 28). MET’s impact on flexibility can
result from the inhibitory reflex of the Golgi tendon organ
that creates relaxation in the muscle and reduces its resistance to stretch following by an active isometric contraction. Viscoelastic changes, which occur in the muscle and
surrounding structures as mechanical factors, and changes
in tolerance threshold toward stretching as neurophysiological factors can also increase the hamstring flexibility after the
MET (9, 31, 32).
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Passive muscle mechanical structures are manifestations of
the Stiffness property. Specific factors include the number of
cross-links between actin and myosin filaments, endosarcomycal and exosarcomic non-contractile proteins, and deformation caused by connective tissues around the bulk of the
muscle may be responsible for their resistance production.
The measurement of the amount of musculotendinous stiffness is commonly used for assessing characteristics of these
passive structures (33) because Hatano also expresses that
the amount of passive stiffness of muscle is associated with
the amount of viscoelasticity of musculotendinous unit.
Contrary to other factors, the passive resistance to articular movements is mainly due to these elastic structures (34).
It can be concluded that the stiffness decreasing after the
intervention of MET is due to viscoelastic changes in the
musculotendinous unit. Agonist/Antagonist co-contraction
also changes the amount of joint stiffness; as in this study,
we immediately saw increased flexibility and decreased stiffness after the MET intervention. Hence, any factor, which
decreases the co-contraction and increases the relaxation, can
reduce the amount of stiffness as the MET creates relaxation
and decreases the co-contraction force through the inhibition reflex of the Golgi tendon (3, 32). A reason for the triple
repetition of the stiffness test was the individuals’ unfamiliarity with the device and test conditions leading to unnecessary contractions in lower limb muscles. Subsequently, more
production torque was measured by the hamstring muscle,
and more stiffness was calculated than the subsequent trials.
Therefore, the MET created relaxation in the hamstring and
decreased its produced torque through the inhibitory Golgi
tendon reflex. It could cause a decrease in stiffness according
to the definition of stiffness as the ratio of produced torque
to the angular position (3, 31).
In the WBV treatment group, results indicated the immediate positive effect of the intervention on flexibility and stiffness variables. The previous studies also achieved similar
results for the comparison of WBV with other therapeutic
methods in determining the amount of flexibility (30, 35),
but there was no study to examine changes in stiffness for
comparing results of the present study with them.
Vasodilation and increased circulation occur after using the
WBV and can affect contractile characteristics and muscular
viscoelasticity (36, 37). Kerschan-schindle also noted that the
blood flow rate is doubled in the popliteal artery following
by a 9-minute vibration (38). It should be noted that vasodilation is a temporary immediate phenomenon and cannot be
cited probably in explaining the long term effects of Vibration
on variables such as Flexibility and Stiffness. Tonic vibration
reflex is a neurophysiological mechanism involved in the effectiveness of WBV, and it is activated in response to the vibration
and results in an increase in agonist muscle tone. Therefore,
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the stimulation of the muscle spindle activates the pathway
of the stretch reflex. This pathway always causes the agonist
muscle contraction (quadriceps) and inhibits and reduces the
activity of the antagonist (hamstring), leading to the increased
hamstring flexibility, decreased production of torque, and
subsequently decreased stiffness (36, 39). Bosco and Cardinal also pointed out that vibrations inhibited the activity of
antagonist muscles via Ia inhibitory interneurons. Therefore,
the activation of quadriceps causes hamstring relaxation and,
consequently, positive effects on stretching exercises (40).
Proprioceptive feedbacks, which are involved in the pain
control, can also increase the tolerance to stretching and
increase the range of motion by enhancing the tolerance
threshold (41, 42). Issurin also concluded that the pain was
reduced 10-15 seconds after the start of stretching and vibrational interventions (39).
In general, the WBV can increase the range of motion by
increasing the tolerance threshold to stretching, increasing
focal heat and vasodilation, and leading to increased flexibility and decreased Stiffness by controlling the activity of
hamstring muscle reducing its produced torque.
On the other hand, the present study’s results indicated
similar effects of MET and WBV on the study variables.
Both interventions had the same impact on variables, and
no significant difference was found between their results.
As mentioned earlier, the MET intervention through mechanisms such as the inhibitory reflex of the Golgi tendon,
making viscoelastic changes, increasing the tolerance threshold, and reducing the co-contraction of muscles around the
joint can immediately increase the flexibility and reduce stiffness (3, 31, 32, 37). Like the same mechanisms, the WBV
intervention causes immediate changes in studied variables,
including the increased local heat and viscoelastic changes,
increased pain tolerance threshold, tonic vibration reflex
that ultimately causes agonist muscle activity (quadriceps)
and inhibits the antagonistic muscle (hamstring) (37, 42,
43). The mechanisms of these two therapeutic approaches’

effectiveness seem to be relatively similar and can immediately affect flexibility and stiffness in similar ways. However,
it is better to conduct a long-term analysis on comparing the
effects of these two interventions to assess the consistency of
their effects to determine precisely if these two methods are
always the same or are their short-term effects just the same
for affecting biomechanical variables. Furthermore, we can
compare the stiffness and other variables in these two treatment methods between males and females to find out whether changes in the amount of stiffness and flexibility between
the two sexes are the same or not.

CONCLUSIONS
The present study indicated that a single session of using
WBV and MET could immediately increase the hamstring
flexibility and immediately decrease its stiffness. According
to a comparison of these two methods, both interventions
had the same effects on studied variables. No significant
difference was found between the effectiveness of any two
methods on flexibility and stiffness. Therefore in cases such
as improving muscle flexibility immediately before starting
training or sports competitions, both of these two treatment
methods can be accomplished. The study meets the ethical
standards of the journal (44).
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SUMMARY
Background. Knee osteoarthritis (OA) is an age-related progressive condition that
has resulted in a significant burden worldwide. In this survey, we aimed to compare
intra-articular hypertonic saline (HS) and hyaluronic acid (HA) safety and efficacy in
the pain and function improvement of patients suffering from knee OA. Eventually, we
made a comparison with physical therapy (PH), in a six-month follow-up.
Methods. This study is a three-arm single-blinded randomized clinical trial evaluating 130 radiographically confirmed knee osteoarthritis patients suffering from chronic knee pain. A group of participants received three weekly injections of HA (Hyalgan®), while the other group experienced an injection of five milliliters of 5% HS and
the third group engaged in ten-session physiotherapy. Patients assessed before intervention, one, three, and six months post-intervention using the visual analogue scale
(VAS) for pain and Knee injury and osteoarthritis outcome score (KOOS) for function
and quality of life (QOL).
Results. In this study, We did not identify any remarkable adverse effects. All KOOS
subscales scores decreased in the HA and HS group significantly. A similar trend was
detected in pain improvement, considering VAS. PH group experienced only pain
reduction but not function improvement. Comparing two injected agents, HS group
obtained better scores not only in pain and symptom reduction, but also in function
and QOL improvement.
Conclusions. However, both HS and HA can be effectively used for improving function and reducing pain and unpleasant symptoms in knee OA patients, HS prolotherapy demonstrated more acceptable outcomes through six-month follow-up.
KEY WORDS
Hyaluronic acid; hypertonic; knee; osteoarthritis; prolotherapy; physical therapy modality; saline solution.

INTRODUCTION
Knee osteoarthritis (OA) is an age-related progressive
condition resulting in cartilage damage besides other joint
components damage, including bone, synovium, and ligaments (1). This disease is the result of genetic, metabolic,
and biomechanical factors interaction, eventually leading to
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pain and stiffness (2). Considering decreased function and
impaired quality of life, OA is one of the leading causes of
disabilities among industrialized and developing societies
(3). Studies reported that the lifelong probability of symptomatic knee OA is 44.7%, with a total cost of 11.1 k€ annually for such patients (4, 5). Albeit there is no existing defi-
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nite treatment for OA, several options for pain management
and suppression of OA rapid progression have been developed. Pharmacologic treatments are believed to be useful
in OA-related pain management; moreover, the adverse
events, including gastrointestinal complications of non-steroidal anti-inflammatory drugs (NSAIDs) and cardiovascular complications of cyclooxygenase-2 (COX-2) inhibitors,
are of importance for clinicians (6, 7).
Other conservative treatments usually include therapeutic exercises, lifestyle modification, different intra-articular injections, and supplements such as chondroitin sulfate
and glucosamine (8, 9). Furthermore, studies approved the
effectiveness of Transcutaneous electrical nerve stimulation
(TENS) and therapeutic ultrasound (10, 11). Total knee
arthroplasty seems to be an appropriate option for drug-resistant pain in severe cases.
Growing evidence supports the use of prolotherapy as a
therapeutic alternative for chronic musculoskeletal pain
management (12, 13). Irritant agents, usually hyperosmolar dextrose, are injected intra/extra-articular. Hyperpolarization of joint nerves opening potassium channels is the
first suggestive mechanism (14). The second mechanism
is local healing stimulation following cell degradation due
to osmolality effects and the recruitment of inflammatory
cascades (15).
Reviewing the literature, prolotherapy’s clinical outcomes
are mostly reported in chronic low back pain; besides,
chronic tendinopathies and OA are highlighted (16, 17).
Recent systematic reviews claimed some OA patients
revealed symptoms relief in the saline arm of the clinical
trials and questioned the use of saline as a placebo (18-20).
Studies approved that hypertonic saline increased the
synthesis of NFAT5 as the transcription factor participating in osmolar regulation of anti-inflammatory molecules
in joints (21, 22); however, existing studies regarding basic
sciences supporting evidence of HS effects remained insufficient. Moreover, the protracted history of HS use as a placebo treatment supports its safety. According to a meta-analysis of evidence Level 1 studies, assessing 13 cohorts, for
the evaluation of therapeutic effects of saline intra-articular
injection, improvements in both pain and function through
a six-month follow up were detected (20).
Hyaluronic acid (HA) as a mucopolysaccharide is naturally
present in the synovial joints and could be destroyed after
knee OA (23). From a mechanism point of view, HA injection in joints has both viscoelastic and anti-inflammatory
effects (24). There is a large body of evidence suggesting
that HA efficacy in the knee OA treatment is considerable
(25, 26). A meta-analysis showed that HA effects last longer
time (till one year) in comparison with corticosteroids (one
month) (27).
Muscles, Ligaments and Tendons Journal 2021;11 (2)

Due to the cost-effectiveness and existing uncertainty about
HS use, our aim in this study is to compare physical therapy
(PH), intra-articular HS, and HA safety and efficacy in pain
and function improvement of patients with knee OA in a
six-month follow-up.

MATERIALS AND METHODS
This study is a single-blinded randomized clinical trial with
three-arm, implemented in the Physical medicine and rehabilitation (PM & R) clinic of Emam Reza Hospital in Tehran
from May 2019 to January 2020. The protocol of this study
is approved by the ethics committee of AJA university of
medical sciences (code: IR.AJAUMS.REC.1398.003) and
registered in the Iranian Registry of Clinical Trials Database
(IRCT: IRCT20190309042989N1).

Sample size calculation
The primary outcome measure of this study was pain; therefore, the sample size was calculated based on VAS score
with a statistical level of significance; 0.05 and test power
of 0.8 using repeated-measures ANOVA. In conclusion, 30
participants calculated for each group.

Inclusion criteria
Patients at the age of 50-80 years with symptomatic knee
OA lasting for more than three months despite receiving
conservative treatments (exercise and oral/topical drugs)
were included in our study. The diagnosis of OA was based
on the American College of Rheumatology criteria. Among
patients suffering from both limbs OA, the more damaged
knee was determined for the study participation. Patients
with a Kellgren-Lawrance radiologic (KLS) score of 2-4
were included after obtaining written informed consent.

Exclusion criteria
Our exclusion criteria were recent history of trauma or
surgery in the studied joint during the past six months,
history of neuromuscular disorders, history of previous IA
steroid injection into the studied knee within recent three
months or HA injection within one year, use of systemic steroids (except inhaling types) within three months,
severe deformity in lower limbs, and coagulopathies. We
also excluded pregnant women, patients receiving immunosuppressant treatments for their underlying rheumatologic disease. Patients asked to inform the physician if they
tended to use other analgesics or therapeutic techniques
during the study.
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Intervention
Patients were randomly assigned to three groups; HA, HS,
and PH. Simple randomization, using a random number
table, was applied as a randomized assignment method.
The researcher randomly selected the number and assigned
it to the specific group. For maintaining further blindness
in this study, coded folders were used. One of our team
members, who were aware of group assignments, kept the
coded folders.
Before all injections, we used two milliliters of Lidocaine
2% solution for increasing patient cooperation in the procedure. We injected through a 23-G needle, with an anteromedial approach in the supine position and 90° flexion of knee
considering sterility. The participating physician in injecting
patients was not blind to the injection material due to the
specific shape of the HA syringe and did not participate in
follow-up or patient assessment. The assessor physician was
blind to the injected agent for each patient. Patients were
prescribed an ice pack 3-4 times a day for two days after
injection. Furthermore, patients were to avoid high-energy
activities on the injected limb. They were also educated on
lifestyle modifications and strengthening exercises (quadriceps, hip abductors, and adductors) with filling checklist,
including exercise adherence.
HA was injected as a 20 mg/2 ml solution of HA (Hyalgan®,
a viscous product with a molecular weight of 500-730 kDa,
containing purified natural hyaluronate in sodium chloride
solution; Fidia Farmaceutici S.p.A., Abano Terme, Italy) for
three times. For the HS group, five milliliters of hypertonic saline solution (Hpersaline® 5%, a concentrated Sodium
Chloride solution and 1.71Osmol/ml; Shahid Ghazi pharmaceutical company, Tabriz, Iran) was used.
The physiotherapy group received infra-red (IR) from a
distance of 50 centimeters for 20 minutes and transcutaneous electrical stimulation (TENS) with protocol consisting
of 100-150 Hz frequency and 150-microsecond pulse duration and intensity of patient tolerance. Additionally, ultrasound was used on the affected knee with a duration of 3-5
minutes (1 Mega-Hertz, 1.5 Watt/cm2, and pulsed type).

Outcome measurements
The primary outcome measure was pain on walking 50
meters using a 10-level visual analogue scale (VAS).
Secondary outcome measures were the Knee injury and
osteoarthritis outcome score (KOOS). The KOOS includes
five domains and 42 items. This scale was used to evaluate
symptoms, pain, function, daily living, sports/recreational
activities, and quality of life in knee osteoarthritis patients
(28). The main difference between the Western Ontario and
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McMaster Universities Osteoarthritis Index (WOMAC)
and the KOOS is the inclusion of two additional domains,
a five-item sport and recreation function domain, and a
four-item QOL domain. Also, the pain domain and stiffness
domain were changed to a seven-item symptom domain
with more detailed questions (29). For each domain, scores
were normalized on a “0–100” scale; zero for the worst
result and 100 for the best result. Patients were evaluated
before and after the procedure on the first, third, and sixth
months after the intervention.

Data analysis
Statistical Analyses was performed by STATA software
version 14; figures and graphs were depicted by prism 5 software. P-value of less than 0.05 was considered significant.
Categorical data are presented as percent, and Continuous
demographic variables are presented as Mean ± Standard
deviation or Median (Interquartile range). For Further analyses, MITT, which is a subset of Full Intention-to-treat analysis (Full ITT), was used. Participants who left the study for
any reason and whose data were not available were excluded; the final analysis was accomplished on existing data.
The intervening effects on primary and secondary outcomes
were investigated for longitudinal data using General Estimation Equation (GEE).
Furthermore, to evaluate the GEE model, the residual of the
model was analyzed and had a symmetric distribution. The
GEE model consists of group, time, and group-time interaction. The GEE model demonstrates the adjusted interference effects compared to the baseline value and demographic information. The correlation matrix was considered
for each exchangeable outcome. For continuous outcomes,
the identity link was used.

RESULTS
Study adherence
A total of 130 consecutive patients, 43 in the PH group, 43
in the HS group, and 44 in the HA group participated in
the study. Totally 27 patients were excluded due to lack of
access or not accepting concealed allocation. Three patients
left the study during the follow-up. In the end, data from
100 participants used for analysis (figure 1).
All patients declared personal problems as their reason
for departure, including a tendency to try other treatment
options, and they denied any complications or side effects of
intervention as a reason to leave. The treatment groups were
approximately similar at baseline demographic and radiographic characteristics. The outcome measures (QOL, ADL,
Muscles, Ligaments and Tendons Journal 2021;11 (2)
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Figure 1.Flow diagram of the study population.

and sport/recreational subscales) were lower in the HS group,
which tried to compensate through data analysis (table I).

Clinical changes between treatment groups
According to our findings, the two IA injections were
proved to be effective in improving functional scores and
reducing pain and symptoms in knee OA patients shortterm and long-term; furthermore, the PH group showed
only significant pain reduction (P < 0.001). Within five parts
of the KOOS scale, the maximum amount of improvement
for both the injected agents was detected in pain and sport/
recreational activities.
The comparative analysis of the injections and PH approved
better scores for injections considering ADL, pain, and
sport/recreational activities. Based on QOL scores, HS
Muscles, Ligaments and Tendons Journal 2021;11 (2)

was significantly better than PH (P < 0.001), while HA was
not (P = 0.65). Comparing two injected agents, HS group
obtained better scores not only in pain and symptom reduction, but also in function and QOL improvement (table II).
Considering pain control through VAS, HS resulted in
considerable pain reduction in comparison with HA and
PH with a slight mean increase (from 6.1 to 6.9) between
three to six months follow-up (figure 2).
Table 3 shows Stratified Analyses for the Radiographic
knee severity With mean difference between-groups at 1,3
and 6 months follow up (MITT) (table III).

Safety
No significant complications, including infections (local or
systemic), occurred in either of the two injection groups.
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Table I. Baseline characteristics of study participants.
PH
(n = 27)

HS
(n = 30)

HA
(n = 43)

21 (77.8)

28 (93.3)

37 (86.0)

Mean(SD)

61.18 (8.4)

65.66 (9.7)

62.04 (9.9)

Median(IQR)

63 (12)

67 (15)

61 (15)

Mean(SD)

28.11 (3.0)

28.91 (2.9)

30.54 (4.5)

Median(IQR)

28 (5.0)

29 (3.0)

30.27 (6.2)

Baseline characteristics
Women, n (%)
Age (years)

Body Mass Index (kg/m )
2

Radiographic knee severity
Grade 2, n (%)

0 (0.0)

0 (0.0)

4 (9.3)

Grade 3, n (%)

19 (70.4)

20 (66.6)

22 (51.2)

Grade 4, n (%)

8 (29.6)

10 (33.3)

17 (39.5)

ADL

53.75 (16.0)

23.77 (11.9)

53.04 (12.8)

Pain

52.77 (13.9)

32.40 (12.3)

41.84 (16.3)

Symptoms

52.11 (16.1)

53.57 (16.0)

51.75 (15.0)

Sport/Rec

72.96 (31.1)

16.5 (13.7)

27.86 (21.3)

QOL

57.63 (27.9)

11.66 (12.2)

32.73 (23.8)

6.96 (1.8)

7.86 (1.3)

6.78 (1.6)

Outcome measures
KOOS subscale scores

VAS

Variables are expressed as the Mean (standard deviation) and Median (interquartile range). Abbreviations: PH, Physiotherapy; HS, hypertonic saline; HA,
hyaluronic acid; KOOS, Knee injury and Osteoarthritis Outcome Score ranging from 0 to 100 with high scores indicating fewer problems; VAS, visual
analogue scales 0 to 10.

Table II. Mean difference within-groups and difference between-groups at 1, 3 and 6 months follow up (MITT).

Test of Within-group effects
(mean change from baseline)
PH

HS

Outcomes Mean (95% CI)

Test of between-group effects
(mean change from reference group)
HA

HS vs PH

HA vs PH

Mean (95% CI)

Mean (95% CI)

Β (95% CI)

8.0 (3.3,12.7)**

33.8 (27.8,39.8)***

HS vs HA

β (95% CI)

β (95% CI)

ADL
T1

- 1.4 (-6.0,3.2)

32.1(28.1,36.2)***

T3

0.02 (-3.7,3.7)

38.1(34.6,41.7)

14.2 (10.6,17.8)

38.4 (33.3,43.5)

T6

- 0.1(-3.8,3.6)

40.1(35.9,44.4)***

17.5 (13.1,22.0)***

39.9 (34.3,45,5)***

17.6 (11.9, 23.4)***

22.4 (16.2, 28.6)***

T1

1.5(-3.4,6.5)

32.1(27.5,36.8)***

15.8 (7.7,23.9)***

30.9 (24.1,37.6)***

14.4 (4.9, 23.8)***

16.5 (7.3, 25.7)***

T3

5.3(-0.1,10.7)

40.0(36.0,44.1)

***

21.8 (14.2,29.4)

35.7 (28.9,42.5)

16.6 (7.4, 25.9)

19.1 (10.4, 27.7)***

T6

7.3(0.9,13.6)

***

42.4(38.0,46.7)

21.9 (14.0,29.9)

35.4 (27.8,43.0)

14.7 (4.6, 24.8)

20.7 (11.8, 29.7)***

T1

- 2.2(-7.1,2.7)

18.1(13.9,22.1)***

6.1 (1.6,10.7)**

20.8(14.8,26.8)***

9.49 (3.0, 15.9)**

11.3 (5.4, 17.2)***

T3

2.2(-4.0, 8.4)

25.9(19.0, 32.9)***

9.9 (5.2, 14.7)***

22.4(12.9, 31.8)***

7.2 (- 0.5, 14.9)

15.2 (6.6, 23.8)**

T6

2.4(-3.2, 8.1)

28.2(21.2, 35.3)

9.2 (4.1, 14.2)

24.9(15.9, 33.9)

6.1 (- 1.3, 13.6)

18.8 (10.1, 27.5)***

***

***

***

9.3( 2.8,15.9)**
14.2 (9.0,19.3)

***

24.8 (18.8, 30.8)***
24.4 (19.4, 29.3)***

Pain

*

***
***

***
***

***
**

Symptoms
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***

***

***
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Test of Within-group effects
(mean change from baseline)
PH

Test of between-group effects
(mean change from reference group)

HS

HA

HS vs PH

HA vs PH

HS vs HA

Sport/Rec
T1

- 5.7(-10.7, -0.7)*

24.3(20.5, 28.1)***

T3

- 4.7(-10.2, 0.9)

31.8(22.2, 41.5)

T6

- 4.6(-10.1, 0.9)

T1

5.8 (0.7, 10.9)*

32.4 (26.1, 38.7)***

13.5 (6.5, 20.5)***

13.2 (6.7, 19.6)

38.2 (26.1, 50.4)

17.9 (9.3, 26.6)

20.3 (7.6, 33.0)**

34.4(27.4, 41.3)***

32.7 (4.2, 61.2)*

38.84 (29.8, 47.9)***

37.1 (8.8, 65.4)*

1.7 (-27.2, 30.6)

1.0 (-3.8, 5.8)

26.3(22.1, 30.6)***

- 3.3 (-11.1, 4.4)

26.0 (19.9, 32.2)***

- 4.2 (-13.4, 4.9)

30.3 (21.7, 38.8)***

T3

2.5 (-2.8, 7.8)

T6

3.7 (-1.9, 9.4)

***

***

***

18.9 (12.5, 15.3)***

***

QOL
37.6(30.8, 44.4)

***

2.7 (-1.9, 7.4)

36.2 (27.4, 45.0)

0.5 (-6.5, 7.5)

35.7 (27.1, 44.2)***

40.6(32.9, 48.2)

***

5.2 (-0.8, 11.2)

37.1 (27.6, 46.6)

1.7 (-6.5, 9.8)

35.5 (25.7, 45.2)***

***
***

VAS
T1

- 1.0 (- 1.6, -0.4)**

- 2.4 (- 3.1, -1.6)***

- 1.7 (- 2.1, -1.2)***

- 1.4 (- 2.4, - 0.4)**

- 0.65 (-1.4, 0.1)

- 0.77 (- 1.6, 0.08)

T3

- 1.6 (- 2.3, -1.0)***

- 4.0 (- 5.0, -3.1)***

- 2.1 (- 2.6, -1.6)***

- 2.5 (- 3.7, - 1.3)***

- 0.37 (-1.2, 0.43)

- 2.1 (- 3.2, - 1.0)***

T6

- 1.9 (- 2.8, -1.1)***

- 3.6 (- 4.5, -2.7)***

- 2.3 (- 2.9, -1.7)***

- 1.6 (- 2.8, - 0.42)***

- 0.23 (-1.2, 0.75)

- 1.4 (- 2.4, - 0.3)*

ADL: activities of daily living; QOLI: Quality of Life; VAS: visual analogue scales 0 to 10; T0: baseline data collection; T1: one-month data collection;
T3: three-month data collection; T6: six-month data collection. a Adjusted generalized estimating equations model after controlling the baseline Outcome, sex, age, BMI. ***: P-value < 0.001; **: P-value < 0.01. *: P-value < 0.05.
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Figure 2. Pain changes in three groups based on VAS.

Acute flare reaction was detected in four patients (two in
HA and two in HS), and they were not significantly different between the two groups (figure 3).

DISCUSSION
To the extent of our knowledge, for the first time, this study
evaluated HS therapeutic effects through randomized clinical trial from the aspects of pain reduction, QOL, and functional improvements. Additionally, the safety evaluation of
HS injection into the knee joint is of importance.
Muscles, Ligaments and Tendons Journal 2021;11 (2)

Our findings suggested HS as a proper treatment for knee OA,
according to pain reduction, functional and QOL improvements observed in this study. Regarding symptom changes in
HA and HS group, HS led to more improvement after six
months compared to the first or third post-injection month.
Symptoms in the KOOS questionnaire consist of locking,
stiffness, and giving-away. It seems in long-term parallel to
absorbing HA from joint and decreasing its effectiveness on
symptoms, HS prolotherapy effects on degenerative changes
in menisci and ligaments, yielded more complaint reduction
of patients in HS group after six months.
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Table III. Stratified Analyses for the Radiographic knee severity With mean difference between-groups at 1, 3 and 6 months
follow up (MITT).
Grade 3
HS vs PH
Outcomes

β(95% CI)

Grade 4
HA vs PH
β (95% CI)

HS vs HA
β (95% CI)

HS vs PH

HA vs PH

HS vs HA

β (95% CI)

β (95% CI)

β (95% CI)

14.6(1.2,28.0)*

7.4 (-5.4 , 20.2)

ADL
T1

33.3(23.5 ,42.1)*** 8.0(-1.2,17.3)

25.3(16.2,34.4)*** 19.7(4.8,34.6)***

T3

36.5(26.0 ,46.9)*** 10.7(1.7,19.8)*

25.7(15.6,35.8)*** 27.6(11.2,43.9)*** 18.6(4.4,32.9)*

9.0 (4.4,22.4)

T6

37.5 (28.1,46.9)*** 18.3(9.4,27.3)***

19.2(10.1,28.3)*** 34.5(18.7,50.4)*** 20.2(6.0,34.5)***

14.8 (1.7, 27.8)*

T1

27.3(16.9,37.6)***

11.3(1.5,21.1)*

16.0(6.4,25.6)***

26.6(8.1,45.1)***

25.5(8.9,42.1)**

2.8 (-12.6,18.1)

T3

31.3(21.1,40.9)***

13.8(4.3,23.3)**

17.4(6.8,28.1)***

29.9(9.6,50.2)***

25.4(7.8,43.1)**

4.5 (-11.5,20.6)

T6

31.0(21.1,40.9)***

13.6(4.2,23.0)**

17.4(7.8,26.9)***

38.9(19.2,58.6)*** 25.4 (7.8, 43.2)**

Pain

15.1(0.59 , 30.8)

Symptoms
T1

16.7(7.6 , ,25.7)*** -0.01(-8.6 , 8.6)

16.7(8.3,25.1)**

24.8(10.5,39.1)*** 23.3(10.5,36.1)*** 2.5(-9.8 , 14.7)

T3

17.5(7.8 , 27.2)***

1.3 (-7.0 , 9.6)

16.2(6.8,25.6)***

32.2(16.6,47.8)*** 15.9(2.3 , 29.5)*

16.3(3.5 , 29.2)*

T6

20.7(11.9,29.4)***

-1.4 (-9.6 , 6.8)

22.1(13.7,30.5)*** 33.9(18.7,49.0)*** 17.7 (4.1 ,31.3)*

16.1(3.6 , 28.7)*

T1

20.1(-22.7,62.9)

1.9(-38.8,42.7)

18.1(-21.7,58.1)

25.3(10.739.8)***

19.9(6.8,32.9)**

3.6 (-8.6,15.8

T3

37.6(-8.0,83.3)

14.0(-25.5,53.6)

23.6(-20.5,67.8)

25.8(9.8,41.8)***

22.1(8.2,36.0)* *

2.9 (-9.8,15.8)

T6

38.4(-2.9 , 79.7)

51.4 (12.2 ,90.7)*

-13.0(-52.9,26.9)

31.1(15.8,46.8)*** 24.6(10.7,38.5)**

6.1(-6.3 , 18.6)

T1

19.2 (5.5 , 32.9)**

-7.3 (-20.2 , 5.9)

26.4 (13.6,39.2)

23.9(11.0,36.8)*** 8.8 (-2.8 , 20.3)

11.9
(1.0 , 22.8))*

T3

35.3 (20.6
, 50.0)***

-4.3(-16.9 , 8.4)

39.6 (25.4,53.8)

29.9(15.7,44.1)*** 13.8 (1.5 , 26.1)*

15.3
(3.9 , 26.7)**

T6

34.3 (21.1
, 47.5)***

-1.5 (-14.0 , 11.1)

35.8 (23.0,48.6)

33.2(19.5,46.8)*** 15.1 (2.8, 27.4)*

17.5
(6.4 , 28.7)**

T1

-1.0(-2.2,0.1)

0.27(-0.86, 1.4)

-1.3(-2.4,-0.2)*

-0.54 (-1.9, 0.84)

-1.51 (-2.8,-0.26)

1.3 (0.09 , 2.43)

T3

-2.5(-3.8,-1.2)***

0.20(-0.9,1.32)

-2.7(-3.9 ,-1.0)***

-1.4 (-2.9,0.07)

-1.35 (-2.7,-0.02)

-0.03 (-1.2 , 1.2)

T6

-1.7(-2.8,-0.5)***

0.45(-0.66,-1.5)

-2.1(-3.2,-1.0)***

-1.8 (-3.2,-0.31)*

-1.59 (-2.9,-0.24)

-0.09 (-1.3 , 1.1)

Sport/Rec

QOL

VAS

ADL: activities of daily living; QOLI: Quality of Life; VAS: visual analogue scales 0 to 10; T0: baseline data collection; T1: one-month data collection; T3:
three-month data collection; T6: six-month data collection. ***: P-value < 0.001; **: P-value < 0.01; *: P-value < 0.05.

Because hypertonic dextrose prolotherapy influences periarticular components (12, 15, 30, 31), its long-term use is
suggested to result in desirable outcomes, while there was no
supporting study in the long term effect of hypertonic saline
prolotherapy. Further studies are needed to evaluate ligamentous changes following HS injection is recommended.
In this study, hypertonic saline and Hyaluronic acid treatment groups were significantly different in KOOS questionnaire subscales scores, with the superiority of hypertonic saline. In 2014, Arden et al. claimed that no remarkable
difference exists between normal saline and hyaluronic acid
422

in WOMAC questionnaire items (32). In 2018, Takamura
et al. performed a study to compare the effects of normal
saline and a high Molecular weight Hyalunoric acid using
the WOMAC questionnaire; unlike the results of our study,
there was a remarkable difference between two groups in
pain and stiffness scale. The only statistically significant item
between the two groups was physical function with better
outcomes for Hyaluronic acid (33). These differences in
findings could be interpreted with the hypertonic nature of
the saline solution, which has been used in our study, which
yielded better outcomes in knee OA patients.
Muscles, Ligaments and Tendons Journal 2021;11 (2)
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Figure 3. The KOOS subscales within group and between group effects.
Muscles, Ligaments and Tendons Journal 2021;11 (2)
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investigated; second, baseline characteristics of patients
in the HS group were different in some KOOS subscales;
therefore, we attempted to use General Estimation Equation (GEE) indeed. Third, we did not assess patients’ physical activity level or adherence to strengthening exercises
(checklists were poorly completed) nor time from symptom
onset; and eventually, we used HA for comparison group
due to its approved short-term and long-term effects while
other more common choices like corticosteroids have shortterm effectiveness. Studies with a larger sample size and
longer follow-up with the evaluation of objective outcomes
in addition to subjective outcomes are recommended.

There are several studies on short-term and long-term
effects of HA among knee OA patients on pain control and
function improvements, in the same vein of our study (26,
34). In addition to subjective factors, other studies assessed
objective measures consist of a decline in cytokines responsible for inflammation and radiologic findings to confirm
the effectiveness of HA in knee OA (35-37). A recent multicenter study claimed HA injections delayed patient need for
TKA (38). Moreover, symptom relief of saline was suggested in previous studies using saline as a placebo (19, 20). It
is not surprising to detect only pain reduction in the PH
group due to the use of pain relief modalities, including the
US, TENS, and IR. Although these groups were educated
on strengthening exercises, their adherence to exercise is
questionable regarding the unsupervised program for exercises in this study (table IV).
Considering QOL, HS was better than PH, while HA
was not. Although this difference could be interpreted
with differences in symptom relief and pain reduction, the
number of visits for treatment seems to be important in the
perception of the patient from QOL. Since the HS group
received a single injection, they had better QOL scores
comparing the HA group experienced three visits and PH
group with 10 visits. Additionally, injected drug costs could
be another reason from the perspective of patients.
This study had some limitations; first, we used subjective outcomes to evaluate the therapeutic effects of injected agents. Objective outcomes, including intra-articular inflammatory cytokines or imaging changes, were not

CONCLUSIONS
Based on our findings, both HA and HS were efficacious
based on pain, function, and QOL in knee OA patients
with greater improvement in HS injected patients. It seems
appropriate to introduce HS as an effective agent for knee
OA treatment not only for short-term effects but also for the
long-term. Eventually, HS prolotherapy is recommended in
knee OA patients due to its safety and cost-effectiveness.
The study meets the ethical standards of the journal (41).

CONTRIBUTIONS
Ensieh Taftain contributed to the design, guided the development of the study protocol, and participated in the
physical examination. Sirous Azizi and Zahra Reza Soltani

Table IV. Studies comparing Saline with otherinjectable agents.
Study

Type of study Year of
Number of
Interventions Duration of follow-up
publication included
Short term Long term
study/patient

Conclusion

Altman et al.

Systematic
review &
meta-analysis

2016

38/ > 2500

N/S vs HA,
CS , PRP

< 3 months 6-12 months

Pain relief observed
with intra-articular
saline in addition to
other agents

Saltzman et al.

meta-analysis

2016

14/1076

N/S

3 months

Pain
improvement with N/S

Bar-Or et al.

Review

2017

73/ 5816

Saline vs HA,
PRP, biologic

McCormack et al.

Clinical trial

2017

368

HA+CS vs
HA vs Saline

McAlindon et al.

Clinical trial

2017

120

Saline vs CS

Arden et al.

Clinical trial

2014

218

Saline vs HA

6 months

Pain improvement with
Saline and other agents
1, 3,
18, 26 weeks
6, 12 weeks
24 months
6 weeks

Greater pain
reductions with Cingal
(HA + CS)
No significant
difference in knee pain
No significant benefit
for HA versus saline

HA: hyaluronic acid; CS: corticosteroid; N/S: normal saline.

424

Muscles, Ligaments and Tendons Journal 2021;11 (2)

E. Taftain, S. Azizi, A. Dadarkhah, et al.

contributed to the concept and literature review, coordinated and supervised the study. Afsaneh Dadarkhah and Sharif
Najafi guided recruitment, performed the patient interviews
and physical examination. Nastaran Maghbouli contributed to the design, and performed statistical analyses. Armin
Khavandegar helped in draft the manuscript. All the authors
participated in drafting and its final approval.

ACKNOWLEDGMENTS
The authors would like to thank Dr. Shahram Rahimi who
was involved in revising this article critically.

CONFLICT OF INTERESTS
The authors declare that they have no conflict of interests.

REFERENCES
1. Creamer P, Hochberg MC. Osteoarthritis of the knee. Lancet
1997;350(9087):1328.
2. Felson DT. The sources of pain in knee osteoarthritis. Curr
Opin Rheumatol 2005;17(5):624-8.
3. Palazzo C, Ravaud J-F, Papelard A, Ravaud P, Poiraudeau
S. The burden of musculoskeletal conditions. PloS One
2014;9(3).
4. Salmon J, Rat A, Sellam J, et al. Economic impact of lowerlimb osteoarthritis worldwide: a systematic review of cost-ofillness studies. Osteoarthritis Cartilage 2016;24(9):1500-8.
5. Quintana JM, Arostegui I, Escobar A, Azkarate J, Goenaga JI,
Lafuente I. Prevalence of knee and hip osteoarthritis and the
appropriateness of joint replacement in an older population.
Arch Intern Med 2008;168(14):1576-84.
6. Singh G, Triadafilopoulos G. Epidemiology of NSAID
induced gastrointestinal complications. J Rheumatol Suppl
1999;56:18-24.
7. Davies NM, Jamali F. COX-2 selective inhibitors cardiac
toxicity: getting to the heart of the matter. J Pharm Pharm Sci
2004;7(3):332-6.
8. Hassan F, Murrell WD, Refalo A, Maffulli N. Alternatives to biologics in management of knee osteoarthritis: a
systematic review. Sports medicine and arthroscopy review.
2018;26(2):79-85.
9. Mora JC, Przkora R, Cruz-Almeida Y. Knee osteoarthritis:
pathophysiology and current treatment modalities. J Pain Res
2018;11:2189.
10. Özgönenel L, Aytekin E, Durmuşoǧlu G. A double-blind trial
of clinical effects of therapeutic ultrasound in knee osteoarthritis. Ultrasound Med Biol 2009;35(1):44-9.
11. Osiri M, Welch V, Brosseau L, et al. Transcutaneous electrical
nerve stimulation for knee osteoarthritis. Cochrane Database
Syst Rev 2000(4).
12. Hauser RA, Lackner JB, Steilen-Matias D, Harris DK. A
systematic review of dextrose prolotherapy for chronic musculoskeletal pain. Clin Med Insights Arthritis Musculoskelet
Disord 2016;9:CMAMD. S39160.
13. Distel LM, Best TM. Prolotherapy: a clinical review of its role in
treating chronic musculoskeletal pain. PM&R 2011;3:S78-S81.
14. Burdakov D, Jensen LT, Alexopoulos H, et al. Tandem-pore
K+ channels mediate inhibition of orexin neurons by glucose.
Neuron 2006;50(5):711-22.
15. Jensen KT, Rabago DP, Best TM, Patterson JJ, Vanderby Jr R.
Early inflammatory response of knee ligaments to prolotherapy
in a rat model. J Orthop Res 2008;26(6):816-23.

Muscles, Ligaments and Tendons Journal 2021;11 (2)

16. Rabago D, Best TM, Beamsley M, Patterson J. A systematic
review of prolotherapy for chronic musculoskeletal pain. Clin
J Sport Med 2005;15(5):E376.
17. Rabago D, Mundt M, Zgierska A, Grettie J. Hypertonic
dextrose injection (prolotherapy) for knee osteoarthritis: Long
term outcomes. Complement Ther Med 2015;23(3):388-95.
18. Bar-Or D, Rael LT, Brody EN. Use of saline as a placebo in intra-articular injections in osteoarthritis: potential
contributions to nociceptive pain relief. Open Rheumatol J
2017;11:16.
19. Altman RD, Devji T, Bhandari M, Fierlinger A, Niazi F, Christensen R. Clinical benefit of intra-articular saline as a comparator in clinical trials of knee osteoarthritis treatments: A systematic review and meta-analysis of randomized trials. Semin
Arthritis Rheum 2016;46(2):151-9.
20. Saltzman BM, Leroux T, Meyer MA, et al. The therapeutic effect of intra-articular normal saline injections for knee
osteoarthritis: a meta-analysis of evidence level 1 studies. Am J
Sports Med 2017;45(11):2647-53.
21. Halterman JA, Kwon HM, Wamhoff BR. Tonicity-independent
regulation of the osmosensitive transcription factor TonEBP
(NFAT5). Am J Physiol Cell Physiol 2012;302(1):C1-C8.
22. Yoon HJ, You S, Yoo SA, et al. NF‐AT5 is a critical regulator
of inflammatory arthritis. Arthritis Rheum 2011;63(7):1843-52.
23. Balazs EA, Watson D, Duff IF, Roseman S. Hyaluronic acid
in synovial fluid. I. Molecular parameters of hyaluronic
acid in normal and arthritic human fluids. Arthritis Rheum
1967;10(4):357-76.
24. Moreland LW. Intra-articular hyaluronan (hyaluronic acid)
and hylans for the treatment of osteoarthritis: mechanisms of
action. Arthritis Res Ther 2003;5(2):54.
25. Lo GH, LaValley M, McAlindon T, Felson DT. Intra-articular hyaluronic acid in treatment of knee osteoarthritis: a
meta-analysis. Jama 2003;290(23):3115-21.
26. Bannuru R, Natov N, Dasi U, Schmid C, McAlindon T. Therapeutic trajectory following intra-articular hyaluronic acid injection in knee osteoarthritis–meta-analysis. Osteoarthritis Cartilage 2011;19(6):611-9.
27. Frizziero A, Vittadini F, Oliva F, et al. I.S.Mu.L.T. Hyaluronic acid injections in musculoskeletal disorders guidelines.
Muscles Ligaments Tendons J 2018;8(3):364-98.
28. Rodriguez-Merchan EC. Intra-articular injections of hyaluronic acid and other drugs in the knee joint. HSS J 2013;9(2):180-2.
29. Barbieri E, Capparucci I, Mannello F, et al. Efficacy of a Treatment for Gonarthrosis Based on the Sequential Intra-Articu-

425

A Trial of Intra-Articular Hyaluronic Acid, Hypertonic Saline, and Physiotherapy in Knee Osteoarthritis

30.

31.
32.
33.

34.

35.

426

lar Injection of Linear and Cross-Linked Hyaluronic Acids.
Muscles Ligaments Tendons J 2019;9(4):606-14.
Collins N, Prinsen C, Christensen R, Bartels E, Terwee C, Roos
E. Knee Injury and Osteoarthritis Outcome Score (KOOS):
systematic review and meta-analysis of measurement properties. Osteoarthritis Cartilage 2016;24(8):1317-29.
Marot V, Murgier J, Carrozzo A, et al. Determination of normal
KOOS and WOMAC values in a healthy population. Knee
Surgery, Sports Traumatology, Arthroscopy 2019;27(2):541-8.
Rabago D, Nourani B. Prolotherapy for osteoarthritis and
tendinopathy: a descriptive review. Curr Rheumatol Rep
2017;19(6):34.
Rezasoltani Z, Taheri M, Mofrad MK, Mohajerani SA. Periarticular dextrose prolotherapy instead of intra-articular injection for pain and functional improvement in knee osteoarthritis. J Pain Res 2017;10:1179.
Arden NK, Åkermark C, Andersson M, Todman MG, Altman
RD. A randomized saline-controlled trial of NASHA hyaluronic acid for knee osteoarthritis. Curr Med Res Opin
2014;30(2):279-86.
Takamura J, Seo T, Strand V. A Pooled Analysis of Two Multicenter, Randomized Controlled Trials of a Single Intra-articular Injection of Gel-200 for Treatment of Osteoarthritis of
the Knee. Clin Med Insights Arthritis Musculoskelet Disord
2018;11:1179544118773068.

36. Bannuru RR, Vaysbrot EE, Sullivan MC, McAlindon TE (Editors).
Relative efficacy of hyaluronic acid in comparison with NSAIDs
for knee osteoarthritis: a systematic review and meta-analysis.
Seminars in arthritis and rheumatism. Elsevier 2014.
37. Gaston M, Tiemessen C, Philips J. Intra-articular hip viscosupplementation with synthetic hyaluronic acid for osteoarthritis:
efficacy, safety and relation to pre-injection radiographs. Arch
Orthop Trauma Surg 2007;127(10):899-903.
38. Vincent HK, Percival SS, Conrad BP, Seay AN, Montero C,
Vincent KR. Hyaluronic acid (HA) viscosupplementation on
synovial fluid inflammation in knee osteoarthritis: a pilot study.
Open Orthop J 2013;7:378.
39. Nelson F, Zvirbulis R, Zonca B, et al. The effects of an oral
preparation containing hyaluronic acid (Oralvisc®) on obese
knee osteoarthritis patients determined by pain, function,
bradykinin, leptin, inflammatory cytokines, and heavy water
analyses. Rheumatol Int 2015;35(1):43-52.
40. Nicholls M, Shaw P, Niazi F, et al. Intra-articular hyaluronic acid delay to total knee by number of injection courses
received: analysis of an administrative database. Osteoarthritis
Cartilage 2020;28:S451.
41. Padulo J, Oliva F, Frizziero A, Maffulli N. Muscles, Ligaments
and Tendons Journal - Basic principles and recommendations
in clinical and field Science Research: 2018 update. Muscles
Ligaments Tendons J 2018;8(3):305-7.

Muscles, Ligaments and Tendons Journal 2021;11 (2)

ORIGINAL ARTICLE

Nr 2021;11 (3):427-432

Osseous Ankle Morphology and Recurrent Lateral
Sprains: a Case-Control Study
V. Nabi1, M. N. Doral2, O. Bilge3, G. Huri4, F. Familiari5, J. Nyland6
1

2

3

4
5
6

Ministry Of Health, Department of Orthopaedics and Traumatology, University of Health Science, Antalya
Research and Education Hospital, Antalya, Turkey
School of Medicine, Department of Orthopaedics and Traumatology, Ufuk University, Dr. Ridvan Ege Hospital,
Ankara, Turkey
Department of Orthopaedics and Traumatology, Department of Sports Medicine, Meram School of Medicine,
N.E. University Konya, Konya, Turkey
Department of Orthopaedics and Traumatology, School of Medicine, Hacettepe University, Ankara, Turkey
Department of Orthopaedics and Traumatology, Magna Græcia University of Catanzaro, Catanzaro, Italy
Department of Orthopaedic Surgery, University of Louisville and Spalding University, Louisville (KY), U.S.A.

CORRESPONDING AUTHOR:
Mahmut Nedim Doral
Department of Orthopaedics and
Traumatology
School of Medicine, Ufuk University
Dr. Rıdvan Ege Hospital
Mevlana Bulvarı (Konya Yolu) No:86-88
06520 Balgat, Ankara, Turkey
E-mail: mndoral@gmail.com
DOI:
10.32098/mltj.03.2021.06
LEVEL OF EVIDENCE: 3

SUMMARY
Background. This study evaluated the relationship between intrinsic osseous ankle
morphological characteristics and recurrent lateral ankle sprain history.
Methods. Fifty-two patients with recurrent lateral ankle sprain history were age- and
sex-matched with 46 healthy control group subjects. Standardized anterior-posterior
and lateral ankle-foot radiographs were taken and morphometric tibial arc length (TiAL),
ankle stability angle (γ), sagittal tibial mortise radius (SRTi), trochlea tali length (TaAL),
talar tenon height (h), sagittal radius of the trochlea tali arc (SRTa), tibiotalar sector (a),
and talar height (H) measurements were performed by an independent radiologist. Stepwise multiple regression, receiver operator characteristics (ROC) and area under the
curve (AOC) analyses helped to determine clinical decision-making efficacy.
Results. SRTi:SRTa and TaAL:TiAL ratios displayed strong efficacy for clinical decision-making. The AOC for the SRTi:SRTa ratio was 0.95 (95% confidence interval of 0.93-1.0). For the SRTi:SRTa ratio, a value of 0.68 produced a
sensitivity of 0.96 and a specificity of 0.85. The AOC for the TaAL:TiAL ratio
was 0.97 (95% confidence interval of 0.89-1.0). For the TaAL: TiAL ratio,
a value of 1.15 produced a sensitivity of 0.98 and a specificity of 0.91.
Conclusions. SRTi:SRTa and TaAL:TiAL ratio intrinsic osseous ankle morphological
characteristics were related to recurrent lateral ankle sprain history providing excellent
sensitivity and good specificity. Intrinsic osseous ankle morphological characteristics
can help guide doctors and surgeons as they make treatment decisions for patients
with recurrent lateral ankle sprain injuries.
KEY WORDS
Ankle; chronic instability; morphometry; sprain; Talo-crural joint; X-rays.
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INTRODUCTION
Ankle injuries are one of the most common injuries in sports
and daily activities, and 77% of ankle sprains involve the
lateral compartment (1). The ankle joint complex comprises contractile and non-contractile anatomical structures that
contribute to its function and stability (2). Although ankle
anatomy is well known, intrinsic osseous ankle morphological characteristics that contribute to sprain injury risk have
not been as well described (3, 4). Several intrinsic (e.g., rearfoot alignment, capsuloligamentous laxity, neuromuscular control) and extrinsic risk factors (e.g., shoe type, sports
participation, surface conditions) are known to contribute to
chronic ankle instability (5). Although often managed successfully with stabilization surgery or conservative physiotherapy,
up to 20-40% of patients who sustain a lateral ankle sprain
experience injury recurrence (6). This concern has prompted many researchers to attempt to improve their understanding for how additional intrinsic osseous ankle morphological
characteristics might contribute to ankle instability.
The purpose of this study was to evaluate the relationship
between osseous ankle morphological characteristics and
recurrent lateral ankle sprain history. The study hypothesis was that specific intrinsic osseous ankle morphological characteristics predict recurrent lateral ankle sprain
injury history.

patients with a history of recurrent lateral ankle sprain injuries were recruited from the Hacettepe University, Department of Orthopaedics and Traumatology (table I).
After ankle injury, initial treatment was conservative, such
as functional rehabilitation (7-9). Chronic ankle instability,
which is characterized by persistent pain, instability, re-injury
and permanent functional disability, may develop in 50% of
patients (10). Surgical treatment may be an option in patients
with chronic ankle instability who fail appropriate conservative therapy after more than 6 months (11). Inclusion and
exclusion criteria was conducted based on the International
Ankle Consortium recommendations (10). Only patients who
had undergone lateral ankle ligament reconstruction after
experiencing ≥ 3 recurrent lateral ankle sprains were included in the case group. To be included for study participation
subjects had to have experienced a “buckling” or “giving way”
episode within three months prior to surgery (10, 12). Study
exclusion criteria included the presence of any new acute
lower extremity injury in the last 3 months, rearfoot deformity,
ankle osteoarthritis, and posterior tibial tendon dysfunction,
ankle dorsiflexion of < 10°, neurological disorders, or rheumatoid arthritis. It is known that Brostrom-Gould modified
surgery is an effective approach that strengthens the original
ligaments with the extensor retinaculum without sacrificing
Table I. Descriptive analyses of patients in the study.
Variables

MATERIALS AND METHODS
The Ethics Committee of the Medical Sciences (IRB)
approved the present study and participants provided written informed consent prior to study participation. Between
July 2009 and January 2015, 52 (18 men and 34 women)

CAI

Age (mean ± SD)

Normal group p value

29.5 ± 2.7

30.9 ± 3.2

0.269

Height (cm)

175.2 ± 6,0

177.2 ± 5.25

0.075

Weight, (kg)

82.6 ± 9.8

78 ± 11.2

0.012

Data are presented with Mean ± SD (range).

Table II. Study group intrinsic osseous ankle morphological characteristic comparisons.
Abbreviation

Recurrent Inversion
Ankle Sprain Group
(n = 52)

Healthy
Control Group
(n = 46)

Tibial Arc Length

TiAL

29.0 ± 3.6 mm

31.4 ± 3.6 mm

0.001

Sagittal Radius of the Trochlea

SRTi

23.3 ± 2.3 mm

16.1 ± 5.4 mm

< 0.0001

Trochlea Tali Length

TaAL

41.3 ± 4.4 mm

29.0 ± 5.2 mm

< 0.0001

Sagittal Radius of the Trochlea Tali Arc

SRTa

25.9 ± 2.8 mm

25.4 ± 5.9 mm

< 0.0001

Height of Talar Tenon

h

7.7 ± 1.1 mm

Height of Talus

H

24.5 ± 6.2 mm

21.2 ± 4.1 mm

0.002

Tibiotalar Sector Angle

a

76.8 ± 6.0°

81.0 ± 6.6°

0.001

Ankle Stability Angle

γ

14.0 ± 2.5°

22.1 ± 7.3°

< 0.0001

Sagittal Radius of the Trochlea:
Sagittal Radius of the Trochlea Tali Arc Ratio

SRTi : SRTa

0.90 ± 0.07

0.47 ± 0.19

< 0.0001

Trochlear Tali Length : Tibial Arc Length Ratio

TaAL : TiAL

1.4 ± 0.25

0.93 ± 0.16

< 0.0001

9.9 ± 14.9 mm

p-value

0.31

Independent sample t-tests were used to determine mean group differences.
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other normal structures, limiting the inversion to stabilize the
subtalar joint, and provides a stable ankle (7, 11, 13-15). Based
on our database, it was observed that the Brostrom-Gould
procedure was planned for patients with unstable ankle.
An age- and sex- matched control group consisting of
46 healthy adults (26 men and 20 women) with no previous ankle sprain injury history was recruited to create a
case-control research study design. Subject demographic
information is reported in (table II).
To better enable sagittal plane osseous structure identification, standardized lateral and antero-posterior radiographs
were obtained with the ankle in neutral weightbearing alignment. Radiographs were restricted to the distal half of the leg.
Measurement calibration was obtained using a pure hydroxyapatite phantom. To control for potential magnification
effects all radiographs were performed using consistent fixed
tube-detector distance. Digital radiographic images were then
reviewed by the senior author and an independent radiologist.
Eight measurements were performed (16-19) (Sectra Workstation IDS7, version 21.2.8.6195 software, Linköping, Sweden)
as shown in figure 1 a-d and figure 2 a-d. Measurement reliability revealed intraclass correlation coefficients of ≥ 0.75
(good to excellent reliability). Additionally, the ratio between
SRTa:SRTi and TaAL:TiAL was determined. The case group
radiographs used for study measurements were taken prior to
ankle surgery. Similar to the human glenohumeral joint circle
concept these ratios were evaluated to determine the relationship of talus (ball) and tibial surface (socket) dimensions to
patient recurrent lateral ankle sprain history (20).

Figure 1. Tibial arc length (TiAL): the sagittal plane length
between the most anterior and posterior tibial mortise locations
(a); Ankle stability angle (γ): the angle formed by the tibial axis
and a vertical line from the talar dome center with the ankle
in maximal plantar flexion (b); Trochlea tali length (TaAL): the
length of the line connecting the most anterior and posterior
points of the trochlea tali sagittal arc (c); and the Sagittal plane
radius of the tibial mortise (SRTi): the radius of the tibial mortise
circumference using a least-square fitting technique (d).
Muscles, Ligaments and Tendons Journal 2021;11 (3)

Figure 2. Talar tenon height (h): distance between the talar
trochlear dome and the trochlear arch (a); Sagittal plane radius of the trochlea tali arc (SRTa): a circle digitally fit to the talar
joint surface approximating the center of the talus. The distance
between the talar center and the circle is the radius (b); Tibiotalar sector angle (α): line from the talar center to the anterior
and posterior margins of the distal tibia. These lines enclose
the angle a (tibiotalar sector) which defines the size of the tibial
coverage of the talus (c); talus height (H): a line perpendicular to
the ground through the talar center representing the distance
between the talar surface and the inferior border of the talus (d).

Statistical methods
Data normality was confirmed using Kolmogorov-Smirnov and Shapiro Wilk tests. Stepwise multiple regression
analysis was performed to identify variables that displayed
predictive value based on patient recurrent lateral ankle
sprain injury history. Following this, independent sample
t-tests were used to determine mean group differences. Lastly, receiver operator characteristic (ROC) and area under
the curve (AOC) analysis was performed to identify threshold cut-off values for diagnostic test sensitivity and specificity. Post-hoc statistical power analysis was performed
using Decision Support Systems Software, SPH Analytics, Alpharetta, GA, USA). All other statistical analysis was
performed using SPSS version 26.0 software (IBM-SPSS,
Armonk, NY, USA). An alpha value of p < 0.05 indicated
statistical significance.

RESULTS
Radiographic intrinsic osseous ankle morphological characteristic values are reported in table II (mean ± standard
deviation). The patient group displayed a shorter TiAL
and h than the healthy control group. The patient group
also displayed a greater SRTi, TaAL, SRTa, and H than the
healthy control group. The patient group also displayed
lesser α, γ, SRTi:SRTa ratio, and TiAL:TaAL ratio than the
healthy control group.
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Forward stepwise regression with recurrent lateral ankle
sprain patient group assignment serving as the dependent
variable identified the following independent variables as
contributing to a highly predictive statistical model: Patient
Group (recurrent lateral ankle sprain history) = 1.45 + 0.37
TaAL + - 0.43 SRTa + - 0.23 γ + 0.15 H + -0.14 h + 0.17
SRTi (P < 0.0001). This equation displayed high predictive
value with R = 0.96, R2 = 0.91. This verified that as TaAL, H
and SRTi beta values increased there was a lower likelihood
for patient group assignment. As SRTa, γ, and h beta values
decreased there was a greater likelihood for patient group
assignment. The variables TiAL and α did not provide statistically significant contributions to the prediction equation.
Following this, ROC and AUC analysis of each independent
variable was performed to identify which measurements
had the greatest sensitivity and specificity for identifying
patients with a history of recurrent lateral ankle sprain injury. This revealed that the strongest independent radiographic predictors for the patient group were TaAL (Area = 0.97)
and SRTi (Area = 0.84) (figure 3). As individual measurements these values displayed generally excellent and good
diagnostic value, respectively.
To better delineate their clinical decision-making efficacy,
the following ratio values were assessed: SRTi:SRTa and
TaAL:TiAL (figure 4). The AOC for the SRTi:SRTa ratio
was 0.95 (95% confidence interval of 0.93-1.0). For the
SRTi:SRTa ratio, a value of 0.68 produced a sensitivity of
0.96 and a specificity of 0.85. The AOC for the TaAL:TiAL
ratio was 0.97 (95% confidence interval of 0.89-1.0). For
the TaAL:TiAL ratio, a value of 1.15 produced a sensitivity
of 0.98 and a specificity of 0.91. Post-hoc statistical power
analysis for both ratio values revealed excellent statistical
power (100%) at an alpha level of 0.05.

Figure 3. Receiver operating characteristic plots for independent TaAL and SRTi osseous morphology characteristics.
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Figure 4. Receiver operating curve characteristics for SRTi:
SRTa and TaAL:TiAL osseous characteristic ratios.

DISCUSSION
The most important result of this study was that recurrent
lateral ankle joint stability was directly influenced by intrinsic osseous ankle morphological characteristics. Of greatest
clinical significance were the ratio between the sagittal plane
radius of the tibial mortis (SRTi) and the sagittal radius of
the trochlea tali arc (SRTa) and the ratio between trochlea
tali length (TaAL) and tibial arc length (TiAL).
The SRTi:SRTa ratio displayed excellent sensitivity and
good specificity. Using this measurement method 95% of
subjects would be classified correctly and only 15% who
were deemed negative would be incorrectly classified. For
the TaAL:TiAL ratio, at a value of 1.15, sensitivity was 0.98
and specificity was 0.91. This suggests that in using this
method, 98% of subjects would be classified correctly and
only 9% who were deemed negative would be incorrectly
classified. In managing patients with recurrent lateral ankle
sprain history, these ratio measurements can assist the physician and surgeon who treats a patient with recurrent lateral
ankle sprain history as they consider whether or not surgical
ankle ligament stabilization may be indicated to achieve a
positive outcome.
The ratio measurements we recommend provided excellent sensitivity and very good specificity for distinguishing
individuals with the intrinsic osseous ankle morphological characteristics that are consistent with recurrent lateral
ankle sprain injury. Individuals with a larger radius, corresponding to a flatter talus, and a smaller tibiotalar sector,
corresponding to less talus restraint in the tibia were more
likely to have recurrent lateral ankle sprain injury history.
In conjunction with a comprehensive clinical examination
including patient history, neuromuscular control and capsuMuscles, Ligaments and Tendons Journal 2021;11 (3)
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loligamentous laxity assessments, radiographic evaluation of
these intrinsic risk factors might help doctors and surgeons
more effectively make decisions about the potential efficacy of surgical or conservative rehabilitation treatments for
improving patient outcomes.
Persistent pain, recurrent sprains, and repeated “giving
way” or “buckling” are hallmarks of debilitating chronic ankle instability (21). Although deformity (e.g., rearfoot
varus, ﬁrst ray plantar ﬂexion, mid-foot cavus, and generalized laxity) contributes to ankle sprain predisposition,
the combination of mechanical (pathologic laxity, synovial
changes, abnormal morphology and degenerative changes)
and functional (impaired proprioception, postural control,
and neuromuscular control) insufficiencies in association
with recurrent lateral ankle sprain injuries are key contributors to chronic ankle instability (22, 23).
Osteophyte excision is commonly recommended for
patients with anterior ankle impingement (24). In the
studies, it has been reported at a rate of 12-26% and may
contribute to decreased tibial mortise coverage of the talus,
further disposing it to anterior dislocation and greater
ankle (25, 26). In these patients, osteophyte excision with
ligament repair produces satisfactory results by increasing
functional results and range of motion (27). When ankle
instability is not diagnosed and treated in a timely manner,
78% of individuals develop posttraumatic ankle osteoarthritis, being a negative prognostic factor for poor results in
terms of functional scores and negatively affecting patients’
motivation, and this entails significant healthcare costs (28,
29). The accumulative effects of chronic ankle instability on
long-term joint health and disability are not as well understood (30). Whether they originate from an occupational or
athletic initial injury mechanism chronic ankle instability
or incongruency increases contact stresses and shear forces contribute to articular cartilage degeneration or defect
development (31, 32).
This study has several limitations. Most importantly, it solely evaluated intrinsic osseous ankle morphological characteristics, not capsuloligamentous or neuromuscular contributions to joint stability. Although the imaging used relied
solely on standard clinical uniplanar radiographs, the osse-

ous landmark ratios we describe provided insight as to the
complex three-dimensional nature of the functional ankle
joint (17). Ankle capsuloligamentous and neuromuscular
structures provide essential non-contractile and contractile
constraints to dynamic ankle joint stability. However, standardized single plane radiographs as commonly ordered
during an initial clinical examination potentially possess
greater diagnostic value than currently believed. When
the ankle is evaluated in terms of chronic instability, the
most important intrinsic mechanical factor such as sagittal alignment (SRTi:SRTa and TaAL:TiAL ratio), is often
overlooked because functional factors are more prominent.
All factors should be considered in a holistic, rehabilitative
treatment to better target this condition and reduce health
and economic burden. Recently, there is an increasing trend
towards earlier surgical treatment in patients with mechanical instability, which reduces or prevents the progress of
more serious problems in the future (33).

CONCLUSIONS
Intrinsic osseous ankle morphological characteristics were
related to recurrent lateral ankle sprain injuries. The ratio
between the sagittal plane radius of the tibial mortis (SRTi)
and the sagittal radius of the trochlea tali arc (SRTa) and
the ratio between trochlea tali length (TaAL) and tibial arc
length (TiAL) provide excellent sensitivity and good specificity clinical decision-making measurement characteristics. Intrinsic osseous ankle morphological characteristics
such as these can help doctors and surgeons make treatment decisions for patients with recurrent lateral ankle
sprain injuries.
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SUMMARY
Aim. The aim of this study was to investigate whether the anatomical reconstruction
on the radial tuberosity could be superior to the non-anatomical repair by tenodesis on
brachialis, in terms of clinical outcomes and isokinetic evaluation to treat distal biceps
brachii tendon ruptures.
Methods. We retrospectively evaluated 36 patients at the final follow up; 16 were treated with the anatomical technique (Group A) and 20 with the non-anatomical (Group
B). The isokinetic testing was used to assess the functional performance of both arms
during flexion/extension and supination/pronation. We determined the Peak Torque,
Total Work and Endurance. The clinical outcomes were evaluated using the main evaluation scales (DASH, Oxford Elbow score and MEPS). The Wilcoxon Two-Sample
Test and the Chi-Square were used to evaluate the differences between the two groups
for quantitative variables and qualitative variables, respectively.
Results. According to clinical score, both treatments were considered satisfactory.
The dynamometric tests demonstrated an overall superiority of the anatomical group
compared to the non-anatomical group, with a statistical significant difference (p <
0.05) in the Peak Torque evaluated in flexion both at 90°/seconds and at 210°/seconds.
The dominant arms achieved better results compared to the non-dominant extremities
in all the tests. No major complications in any of the patients were reported.
Conclusions. The anatomical technique using transosseous tunnels is a safe and effective procedure when used in acute patients. Although the non-anatomical treatment
presented satisfactory results, the anatomical treatment is able to significantly reduce
all the residual functional deficits usually present after the repair.
KEY WORDS
Distal biceps tendon; rupture; elbow; isokinetic test; repair; acute treatment.

INTRODUCTION
Distal biceps brachii tendon avulsions account for only 3%
of all biceps ruptures, the proximal ruptures of the long
head and of the short head represent respectively 96%
and 1% (1).
The ruptures of the distal tendon of the biceps brachii occur
more frequently in the dominant extremity of middle-aged
men (40-60 years of age) (2). The average incidence of this
injury is 1.20 events per 100.000 population per year (3).

Acute injuries occur more frequently in heavy workers and
weight 3tive tendon biomechanics, restoring the native
tendon moment arm and forearm rotation, compared to
the non-anatomical approach (15).
The purpose of this study is to investigate whether the
anatomical single-incision approach could be superior to the
non-anatomical biceps tenodesis to the brachialis tendon, in
terms of clinical outcomes and isokinetic tested flexion and
supination strength. Our null hypothesis consists in the clin433
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ical and functional superiority of the anatomical technique
compared to the non-anatomical, especially in supination.

MATERIALS AND METHODS
In this study we performed a retrospective analysis of 45
patients diagnosed with rupture of distal biceps brachii
tendon, surgically treated in acute setting (< 3 weeks) at
our Institution by our upper extremity expert surgeon
from October 2007 to October 2017. Nine patients were
not available to perform the isokinetic evaluation: 4 in the
anatomical group and 5 in non-anatomical group. Among
these, two patients withdrawn for health issues, one patient
passed away and six were not available to perform the tests.
We gathered all the information on the clinical condition of
the patients, mechanism of injury, level of activity, dominant
extremity and general data from our Hospital charts. Out of
these 36 patients, 16 patients were treated with a single-incision anatomical approach (Group A), while 20 were treated
with a non-anatomical brachialis anterior tenodesis (Group
B). The mean age of the two groups were 43 years (range
39-48) for the anatomical group and 48.4 (range 36-58) for
the non-anatomical group. All the 36 patients treated were
male. The dominant extremities were 8 out of 16 in the
Group A and 13 out of 20 in the Group B. The mean interval between the injury and the surgery was 9 days (range
4-20) in the anatomical group and 8 days (range 2-21) in
the non-anatomical group. All chronic ruptures (> 21 days)
were excluded from this study. We evaluated the range of
motion (ROM) of the injured arms in both groups. The
subjective clinical condition of the patients was analyzed
using a satisfactory scale (0-100), the DASH score (Disabilities of Arm, Shoulder and Hand), the Oxford elbow score
and the MEPS (Mayo Elbow Performance Score).

Surgical techniques
The anatomical approach
The patient was positioned supine with the elbow extended and the forearm supinated. An anterior transverse 3 cm
incision was performed in the proximal forearm centered
at the elbow crease. The torn tendon end was isolated and
debrided. Two Fiberwire n. 2 (Arthrex, Naples, Florida,
USA) were used to prepare the tendon with Bunnell-like
sutures. The radial tuberosity was visualized under fluoroscopy and two drill holes were created with 1,7mm Kirschner
wire with a loop.
The K wires are positioned proximally to distally in order to
decrease the length of surgical incision. Moreover, in order
to restore as accurately as possible the anatomical insertion
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and consequently the supination ability, the k wires inclination is about 30 degrees from medial to lateral.
The proximal hole was centered on the apex of the radial tuberosity and the distal hole at the end of the tuberosity; making sure to drill the two holes almost perpendicular to the bone surface, slightly convergent. The forearm
was completely supinated during the drilling, in order to
achieve the most medial part of the tuberosity and avoiding the interosseous nerve. The sutures were passed through
the two drill holes from the volar to the dorsal side through
a shuttling technique using the looped K-wire with the
forearm completely supinated. A small incision (< 1 cm)
was performed on the dorsal side between the two k-wires
extremities and the ruptured tendon was reattached to the
tuberosity by pulling the sutures and firmly tying the knot.
The tension of the biceps was finally evaluated through the
volar incision.
Non-anatomical approach
The position of the patient was the same of the anatomical
approach; the patient was supine with the elbow extended
and the forearm supinated. An incision was performed medially and proximally to the elbow fold and it was obliquely
extended distally and laterally. The ruptured distal biceps
brachii tendon was retrieved. The avulsed biceps tendon
was then sutured to the brachialis muscle passing throughout its distal tendon. The elbow was flexed at 30°, in order
to restore the adequate biceps muscle tension.

Rehabilitation protocol
The rehabilitation protocol was the same in both groups.
The arm was immobilized in a shoulder sling brace for 15
days following surgery. Thereafter, the patient started with
active range of motion without heavy weights. Sport activity
was allowed only three months after surgery.

Isokinetic Evaluation
In our study, we assessed the functional performance using
an Isokinetic muscle testing (Biodex System 4 pro, Shirley,
NY, USA) to all the 36 patients. We evaluated two types of
movements in both arms: flexion/extension and supination/
pronation. All the patients were carefully instructed on isokinetic testing and performed a 5-minuted warm-up before
the definitive tests. The healthy arm was tested prior to the
injured arm. The patient was placed in a beach-chair position with an upper body exercise table (UBXT) throughout all the tests. The flexion/extension was evaluated with
a range of motion between 0° and 150°. The supination/
pronation was performed with a range of motion between
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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80° of supination and 80° of pronation. Both movements,
flexion/extension and supination/pronation, were evaluated at two different angular velocities: 90 degree/second
(5 repetitions) and 210 degree/second (15 repetitions). We
used these results to determine the Peak Torque (PT), Total
Work (TW) and Endurance (E). The differences between
the dominant and non-dominant arms were considered in
our statistical analysis.

Statistical analysis
Continuous variables were assessed as means, standard
deviations and quartiles. The Wilcoxon Two-Sample Test
was used to evaluate the differences between the two groups
for quantitantive variables, while the Chi-Square or the
Fisher’s Exact Test were used to evaluate qualitative variables; statistical analyses were carried out at two-sided with
a 0.05 significance level, using SAS® (Version 9.4, SAS Institute Inc., Cary, NC, USA) and STATAtm version 8.2 (Stata
Corporation, College Station, Texas, United States).

RESULTS
The baseline characteristics of the two groups are shown
in table I.
No significant differences were detected between the two
groups with respect to any of the clinical or patient reported
outcome measures assessed except for ROM injured side in
flexion. This information is summarized in table II.
The dynamometric tests demonstrated a statistical significant difference in the Peak Torque, evaluated in flexion
in the anatomical group compared to the non-anatomical group (p < 0.05); this difference was significant both
at 90°/seconds and at 210°/seconds. Even though the
Total Work and the Endurance evaluated in both groups

Table II. Median post-operative clinical outcome.
Variable

Group A

Group B

P value

ROM injured
side in flexion

149 (145-150)

140 (120-150)

p = 0.0005

ROM injured
side in
supination

80 (80-80)

80 (70-87)

p > 0.05

Satisfactory
score (0-100)

90 (80-100)

85 (70-100)

p > 0.05

DASH score

3.3
5.2
(range 0-11.7) (range 0-12.5)

p > 0.05

Oxford
elbow score

43
(range 39-48)

p > 0.05

MEPS

100
100
p > 0.05
(range 90-100) (range 80-100)

41
(range 37-48)

during flexion presented higher scores in the anatomical
group, these differences were not statistically significant
(figure 1).
Moreover, the PT, TW and E evaluated in both groups
during supination demonstrated higher values in the anatomical groups respect to the non-anatomical group (figure 2),
although these results were not statistically significant.
Furthermore, we evaluated the differences between the dominant arms in the two groups and the differences between the
dominant and the non-dominant extremities in each group.
The values obtained with the dominant limbs in the anatomical
group demonstrated an overall superiority than those obtained

Table I. Baseline characteristics.
Variable

Group A

Group B

P value

Sex (M; F)

16; 0

20; 0

p > 0.05

Age

43 (39-48)

48.4 (36-58)

p > 0.05

Dominant side
involvement

8

13

p > 0.05

Mechanism
of injury
(weight
lifting; fall)

16; 0

17; 3

p > 0.05

Interval injurysurgery (days)

9 (4-20)

8 (2-21)

p > 0.05

Followup (months)

27 (24-36)

63 (40-75)

p < 0.001
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Figure 1. Group A vs Group B in Flexion: demonstrating a
statistical significant difference in the Peak Torque both at
90°/s and 210°/s.
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Figure 2. Group A vs Group B in Supination: presenting higher values in the Group A, even though this difference is not
statistically significant.

with the dominant extremities in the non-anatomical group
during both flexion and supination as showed in figure 3.
The statistical significant results achieved with the dominant
arm rather than the non-dominant in the anatomical group
in all movements were emphasized in figures 4 and 5.
No major complications in any of the patients were reported. In the non-anatomical group transient paresthesia of the
anterior cubital area was reported in two patients, no other
minor complications were reported.

Figure 4. Group A: Dominant vs Non-Dominant in Flexion. In the Group A evaluated in flexion, the dominant arms
obtained an overall superiority compared to the non-dominant arms, with a statistical significant difference in all the
dynamometric tests (except the TW at 210°/s).

DISCUSSION
Different studies recommended the surgical compared to
the non-operative treatment to manage distal biceps tendon

Figure 5. Group A: Dominant vs Non-Dominant in Supination. In the Group A evaluated in supination, the dominant
arms obtained a statistical significant difference in all the
dynamometric tests performed.

Figure 3. Group A vs Group B: Dominant Arm in Supination.
A statistical significant difference was reported in the Total Work
between the dominant arms of the two groups during supination.
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ruptures (6, 7). Nowadays, conservative option is usually recommended only in elderly patients with low-demand
activities or with important comorbidities (5).
Even though the surgical treatment is now considered the
treatment of choice, there is not a general agreement on which
is the best surgical approach.
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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Some authors prefer the single anterior approach (16-18);
while others prefer the Boyd and Anderson double-incision
technique (1, 10, 11, 19). Even though the two-incision technique limits the volar surgical dissection, it has been associated
with important complications including proximal radio-ulnar
synostosis (20), formation of proximal radio-ulnar calcifications
and lesions on the posterior interosseous nerve (21). Moreover,
the double-incision technique has been associated, in a longterm follow-up, to a decrease in the range of motion of more
than 30% in supination/pronation, a decrease in supination
strength and a decrease of total work (TW) in supination (22).
The reinsertion of the avulsed distal biceps tendon can be
performed either anatomically or non-anatomically. The
anatomical surgery involves the reattachment of the distal
tendon of the biceps in the anatomical footprint on the radial tuberosity, hypothetically maintaining the biomechanical
advantage of the native tendon. Whereas, the non-anatomical surgery consists in the tenodesis of the ruptured distal
biceps on the anterior brachialis muscle tendon, altering the
native biomechanics of the forearm. Through the years the
non-anatomical approach has been gradually abandoned,
although satisfactory results obtained using this technique
were reported (8, 23).
Different fixation devices can assist in the anatomical reinsertion: suture anchors (24), interference screws (16) or suspension
devices (25). Some others searching for the maximal biomechanical stability combined more devices in a single procedure
(14). Unfortunately, major complications have been reported with the use of these fixation devices: suture anchors have
been associated with posterior interosseous nerve lesions (24),
suture breakage (26), slippage of the anchor (26) and proximal
radial fracture (27); fatigue fractures have been reported with
the insertion of interference screws (26); posterior interosseous
nerve palsies (28), superior branch of radial nerve injuries (28),
heterotopic ossifications (25) and disengagement (28) have
been reported with the use of cortical button. The anatomical
technique used in our study, even though could be considered
less stiff than the anatomical procedures using fixation devices,
allow us to avoid possible major complications still maintaining
a strong initial fixation (10).
In our study the isokinetic tests results obtained using either
the non-anatomical surgery with the biceps tenodesis on the
brachialis tendon or the anatomical single-incision transosseous tunnels approach, were both satisfactory.
The PT, the TW and E registered during flexion/extension and supination/pronation reported higher values in the
anatomical group compared to the non-anatomical group,
emphasizing the objective superiority of the former group.
However, it is important to highlight that not all the results
presented a statistical significant difference between the
two groups.
Muscles, Ligaments and Tendons Journal 2021;11 (3)

In our study the dominant extremities demonstrated higher
improvement compared to the non-dominant limbs in both
groups. We correlated this phenomenon with a potential
more vigorous physical therapy or daily work-related exercises performed in the dominant compared to the non-dominant limbs or to the difference in strength normally present
between the dominant and the non-dominant arms.
All the patients were treated acutely (< 21 days) in our study;
the mean interval from the injury to the surgery was 8-9 days
in both groups. We managed to diagnose all the injuries in the
Emergency Room of our Hospital and surgically repair the
lesions as soon as possible, avoiding the possible complications
related to the chronic ruptures of the distal biceps (29).
In our opinion, the results obtained in our two groups of
patients were both satisfactory, in terms of functional recovery and range of motion, as demonstrated objectively by the
isokinetic tests. Our tests however, confirmed our null hypothesis, emphasizing the superiority of the anatomical surgery
compared to the non-anatomical approach in all the tests
performed, with a greater improvement in terms of supination
strength but not always statistically significant.
Moreover, the anatomical approach performed in our study
is a minimally invasive procedure, cost-effective, timesaving
and without the use of rigid fixation devices associated with
all the complications aforementioned.
Our results suggested that even though the anatomical
approach should be considered the treatment of choice to
repair distal biceps tendon avulsions, the non-anatomical
approach was able to achieve satisfactory clinical and functional results.
The major limitation of our study was the follow-up: different follow-ups between the two groups with a shorter follow
up in the anatomical group. This difference is related to the
increasing percentage of patients anatomically treated during
the last years. This bias might play an important role in the
isokinetic evaluation, allowing the non-anatomical group a
longer adaptation period to compensate the residual functional deficits. Another limitation involved the small sample
of patients involved in the study.

CONCLUSIONS
The anatomical technique using transosseous tunnels is an
easy, safe and effective procedure when utilized in patients
with acute distal biceps brachii ruptures with a low risk of
surgical complications. Although the non-anatomical treatment presented satisfactory results, the anatomical treatment
is able to significantly reduce all the residual functional deficits
usually present after the repair. The dominant arm achieved
superior outcomes in all movements compared to non-dominant arm.
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SUMMARY
Background. A novel lumbar support device to be used by people with chronic
nonspecific low back pain (CNLBP) was designed, developed and tested in this trial.
The study investigated the immediate effects of the novel lumbar support device on
pain modulation and core muscle function in comparison to the traditional lumbar
support among people with CNLBP.
Methods. This study was a single-blinded, repeated measures, randomized controlled
trial with four parallel groups design. A total of 80 patients with CNLBP were randomly allocated using stratified block randomization by pain severity to one of the four
groups: traditional lumbar support (TLS) as a control group (N = 20), novel lumbar
support with hot pack (NLSD + HP) (N = 20), novel lumbar support with biofeedback device (NLSD + BO) (N = 20), and finally the novel lumbar support with an
in-built hot pack and biofeedback device (NLSD + HP with BO) as an experimental intervention group (N = 20). Pain intensity (PI), tissue blood flow (TBF), cold
pain threshold (CPT), hot pain threshold (HPT), thickness of transversus abdominis
muscle (TrA), and lumbopelvic stability (LPS) were assessed at baseline and immediately post-intervention by a blinded assessor. A two-way repeated-measures ANOVA
with post-hoc analysis was used to analyze the data.
Results. All 80 participants across the 4 groups had similar outcome measures at baseline (p > 0.05). Among the participants in the NLSD + HP with BO (Group 4), a
significant interaction was noticed in all of the primary outcomes including PI (p <
0.001), TBF (p < 0.001), CPT (p < 0.001), HPT (p < 0.001), PPT (p < 0.001), TrA
thickness (p < 0.001) and as well as on the secondary outcome lumbopelvic stability (p < 0.001). Post hoc analysis showed that the results from the NLSD + HP with
BO (Group 4) was superior than the TLS group in all of the primary and secondary
outcomes (p < 0.05).
Conclusions. The immediate effects of the NLSD + HP with BO demonstrated potential beneficial outcomes on PI, PPT, CPT, HPT, TrA and LPS in comparison to TLS
among participants with CNLBP. Further clinical trial evaluating the long-term clinical
effects of the novel lumbar support device is needed to understand the overall benefits
of the device and its usefulness for people with CNLBP.
KEY WORDS
Back pain; core muscles; hot pack; lumbar support; rehabilitation.
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Immediate Effects of a Novel Lumbar Support Device

Low back pain (LBP) is a common musculoskeletal problem which leads to functional limitations and disability (1).
Chronic low back pain (CLBP) is reported to affect the
physical and mental health of the individuals (2). While
there are several treatment strategies such as medication,
surgery, acupuncture, manual therapy, physical exercises,
heat and cold therapy reported for management of CLBP
(3, 4), lumbar support (LS) is suggested as one among them
to prevent and treat LBP (5, 6). The mechanisms that have
been proposed for the effectiveness of LS in the management of LBP are increase in intra-abdominal pressure,
decrease in spinal load, increase in trunk stiffness, maintenance of correct posture and increase in proprioception are
some of the proposed mechanisms behind how LS may help
people with CLBP (6, 7). LS is reported to reduce the symptom of LBP and increase the patient’s confidence to perform
physical activities (8). Also, patients with LBP felt safer and
more stable during physical activity when wearing lumbar
support (9). Patients with CLBP also reported decreased
pain and improved functional ability when wearing LS (5,
10). However, there is a concern that using a LS for a longer
period may lead to a decrease in the abdominal and back
muscle activity and trunk muscle weakness (9, 11). Therefore, LS seems to be effective when incorporating with the
usual care of LBP management (12).
While some individuals may choose to use traditional lumbar
support (TLS) to prevent or manage low back pain, the TLS
only provides a passive support to the lumbosacral region.
Thus, the passive therapeutic support provided by the TLS
had raised some concerns that using TLS for a longer period
of time might lead to a decrease in the abdominal and back
muscle activity and reduced trunk muscle weakness (9, 11).
A Cochrane systematic review from the neck and back group
indicates that the TLS is not more effective than no intervention in preventing or treating CLBP (6). Perhaps, the TLS
might be more effective when incorporating with exercises
and usual care of CLBP management (12). Also, it could be
possible that the current design of the TLS was not effective
enough and a reconfiguration of the design of the lumbar
support with additional therapeutic features was required.
Therefore, a novel lumbar support device (NLSD) was
designed and developed with additional therapeutic features
and the current study was to report the investigation of the
NLSD among individuals with CLBP. In addition to giving
support to the lumbosacral region, the NLSD was designed
with additional therapeutic features which includes a
biofeedback mechanism to activate core muscles and with a
provision to produce superficial moist heat therapy to back
muscles. Thus, the patients could use the core muscle activation feedback in the NLSD to actively exercise their core
muscles and as well as to apply a superficial heat therapy to
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the back muscles. Therefore, the main aim of the study was
to investigate the immediate effects of NLSD in comparison to the TLS on pain modulation and core muscle function among patients with CLBP. The study hypothesis was
that the NLSD would be superior to the TLS in improving
pain modulation and core muscle function among people
with CLBP.

MATERIALS AND METHODS
The current study was a single-blinded, repeated measures,
randomized controlled trial with four parallel groups. The
study protocol was registered in the randomized control
trial registry (TCTR20190905002) and approved by the
institutional ethical committee according to the standards
of the Declaration of Helsinki (AMSEC60X028). All participants were informed about the study and signed a written
informed consent prior to their participation in the study.
All authors have followed the international ethical principles and the ethical standards of the Muscle, Ligaments and
Tendons Journal (13).

Randomization and allocation
Participants were randomly allocated (1:1:1:1 ratio) to one of
four intervention groups 1) Group 1- TLS group, 2) Group
2 - NLS with hot pack feature (NLS + HP), 3) Group 3 NLS with biofeedback core muscle activator (NLS + BO)
and 4) Group 4 - NLSD which had both the features of
hot pack and biofeedback core muscle activator (NLSD +
HP with BO). The randomization was stratified by severity
of back pain (i.e., pain intensity). An internet randomized
scheme generator which generated block randomization
with a random sequence of permuted blocks of 8 was used
for allocating the participants for the intervention groups.
An independent research staff undertook randomization
and allocation of the participants in the trial.

Allocation concealment
The group assignment number was written on a piece of
paper and placed in an opaque envelope and sealed. The
member of the staff who conducted these processes did not
have any roles in data collection or intervention assignment.
The opaque sealed envelopes were opened after completion
of baseline assessment.

Participants
The study was conducted in a neuromuscular and pain
research unit at the physiotherapy department in a universiMuscles, Ligaments and Tendons Journal 2021;11 (3)
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ty institutional setting during January and December 2019.
A total of 80 participants both males and females aged
between 20-55 years with non-specific chronic low back pain
(NSCLBP) were recruited into the study. The study details
and participant recruitment procedures were advertised
through community centers and Facebook, and advertisement posters were placed in the hospitals, physical therapy
clinics, and university campus to facilitate recruitment. The
inclusion criteria were: 1) pain in the area between 12th rib to
gluteal fold for more than three months, 2) body mass index
(BMI) between 18.5-30 kg/m2, and 3) willing to participate
in the study voluntarily. Participants excluded were those
that had any of the following: 1) referred pain or numbness
at lower limbs, 2) impaired sensation at the body and lower
limbs, 3) history of past surgery of spine or lower extremities, 4) history of injury from an accident in the previous
three months, 5) structural deformities of the spine, 6) pregnancy, 7) specific spinal disorders or nerve root compression,
8) inflammation or infection at spine and back, 9) severe
medical conditions such as cardiovascular disease, renal
failure, hypertension, diabetes, and 10) those who received
any pain-relieving medication in the previous three months.
Figure 1 shows the flow of the study recruitment.

Interventions
A qualified therapist experienced in the field of musculoskeletal physiotherapy provided the intervention. Blinding of
participants was not possible due to the nature of the interventions. Participants were advised to inform if they would experi-

ence any discomfort during the interventions and were allowed
to leave the experiment if the participants requested to leave
the study due to any personal reasons or reported worsening
of symptoms. Any adverse events or any incidents of reported
discomfort during the intervention period were recorded.

Group 1: Traditional lumbar support (TLS) as
Control group
Participants received a TLS (model: LS, Manufacturer: VR
Support Limited, Thailand) which fitted to the body size of
each participant. Two sizes of lumbar support (i.e., medium
and large) were used for the interventions generally according to the hip sizes of the participants. The participants
were taught to wear lumbar support around the lumbopelvic region (the upper edge of lumbar support is just below
the 12th ribs) firmly. The participants had worn a traditional lumbar support and were asked to complete 4 rounds of
standing for 4 minutes and had a rest by sitting for 1 minute.
The standing and sitting positions were chosen to represent
the functional activities and common gestures of working in
daily life. As part of the intervention to measure the immediate effects of the lumbar support, the participants were
instructed to wear the TLS for 20 minutes.

Group 2: Novel lumbar support device with
in-built hot pack (NLSD + HP)
The selection of the sizes of the lumbar support, application technique and the familiarization procedure were
performed similar to the control group. However, the
NLSD + HP used in the Group 2 consisted of an additional feature to provide superficial heat therapy through
a hot pack feature designed in the lumbar support. While
the participants wore the lumbar support, the participants
received superficial heat therapy to back muscles from the
NLSD + H for 20 minutes.

Group 3: Novel lumbar support device with
in-built biofeedback device (NLSD + BO)

Figure 1. CONSORT flow diagram of participant recruitment
and allocation in the study.
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The familiarization protocol and application techniques were
similar to group 1 and 2. The NLSD + BO was designed with
an additional feature consisting of a mechanism that provided a visual biofeedback whenever the participants successfully engaged the core muscles. The validity and reliability of
the feedback sensor to facilitate the core muscles activation
was tested and established prior to the intervention (14). The
feedback sensor was a biofeedback device that was developed
using a pressure sensor. The feedback sensor was designed
with a mechanism to give both audio and visual biofeedback
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to the participants every time when they contracted the core
muscles during ADIM. The participants could select whether they would like to receive either an audio biofeedback
through a beeping sound or a visual feedback through a blinking light while they tried to contract the core muscles. With
the feedback sensor fixed within the lumbar support, the
participants were taught to perform core muscle activation
by doing an abdominal drawing-in maneuver (ADIM) and
the biofeedback device facilitated the maneuver by providing
a visual and auditory feedback to the participants to engage
with subsequent core muscle activation. While wearing the
lumbar support, the participants were instructed to perform
ADIM in the standing position and hold it for 10 seconds/
time, 20 times/set 4 sets and to rest for 1 minute by siting in
between the sets. The whole session lasted for 20 minutes.

Group 4: Novel lumbar support with in-built hot
pack & biofeedback (NLSD + HP with BO)
The application techniques and familiarization procedures
were performed similar to the above groups. The NLSD +
HP with BO was designed with two additional features which
included a mechanism to produce superficial heat therapy and
had a feature to provide a visual feedback to participants to
exercise the core muscles. While wearing the lumbar support,
the participants superficial heat therapy to back muscles and
also performed ADIM holding it for 10 seconds/time, 20
times/set, 4 sets with 1-minute rest by sitting in between the
sets. The duration of the whole intervention was 20 minutes.

Outcome measures
An independent assessor measured all the outcomes of the
trial. The outcome measures were measured at baseline and
immediately after 20 minutes of the intervention in each
group. An intra-rater reliability was established prior to the
enrollment of participants and data collection, with an acceptable value of agreement greater than 80% and intraclass
correlation coefficients (ICCs) ranged from 0.87-0.99 for all
measures. Pain modulation was measured as one of the primary outcomes through evaluating changes in the pain intensity (PI), pressure pain threshold and thermal pain threshold.
In addition, thickness of transversus abdominis muscle and
the tissue blood flow were measured as additional primary
outcomes. Lumbopelvic stability test was used to evaluate the
stability of the lumbopelvic region as a secondary outcome.
The procedure for measuring pain modulation was conducted
as per previously established protocol (15, 16). Visual analog
scale (VAS) was used to assess pain intensity. The participants
rated their pain intensity (PI) on a horizontal line in a 100
millimeters length scale which says “no pain” on the left hand
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and “pain as bad as possible” on the right hand of the scale
(17). Pressure pain threshold (PPT) was assessed by using
pressure algometer (Somedic Production, Algometer type II,
Sweden). Pressure was applied perpendicularly to the skin at
constant speed of 40 kPa/s. The participants pressed a button
to inform the sensation changing from the pressure to pain by
pressing a button. PPT was randomly measured over the standard fixed point (facet joints) of L4-L5 on both sides. PPT
was assessed 3 times with 30-sec resting between trials and
mean of the 3 trials will be used for analysis (18). The thermal
pain threshold was measured by a Thermal Sensory Analyzer
(Medoc Ltd., Neuro Sensory Analyzer Model TSA-II, Israel)
for cold pain threshold (CPT) and heat pain threshold (HPT).
A 5-cm2 thermode was directly applied to the skin over the
L4-5 interspinous space. The initial temperature was set at 32
̊C with the rate change 1 degree Celsius/second for heat pain
and 2 degrees Celsius/second for cold pain (18). The cut off
temperature was set at 0 ̊C for cold pain threshold and 50
̊C for heat pain threshold for preventing any possible tissue
damage. The participants were instructed to press the button
when they felt the sensation changing from heat or cold to
pain. Thermal pain threshold was assessed 3 times and mean
of the 3 trials was used for analysis.
Real-time ultrasound imaging was used to evaluate the
muscle function of the transversus abdominis muscle
(TrA) which is an important core stabilizing muscle. The
muscle function of the TrA was measured as per an established protocol (19). An ultrasound scanner in B-mode with
5 MHz with curvilinear transducer was used to assess the
muscle thickness of TrA (figure 2). The participants were
positioned in crooked lying with a pillow under their head
and knees. The transducer was placed at a point 2.5 cm in
the anteromedial region in the midpoint between lower rib
and iliac crest on midaxillary line in transverse plane and
the image was collected at the end of exhalation. Thickness
of TrA was randomly measured on both sides and the mean
thickness of three measurements was calculated for analysis.
The tissue blood flow (TBF) was measured using a Doppler
blood flow meter (Moor instruments DRT4, UK) as per an
established protocol (16). The participants lied in prone
position with arm by side. The electrode of the Doppler
blood flow meter was placed over a standard fixed point on
the tenderest place over the lumbar paravertebral muscle
between the first and fifth lumbar vertebral region. The TBF
was recorded every minute for a period of 5 minutes and
the mean value was used for analysis. In addition, stability of
the lumbopelvic region (LPS) was evaluated as a secondary
outcome measure using the lumbopelvic stability test. With
the participant in supine lying position with knee flexed
to 70 degrees, a pressure biofeedback unit was pumped
to 40 mmHg and placed under the lumbar spine between
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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square (ηp2). An effect size was interpreted as following: small
effect (0.2), medium effect (0.5), and large effect (0.8) (20).

RESULTS

Figure 2. Ultrasound image of the Transversus abdominis
muscle (TrA), Internal oblique (IO) and External oblique (EO).

the lumbar and sacral region (L2-S1). The participants
performed a unilateral leg lift in the sagittal plane followed
by progressive levels of seven lumbopelvic stability tests as
per the test protocol (16). The participants were asked to
maintain the pressure within 40 ± 4 mmHg in the pressure
biofeedback device while progressing to different levels of
test. The test was stopped when the participants were not
able to hold 40 ± 2 mmHg in the biofeedback device and the
test level was noted.

Statistical analysis
The sample size was calculated with a G*power program
for a significant alpha level of 0.05 and a power analysis of
0.8 with an estimated effect size of 0.54. The collected data
were analyzed for normal distribution using the Kolmogorov Smirnov test. A two-way repeated-measures ANOVA (4
conditions × 2 times) was used to consider the interaction
effects and the main effects of the experimental conditions
and time. A post-hoc analysis was conducted, and the level
of significance was set as (p < 0.05). The percentage change
in all variables was measured by calculating the difference
between pre- and post-intervention changes divided by 100.
The estimated effect size was calculated using partial eta

A total of 80 participants (33 males and 47 females) with
CNSLBP participated in this study with a mean age (41.3
± 9.1) (years) and mean BMI score (23.5 ± 13.2) (kg/
m2). The mean onset of low back pain among the participants was 35.9±38.8 months and they reported Oswestry
Disability Index mean score of 18.7 ± 10.6 (%). The characteristics of the participants allocated to the four groups
were shown in the table I. There were no significant differences between the study groups in terms of gender, age,
body mass index (BMI), the onset of LBP, and disability
score at the baseline.
There were no significant differences in any of the variables
at the baseline between the study groups (p > 0.1). Table
II shows the two-way repeated measure ANOVA results on
the interaction effect between groups and time in all variables (p < 0.05). The participants in the TLS (Group 1)
showed significant interaction only in the PI (p < 0.001),
and PPT (p < 0.01) in comparison to baseline measures.
The results showed that the participants in the NLSD +
HP (Group 2) showed significant interaction in PI (p
< 0.001), TBF (p < 0.001), CPT (p < 0.001) and PPT (p
< 0.001), however no interaction was noticed in the TrA
thickness (p > 0.05) and stability of the lumbopelvic region
(p > 0.05). In comparison to the baseline values, the results
showed that the participants in the NLSD + BO (Group
3) had significant interaction in PI (p < 0.001), TBF (p <
0.05), CPT (p < 0.05), PPT (p < 0.001), TrA thickness (p
< 0.001), lumbopelvic stability (p < 0.001) except HPT
(p>0.05). Finally in the NLSD + HP with BO (Group 4),
a significant interaction was noticed in all of the primary
outcomes including PI (p < 0.001), TBF (p < 0.001), CPT
(p < 0.001), HPT (p < 0.001), PPT (p < 0.001), TrA thickness (p < 0.001) and as well as on the secondary outcome
lumbopelvic stability (p < 0.001). Post hoc analysis showed

Table I. Characteristics of the study participants shown as mean ± standard deviation (SD) across the four groups.
Variables/ Group

TLS
(n = 20)

NLSD + HP
(n = 20)

NLSD + BO
(n = 20)

NLSD +
HP with BO
(n = 20)

p-value

Gender (M/F)

8/12

10/10

6/14

9/11

0.614

Age (years)

40.5 ± 9.99

41.45 ± 9.93

40.45 ± 7.8

43.05 ± 8.82

0.789

BMI (kg/m2)

23.46 ± 3.96

23.96 ± 2.86

22.55 ± 3.33

24.24 ± 2.75

0.384

Onset of LBP (months)

24.75 ± 22.87

31.05 ± 34.72

48.1 ± 59.53

ODI score (%)

22.47 ± 12.09

18.94 ± 10.73

17.01 ± 10.16
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40.0 ± 38.42
16.48 ± 9.69

0.302
0.287
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Table II. Data of all variables and mean difference values are shown as mean (SD).
Outcomes

VAS

Groups

Pre

(mm)

ηp2

30.65

36.25

34

33

0.001

0.2

< 0.001

0.71

< 0.001

0.48

< 0.001

0.24

< 0.001

0.59

(22.49)

(18.49)

23.35 ***

15.65 ***

(18.36)

(13.39)

(16.57)

(12.93)

Mean Diff

- 9.75

-18.85

- 11

- 17.4 a,c

(95% CI)

(- 13.37, - 6.13)

(- 22.56, - 12.14)

(- 14.98, - 7.02)

(- 21.07, - 13.73)

Percentage
Change (%)

- 43.47
(32.76)

- 57.36
(22.24)

- 36.56
(20.84)

- 61.72
(26.34)

Pre

10.13

9.94

10.07

10.41

(3.54)

(2.88)

(2.3)

(3.33)

12.17

41.05 ***

14.00 *

43.44 ***

(3.92)

(15.95)

(9.54)

(13.83)

Mean Diff

2.03

31.12

3.93

33.04 a,c

(95% CI)

(0.52, 0.72)

(23.66, 38.58)

(- 0.79, 8.64)

(26.11, 39.96)

Percentage
Change (%)

24.24
(34.7)

341.99
(208.3)

47.07
(118.34)

368.08
(234.71)

Pre

416.09

452.75

445.62

457.35

(136.92)

(183.74)

(179.35)

(195.92)

441.78 **

562.73 ***

500.97 ***

569.79 ***

Post

b,d

b,d

a,c

a,c

b,d

b,d

(132.44)

(207.32)

(185.33)

(199.41)

Mean Diff

25.69 b,c,d

109.98 a,c

55.35 a,b,d

112.44 a,c

(95% CI)

(8.25, 43.13)

(92.54, 127.42)

(37.91, 72.79)

(95, 129.88)

Percentage
Change (%)

9.51
(18.17)

26.73
(11.78)

14.13
(15.41)

28.92
(13.57)

Pre

2.4

3.15

1.97

2.97

(3.03)

(2.6)

(2.46)

(3.1)

2.12

1.0 ***

1.19 *

0.7 ***

(°C)
Post

(2.78)

(1.42)

(2.06)

(1.4)

Mean Diff

- 0.28 b,d

-2.16 a,c

- 0.78 b,d

- 2.27 a,c

(95% CI)

(- 0.43, 0.98)

(- 2.87, - 1.45)

(- 1.49, - 0.08)

(- 2.98, - 1.56)

Percentage
Change (%)

- 13.57
(30.09)

- 66.08
(36.03)

- 36.19
(41.8)

- 62.19
(38.35)

Pre

43.49

43.91

45.16

44.35

(3.46)

(2.8)

(2.83)

(3.43)

43.72

47.76 ***

45.02

47.06 ***

(3.36)

(2.03)

(3.02)

Mean Diff

0.23

3.85

- 0.14

(95% CI)

(- 0.4, 0.87)

(°C)
Post

444

p-value

(18.37)

(kPa)

HPT

NLSD + HP
with BO
(n = 20)

17.4 ***

Post

CPT

NLSD + BO
(n = 20)

20.9 ***

(flux/min)

PPT

NLSD + HP
(n = 20)

(22.74)
Post

TBF

Interaction effect

TLS
(n = 20)

b,d

a,c,d

(3.21, 4.48)

(2.51)
b,d

(- 0.78, 0.49)

2.71 a,b,c
(2.08, 3.35)
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Outcomes

TrA

Groups
NLSD + HP
(n = 20)

NLSD + BO
(n = 20)

NLSD + HP
with BO
(n = 20)

Percentage
Change (%)

0.57
(2.21)

8.96
(4.34)

- 0.34
(2.87)

6.34
(3.72)

Pre

2.6

2.59

2.43

2.54

(0.71)

(0.48)

(0.44)

(0.47)

2.62

2.6

3.05 ***

3.23 ***

(0.55)

(0.58)

0.63

0.69 a,b

thickness
(mm)

LPS

Interaction effect

TLS
(n = 20)

Post

(0.75)

(0.44)

Mean Diff

0.02

0.003

(95% CI)

(- 0.6, 0.11)

(- 0.08, 0.09)

(0.54, 0.71)

(0.61, 0.77)

Percentage
Change (%)

0.81
(5.76)

0.64
(7.01)

25.58
(7.26)

27.58
(9.97)

Pre

1.95

2.15

2.05

1.75

(0.39)

(0.37)

(0.39)

(0.44)

1.95

2.15

2.45 ***

2.4 ***

(0.39)

(0.37)

(0.51)

(0.5)

Mean Diff

0

0

0.4

0.65 a,b,c

(95% CI)

(0, 0)

(0, 0)

(0.16, 0.64)

(0.42, 0.88)

Percentage
Change (%)

0

0

22.5
(30.24)

45.0
(39.4)

(level)
Post

c,d

c,d

c,d

c,d

a,b

a,b,d

p-value

ηp2

< 0.001

0.76

< 0.001

0.4

No significant differences in the baseline data among 4 conditions (p > 0.05). Significant differences between pre-post (*p < 0.05, **p < 0.01, ***p < 0.001). a
Significant difference between control (p < 0.05). b Significant differences between LS + H P (p < 0.05). c Significant differences between LS + CSE (p < 0.05).
d
Significant differences between LS + HP + CSE (p < 0.05). ηp2 = Partial eta-squared. ES = Effect size (Cohen’s f score).

that the results from the NLSD + HP with BO (Group 4)
was superior than the TLS group in all of the primary and
secondary outcomes. Also, the post hoc analysis showed
that the NLSD + HP with BO (Group 4) results were superior to the NLSD + HP (Group 2) in the outcomes such as
HPT, TrA thickness and stability of lumbopelvic region (p
< 0.05) and as well as superior to the NLSD + BO (Group
3) in all of the primary (p < 0.05) and secondary outcomes
(p < 0.05) except TrA thickness (p > 0.05). Figure 3 showed
the percentage change for all outcome measures.

DISCUSSION
The current study investigated the immediate effects of
NLSD + HP with BO on PI, TBF, PPT, HPT, CPT, TrA
thickness and LPS in comparison to TLS among patients
with CNLBP. The results of the study supported the
hypothesis that the NLSD + HP with BO in comparison
to TLS had superior therapeutic effects in all the primary
outcomes (PI, TBF, PPT, HPT, CPT, TrA thickness) and
secondary outcome (LSP) among CNLBP patients. TLS
has some significant challenges in terms of application
Muscles, Ligaments and Tendons Journal 2021;11 (3)

to clinical practice for management of CNLBP. Current
state of scientific evidence questions the effectiveness of
the TLS and raises concern on the use of lumbar support
for the prevention and management of low back pain (6).
Also, prolonged use of TLS is reported to cause trunk
muscle weakness and decreased trunk muscle activity (9,
11). While there are different brands of lumbar support
is available, they all were designed to provide a passive
support to the lumbar region. Therefore, it was decided to
redesign a lumbar support with built in additional features
such as superficial heat therapy and a biofeedback to exercise the core muscles. Thus, two more study groups NLSD
+ HP (Group 2) and NLSD + BO (Group 3) were added
as additional comparative groups in this trial to study and
evaluate the effects of having the superficial heat therapy
and biofeedback mechanism in the lumbar support. Finally, NLSD + HP with BO (Group 4) was added and studied as the experimental intervention group to evaluate the
combined effects of adding superficial heat therapy and
biofeedback mechanism in the lumbar support. Prior to
the initiation of the current trial, the design and function
of the novel lumbar support device was tested and proven
445
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Figure 3. The percentage change for the primary and secondary outcomes. Traditional lumbar support (TLS): filled column,
novel lumbar support with hot pack (NLSD + HP): striped column, novel lumbar support with biofeedback device (NLSD + BO):
dotted column, novel lumbar support with hot pack and biofeedback device (NLSD + HP with BO): twill column. PI: pain intensity, TBF: tissue blood flow, PPT: pressure pain threshold, CPT: cold pain threshold, HPT: heat pain threshold, TrA: thickness of
transversus abdominis muscle, LPST: lumbopelvic stability test.

to have reliable and valid features (14). Thus, the results of
the study validated the design features of the NLSD + HP
with BO and supported that the inclusion of additional
novel features in the device such as superficial heat therapy with a biofeedback mechanism to engage core muscles
produced desirable benefits to the CNLBP patients.
The results suggested that wearing the NLSD + HP with
BO for 20 minutes induced an immediate physiological change as observed by an increase in the TBF lumbar
region. Increase in TBF is suggested to promote the healing process by supplying more oxygen and nutrients to
the site of injury and removes the irritant substances (21).
Therefore, the magnitude of change in the TBF reported
in the study might have positive implications for CNLBP
patients. The increase in TBF was found to be higher in
the group which had NLSD + HP with BO and the effect
was clinically significant with a larger effect size (partial
eta-squared (ηp2) - 0.7) when compared to the other three
groups. In clinical practice, quantitative sensory testing
(QST) is used to evaluate hypersensitivity and hyperalgesia
which are associated with long term pain conditions such
as CNLBP (22). Therefore, QST (PPT, HPT and CPT)
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was used as a standardized outcome measure along with PI
to evaluate the effects on pain modulation (17, 22). In clinical setting, the practitioners might be able to understand
the effects of an intervention by monitoring improvement
in the pain reported by patients (15), hence pain modulation was observed as a primary outcome measure through
evaluating QST along with PI. Besides the increase in the
TBF, the results showed that NLSD + HP with BO had
immediate effects on pain modulation. The results showed
that the percentage increase of PPT was observed to be
higher in the NLSD + HP group (28.92%) compared to
the TLS group (9.51%). As PPT has been suggested to
be most predictive of CNLBP (23), the clinically meaningful change in PPT among participants who used NLSD
+ HP with BO may be considered as a useful finding in
this study. Besides increasing tolerance of mechanical pain,
CPT and HPT also showed significant positive changes in the NLSD + HP with BO group where by the CPT
decreased by approximately 62.2% and HPT improved by
6%. In addition, the PI also a clinical meaningful reduction (61.7%) in Group 4 in comparison to other three
groups. Superficial heat therapy results in pain relief,
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reduced muscle stiffness, and increased flexibility among
LBP patients (24). The novel lumbar support device
was designed to provide superficial heat therapy to back
muscles which could explain the overall superior effects
on pain modulation observed in the NLSD + HP with BO
group when compared to the TLS group.
Deeper abdominal muscle such as TrA provides stability
to the lumbopelvic region. Also, TrA has been reported
to have impairment among people with LBP (25). Therefore, thickness of the TrA muscle was evaluated to measure
the changes in TrA muscle activity and LPS was evaluated as a secondary outcome measure in the study. When
compared to the TLS group, the participants in the NLSD
+ HP with BO group showed a higher increase in both the
TrA muscle activity and LPS with a percentage change of
27.5% and 45% respectively. An evidence suggests that
lumbar support may positively affect trunk motion as it
reduces trunk motion for flexion– extension and lateral
bending (7). However, there is no evidence to suggest that
this can increase TrA muscle activity and LPS. Currently, there are no data from previous literature available to
compare the effects of lumbar support on LPS and TrA
thickness. The novel lumbar support device had a design
feature of a biofeedback mechanism to support and assist
the participants to exercise the deeper core muscles.
Prior to the current study, the reliability and validity of
the biofeedback mechanism in the novel lumbar support
for activation of core muscle (TrA) was established (14).
Perhaps, the changes observed on LSP and TrA muscle
activity might be related to the fact that the participants
in the NLSD + HP with BO group used the biofeedback device and exercised their core muscles while they
wear the novel lumbar support. Also, it is possible that
the increase in the TrA muscle activity and LPS might be
related with the pain modulation effects reported among
the study participants. Further studies are warranted to
understand the underlying mechanism and effects of the
NLSD + HP with BO on trunk stability.
This study may have some limitations. First, the study
investigated only the immediate effects of the novel
lumbar support device to establish its potential mechanisms of action on pain modulation and core muscle function. Nevertheless, the study on the immediate effects was
warranted to establish the performance of the novel lumbar
support device and as well the findings of the current study
was used as a catalyst to plan and conduct a long-term trial.
The NLSD + HP with BO provided a superficial heat therapy to the back muscles for about 20 minutes which might
have caused changes in the tissue temperature of skin and
muscles. As the post study measurements were conducted
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immediately after the heat therapy application, the change
in the skin temperature could be a potential confounder to
the thermal threshold measurements. However, having the
TLS group as a control group and observing the changes in the thermal threshold among the TLS group helped
to interpret the thermal threshold findings in the study.
Several factors such as sleep quality and patterns, psychosocial factors, pain medications, underlying medical history, caffeine intake, gender, age and body composition may
influence sensory perception and outcomes of sensory testing. While few factors such as BMI, pain medication, underlying medical conditions were monitored and controlled in
the trial, other factors were not controlled which could be
potential confounders. As the NLSD + HP with BO was
considered as an experimental intervention and the study
was designed to test the design features and its effects,
the study findings had limited external validity. However,
the design and development of the novel lumbar support
device had undergone strict scientific process of reliability and validity examination to ensure that it is functioning
well before the current trial was conducted. In addition,
the current trial encompassed a wide range of outcome
measures which were relevant to current clinical practice in
low back pain management and hence, the findings could
be relevant to practice. Therefore, future studies evaluating the effects of the novel lumbar support might need to
include these additional variables as important outcomes
among CLBP patients. Another limitation of the study was
that the participants recruited in this study showed only
a minimal pain related disability with the Oswestry score
showing < 20% in three of the four groups. Therefore, it
was important to acknowledge that the effectiveness of the
new device should be further investigated not only to assess
its long-term clinical effects, but also its usefulness in low
back patients presenting moderate and severe disability.
Currently, a clinical trial is ongoing to determine long-term
effects of the NLSD + HP with BO among CNLBP population and therefore any wider implications and effects of the
novel lumbar support need among CNLBP patient needs
to be revisited again.

CONCLUSIONS
The immediate effects of the novel lumbar support device
showed potential beneficial effects on pain modulation and
core muscle function among patients with CNLBP in comparison to the traditional lumbar support. Further clinical trial
evaluating the long-term clinical effects of the novel lumbar
support device is needed to understand the overall benefits of
the device and its usefulness for people with CNLBP.
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SUMMARY
Background. This study aimed to examine the association between regional Phase
Angle (PhA) and physical performance in athletes where the use of specific body
segments is required.
Methods. Sixteen elite-level rowers (13 male aged 17.6 ± 2.1 yr; 3 female aged 21.0 ± 4.4 yr)
participated in this investigation. Raw bioimpedance parameters were obtained with a
phase-sensitive 50 kHz bioelectrical impedance analysis (BIA) device and fat-free mass,
percentage of fat mass (FM%), and arms and legs lean soft tissue (ALST and LLST,
respectively) were estimated using specific BIA-equation developed for athletes. The
time (2000t) and the mean power (MP) expressed during the 2000 m test performed on
a rowing ergometer were measured.
Results. The major findings of the study were that upper hemisome PhA (UPhA) were
more strongly related with 2000t (R2 = 0.35, p = 0.015) and MP (R2 = 0.40, p = 0.009)
than whole-body PhA. Additionally, not only UPhA maintained a significant relationship with 2000t (p = 0.001) and MP (p = 0.001), even after adjustment for the co-variables sex, ALST, and FM%, but the explained variance increased to R2 = 0.72 and R2
= 0.78, respectively.
Conclusions. These results suggest that the regional PhA might be used as a tool for
evaluating performance related parameters in sports where specific body segments are
involved, preferring it to the whole-body measured value.
KEY WORDS
Athletes; bioimpedance; BIVA; body composition; rowing.

BACKGROUND
The assessment of body composition through economic and
easy-to-use techniques allows the physician and strength
trainer to monitor the athlete’s condition in order to achieve
an optimal health status and therefore a higher level of performance. Several variables in body composition are known to
be related to strength and movement patterns (1-3). In particular, an increase in lean mass contributes to the development
of strength and power while a reduction in non-essential body
fat contributes to the development of muscular and cardiorespiratory endurance, speed and agility (4, 5).
Nowadays, Bioelectrical Impedance Analysis (BIA)
represents one of the most used methods to assess body

composition in sport (6). Although BIA measures the opposition of body tissues to the flow of an alternating current, its
measurement modality and the assessments that can therefore be obtained vary among the different devices (7). The
study of bioelectrical properties in athletes made it possible to create specific references (8-11) useful for monitoring body composition during the competitive season and
during the follow-up after an injury (12-14). Among the raw
bioimpedance parameters, the phase angle (PhA) has been
proposed as an indicator of cellular health, cell membrane
integrity (7, 15) and representative of the intracellular/extracellular water (ICW/ECW) ratio (16-18). While the usefulness of PhA in the clinical setting is widely recognized,
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scientific research has recently begun to show its interest in
exploring the associations between PhA, health status, and
sport performance. In healthy athletes, the PhA shows higher values compared to the phases of the competitive season
characterized by high training load or acute and chronic
fatigue (13, 19, 20). Recently, Nabuco et al. (20) reported
the relationship between whole-body PhA (WBPhA) and
sprint performance, also highlighting how it is inversely
correlated with perceived fatigue in soccer players.
Compared to conventional whole-body BIA, regional analysis allows measuring the composition of different body
segments, overcoming the theoretical limits underlying
conventional analysis such as considering the human body
as the set of five cylinders of uniform resistivity (21). Recent
studies suggest that regional BIA at the lower limb level
provides important information in soccer and cycling populations. These information refers to the difference between
the sexes, in which male athletes have higher lower limb PhA
values than female athletes (22); the changes in body fluids
which can occur after a muscle injury, in which a decreases in
regional PhA were observed where there is cellular damage
with consequent accumulation of fluids in the extracellular compartment (14); and the change in cell number and/
or size following a training program shown by an increase
in lower limb PhA (19). A study on cyclists participating in
the 2012 Giro d’Italia showed that while WBPhA did not
change, lower hemisome PhA (LPhA) decreased during a
three-week stage race (23).
However, the use of regional PhA as an indicator of the
performance of athletes from other sports that predominantly involve other body segments has yet to be determined.
Therefore, the aim of this study was to verify through a
pilot study design the association between regional PhA
with physical performance in rowers, in which the use of
the upper body is particularly required. Our hypothesis
was that regional PhA could be more informative than that
measured through a whole-body BIA approach.

MATERIALS AND METHODS
Participants
A group of 16 elite rowers from the same sports club voluntarily participated in the study. This group consisted of 13
males (17.6 ± 2.1 yrs) and 3 females (21.0 ± 4.4 yrs) who
train following the guidelines of the Italian Rowing Federation which indicate daily sessions with the possibility of
two training sessions per day, corresponding to a training
volume of the last 6 months from 15 to 25 hours per week.
The study was performed during the in-season phase of the
competitive season; therefore, the athletes were at the high450

est level of training. Athletes had at least 3-year competitive
rowing experience at the national level. Inclusion criteria for
the subjects included being Caucasian, practicing rowing at
national level for at least 5 years and having obtained sports
eligibility. Exclusion criteria were not providing informed
consent, having injuries that compromise the bioimpedance
assessment or participation in performance tests and not
having obtained sports eligibility.
Written informed consent from parents or guardians was
retrieved for rowers under the age of 18. After receiving
consent, all subjects underwent a voluntary assessment of
body composition and performance assessments. The study
was carried out in conformity with the ethical standards
laid down in the 1975 declaration of Helsinki, in addition
the study meets the ethical standards of the journal (24).
This study is part of a project of the Tuscany Region called
“Sports Medicine to support regional surveillance systems”;
the Regional Prevention Plan 2014-2018 with the code
O-Range18, approved it.

Bioimpedance and body composition analysis
The raw bioimpedance parameters [(PhA, resistance (R)
and reactance (Xc)] were obtained using a phase-sensitive segmental bioelectrical analyzer (BIA 101 BIVA
PRO, Akern, Florence, Italy) with a current of 250 µA at
a single frequency of 50 kHz. After cleaning the skin with
isotropy alcohol, four low intrinsic impedance adhesive electrodes (Biatrodes Akern Srl, Florence, Italy) were placed on
the hands back and other four electrodes on the neck of
the corresponding feet, respecting the standard protocol
(25). R, Xc, and PhA were measured directly and automatically for each body segment, and the values were given in
ohm. The device was calibrated using the standard control
circuit supplied by the manufacturer that has a known
impedance (Rz ¼ 380 Ohm 1% precision, and Xc ¼ 47
Ohm 1% precision). The test-retest CV in 16 participants
for R, Xc, and PhA was 0.3%, 0.8%, and 0.9% respectively. BIA was performed with patients lying supine with their
limbs (figure 1) placed slightly away from their body, after
an overnight fast, and having emptied their bladders. BIA
measurements were all taken by the same-trained investigator to avoid inter-observer errors. Arms and legs lean soft
tissue (ALST and LLST, respectively), fat-free mass (FFM),
fat mass (FM), and percentage of fat mass (FM%) were estimated using a specific equation developed for athletes (26,
27) designed and validated with the same BIA model:
1. FFM (kg) = - 2.261 + 0.327 - S2/R + 0.525 × Wt +
5.462 × Sex.
Where:
• sex is 0 if female or 1 if male;
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•
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•
2.
3.

Wt is weight in kg;
S is stature in cm;
R is resistance;
R2 = 0.94; SEE = 3.0 kg;
FM (Kg) = Body weight – FFM.
Arms LST (kg) = 0.940 × Sex + 0.042 × Wt + 0.080 ×
S2/R + 0.024 × Xc − 3.927.
Where:
• sex is 1 if female or 0 if male;
• Wt is weight in kg;
• S is stature in cm;
• R is resistance;
• Xc is reactance; R2 = 0.89; SEE = 0.62 kg.
4. Legs LST (kg) = 1.983 × Sex + 0.154 × Wt + 0.127 ×
S2/R − 1.147.
Where:
• sex is 1 if female or 0 if male;
• Wt is weight in kg;
• S is stature in cm;
• R is resistance;
• and Xc is reactance; R2 = 0.81, SEE = 1.95 kg.

Physical performance assessment
After the body composition assessment, the rowers
performed an all-out 2000 m row on a rowing machine
(Concept2, Mod. D, Morisville, USA) designed to simulate
a real race on water (28). From this test the total time it took
to complete the distance (2000t) and the mean power (MP)
were recorded. The MP was evaluated with a computer integrated (Concept PM3) to the ergometer, which measured
the power of each stroke in Watts, providing at the end of
the test the mean value of the strokes performed during the
2000 m of rowing.

Statistical analysis
All data are expressed as mean as standard deviation. To
verify the normality of the data, the Shapiro-Wilk test was
applied. The mean standard deviation was calculated for
each variable. A preliminary bivariate correlation analysis was used to assess the association between bioelectric,
body composition, and physical performance parameters.
Multiple regression analysis was performed to test whether segmental phase angle (independent variable) is related with 2000t and MP (dependent variables) after adjusting for potential covariates, such as sex, ALST, and FM%.
Statistical significance was predetermined as p < 0.05. Data
were analyzed with IBM SPSS Statistics, version 24.0 (IBM
Corp., Armonk, NY, USA).

RESULTS

Figure 1. Procedures for regional bioimpedance analysis.
Muscles, Ligaments and Tendons Journal 2021;11 (3)

Anthropometric parameters, whole body and regional BIA analysis and rowing test performance are shown
in table I.
Figure 2 shows the individual bioimpedance vectors
plotted on the tolerance ellipses of the male and female
athletes’ population (9). Seven male rowers fell into the
50th percentile, while 5 within the 75th. All three female
rowers were included into the 50% tolerance ellipse.
The matrix of correlations between bioelectrical, body
composition, and physical performance variables is shown
in table II. Whole body and upper limb phase angle (UPhA)
were both significantly associated (p < 0.05) with physical
performance measures, whereas no correlation between
LPhA and time in rowing 2000 m as well as MP were
found. Time in rowing 2000 m and MP showed a significant association with ALST, LLST, and FM% measures.
The correlations between WPHA and UPhA with 2000t
and MP are shown in figure 3; in both analyzes, UPhA
showed a stronger correlation with physical performance
parameters than WBPhA.
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Figure 2. Individual bioimpedance vectors of the rowers (male on the left and female on the right) plotted on the tolerance
ellipses of the athletes’ population (9).
Table I. Anthropometric parameters, whole body and regional BIA analysis and rowing test performance.
Male (n = 13)

Female (n = 3)

Mean ± SD

Mean ± SD

Age (years)

17.6 ± 2.1

21.0 ± 4.4

Height (cm)

1.84 ± 0.1

1.7 ± 0.1

Weight (kg)

75.4 ± 9.1

63.5 ± 7.1

Body mass index (kg/m2)

22.8 ± 1.9

23.1 ± 2.2

R (ohm)

410.0 ± 37.1

522.3 ± 75.3

Xc (ohm)

52.6 ± 4.8

56.2 ± 4.9

WBPhA (°)

6.5 ± 0.4

6.1 ± 0.4

Upper hemisome R (ohm)

454.9 ± 44.9

517.1 ± 72.4

Upper hemisome Xc (ohm)

48.3 ± 3.8

49.4 ± 4.4

UPhA (°)

6.1 ± 0.5

5.5 ± 0.3

Lower hemisome R (ohm)

441.0 ± 46.5

478.4 ± 79.1

Lower hemisome Xc (ohm)

52.0 ± 5.8

55.4 ± 2.2

LPhA (°)

6.7 ± 0.5

6.9 ± 0.8

FFM (kg)

66.3 ± 6.9

48.6 ± 5.4

FM (%)

11.8 ± 2.9

23.4 ± 5.6

6.3 ± 0.9

5.3 ± 0.8

ALST (kg)
LLST (kg)

19.6 ± 2.2

17.4 ± 1.8

2000 t (sec)

407.3 ± 17.3

464.3 ± 1.2

MP (watt)

334.5 ± 44.2

222.9 ± 1.7

R: resistance; Xc: reactance; WBPhA: whole body phase angle; UPhA: upper hemisome phase angle; LPhA: lower hemisome phase angle; FFM: fat free
mass; FM: fat mass; ALST: arms lean soft issue; LLST: leg lean soft tissue; MP: mean power.
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Table II. Matrix of correlations between bioimpedance, body composition, and performance parameters.
WB PhA

UPhA

LPhA

2000 t

MP

LLST

ALST

FFM

WB PhA

1

0.86†

0.74†

- 0.50*

0.51*

0.40

0.50*

0.43

FM%
- 0.34

UPhA

-

1

0.45

- 0.60*

0.63†

0.44

0.53*

0.52*

- 0.39

LPhA

-

-

1

- 0.14

0.13

0.13

0.20

0.02

- 0.06

2000 t

-

-

-

1

- 0.95†

- 0.57*

- 0.60*

- 0.77†

0.63†

MP

-

-

-

-

1

0.67†

0.70†

0.83†

- 0.56*

LLST

-

-

-

-

-

1

0.30

0.91†

0.32

ALST

-

-

-

-

-

-

1

0.91

- 0.29

FFM

-

-

-

-

-

-

-

1

- 0.51*

FM%

-

-

-

-

-

-

-

1

1

†

*: P < 0.05; : P < 0.005. WB PhA: whole body phase angle; UPhA: upper hemisome phase angle; LPhA: lower hemisome phase angle; MP: mean power;
LLST: legs lean soft tissue; ALST: arms lean soft tissue; FFM: fat-free mass; FM%: percentage of fat mass.
†

Tables III and IV display the multiple regressions between
UPhA and 2000t and MP, respectively. These relationships
showed a significant trend and not only remained significant
after adjusting for the co-variables sex, ALST, and FM% but
the explained variance (R2) in the performance predictions
increased maintain a variance inflation factor (VIF) below 5.

DISCUSSION

Figure 3. Scatterplots showing the relationships between
total and regional phase angle with physical performance
measures. The circles represent the male athletes, while the
squares represent the female athletes.

Studying the relationship between body composition and
sports performance is a growing research area in sports
science, especially in the case of elite athletes where the intensity and volume of training are high. The aim of this study
was to test the usefulness of regional bioimpedance analysis in
evaluations of athletes in which specific body segments such
as rowers are involved. Rowing is characterized by the engagement of both the lower and upper limbs; however, the bioelectrical parameters of the upper body appear to be predictive
of the performance. As hypothesized, UPhA showed a higher
correlation with 2000t and MP than the WBPhA. To date,
this is the first study to investigate the association of regional PhA with performance parameters, regardless of their
important body components such as LST and FM%.

Table III. Linear regression analysis independent variables and 2000 mt performance.
Independent variable

R2

β

UPhA
Model 1
Model 2
Model 3

0.35

- 0.59

0.67
0.72
0.72

95% confidence interval

P-value

- 0.91 – - 0.11

0.015

- 0.73

0.28 – 1.15

< 0.001

- 0.70

- 0.32 – 0.77

0.001

- 0.63

- 0.05 – 0.05

0.005

R : coefficient of determination; β: Standardized coefficients beta; UPhA: upper hemisoma phase angle; Model 1: adjusted for sex; Model 2: adjusted
for sex and arms lean soft tissue; Model 3: adjusted for sex, arms lean soft tissue, and fat mass percentage.
2
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Table IV. Linear regression analysis independent variables and maximum power.
Independent variable

R2

β

UPhA
Model 1
Model 2
Model 3

0.40

95% confidence interval

P-value

0.53

21.39 – 121.79

0.009

0.67

0.63

- 143.61 – - 30.05

0.001

0.77

0.69

0.56 – 48.44

< 0.001

0.78

0.60

- 4.41 – 7.89

0.001

R : coefficient of determination; β: Standardized coefficients beta; UPhA: upper hemisoma phase angle; Model 1: adjusted for sex; Model 2: adjusted
for sex and arms lean soft tissue; Model 3: adjusted for sex, arms lean soft tissue, and fat mass percentage.
2

The rowers evaluated in this study showed bioelectric
proprieties in line with the references of the athletes’ population, falling within the 75th percentile of the tolerance
ellipses for males and 50th for females (9). Considering the
position of the bioimpedance vectors within the R-Xc graph,
the TBW values and the ICW/ECW ratio values measured
in the rowers can be compared with those of the athletes’
population. In particular, the high pole of the R-Xc graph
identifies low TBW values while the vectors positioned at
the bottom represent a greater TBW than the average values
of the reference population (figure 2). Otherwise, the horizontal axis of the tolerance ellipses identifies a greater or
lesser ICW/ECW ratio, where the values increase from the
right to the left along the axis. The ICW/ECW ratio is highly correlated with PhA (16-18), and this it was confirmed by
recent studies in athletes where bioelectric measurements
were compared with the variables derived from dilution
techniques (17, 18).
The WBPhA measured in the rowers was 6.5 ± 0.4 and 6.1
± 0.4 for male and female, respectively. These values were
lower than those of the general athletes’ population (9),
where WBPhA was 7.7 ± 0.8 for male and 6.9 ± 0.8 for
female. On the contrary, the mean WBPhA measured in the
rowers tested by Veitia et al. (29) (male: 6.6°; female: 5.8°)
was similar for the male and lower for the female included in this study. In this regard, previous studies showed
that when measuring athletes involved in the same sports
a greater WBPhA may be a predictor of a higher competitive category (8, 10, 11). Considering the regional analysis, the UPhA measured in the male rowers was on average
similar with compared to a group of elite athletes practicing different sports evaluated by Marra et al. (30) (6.1°),
while the LPhA was lower (9.4°). However, as shown by
Silva et al. (31), there is a lack of agreement between the
bioimpedance parameters measured with different devices.
Therefore, the BIA-data presented in this study may not be
comparable with those of Marra et al. (30) where R and Xc
were obtained using a multifrequency device. Our athletes
454

were plotted on reference ellipses created starting from
measurements made with the same frequency and method of measurement. Furthermore, the equations used to
measure body composition variables were also developed
with a similar instrument using a foot-to-hand measurement
and a frequency of 50 khz.
The rowers included in this study performed 2000 mt in a
lower time (males in 6.47 min and females in 7.45 min) in
comparisons with those involved in the Yoshiga and Higuchi (3) study where the males completed the test in 7.18 min
and females in 8.27 min. In line with our findings, Yoshiga and Higuchi (3) showed that FFM was inversely related
with time in performing 2000 m and this may be justified by
the beneficial effects of higher FFM on aerobic performance
(4, 5). Although our study, at the best of our knowledge,
is the first to consider associations between segmental PhA
and performance, Nabuco et al. (20) had already investigated the correlations between PhA and sprint performance in
soccer players. In the study by Nabuco et al. (20) the association between WBPhA and physical performance measures
lost significance when adjusted for FFM and FM%. On
the contrary, in our study after adjusting for co-variables
the variability explained increased up to 72% and 78% for
2000t and MP, respectively.
The above-mentioned aspects represent a new and interesting evidence that suggests that in some cases using
bioimpedance analysis according to a regional approach
may be more informative than the whole-body method.
This is certainly an important point of strength of this study
in which a sample of elite rowers was included. Furthermore, as showed by the regression analysis results, considering body composition parameters obtained using population-specific equations in addition to PhA can be highly
informative when evaluating athletes.
However, this research is not without limitations. First, the
associations between regional PhA and physical performance parameters were studied according to a pilot study
design, therefore including a small sample. Finally, our findMuscles, Ligaments and Tendons Journal 2021;11 (3)
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ings are not generalizable to all athletes and new research is
needed to confirm these findings. Certainly, athletes in which
particular body segments are involved, such as the lower
hemisome for cyclists, should be included in future studies.
In this regard, this study can play a very important role prior
exposing Authors in conducting a large-scale research.

CONCLUSIONS
This pilot study on elite rowers shows how in some sports
where particular body segments are predominantly involved,
a regional PhA evaluation may be more informative than the
same value assessed using a whole-body approach. In addi-

tion to the PhA, the assessment of lean soft tissue mass and
FM% can be highly informative for evaluating performance
related parameters.
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SUMMARY
Background. Autologous platelet-rich plasma (PRP) therapy has been applied in treatment of medial or lateral elbow epicondylitis; however, its efficacy is variable possibly
due to differences in PRP platelet or neutrophil concentrations. We prepared neutrophil-reduced PRP with optimized platelet concentrations, and investigated therapeutic effects of the platelet-optimized PRP for elbow epicondylitis.
Methods. We treated 65 elbows of 60 patients (9 women and 51 men) with mean
age of 50 years. Neutrophil-reduced PRP with optimized platelet concentrations were
used in 41 lateral epicondylitis and 24 medial epicondylitis cases. Visual analogue pain
scores (VAS) and modified Mayo Elbow Performance scores (MEPS) were obtained
for each elbow at pre-PRP therapy and at 3, 6 or 12 months after the treatment.
Results. In 57 enthesopathies (34 lateral and 23 medial elbow epicondylitis), VAS or
modified MEPS values at 3 months after treatment were significantly lower or higher,
respectively, than those obtained before treatment; and this tendency was more manifested at 6 and 12 months after treatment. The PRP therapies were relatively less effective in 3 cases with complete tears at insertional site(s) of common tendons, 3 cases of
lateral epicondylitis with synovial fringes, one with entrapment of the posterior interosseous nerve and in one welfare-reliant patient. Following the treatment with platelet-optimized PRP, VAS or modified MEPS values were lower or higher, respectively, than
those reported in previous studies where not optimized PRP preparations were used.
Conclusions. The platelet-optimized PRP therapy is effective for treatment of enthesopathy in elbow epicondylitis and this efficacy is higher than with PRP therapies without optimized platelet concentrations.
KEY WORDS
Platelet-rich plasma; lateral elbow epicondylitis; medial elbow epicondylitis; optimal
concentration of platelets; enthesopathy.

INTRODUCTION
Medial or lateral elbow epicondylitis is a syndrome consisting of various pathophysiological disorders: enthesopathies of common flexor or extensor tendons, a complete
full-thickness tears or partial tears of tendons, bursitis
around elbow epicondyles, chronic damages of collateral
ligaments or radial annular ligaments, synovitis of humeroradial joint, confirmed synovial folds in humeroradial joints or entrapment of the posterior interosseus nerve.
The major pathophysiological change in elbow epicondyli-

tis is enthesopathy characterized by tissue micro-damage or
cellular apoptosis at the insertional site of tendons accompanied by abnormal angiogenesis and micro-shunts without
inflammatory changes or reparative cellular reactions with
resultant fibroblastic dysplasia (1). Autologous platelet-rich
plasma (PRP) has been clinically used for treatment of various enthesopathies, i.e., medial or lateral elbow epicondylitis, Achilles tendinitis, plantar fasciitis or patellar tendinitis.
Many studies demonstrated the therapeutic value of PRP in
treatment of elbow epicondylitis, but its effects have been
variable (2-12). Differences in platelet or leukocyte concen457
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tration or in proportions of leukocytes in PRPs prepared
with different methods or commercial kits might have
contributed to these different therapeutic outcomes. Since
concentrations of platelets or leukocytes in PRP are dependent on their concentrations in the whole blood, variations
in therapeutic effects are not unexpected and it has been
reported that concentrations of platelets and/or leukocytes
are different in preparations obtained in different institutions, and also in different patients using the same commercial preparation kits.
Platelets are the source of growth factors, cytokines and
chemokines that regulate cellular anabolic processes and
different platelet concentrations in PRP might influence
the reparation ability of tendons necessary for the treatment
of enthesopathy. The optimal concentration of platelets in
PRP was found to range from 7.0 × 105/µL to 10.0 ×105/µL
in the animal model (13) and this finding was supported by
several in vitro or in vivo studies (14-16).
It is well known that leukocyte concentrations also influence the therapeutic efficacy of PRP, and that neutrophils
that comprise approximately 50% of all leukocytes in the
peripheral blood, are mainly involved in the process of
inflammation, especially tissue degradation. Dragoo demonstrated that PRP rich in leukocytes initiated a strong inflammatory cellular reaction in rabbit tendons at 5 days after
PRP injection (17). McCarrell showed that PRP with a high
concentration of leukocytes induced higher expressions
of pro-inflammatory cytokines and catabolic mediators as
well as suppressed collagen synthesis (18). During treatment of enthesopathy, neutrophils inhibited the restoration
process since the extracellular matrix was damaged during
inflammation and lower synthesis of collagen suppressed
the formation of tendon matrix. These negative influences of neutrophils in PRP therapy were also demonstrated
in several studies and to obtain excellent post-PRP therapy recovery, exclusion of neutrophils from PRP has been
recommended (19-24).
We optimized the PRP for the treatment of enthesopathy
and maintained platelet concentrations within the range
from 7.0 × 105/µL to 10.0 × 105/µL and with approximately 90% of neutrophils excluded. We used these optimized
PRPs in treatment of medial or lateral elbow epicondylitis
and present the obtained results.

PATIENTS AND METHODS
The present study was conducted according to the journal’s
guidelines (25). Informed consent was obtained from each
patient for the use of personal medical records and approval for the study was obtained from the institutional ethics
committee (#2020-9).
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Therapies with platelet-optimized PRPs were applied in
65 elbows [60 patients, 51 men and 9 women; mean age of
50 years (range, 15-80 years)], including 41 lateral epicondylitis and 24 medial epicondylitis cases. The mean period
from the diagnosis to the commencement of PRP therapy was 22.8 months (range, 3-120 months), and the mean
duration of follow-up was 14 months (range, 3-36 months).
Lateral or medial elbow epicondylitis were diagnosed
based on chief complains and/or physical examinations of
each patient according to the following inclusion criteria:
1) pain occurred at the lateral or medial elbow epicondyle
during active motion of wrists or fingers, or in the resting
state; 2) tenderness at the lateral or medial epicondyle of
the elbows was present; and 3) a lateral or medial elbow
pain was induced upon resistance against active dorsi-flexion (Thomsen test) or volar flexion of the wrist. There were
44 cases of elbow epicondylitis related to sports injuries (21
golf, 7 baseball, 5 tennis, 4 arm wrestling, 1 boxing, 1 table
tennis, 1 surfing, 1 bouldering, 1 kendo, 1 kyudo, 1 gym
work), 7 epicondylitis cases were caused by manual labor, 6
epicondylitis cases were related to keyboard typing, 4 were
due to house-keeping jobs, 3 were caused by agriculture
work, and in one case epicondylitis developed after reparative surgeries for full-thickness complete tears of the medial
proximal flexor common tendon performed at a different
institution. We examined plain X-ray images and magnetic
resonance images (MRI) in all elbows and found high intensity areas at the insertional sites of tendons in T2-weighted
MRI or short tau inversion recovery (STIR) modes in 21
elbows, obvious synovial fringes of humeroradial joints in 3
elbows, complete full-thickness tears of common extensor
tendons at the lateral epicondyles in 2 elbows, or a complete
tear of the common flexor tendon at the medial epicondyle in one elbow of the patient after a previous surgery.
We excluded cases affected with the arthritis or the osteoarthritis of elbows, rheumatoid arthritis, post-injury deformations of elbows, injuries or damages of extensor muscles
located at forearm or cervical spondylo-radiculopathies, of
which symptoms medial or lateral elbow pain was involved
in for the correction of cases affected with enthesopathies or
terminal stage of enthesopathies (26). A visual analog pain
scale (VAS) or a modified Mayo Elbow Performance score
(MEPS) were obtained for each elbow before the PRP therapies and at 3, 6 or 12 months after completion of the treatment. The student t test was used to statistically compare
the before and after scores. Before starting the PRP therapy,
the average VAS score was 68.1 ± 5.5 mm and the average
modified MEPS score was 57.9 ± 14.2 points.
Approximately 3.0 mL of the autologous leukocyte-reduced
PRP was obtained from 22 mL of the whole blood with a
preparation kit (MyCells, Kaylight, Tel Aviv, Israel) accordMuscles, Ligaments and Tendons Journal 2021;11 (3)
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ingly with the manufacturer’s instructions. Briefly, the whole
blood was centrifuged for 7 minutes at 2000 × g. After aspiration of the supernatant plasma, the approximate 3.0 mL
of the residual plasma was agitated to disperse the platelets,
which were then precipitated on the separation gel. This plasma was filtered to exclude the debris and approximately 3.0
mL of filtered non-activated PRP was obtained. Concentrations of platelets or neutrophils in the prepared PRPs were
measured with an automated blood cell counter and analyzer
in each 10-fold diluted sample prepared by mixing 100 µL of
the PRP with 900 µL of the normal saline. Platelet concentrations were confirmed to be in the range between 7.0 × 105/
µL and 10.0 × 105/µL. Approximately 90% of neutrophils
were removed by the separation gel present in the primary spit of the MyCells kit. The mechanism for exclusion of
neutrophils was not revealed by the kit’s manufacturer. The
PRP prepared in the present study was classified as type 3 in
Mishra’s classification and as pure PRP in the PAW classification since the PRP was not activated before injection (27, 28).
The prepared PRPs were slowly and gently injected into the
points of the most severe tenderness at the lateral or medial elbow epicondyles through a 30 G needle under ultrasonographic guidance without previous anesthesia and after
sterilization of the skin surface with a 10% povidone-iodine
solution. Activities of daily living were permitted after injections and at 3 weeks, and efficacy of the PRP therapy was
evaluated through clinical examination. When the therapeutic effect was not considered satisfactory, i.e., the sufficient
reduction in pain was not observed, the second PRP injection was carried out in the same manner. Three weeks later,
another clinical examination was performed and the treatment efficacy was evaluated. If during the observation course,
the pain initially improved but could not be completely eliminated, another (the 3rd) injection of the PRP was performed.
In all patients, clinical follow-up had been carried out for
3-36 months following the initial injections. Moreover, physical conditioning programs were implemented during the
PRP therapy for patients willing to return to sports activities
when they also had other physical problems that potentially
interfered with their sports activity, such as limited motion
range in the shoulder, hip and/or spinal joints.

RESULTS
Platelet concentrations in all prepared PRPs ranged between
7.0 × 105 to 9.6 × 105/µL and their average number was 8.2 ±
0.7 × 105/µL. The average leukocyte concentration was 3100
± 360/µL and the average neutrophil concentration was 250
± 30/µL. Almost all erythrocytes and approximately 90%
of neutrophils were removed from the PRPs. Hence, the
prepared PRPs were classified as type 3 according to the MishMuscles, Ligaments and Tendons Journal 2021;11 (3)

ra’s classification and as the pure PRP according to the PAW
classification, since they were not activated before injections.
The overall average number of PRP injections was 1.9
(range, 1-9) times. At 3 months after PRP injections, the
average value of VAS in all elbows was 26.7 ± 15.2 mm,
which was significantly lower than that before injections (p <
0.01) and the average modified MEPS value in all elbows was
86.7 ± 20.6 points, significantly higher than that before injections (p < 0.01). However, poor recoveries were observed in
2 elbows with complete full-thickness tears of the common
extensor tendons, in one elbow with a complete tear of the
common flexor tendon following a previous surgery, in 3
elbows with lateral epicondylitis accompanied by synovial fringes in humeroradial joints, in one elbow with lateral
epicondylitis accompanied by an entrapment disorder of
the posterior interosseus nerve, and in one welfare-reliant
patient with lateral epicondylitis. In these cases, poor PRP
treatment effects did not improve even after 2 to 4 PRP injections. The VAS or modified MEPS scores in these 8 elbows
were significantly higher or lower, respectively, than those of
the other 57 elbows at 3 months after the PRP therapies.
Therefore, in these 8 cases, the PRP therapies were terminated. In 2 complete full-thickness tears of the common extensor tendons reparation surgeries using surgical anchors were
performed. In 3 lateral epicondylitis cases with synovial fringes, arthroscopic resections of the fringes were performed,
and in one lateral epicondylitis case with entrapment of the
posterior interosseus nerve, neurolysis surgery was carried
out in a different institution. Patients followed at our institution after surgery (6 elbows) returned to their previous activities at 3 to 6 months after operation. The final outcomes of
2 other patients with poor recovery after PPR therapy were
unknown because information was not available: one patient
with the complete tear of the common flexor tendon after
surgery performed at a different institution was transferred
back there and underwent a re-reparative surgery, and another, the welfare-reliant patient, was transferred to a different
hospital and underwent a shockwave therapy.
In the remaining 57 elbows, the average VAS value was 21.4
± 5.1 mm (improved by 68.5%) and the average modified
MEPS value was 90.9 ± 3.6 points at 3 months after PRP
injections. All 52 patients with 57 elbows returned to their
pre-injury activities at the mean of 12 (range, 4-20) weeks
after initial PRP injections. At 6 months after injections, the
average VAS value in 57 elbows was 9.4 ± 6.2 mm (86.2%
improvement) and the average modified MEPS value was
95.0 ± 3.9 points. At 12 months after injections, the average VAS value in 55 elbows (the follow up was shorter than
12 months in 2 cases) was 4.9 ± 4.2 mm and the average
modified MEPS value in these 55 elbows was 97.4 ± 3.8
points (figures 1, 2). These VAS and modified MEPS values
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were significantly lower or higher, respectively, than those
before the PRP therapy at 3, 6 or 12 months after the therapy (p < 0.01). At 12 months, VAS or modified MEPS values
were significantly lower or higher, respectively, than those
at 3 months after the PRP therapy. Moreover, there were
no statistical differences in VAS or MEPS values between
34 elbows of lateral epicondylitis and 23 elbows of medial
epicondylitis at 3 or 6 months after injections, and between

33 lateral and 22 medial epicondylitis at 12 months after
injections. Neither adverse events nor recurrences were
observed at any time point during the follow-up 18 months
in the present study. Numbers or area sizes of high intensity
areas observed in MR images disappeared or declined in 9
elbows after the PRP therapy at 6 to 12 months (figure 3),
and no obvious MRI changes were observed after the PRP
therapy in 6 elbows among 15 elbows examined.

Figure 1. Visual Analogue Scale (VAS) values of 57 elbows (34
lateral and 23 medial epicondylitis) at pre-PRP therapy and at
3, 6 or 12 (n = 55, 33 lateral and 22 medial) months after the
PRP therapy were plotted in the graph. *VAS values at 3, 6
or 12 months after the therapy were significantly lower than
those at pre-therapy (p < 0.01).

Figure 2. Modified Mayo Elbow Performance Score (MEPS)
values of 57 elbows (34 lateral and 23 medial epicondylitis)
at pre-PRP therapy and at 3, 6 or 12 (n = 55, 33 lateral and
22 medial) months after the PRP therapy were plotted in the
graph. *Modified MEPS values at 3, 6 or 12 months after the
therapy were significantly higher than those at pre-therapy
(p < 0.01).

(A)

(B)

Figure 3. (A) Magnetic resonance coronal sections of the left elbow of a 53-year-old male with lateral epicondylitis in the
short tau inversion recovery (STIR) mode. High intensity areas were observed at the insertional site of the common extensor
tendon at pre-PRP therapy. (B) High intensity areas almost disappeared after the PRP therapy.
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DISCUSSION
Several studies investigated therapeutic effects of PRP in the
treatment of enthesopathies, including elbow epicondylitis,
patellar tendinopathies or plantar fasciitis; however, in most
of those studies, concentrations of platelets or neutrophils in
the injected PRPs were not reported and it was possible that
these concentrations were not optimal. In the present case
series, we demonstrated that platelet or neutrophil concentrations in all prepared PRPs could be measured, that platelet-optimized PRP for treatment of enthesopathy could be
prepared with commercially available kits, and that the treatment with the platelet-optimized PRP was safe and effective
for enthesopathies of elbow epicondylitis. Similar studies on
the therapeutic effects of platelet-optimized PRPs have not
been performed; therefore, our series is the first demonstrating satisfactory results of platelet-optimized PRP therapy in
the treatment of elbow epicondylitis. Raeissadat SA et al. (29)
conducted a prospective double-blinded randomized control
study (RCT), in which 31 lateral epicondylitis cases were
treated with PRPs with mean platelet concentration of 12.27
± 2.50 × 105/µL and mean white blood cells concentration of
6740 ± 1396 /µL (neutrophil concentrations unknown). They
showed that post-treatment VAS values were 29.1 ± 24.7
mm at 6 months and 32.9 ± 24.1 mm at 12 months and that
modified MEPS values were 81.2 ± 16 at 6 months and 78.18
± 18 at 12 months after the PRP therapy. In a prospective
RCT, Mishra AK et al. (19) also treated 101 lateral epicondylitis with leukocyte-enriched PRP (the mean concentration of leukocytes or neutrophils were unknown) where 5 ×
baseline concentrations of non-activated platelets were used,
and showed the mean improvement of 55.1% in VAS scores
at 3 months and of 71.5% at 6 months after the PRP therapy; however, these values were not significantly different
with those of controls. In these two studies, concentrations
of platelets or neutrophils in the injected PRPs were out of
the optimal ranges. In our study, the mean VAS or modified MEPS values at 3, 6 or 12 months after PRP therapies
were respectively lower or higher than in these two studies
with not-optimized platelet concentrations, when all respective mean values were compared. This finding indicated that
efficacy of the PRP therapy with optimized platelet concentrations in treatment of elbow epicondylitis was higher than
that of the PRP therapy without optimized platelet concen-

trations, and that control of platelet and neutrophil concentrations in PRP preparations is important or even essential to
obtain an excellent recovery.
The present case series demonstrated that the PRP therapy
was not effective in cases with complete full-thickness tears
of the common flexor or extensor tendons or in cases of
lateral elbow epicondylitis accompanied with synovial fringes in the humeroradial joints, notwithstanding the optimized
platelet or neutrophil concentrations in injected PRPs, and
that reparative surgeries or arthroscopic resections of synovial fringes, respectively, were successful in those cases.
Limitations of the present study are: the lack of control
group, small sample number, short experimental period and
low rates of MRI examinations after PRP therapies. Further
studies are necessary to prove the necessity for optimizing
platelet or leukocyte concentrations in PRPs used in the
treatment of elbow epicondylitis.

CONCLUSIONS
A therapy with platelet-optimized PRP, in which concentrations of platelets and neutrophils are maintained in optimal ranges, was proven to be a safe method available for
the treatment of elbow epicondylitis enthesopathies. A tight
control of platelet and neutrophil concentrations seems to
be important or even essential if high therapeutic efficacy of
the PRP therapy is to be obtained. The complete tears of the
insertional site of the common tendon being resistant to the
PRP therapy require reparative surgeries and arthroscopic
resection is often necessary for treatment of lateral elbow
epicondylitis accompanied with synovial fringes in the
humeroradial joints.
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SUMMARY
Background. Temporomandibular disorder (TMD) is defined as a set of painful or
dysfunctional conditions involving masticatory muscles and the temporomandibular
joint (TMJ). Photobiomodulation (PBM) is a non-invasive and non-pharmacological
therapy method that can prove to be an alternative treatment and generate benefits for
the treatment of TMD-related pain.
Methods. The authors conducted a systematic literature review to assess the effectiveness of photobiomodulation (PBM) in the treatment of TMD. Selection criteria included: 1) studies in human subjects, 2) articles without language restriction,
and 3) placebo versus control randomized clinical trials. The review covered articles
published over the past five years in the databases PubMed, Cochrane Library, Science
Direct, and PEDro. Methodological quality assessment followed the PEDro criteria.
Results. A total of 12 articles were included in the review. In these studies, photobiomodulation reduced myogenic and arthrogenic pain. The predominant sites of application of PBM were either predetermined or painful areas of the masseter and temporal muscles and the TMJ. The application of infrared spectrum radiation (wavelength
ranging from 790 to 905 nm), with low doses of energy per application point (3 to 8 J/
cm2), three times a week for 8 to 12 weeks, showed the best results.
Conclusions. Based on the results of this review, it is risky to draw definitive conclusions about the effectiveness of PBM for the treatment of TMD.
KEY WORDS
Temporomandibular Joint Disorders; laser therapy; low intensity light therapy; facial
pain; lasers.

BACKGROUND
Temporomandibular disorder (TMD) is defined as a set of painful or dysfunctional conditions involving masticatory muscles
and the temporomandibular joint (TMJ) (1-3). Muscle dysfunctions are the most prevalent conditions (4). The pain reported
by patients with TMD is usually felt in the preauricular region,
masticatory muscles, and the temporomandibular region (4).
The signs and symptoms are diverse and may include difficulties in chewing, speech, and other orofacial functions (3).
Notwithstanding, the most frequent symptoms include tenderness in the masticatory muscles, pain in one or both TMJs, and
limited mandibular joint mobility (2). About 40 to 75% of the

population shows at least one TMD sign throughout their lives
(4). Although TMD occurs in both sexes, women are more
susceptible to temporomandibular disorders, with proportions
ranging from two to six women for each man (3). The most
prevalent age range varies between 20 and 40 years (3). Poor
posture, occlusal problems, harmful oral habits, and other clinical abnormalities may lead to TMD, which can also correlate
with psychological factors (2). Among these, reports include
anxiety, depression, and sleep bruxism (5, 6).
There are several conservative treatment options for TMD
reported in the literature (7). Among these options we can
mention myorelaxative splints in isolation or associated with
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physical therapies, acupuncture, cognitive behavioral therapies and hyaluronic acid injections (7). Photobiomodulation (PBM) is a noninvasive and nonpharmacological therapy method that has shown great benefits for the treatment
of TMD-related pain (8). This method uses light radiation
within the infrared and visible red light spectrum of electromagnetic waves (8). Whether through low level laser or light
emitting diode (LED), PBM is one of the most used noninvasive therapeutic methods by health professionals, such as
physiotherapists and dentists, for the treatment of TMD (9).
Phototherapy has been used more and more in the field of
dentistry in the last thirty decades for its analgesic, anti-inflammatory, and biostimulant effect (10). However, it is not
yet fully defined what these effects are and how they are
best produced considering the different parameters of PBM
used and addressed in the current literature.
Thus, we conducted a search in the scientific literature
through a critical analysis of the effectiveness of photobiomodulation in temporomandibular disorder.

MATERIALS AND METHODS
This systematic review was conducted according to the
PROSPERO protocol, registered under the number CRD
42020205039. This study meets the ethical standards of
Muscles, Ligaments and Tendons Journal (11).

Inclusion and exclusion criteria
The review included randomized clinical trials (RCTs) from
the last five years, which addressed the use of photobiomodulation with light emitting diode (LED) or low intensity laser
for chronic myogenic and/or arthrogenic pain. The studies
should provide a description of the type of LED or laser used,
application time, and administration parameters. There was
no language restriction. As a comparator, different types of
laser, placebo laser, and no treatment (control) were accepted. The main outcome measures were chronic myogenic and/
or arthrogenic temporomandibular pain, mandibular range
of motion in patients with TMD, and joint function.

pendently selected titles, abstracts, and made the last analysis
of the titles and contents. Any disagreement between authors
on the study eligibility was resolved by discussion and adjudication by a third reviewer (MBD) as necessary.

Risk of bias
Risk of bias was assessed using the PEDro scale (12). Two
authors independently assessed the risk of bias. Disagreements
were resolved by discussion and adjudication by the lead author
(MBD) as necessary. The results of the methodological quality
of the RCTs included in the review are shown in table II.

Study analysis
Two of the following five collaborators (AMPF, AGB, RBD,
RF, MBD) extracted data on sample characteristics, intervention design, and estimates of the effect of PBM in each study.
The studies were described in terms of trial design (sample
size, follow-up period, PEDro score), sample characteristics
(population, allocation groups), and intervention components (PBM application site, application time, wavelength,
treatment frequency, power of the equipment, dosimetry,
outcome measures, and outcomes). Estimates of the effect of
PBM on TMJ symptoms and function were extracted from
each clinical trial.

RESULTS
The electronic search resulted in 120 articles (figure 1). After
screening, 103 eligible RCTs were excluded for not meeting
the eligibility criteria and five for duplication, resulting in 12
trials that provided data and were included in the review. The
characteristics of these trials are shown in table III.

Record Found in Databases (n = 120)

Records Identified at Cochrane: 59

Full-text articles assessed for eligibility
(n = 120)

Search strategy
Four electronic databases were searched (Cochrane Library,
PubMed, PEDro, and Science Direct) from June to November
2020. The search strategies are described in table I. Thus, from
the published findings, we gathered the most relevant data for
the construction of this study (table I).

Literature review and eligibility criteria
To determine the eligibility of the identified articles, two of
the five collaborators (AMPF, AGB, RBD, RF, MBD) inde464

Records Identified
at PubMed/MEDLINE: 19

Duplicate Records Removed (n = 5)

Records Identified
at PEDro: 13
Records Identified
at Science Direct: 29

Record Deleted
(n = 103)

Title (n = 90)
Abstract (n = 11)
Full Text (n = 2)
Articles Included in the Review
(n = 12)

Figure 1. Flowchart with the search strategy used to search
tor articles.
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Table I. Flowchart of the literature search strategy.
Database

Strategy

Terms

Pubmed/Medline
Cochrane Library

#1

“Temporomandibular joint disorders” [Mesh] OR “Disorder, Temporomandibular
Joint” [Mesh] OR “Disorders, Temporomandibular Joint” [Mesh] OR “Joint Disorder,
Temporomandibular” [Mesh] OR “Joint Disorders, Temporomandibular” [Mesh]
OR “Temporomandibular Joint Disorder” [Mesh] OR “TMJ Disorders” [Mesh] OR
“Disorder, TMJ” [Mesh] OR “Disorders, TMJ” [Mesh] OR “TMJ Disorder” [Mesh] OR
“Temporomandibular Disorders” [Mesh] OR “Disorder, Temporomandibular” [Mesh] OR
“Disorders, Temporomandibular” [Mesh] OR “Temporomandibular Disorder” [Mesh]
OR “Temporomandibular Joint Diseases” [Mesh] OR “Disease, Temporomandibular
Joint” [Mesh] OR “Diseases, Temporomandibular Joint” [Mesh] OR “Joint Disease,
Temporomandibular” [Mesh] OR “Joint Diseases, Temporomandibular” [Mesh] OR
“Temporomandibular Joint Disease” [Mesh] OR “TMJ Diseases” [Mesh] OR “Disease,
TMJ” [Mesh] OR “Diseases, TMJ” [Mesh] OR “TMJ Disease” [Mesh] OR

#2

“Low-Level Light Therapy” [Mesh] OR “Light Therapies, Low-Level” [Mesh] OR
“Light Therapy, Low-Level” [Mesh] OR “Low Level Light Therapy” [Mesh] OR
“Low-Level Light Therapies” [Mesh] OR “Therapies, Low-Level Light” [Mesh] OR
“Therapy, Low-Level Light” [Mesh] OR “Photobiomodulation Therapy” [Mesh] OR
“Photobiomodulation Therapies” [Mesh] OR “Therapies, Photobiomodulation” [Mesh]
OR “Therapy, Photobiomodulation” [Mesh] OR “LLLT” [Mesh] OR “Laser Therapy,
Low-Level” [Mesh] OR “Laser Therapies, Low-Level” [Mesh] OR “Laser Therapy,
Low Level” [Mesh] OR “Low-Level Laser Therapies” [Mesh] OR “Laser Irradiation,
Low-Power” [Mesh] OR “Irradiation, Low-Power Laser” [Mesh] OR “Laser Irradiation,
Low Power” [Mesh] OR “Low-Power Laser Therapy” [Mesh] OR “Low Power Laser
Therapy” [Mesh] OR “Laser Therapy, Low-Power” [Mesh] OR “Laser Therapies,
Low-Power” [Mesh] OR “Laser Therapy, Low Power” [Mesh] OR
“Low-Power Laser Therapies” [Mesh] OR “Low Level Laser Therapy” [Mesh] OR
“Low-Power Laser Irradiation” [Mesh] OR “Low Power Laser Irradiation“ [Mesh]
OR “Laser Biostimulation” [Mesh] OR “Biostimulation, Laser” [Mesh] OR “Laser
Phototherapy” [Mesh] OR “Phototherapy, Laser” [Mesh] OR

#3

Combining #1 and #2.

Science Direct

#1

“Temporomandibular joint disorders” OR “Temporomandibular joint disorders” OR
“TMJ Disorders” OR “TMJ Disorder” OR “Temporomandibular disorders” AND
“Photobiomodulation Therapy” OR “Photobiomodulation Therapies” OR “Low Level Laser
Therapy” OR “LLLT”

PEDro

#1

“Temporomandibular joint disorders” OR “Temporomandibular joint disorders” AND
“Photobiomodulation Therapy”

#2

“Temporomandibular joint disorders” OR “Temporomandibular joint disorders” AND “Low
Level Laser Therapy”
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Population

30 subjects
(21 women
and 9 men),
mean age: 39.2

60 subjects
with myalgia
in the masseter
and temporal
masticatory
muscles

46 patients
with subjective
tinnitus
and TMD

Author, year

Sancakli et
al., 2015 (13)

Costa et
al., 2017(14)

Demirkol et
al., 2017 (15)
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External
auditory canal

5 irradiation points on
each side of the face
(anterior, middle, and
posterior temporal
muscle; superior and
inferior superficial
masseter muscle)

PLG: laser device
connected, but not
programmed

LGII: LLLT at 3
predetermined points
in the masseter muscle
(upper, middle,
and lower points)
and three points in
the temporal muscle
(anterior, middle, and
posterior points);

LGI: LLLT at the
points of greatest pain
in the related muscle
(masseter and/or
temporal);

Site of Application
of PBM

810 nm
Laser: 9 sec

810 nm Laser
Group (n=16);
Placebo Laser
Group (n=15).

Nd:YAG
Laser: 20 sec;

Nd:YAG Laser
Group (n=15);

Group B: Active
PBM (n=30);

Group A: Placebo
PBM (n=30);

Placebo Laser Group
PLG (n=10)

28 sec per point

10 sec per point

Laser Group I LGI
(n=10), laser at the point
of greatest pain;
Laser Group II
LGII (n=10), laser at
pre-established points;

Application
Time

Subjects

Table III. Characteristics of the studies included in the review.

810 nm or
1064 nm

830 nm

820 nm

Wavelength

2 weeks

5 x week;

10 sessions;

Not informed

3 x week;
30 days;
Total of
12 sessions

Treatment
Frequency

25 mW in both

100 mW

300 mW

Power

8 J/cm2 in both;

Maximum
mouth
opening;

Energy density
of 100 J/cm2

RDC/TMD

VAS;

RDC/TMD

Pain (VAS);

Subjective
pain
intensity
(VAS)

Pressure
pain
threshold
PPT);

RDC/TMD;

Outcome
Measure

2.8 J per point;

3 J/cm²
per point

Dosimetry

Both lasers were effective
in
treating
subjective
TMD-related tinnitus.

There were statistically
significant differences in
the groups Nd:YAG laser
(p = 0.001) and 810 nm
diode laser (p = 0.005), but
no difference in the placebo
group (p = 0.065);

No differences between
groups for maximum
mouth opening.

Significant
improvement
in pain between Groups
A and B in the left posterior temporal muscle (p =
0.025), left superior masseter muscle (p = 0.036), inferior masseter muscle (p =
0.021), total pain (left side)
(p = 0.009), total masseter muscle (left side) (p =
0.014), total temporal (left
side) (p = 0.024), and total
pain (p = 0.035);

LLLT can be an alternative
treatment modality in the
management of masticatory
muscle pain.

Pre- and post-treatment
VAS scores differed significantly in the LLLT groups,
but not in the PLG;

Vertical movement, lateral
excursions, and protrusion
improved significantly in
the LLLT groups;

Pain intensity decreased
in both laser groups. PPTs
of the examined muscles
increased in the LLLT
groups, but not in the PLG;

Outcome
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10 points: masseter
(three points: upper,
middle, and lower);
anterior temporal
(three points: upper,
middle, and lower);
TMJ region
(four points
forming
a cross and a
central point)

Masseter (three
points: upper, middle,
and lower);

91 women
(18-60
years), 61
diagnosed with
myofascial
pain and
30 controls

64 women
with TMD

Magri et
al., 2017 (17)

Magri et al.,
2017 (18)

TMJ region
(four points forming
a cross and a
central point)

Anterior temporal
(three points: upper,
middle, and lower);

Painful points
in the TMJ

Muscle trigger points;

19 subjects, 15
women and
4 men, aged
21-55 years
(mean age: 35)

De
Oliveira et
al., 2017 (16)

Site of Application
of PBM

Population

Author, year

Control Group (n=23)

Placebo Laser
Group (n=21)

Laser Group (n=20)

Control Group (n=30)

Placebo Group
(n=30);

Laser Group
(n=31);

790 nm Laser Group (n =
not informed)

660 nm Laser Group (n =
not informed)

Subjects

Time per
point: 10 sec

Time per
point: 10 sec

0.33 sec

1.06 sec;

Application
Time

780 nm

780 nm

660 nm or
790 nm

Wavelength

2 x week

8 sessions;

2 x week

8 sessions;

3 sessions
with 48 hour
intervals
between them

Treatment
Frequency

20 mW for
masseter
and temporal;
30 mW for TMJ;

20 mW for
masseter
and temporal;
30 mW for TMJ;

120 mW

Power

7.5 J/cm2 for TMJ

5 J/cm2 for
masseter and
anterior temporal;

7.5 J/cm2 for TMJ

5 J/cm2 for
masseter and
anterior temporal;

4 J/cm2
in the TMJ

8 J/cm²; duration:
1.06 s; power: 120
at trigger points;

Dosimetry

Menstrual cycle

Salivary cortisol;

Anxiety (Beck
Anxiety Inventory);

Pain (VAS);

SF-MPQ
Questionnaire

Pain sensation (PPT);

Pain (VAS);

Pain (NPS)

Outcome
Measure

Women with moderate
anxiety, cortisol levels
above 10 ng/ml, and without using contraceptives
maintain analgesia for
longer with active LLLT
than with placebo LLLT.

Active and placebo LLLT
had similar efficacy during
treatment;

Women with severe anxiety and in the premenstrual
period did not reduce pain
with any LLLT;

Laser group: 80% pain
reduction, placebo: 85%,
control: 43%;

Active and placebo LLLT
were effective in reducing pain and improving the SF-MPQ score in
the same way.

No change in PPT in the
LLLT group in relation to
the control;

VAS reduction in the LLLT
group (p < 0.05);

Both treatments showed
significant results
(p < 0.001).

In the 660 nm group,
75.4% of the painful points
had pain recurrence, and
24.6% were treated. For
the 790 nm group, 69.1%
of the painful points had
pain recurrence, and 30.9%
were treated;

Regarding pain levels, there
were no statistical differences (p > 0.05) between
groups at baseline, 24 h,
30 and 90 days. At 180
days, there was a significant
difference between group
660 nm and group 790 nm
(p = 0.039);

Outcome
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Population

40 patients
aged
18-40 years

44 subjects
with TMD

89 women
aged 18-60
years
(31.94 ± 9.57)

41 women
with
painful TMD
(31.7 ±
5.2 years)

Author, year

Shobha et
al., 2017 (19)

Borges et
al., 2018 (20)

Rodrigues et
al., 2020 (21)
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Magri et al.,
2019 (22)

Distance between
points = 1 cm

Four points in the
TMJ region;

Three points
on the anterior
temporal (upper,
middle, and lower);

Three points
on the masseter
(upper, middle,
and lower);

5 points on the
lateral portion of the
TMJ (lateral pole of
the mandible head:
lateral, superior,
anterior, posterior,
and inferior regions)

Upper, middle, and
lower portions of the
masseter muscle;
Anterior, middle
and posterior bundles
of the anterior
temporal muscle;

4 points in the
preauricular
region and external
auditory meatus

Center of the upper
articular space,
approximately
1 cm in front of
the tragus and at
trigger points

Site of Application
of PBM

Placebo Laser
Group (n=21)

Laser Group (n=20)

TMJ = 50 sec;

Placebo Laser
Group (n=33)

TMJ = 10 sec

Masseter and
temporal
muscles = 10 sec;

Continuous
mode;

Masseter and
temporal
muscles = 20 sec

Continuous
mode;

Active Laser
Group (n=34)

Al-GaAs
(780 nm)

Al-GaAs
(780 nm)

4 weeks

2 x week;

8 sessions;

2 x week

8 sessions;

20 and
30 mW

50, 60,
and
70 mW

7.5 J/cm2 for TMJ

5 J/cm2
Masseter and
anterior temporal;

75 J/cm2
in the TMJ;

30 J/cm2 in
the masseter
and temporal;

105 J/cm2
and 101.12 J

60 J/cm2
and 57.6 J;

RDC/TMD;

Spontaneous
pain (VAS);

Bilateral TMJ
Pressure Pain
Threshold (PPT);

Spontaneous
Pain (VAS);

Fonseca Anamnesis
Questionnaire;

VAS

105 J/cm2: 420 sec

3 x week

60 J/cm : 240 sec;

8 J/cm2
and 7.68 J;

Group 105 J/cm2 (n=11);

30 mW

Pain on movement
and at rest (VAS)

Outcome
Measure

Group 60 J/cm (n=11);
2

10 sessions;

6 J/cm2

Dosimetry

Joint mobility;

2

Al-GaAs
(830 nm)

100 mW

Power

8 J/cm2: 32 sec;

2-3 x week

8 sessions;

Treatment
Frequency

Group 8 J/cm2 (n=11);

Al-GaAs
(810 nm)

Wavelength

Mouth opening

Not provided

Application
Time

Group 2, Placebo
Laser (n=20)

Group 1, Active
Laser (n=20)

Subjects

Active and placebo LLLT
are effective against painful
TMD of muscle origin in
the short term.

Active LLLT was more
effective in reducing pain
on palpation (p = 0.001)
and referred pain (p = 0.04)
in the TMJ region;

At the end of treatment and
6 months later, both active
and placebo LLLT were
effective in reducing pain
(p < 0.05);

Active and placebo LLLT
reduced masticatory pain
and improved recovery at
rest (p > 0.05), with no differences between MOC groups.

No correlation was found
between myofunctional
orofacial condition (MOC)
and the perception of
TMD pain or severity
(p > 0.05);

Only the dose of 8 J/cm2
was effective for maximal
opening and protrusion of
the mandible.

All groups decreased pain
after intervention (p <0.05);
830 nm PBM was effective in reducing TMD
pain and symptoms at all
doses tested;

Increased mouth opening in both Group 1 (P =
0.006) and Group 2 (P =
0.021), with no difference
between groups before and
after treatment (P = 0.247
and P = 0.330).

Pain reduction in both
active and placebo LLLT
groups on day 0 (P =
0.000), on the 8th session
(P = 0.000), and at 1 month
(P = 0.001), with no differences between groups on
day 0 (P = 0.214), on the 8th
session (P = 0.806), and at 1
month (P = 0.230);

Outcome
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LLLT sites in the
musculature and
TMJs pre-established
through manual
palpation of the 24
points identified by
the RDC/TMD. Sites
that presented painful
sensitivity were
irradiated

30 patients
with orofacial
pain

Maracci
et al.,
2020 (24)
Group III, Placebo
LLLT (n=10)

Group II, LLLT (n=10)

Group I, Occlusal
Splint (n=10)

Sham PBM Group (n=15)

Active PBM
Group (n=15)

Subjects

22 sec

300 sec

Application
Time

Al-GaAs (808 nm)

Portable ninediode cluster:
one laser diode
(905 nm), four
red LED diodes
(670 nm), and
four infrared LED
diodes (875 nm)

Wavelength

Two LLLT
sessions with
an interval
of 48 hours
between them

2 weeks

6 sessions;

Treatment
Frequency

100 mW

0.9, 15,
and 17.5 mW

Power

80 J/cm2

Energy density
per point of
99.67 J/cm2

Total delivered
energy of 39.27 J
per point;

Dosimetry

OHRQoL Oral Health
Questionnaire,
Impact Profile for
Temporomandibular
Disorders
(OHIP/TMD);

RDC/TMD;

Patient-Specific
Functional Scale

Mandibular ROM

Pain intensity (VAS)

Outcome
Measure

Groups I and II with
reduced
OHIP/TMD
scores (p = 0.005 and
p = 0.005).

Groups II and III did not
improve pain (p = 0.093
and p = 0.069);

Remission of pain on
palpation in Group I (p
= 0.014) between experimental times;

Group I reduced spontaneous myofascial pain
(p = 0.008);
Groups II and III did
not significantly reduce
myofascial pain;

Improved function between
the pretreatment assessment
and the assessment after six
sessions in the active PBM
group (p < 0.04).

No results were found for
mandibular range of motion;

Active PBM was more
effective than sham PBM
after 48 h (MD = - 1.57,
95% CI - 3.10 to 2.32)
and after six sessions
(MD = - 2.70, 95% CI 4.22 to 1.18);
Active PBM was only
better after six sessions;

Outcome

TMJ: temporomandibular joint; LLLT: low level laser therapy; NPS: numeric pain scale; sec: seconds; TMD: temporomandibular disorder; PBM: photobiomodulation; ROM: range of
motion; Al-GaAs: Aluminum Gallium Arsenide; nm: namometers.

Intraoral application
corresponding to
the region of the
pterygoid muscle

30 women
with myogenic
TMD

Herpich et
al., 2020 (23)

Site of Application
of PBM

Population

Author, year
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Table IV. Suggested protocol by the authors in TMD approach using FBM.
Parameter

Suggestion

Laser type

AsGaAl or its combination with visible red laser (LEDs).

Wavelength

780 at 803 nm or this combined at 660 nm

Radiation power

100 to 300 mW

Energy (J)

2 to 6 J per point

Energy density

3 to 8 J/cm2 per application point.

Application location

Pain points in the masseter and temporal muscles and in TMJ

Frequency

8 to 12 sessions 3 times a week

TMD: temporomandibular disorder; AsGaAl: Aluminum Galium Arsenide; Nm: namometers; J: joule; TMJ temporomandibular joint.

Site of application of photobiomodulation
Among the twelve selected studies, seven applied PBM to
the masseter muscle and temporal muscle in association with
application to the TMJ (16-19, 21, 22, 24). The most used sites
for irradiation were predefined points on the belly of the upper,
middle and lower masseter muscle and on the anterior, middle
and posterior temporal muscle (17, 18, 21, 22). Another three
studies applied PBM to the trigger points of muscle pain (16,
19, 24). Only one study used PBM on the external auditory
canal (15). Two studies used PBM only on the muscle belly of
the masseter and temporal muscles (13, 14). One study used
PBM at defined points in the TMJ region (preauricular region
and external auditory meatus) (20). Finally, a study used PBM
intraorally on the belly of the pterygoid muscle (22).

Number and duration of photobiomodulation
applications
Most studies used PBM treatment twice a week for eight
sessions, totaling four weeks of intervention (17-19, 21, 22).
One study did not report the time and duration of treatment
(14). The other studies included different protocols such
as three times a week in a total of twelve sessions (13), ten
sessions twice a week (15), three sessions with an interval
of 48 hours between them (16), three times a week for ten
sessions (17), three times a week for six sessions (23), and
two sessions with an interval of 48 hours between them (24).

Photobiomodulation characteristics
Five studies used laser in the 800-830 nm range (13, 14, 19, 20,
24). In these studies, the power ranged from 30 to 300 mW,
and the energy density per point ranged from 2.8 J/cm2 to 105
J/cm2. Four studies used laser irradiation in the range of 780
nm (17, 18, 21, 22). In these studies, the power ranged from 20
to 70 mW, and the energy density per point was 5 to 75 J/cm2.
Two studies compared different irradiation wavelengths,
one comparing the ranges 810 nm and 1064 nm (14) and
Muscles, Ligaments and Tendons Journal 2021;11 (3)

the other comparing the ranges 660 nm and 790 nm (16).
The power ranged from 25 mW (1064 nm) to 120 mW (660
and 790 nm) (16), with dosimetry ranging from 3 to 8 J/cm2.
Finally, only one study used a laser cluster with irradiation
spectra of 670, 875, and 905 nm, with power ranging from
0.9 to 17.5 mW and energy from 39.27 to 99.67 J (24).

Outcome measures
The main outcome measure used in the studies was pain.
Ten studies used the visual analog scale (VAS) in their
outcome measures (13-15, 17-23). Four studies used the
pressure pain threshold (PPT) (13, 17, 18, 21). Only one
study used the Numeric Pain Scale (NPS) (16).
Four studies evaluated mouth opening mobility (14, 19, 20,
23). To assess function, five studies used the RDC/TMD
questionnaire (13-15,22, 24) and one used the OHIP/TMD
(24) questionnaire. In addition to these main measures, a
study assessed quality of life using the SF-MPQ questionnaire (17) and a study assessed the level of anxiety, salivary
cortisol, and menstrual cycle (18).

Outcomes
All ten studies that assessed pain showed its significant
improvement after PBM intervention (13-20, 22, 23). Two
out of the four studies that assessed TMJ range of motion
(ROM) found an improvement in this outcome (13,20); in
the study by Borges et al. (20), only the dosimetry of 8 J/cm2
improved the variable. Finally, function improved only in
the study by Demirkol et al. (15).

Risk of bias
The mean PEDro score obtained in the studies was 7.2. Of
the included studies, all met the random allocation criteria
(100%). Six did not provide information on blind allocation criteria (50%). Eleven studies met the criteria for blind
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assessment (91.7%), nine for blind participants (75%),
and one for blind interventionist (8.3%). Eight studies met
the criterion for the descriptions of losses and exclusions,
(66.7%). The criteria for the analysis by treatment intention
were met in ten studies (83.3%). The results of the risk of
bias assessment are shown in table II.

DISCUSSION
Temporomandibular disorder (TMD) is defined as a set
of disorders originating in the temporomandibular joint
region, masticatory muscles, and related structures (9, 13,
14, 16, 17, 18, 22). These disorders correlate with changes
in emotional state, behavioral changes, and social interactions (9, 13, 14, 16, 17, 20, 22). The etiology is multifactorial
and parafunctional (15). This condition is usually triggered
by occlusal conditions, emotional stress, traumas, parafunctional habits (jaw tightness and bruxism), instability
in maxillary and mandibular relations, joint laxity, comorbidity of rheumatic or musculoskeletal diseases (15). In this
systematic review, we conducted a search in the scientific
literature through a critical analysis of the effectiveness of
PBM on TMD symptoms, aiming to verify what are the best
parameters to achieve this effectiveness.
Photobiomodulation (PBM) is a noninvasive treatment
technique used in the clinical practice of both physiotherapy and dentistry for pain relief and tissue regeneration.
This technique has shown beneficial results in the TMD
approach (16). Many clinical studies have investigated the
effects of PBM on TMD, whether of myogenic or arthrogenic origin, through objective and subjective measures to
assess pain in these regions (13, 24). Pain is a complex and
multidimensional phenomenon based on the individual
report of the lived experience. It is susceptible to a variety of
factors that can interfere with its perception (21). However,
other factors may be more relevant to the perception of pain
intensity during mandibular function, such as joint diagnosis, pain catastrophizing, anxiety, previous painful experiences, among others (21).
Photobiomodulation is effective in the treatment of temporomandibular disorder, especially on pain, given its analgesic and anti-inflammatory effects. In this review, ten studies
directly assessed the level of joint and muscle pain. All of
them demonstrated positive effects of PBM. Pain reduction
can be justified by the reduction in the expression of inflammatory cytokines, as well as by the stimulation of local microcirculation in the irradiated area (16, 23). Animal model
studies have shown that PBM can reduce proinflammatory substances in TMJ (22). Notwithstanding, the analgesic
effect may stem from different endogenous mechanisms
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such as the release of endogenous opioids, increased production of ATP, reduced production of prostaglandins (especially COX-2), reduced lymphatic metabolism, and secretion of
histamine, kinins, and cytokines (16, 19, 22). In association,
an increase in the release of endorphins and encephalins can
lead both to the modulation of nociceptors and to changes in
the transmission of painful nerve impulses (14, 16, 22).
The main mechanism of PBM, however, consists of metabolic activation through the stimulation of the mitochondrial respiratory chain (14-16, 19, 22). This phenomenon
increases vascularization and improves oxygen supply in
hypoxic cells (15, 16, 22). At the cellular level, PBM releases
protons into the cytoplasm. This reduces the permeability
of the channels to Na+ and K+ ions, decreasing the frequency of the action potential (15). It also accelerates the functional and morphological recovery of severely injured nerve
tissues, including damaged cells in the auditory system, and
provides therapeutic effects in patients with inner ear disorders (14, 15).
The effects of PBM on the control of moderate pain in
patients with painful TMD are quite significant for the
improvement of functional patterns of mandibular mobility. Eight of the included studies assessed TMJ function.
However, only three of these showed improvement in these
variables. The RDC/TMD criteria for Axes I and II have
been widely used in clinical studies to characterize physical, psychological, and psychosocial factors associated with
TMD. Likewise, the relationship between these factors
and RDC/TMD has been suggested as a model for diagnosis and assessment of all clinical conditions of chronic
pain (19). Failure to improve function in some studies can
be attributed to kinesiophobia associated with the presence of pain rather than to the actual functional limitation of these patients with myofascial pain (18). Herpich
et al. (23) state that the number of treatment sessions can
influence functional improvement, and suggest a greater
number of treatment sessions.
Photobiomodulation with infrared light was used in isolation in ten studies included in the review. Two studies used
a combination of visible red and infrared laser. The effectiveness of PBM seems to be more pronounced when using
infrared laser associated with application protocols involving higher levels of irradiation (energy density and/or power
density), greater number of sessions, and higher frequency
of application (18, 19).
It is noteworthy that, regarding the treatment of TMD, there
is no consensus in the scientific literature on PBM dosimetry, application area, duration, and protocols. This hinders
research standardization and comparison of results. In some
studies, the technique used consists of applying the laser on
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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the points of greatest pain. Others use laser at predetermined points. Most studies used a protocol with eight to
twelve sessions, two to three times a week.
Maracci et al. (24) stated that infrared laser applications with
an interval of 48 hours between sessions was not enough
to remit painful symptoms. In comparison to the placebo
treatment, the effects of PBM on the symptomatology of
TMD patients can be mitigated after eight sessions (24).
Another important factor is that PBM is not a lasting and
permanent treatment for TMD, as the results showed a high
rate of pain recurrence. Identifying the etiology of TMJ
disorders is extremely important to treat and prevent TMD
symptoms. Using PBM in association with other treatment
modalities (invasive or not), considering the clinical condition of each patient, seems to be the best alternative (16).
A placebo effect was found in four studies included in the
review. This is defined as beneficial health outcomes not
directly related to the biological effects of an intervention,
but rather to an inert agent (18). Magri et al. (17) believe
that patients with TMD are susceptible to placebo effects
due to the psychological component involved. Moreover,
the desire to feel better seems to influence physiological
processes, thus leading to a favorable result (20). These
effects correlate with beneficial cognitive effects such as
stress reduction and modulatory mechanisms of mesolimbic and mesocortical areas related to the expected cure/
improvement generated by the proposed intervention (18).
The brain mechanisms activated by the placebo effect are
similar to those activated by drugs (18).

The psychosomatic context of the patient during any therapy
can change the biochemical and neural pathway, generating
satisfactory clinical results very similar to those of the proposed
effective intervention, although without any intervention (18).
The response to placebo differs substantially depending on the
characteristics of the pain, with chronic pain being much more
susceptible to positive responses than acute pain (17).

CONCLUSIONS
Based on the results of this review, it is risky to draw definitive conclusions about the effectiveness of PBM for the
treatment of TMD. The studies have shown many methodological differences, mainly in relation to the number, location, and duration of laser applications, as well as in relation to the characteristics of the laser beam (wavelength,
frequency, output, dosimetry). It is therefore not possible
to standardize guidelines for effective treatment with PBM.
However, it seems clear to us that the use of PBM in the
infrared spectrum or its association with red laser, with low
energy (J) and energy density (J/cm2) applications, in the
range of 3 to 8 J/cm2 per point of application, with a total of
eight to twelve sessions three days a week, produced more
significant effects on pain relief. The effects of PBM on TMJ
mobility and function are not yet clear.
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SUMMARY
Background. The real burden of injuries among student athletes during the Cameroon University Games (CUG) is not yet known. The purpose of this study was to
determine and analyze the incidence of musculoskeletal injuries among university
athletes during the XXII CUG, hosted by Dschang University in May 2019.
Methods. In this prospective cohort study, we recorded the daily number of injury
occurrence among Olympic, Paralympic and fan’s club university athletes from the
reports of all the CUG 2019 medical teams. Injuries were analysed overall and according to age, gender, sports type, location, body region and mechanism. Associations
were investigated by Chi Square or Fisher’s exact test as appropriate, with P < 0.05
considered as statistically significant.
Results. Out of the 2583 university athletes (1976 in Olympic, 97 in Paralympic and
510 in Fan’s club) of the 2019 CUG, a total of 235 musculoskeletal injuries (without any double starter), representing an overall incidence rate of 9.1 injury per 100
athletes was found. No injury was reported among the Paralympic athletes. The
incidence among Olympic sports and Fan’s club athletes were 10.4% and 5.9%,
respectively. The sports with the top three highest injury incidence during the 7-day
competition was wrestling (33.3%), judo (18.4%) and football (16.9%); while sprain
(42.1%), contusion (18.7%) and skin injury (18.3%) were the injury type with the
highest proportion. Even though no significant difference was observed between
females and males’ Olympic athletes in the overall injury incidence, a significantly
higher difference was observed among males (13.7%) when compared to females
(4.8%) handball players, P = 0.01. Lower limb was the most injured body region;
while knee, ankle, leg and thigh the commonest location observed. Of note, there was
up to 5.9% overall injury incidence among the fan’s club, which are also considered
as athletes in this competition, a peculiarity of the CUG. Lastly, a total number of 4
concussions was found.
Conclusions. Overall, injury incidence in athletes was 9.1% during the 2019 CUG.
However, there is a need to monitor the occurrence of injury rates over time in various
disciplines and sports in order to best design effective prevention strategies.
KEY WORDS
Injury; Cameroon University Games; epidemiology; trauma; musculoskeletal.
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INTRODUCTION
Sports participation offers many benefits such as improvements in physical, physiological, psychological and mental
health (1, 2) and it is also associated with academic and
social benefits (3). It is in this spirit that the Universiade,
the World University Games has been created. It is an international multisport event, organized every two years by
the International University Sports Federation (FISU) for
university athletes (4). Likewise, the Cameroon University
Games (CUG) has been created in 1998 and organized by
the Ministry of higher education of Cameroon. Initially, the
CUG considered only the Cameroon state universities, but
in the recent years, the national higher schools as well as
private institutions have been included in order to promote
cultural and national integration.
On September 10th 2012, the National Federation of University Sports (FENASU) which is the organ in charge of the
organizing the Cameroon University Games was created by
decree No 2012/2506/PM, with the aim of promoting sporting values and encourage top performances in international
competitions in relation with higher education institutions.
This national sporting event is organized annually and hosted by each Cameroon state university on a cyclical basis (5).
The 22nd edition of Cameroon University Games was hosted
by the University of Dschang under the theme “Games of
Collective Dynamics” and organized at 3 sites in the Western Region of Cameroon where some of the University of
Dschang’s branches are located (Dschang, Bandjoun and
Foumban) from 4th-11st May 2019.
As it was the case in previous years, FENASU has accredited
the sporting disciplines such as Olympic disciplines (Athletics, Basketball, Football, Handball, Judo, Wrestling, Lawn
Tennis, Table Tennis, Volleyball) and Paralympic disciplines
(Para-athletics, Power-lifting, Para-Tennis) for the 2019
Dschang University Games. In addition to the sporting
disciplines, there are cultural activities animated by Fan’s
clubs. Over the years, Fan’s clubs have become an integral
part of the competition and FENASU had officially made
the fan’s club a competition, which includes general animation (folk dance) and carnival; their trophies have nowadays
become the most coveted by participating institutions.
Even though athletic participation provides numerous
benefits, it may also be associated with an increased risk of
musculoskeletal injuries (6). The occurrence of sports injuries during national and international sport competitions has
been reported and the musculoskeletal injuries may depend
on the type of sport, gender, circumstances and the location to the athlete’s body (1). Furthermore, the assessment
of sports injuries such as musculoskeletal injuries provides
an important epidemiological information, and most impor476

tantly the evidences and directions for injury prevention
strategies and rehabilitation measures (7, 9). To the best
of our knowledge, there are few studies on Universiade in
general, hence there is an insufficient knowledge concerning
musculoskeletal injuries among university athletes, especially in African settings. In order to contribute in filling this
gap, this study aimed to gain insights in the occurrence of
musculoskeletal injuries among university athletes during
the Dschang 2019, Cameroon University Games.

METHODS
Data collection
In this prospective cohort study, we used the daily injury report form for the Olympic Games Beijing 2008 (10),
modified and adapted it to our context for data collection.
The collected data were: sport and sport discipline, sex,
age, injury type, injury location, injury body region, injury
nature, injury mechanisms and occurrence date. The questionnaire was available in both French and English, which
are the two official languages in Cameroon.
The collected data were coded and checked by a second
person (BY) to ensure data completeness and accuracy.
We used the athlete’s accreditation number to control for
the duplicates resulting from athletes being treated for the
same condition by the medical staffs. Back-ups were made
to avoid data loss.

Medical care organisation
The medical service organisation was planned by taking into
consideration the realities of the settings. Dschang town was
the main site that hosted the major part of the competition,
the rest were in Bandjoun and Foumban. For each game site,
the medical staff was composed by a medical doctor (MD),
a physiotherapist (PT) and a nurse, all trained to manage a
range of medical and musculoskeletal complaints. They were
also equipped with adequate equipment including diagnostic, treatment and communication aides for the identification
and management of medical conditions that occurred on or
around the game fields. During the game, all the details of
the medical interventions were registered and all the cases
were presented during the daily meeting of all the different medical teams. At the end of the competition, a general
report of all the medical interventions was compiled.

Data management and analysis
All the data was managed using Excel spreadsheet. Tables
and figures were used to summarize descriptive data
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as appropriate. The comparisons among groups were
performed using software package SPSS version 20.0 for
Windows (SPSS Inc., Chicago, Illinois). The associations
between injury incidence and demographic data, injury
location, injury region, injury nature and injury mechanisms
were investigated by Chi-Squared, Fisher’s exact or Kruskal-Wallis test, as appropriate. The significance level was set
a p < 0.05.

Ethical considerations
The study was conducted ethically according to international standards (11). However, all the participants’ information were handled in strict compliance with international ethical principles. Data were anonymised using unique
codes to ensure the strict confidentiality and protection
of the participants. The access to data were only given to
authorized persons. This study has obtained administrative
authorisation from the Faculty of Medicine and Pharmaceutical Sciences of the University of Dschang and the Health
District of Menoua Division Health Authority of Western Region of Camerooon. Participants consent was not
required because there was no risk involve with the participation in this study. Moreover, this study was conducted
within an international partnership agreement between
the University of Dschang in Cameroon and Tor Vergata
University of Rome (Italy).

Definition of musculoskeletal injury
Musculoskeletal injury was defined as any physical symptom that required medical attention, or prevented an athlete
from taking full part in training and/or competition. These
included all injuries that received medical attention, or
caused performance restriction or time loss to the athletes’
training/competition and were newly incurred during the
Games (3, 4).

RESULTS
Injury incidence during the 2019 CUG
Overall, 2583 university athletes (1976 in Olympic, 97
in Paralympic and 510 in fan club) took part in the 2019
CUG. Among these, a total of 235 musculoskeletal injuries (without any double starter), representing an overall
incidence of 9.1% was observed. No injury was recorded among the Paralympic athletes. The incidence among
Olympic sports athletes was 10.4% (N = 1976) and the
incidence among Fan’s club athletes was 5.9% (N = 510)
(table I).
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Concerning the Olympic sports, the overall incidence
among female’s athletes was higher (11.0%) compared to
male’s athletes (9.9%), but no statistically significant difference was found (P = 0.463). The top three highest incidence of musculoskeletal injury was observed in wrestling
(33.3%), judo (18.4%) and football (16.9%), all being
contact sports as expected and with any of them showing significance difference between females and males.
Two other contact sports which are basketball and handball showed the incidence of 9.2% and 9.9%, respectively.
Regarding handball, the risk of injury among males (13.7%)
was significantly higher compared to females (4.8%), P =
0.011. In the contrary, among volleyball athletes, we have
found that females were significantly at higher risk of injury (7.4%) compared to males (2.5%), with a trend towards
significance, P = 0.084.

Distribution of injury stratified by sports
discipline according to sociodemographic
factors, injury type, mechanisms, location
and position
Of all the exposed athletes, the median (IQR) age of those
among whom an injury occurred (N = 235) was 24 (22-25)
years. The sports discipline with the highest absolute count
of injury was football (67), followed by judo (40), fan’s club
(30), handball and wrestling (29 each) and basketball (22)
(table II). The age distribution was similar according to
the various disciplines, with a slightly lower median age of
22 (20-24) among volleyball players and the only one injury in table tennis occurred in a 26 years old female player. Concerning gender, overall, no difference was observed
between females and males (48.9% vs 51.1%, respectively).
However, there was a higher proportion of injuries among
females compared to males among fan’s club (73.3% vs
26.7), volleyball (72.7% vs 27.3%) and basketball (59.1%
vs 40.9%) athletes; while in the other hand, males were
more frequent compared to females among athletes engaged
in handball (79.3% vs 20.7%) and wrestling (58.6%
vs 41.4%).

Distribution of injuries according to injury type,
location and body region
According to the injury type, the most frequent injury was sprain (N = 99, 42.1%), followed by contusion (N
= 44, 18.7%), skin injury (N = 43, 18.3%), cramps (N =
19, 8.1%), dislocation (N = 10, 4.3%) and lombalgia/low
back pain (N = 7, 3.0%). When stratified according to
sports discipline, sprain was the most frequently observed
injury among basketball (68.2%), volleyball (63.6%), and
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Table I. Comparison of musculoskeletal injury risk between male and female university athletes according to the sport
modalities (Cameroon University Games 2019).
Sports

Number
of athletes

Overall Prevalence

Prevalence by sex

Number
of Injuries

Prevalence (%)

Males
Total

P-values

Females

Number of injury
(Prevalence in %)

Total

Number of injury
(Prevalence in %)

Olympic sports
Athletics

343

2

0.6

198

2 (1.0)

145

0 (0.0)

¥

Basketball

240

22

9.2

132

9 (6,8)

108

13 (12.0)

0.163

Football

396

67

16.9

252

37 (14.7)

144

30 (20,8)

0.116

Handball

294

29

9.9

168

23 (13.7)

126

6 (4.8)

0.011

Judo

217

40

18.4

119

20 (16.8)

98

20 (20.4)

0.495

Lawn Tennis

87

4

4.6

45

1(2.2)

42

3 (7.1)

0.273

Table Tennis

84

1

1.2

45

0 (0.0)

39

1 (2.6)

¥

Volleyball

228

11

4.8

120

3 (2.5)

108

8 (7.4)

0.084

Wrestling

87

29

33.3

48

17 (35.4)

39

12 (30.8)

0.647

1976

205

10.4

1127

112 (9.9)

849

93 (11.0)

0.463

0 (0.0)

49

0 (0.0)

¥

Total

Paralympic sports
Paralympic

97

0

0 (0.0)

48

Cultural activities
Fan’s club*

510

30

5.9

*Distribution of data according to gender not available. ¥The calculation of P-values were not possible. The P-values compare the prevalence of injuries
between male and female athletes. P-values were computed using Chi Squared Test or Fisher exact test as appropriated. Significance level was set at
P < 0.05. Statistically significant P-values are underlined in boldface.

judo (50.0%); contusion was observed in 23.9%, 22.5%,
20.0% and 18.2% of injuries in football, judo, fan’s club
and basketball respectively; and cramps represented 24.1%,
9.0% and 6.7% of injuries in wrestling, football and fan’s
club, respectively.
According to the location of injuries, the knee was the most
affected (50, 21.3%), followed by the ankle (31, 13.2%), the
leg (30, 12.8%) and thigh (26, 11.1%). Knee injuries were
observed mostly in volleyball (6, 54.5%), basketball (9,
40.9%) and fan’s club (11, 36.7%). Concerning ankle injury, it was mostly observed in judo (8, 20.0%), football (10,
14.9%) and fan’s club (4, 13.8%). For the leg injury, it was
observed among fan’s club, wrestling, football and judo at a
frequency of 30.0%, 17.2%, 10.4% and 10.0%, respectively.
Finally, according to the body region of injury, the most
frequently affected part was the lower limb (124, 52.8%),
followed by the upper limb (53, 22.6%), trunk (18, 7.7%)
and head-neck (27, 11.5%). The lower limb injury represented the following proportion of the overall injury in
each sports discipline: fan’s club (22, 73.3%), wrestling
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(7, 63.6%), football (40, 59.7%), basketball (13, 59.1%),
judo (18, 45.0%) and handball (12, 41.4%). The additional
details on the distribution according to sports discipline are
presented in table II.

Distribution of injuries according to injury
mechanisms
Regarding the mechanism through which injuries occurred,
86 (36.6%) was from non-contact, while the remaining
149 (63.4%) was from contact situation, either with another athlete, a moving or a stationary object (i.e. Ball) or fall.
In particular, sprain, lombalgia/low back pain, skin injury,
dislocation and contusion risk were at least two times higher through contact situation. Fracture (5, 2.1%) was only
observed among athletes practicing contact sports such as
football, judo and wrestling. However, the risk of concussion (4, 1.7%) was similar between the two groups (contact
and non-contact sports), without any loss of consciousness
according to Glasgow scale.
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Location
of injury, n(%)

Type
of injury, n(%)

0 (0)

0 (0)

Elbow

Abdomen

1 (9.1)

0 (0)

Finger

4 (13.8)

1 (3.4)

Foot

2 (6.9)

0 (0)

Head

Arm

2 (6.9)

Knee

Ankle

0 (0)

5 (17.2)

Leg

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

6 (54.5)

1 (9.1)

0 (0)

6 (20.7)
0 (0)

Neck

Low back

1 (9.1)

0 (0)

0 (0)

1 (9.1)

0 (0)

1 (9.1)

0 (0)

Concussion

1 (9.1)

4 (13.8)

0 (0)

Contusion

1 (9.1)

Shoulder

7 (24.1)

Cramps

1 (9.1)

3 (10.3)

4 (13.8)

Dislocation

0 (0)

Thigh

2 (6.9)

Fracture

1 (9.1)

0 (0)

11 (37.9)

Injury skin

0 (0)

2 (6.9)

0 (0)

Lombalgia/
Low back pain

7 (63.6)

Wrist

5 (17.2)

Sprain

0 (0)

Trunk

0 (0)

Tendinopathy

8 (72.7)
3 (27.3)

12 (41.4)
17 (58.6)

Female

Male

Gender, n(%)

22 (20-24)

24 (23-25)

Age, median, year

Volleyball
(N
= 11, 4.7%)

Wrestling
(N =
29, 12.3%)

Characteristics

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

1 (100)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

1 (100)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

1 (100)

26 (26-26)

Table
Tennis
(N
= 1, 0.4%)

0 (0)

1 (25)

0 (0)

0 (0)

0 (0)

0 (0)

1 (25)

1 (25)

1 (25)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

1 (25)

1 (25)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

1 (25)

1 (25)

1 (25)

3 (75)

23 (21-24)

Lawn
Tennis
(N
= 4, 1.7%)

0 (0)

8 (20)

0 (0)

1 (2.5)

1 (2.5)

0 (0)

0 (0)

3 (7.5)

4 (10)

3 (7.5)

4 (10)

9 (22.5)

3 (7.5)

4 (10)

0 (0)

0 (0)

9 (22.5)

1 (2.5)

1 (2.5)

2 (5)

4 (10)

3 (7.5)

20 (50)

0 (0)

20 (50)

20 (50)

23 (22-24)

Judo
(N =
40, 17.0%)

0 (0)

4 (13.8)

2 (6.9)

1 (3.4)

2 (6.9)

0 (0)

1 (3.4)

6 (20.7)

2 (6.9)

0 (0)

2 (6.9)

5 (17.2)

1 (3.4)

0 (0)

3 (10.3)

1 (3.4)

5 (17.2)

1 (3.4)

2 (6.9)

0 (0)

5 (17.2)

0 (0)

14 (48.3)

1 (3.4)

23 (79.3)

6 (20.7)

23 (22-25)

Handball
(N =
29, 12.3%)

1 (1.5)

10 (14.9)

3 (4.5)

0 (0)

3 (4.5)

0 (0)

7 (10.4)

12 (17.9)

7 (10.4)

3 (4.5)

3 (4.5)

3 (4.5)

13 (19.4)

2 (3)

0 (0)

1 (1.5)

16 (23.9)

6 (9)

0 (0)

1 (1.5)

14 (20.9)

3 (4.5)

25 (37.3)

1 (1.5)

37 (55.2)

30 (44.8)

24 (23-25)

Football
(N =
67, 28.5%)

0 (0)

4 (13.3)

3 (10)

0 (0)

1 (3.3)

0 (0)

1 (3.3)

11 (36.7)

9 (30)

0 (0)

0 (0)

0 (0)

1 (3.3)

0 (0)

0 (0)

1 (3.3)

6 (20)

2 (6.7)

2 (6.7)

0 (0)

6 (20)

0 (0)

12 (40)

1 (3.3)

8 (26.7)

22 (73.3)

22 (21-24)

Fan’s club
(N =
30, 12.8%)

0 (0)

2 (9.1)

1 (4.5)

1 (4.5)

1 (4.5)

1 (4.5)

0 (0)

9 (40.9)

0 (0)

1 (4.5)

0 (0)

0 (0)

2 (9.1)

1 (4.5)

3 (13.6)

0 (0)

4 (18.2)

0 (0)

0 (0)

0 (0)

2 (9.1)

1 (4.5)

15 (68.2)

0 (0)

9 (40.9)

13 (59.1)

23 (20-24)

Basketball
(N
= 22, 9.4%)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

2 (100)

0 (0)

0 (0)

0 (0)

1 (50)

1 (50)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

2 (100)

0 (0)

21 (20-22)

Athletics
(N
= 2, 0.9%)

1 (0.4)

31 (13.2)

14 (6)

3 (1.3)

8 (3.4)

2 (0.9)

10 (4.3)

50 (21.3)

30 (12.8)

7 (3)

15 (6.4)

22 (9.4)

26 (11.1)

9 (3.8)

7 (3)

4 (1.7)

44 (18.7)

19 (8.1)

10 (4.3)

5 (2.1)

43 (18.3)

7 (3)

99 (42.1)

4 (1.7)

120 (51.1)

115 (48.9)

24 (22-25)

Overall
(N = 235)

Table II. Summary of the injuries that occurred among University athletes during the 7 days of the Cameroon University Games 2019, overall and
stratified according to sports disciplines.
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149 (63.4)
0 (0)
20 (90.9)
2 (6.7)
52 (77.6)
33 (82.5)
0 (0)

18 (62.1)

86 (36.6)
2 (100)
2 (9.1)
28 (93.3)
15 (22.4)
7 (17.5)

Distribution of injury nature according to the
body region
The bar chart in figure 1 shows information about musculoskeletal injuries from all university athletes (Olympic,
and Fan’s club disciplines) competing at the 2019 CUG,
occurring in different body regions stratified in four
groups: Upper limb, Trunk, Lower limb and Head-neck.
The graph shows that the highest percentage of injuries
affects the joint of lower limb (71.4%), meanwhile the
smallest one was cutaneous injuries in the trunk (2.3%).
Considering the skeleton injury, the head-neck region
shows the highest injury frequency (55.6%), followed by
the trunk (22.2%), and an equal frequency of 11.1% was
observed in the upper and lower limbs’ region.
Focusing on muscle injuries, it has been shown that the
highest percentage of injuries are found in the lower limb
(45.1%), followed by the trunk (21.1%); whereas the
smallest percentage was observed in the head-neck region
(2.8%). The remaining percentage has been observed in
the upper limb, with a frequency of 12.7%. Regarding the
injuries at the level of the joint, our data show that injuries were located exclusively in the limbs; with the highest percentage being observed in the lower limb (71.4%)
compared to 28.6% in the upper limb. Analysing the cutaneous system, injuries are mostly located in the head-neck
region with 46.5%. The upper and lower limb showed an
equal frequency of 25.6%. The lowest risk of skin related
injuries was observed in the trunk (2.3%).

Overall, an increasing trend of the incidence of injuries was
observed during the competition, with 6.4% of total injury

21 (72.4)
Contact

Mechanism,
n (%)

8 (27.6)

3 (27.3)

0 (0)

Distribution of injuries nature according to body
region during 7 days of the 2019 CUG

Non-contact

8 (72.7)

1 (100)

4 (100)

11 (37.9)

13 (5.5)
0 (0)
0 (0)
2 (6.7)
2 (3)
0 (0)
7 (24.1)
General body

1 (9.1)

0 (0)

0 (0)

1 (3.4)

27 (11.5)
0 (0)
1 (4.5)
2 (6.7)
11 (16.4)
3 (7.5)
6 (20.7)
Head-neck

0 (0)

0 (0)

1 (25)

3 (10.3)

124 (52.8)
2 (100)
13 (59.1)
22 (73.3)
40 (59.7)
18 (45)
6 (20.7)
Lower limb

7 (63.6)

1 (100)

3 (75)

12 (41.4)

18 (7.7)

53 (22.6)
0 (0)

0 (0)
2 (9.1)

6 (27.3)
4 (13.3)

0 (0)
6 (9)

8 (11.9)
13 (44.8)

0 (0)

11 (27.5)

8 (20)

0 (0)

0 (0)

0 (0)
3 (27.3)

0 (0)
2 (6.9)

8 (27.6)
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Trunk

Upper limb

Region of
injury, n (%)

0 (0)

Judo
(N =
40, 17.0%)
Wrestling
(N =
29, 12.3%)
Characteristics

Volleyball
(N
= 11, 4.7%)

Table
Tennis
(N
= 1, 0.4%)

Lawn
Tennis
(N
= 4, 1.7%)

Handball
(N =
29, 12.3%)

Football
(N =
67, 28.5%)

Fan’s club
(N =
30, 12.8%)

Basketball
(N
= 22, 9.4%)

Athletics
(N
= 2, 0.9%)

Overall
(N = 235)

Injuries in 2019 Cameroon University Games

Figure 1. Injuries’ nature according to the body regions.
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Figure 2. Injuries incidence among the university athletes
during the seven days of the competition.
# LBP: Low Back Pain.

occurring in day 1 versus 31.5% occurring in day 6 (figure 2).
In particular, the highest incidence of fracture (60.0%) was
observed in day 5 versus no case occurring in day 1, 2 and 7.
Concerning cramps, an increasing trend from 5.3% in the day
1 and peaked to up to 36.8% in day 5 was observed. In the
other hand, tendinopathy was observed only during the first
3 days of the competition; and the cases of concussion were
observed in day 2 (2 cases, 50%), day 3 (1 case, 25%) and day
6 (1 case, 25%). Globally, apart from concussion and tendinopathies which peaked in day 2; and cramps and fractures
which peaked in day 5, most of the injury incidence peaked
towards the end of the competition at day 6 (including sprain,
lombalgia/low back pain, dislocation and skin injury).

Treatment: conservative and surgical
The conservative treatment consisted of pain therapy, cryotherapy (12), cast or orthesis and taping (traditional and
kinesio taping). In some cases, wound treatment was necessary (dressing). In the other hand, orthopaedic surgical
treatment was applied if needed.

DISCUSSION
The aim of this study was to determine and analyse the musculoskeletal injuries that occurred among the university athletes
during the Dschang 2019, Cameroon University Games
(CUG). The results we found in this study represent the new
findings, as to our knowledge, this is the first study that investigates the incidence of injury in university athletes in Cameroon.
As impact of the study, our data on the injury epidemiology
in this university athletes’ cohort may provide a foundation
for the efforts in building a solid ground for the initiation
of injury prevention. This study will help inform the planning of the medical programmes for future CUG organising
Muscles, Ligaments and Tendons Journal 2021;11 (3)

committee medical teams. Moreover, these results demonstrate how the recording of data by the medical staff and/
or by the organising committee’s medical stations during
the Cameroon University Games competitions is vital to the
scientific quality of the surveillance study.
During seven days, a total of 2583 athletes took part in
the competition (CUG-2019). This number is visibly more
than the 22nd Student World Winter Games in 2005 (1500
athletes) (13), the 24th Summer Universiade in 2007 (1700
athletes) (4) and twice as high as that recorded in Granada
Winter Universiade 2015 (1109 participants) (1). However, our findings show that, the age distribution was similar
according to the various sports disciplines, as opposed to
the results reported in Buenos Aires 2018 Olympic Summer
Games (14). Also, the extent and characteristics of the injuries varied substantially between sports and gender, as it was
reported in Rio Olympic Summer Games in 2016 (15). The
injury incidences were similar in women and men athletes
according to Soligard, et al. in 2017 in their study (15). In
addition, in our study, no difference was found between
females and males’ university athletes.
In this study, we found that the overall injury incidence
in the 2019 Cameroon University Games was 9.1 injuries per 100 athletes, higher than injury incidence reported during the Granada Winter Universiade 2015 (6.13 per
100 athletes) by Gallo-Vallejo, et al. (1). Moreover, 10.4 injury incidence in Olympic sport discipline was found during
that 22nd edition of the Cameroon University Games and
this result is more than injuries obtained in Beijing 2008
Summer Olympic Games (9.6 injuries per 100 athletes) (6),
less to those occurred in Vancouver 2010 Winter Olympic
Games (11.2 injuries per 100 athletes) (16), similar to Rio de
Janeiro 2016 Olympic Summer Games (9.8 injuries per 100
athletes) (15) and less than Summer YOG 2018 (15.5 injuries per 100 athletes) (14). In the other hand, Webborn and
Emery in their review reported that sprains and strains were
the most common injury type found in Summer Paralympic
sports, while contusions, fractures and concussion in Winter
Paralympic sports (17). In contrast, in our study, no injury
was found in Paralympic sports during the CUG 2019. This
could be explained by the difference in term of athletes’characteristics including injury history and older age (18) and the
type of sports practiced during these different sport events.
According to Pellicciari, et al. (19), DanceSport participants
are subjected to a risk of injury. In this regard, in our study,
we found (N = 510 injuries) an incidence of 5.9 injuries per
100 athletes among fan’s club athletes during the 2019 CUG.
In Cameroon University Games 2019, sports with higher
injury risk were wrestling (33.3% versus 23.0% in Buenos
Aires 2018 Olympic Summer Games, 13.0% in Rio Olympic
Summer Games in 2016 and 12.0% in London 2012 Summer
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Olympic Games), Judo (18.4% versus 21.0% in Buenos
Aires 2018 Olympic Summer Games, 11.0% in Rio Olympic
Summer Games in 2016 and 12.0% in London 2012 Summer
Olympic Games) and football (16.9% versus 15.0% in Rio
Olympic Summer Games in 2016) (14, 15, 20).
Regarding the injury type occurred during the 7 days of the
Cameroon University Games 2019, sprain (n = 99 versus n
= 187 in Rio 2016 Olympic Summer Games), contusion (n
= 44 versus n = 178 in Rio 2016 Olympic Summer Games)
and injury skin (n = 43 versus n = 152 in Rio 2016 Olympic
Summer Games) were the most commonly observed (15, 21).
In addition, we have also recorded four cases of concussion.
It is well known that, traumatic brain injury may lead to death
and disability (22). However, the risk of concussion is a recurrent concern in certain sports, and its diagnosis, prevention,
treatment and return-to-play guidelines have been addressed
in recent consensus meetings (23, 24). Thus, we noted a
difference between our findings (n = 4 concussions, 1.7%)
and those recorded in Beijing 2008 (n = 12, 0.11%), Vancouver 2010 (n = 20, 0.8%), London 2012 (n = 6, 0.06% of
athletes) and Sochi 2014 (n = 11, 0.4% of the athletes) (6, 16,
20). Although these rates are not directly comparable due to
the different factors such as nature of the sports and events.
Steffen, et al. (14) in their study found that the anatomical
location with the most affected injuries occurred during the
2018 Summer Youth Olympic Games were: knee (n = 80,
13%), ankle (n = 72, 12%), thigh (n = 66, 11%), leg and
shoulder (both n = 54, 9%). In addition, in our study, we
found the similar injured locations with: the knee (n = 50,
21.3%), ankle (n = 31, 13.2%), leg (n = 30, 12.8%) and
thigh (n = 26, 11.1%).
In a recent International Olympic committee consensus statement for methods for recording and reporting of
epidemiological data on injury and illness in sport, Bahr,
et al. recommended categories of body regions (Head
and neck, Upper limb, Trunk, Lower limb) and areas
for injuries (25). In this regard, in our study, we used the
same repartition of regions and body’s areas of injuries
and we found that the lower limb (52.8%) was the most
body region affected injuries, followed by the upper limb
(22.6%), trunk (7.7%) and head-neck (11.5%). Like the
same, in Beijing 2008, Junge, et al. reported more than half
of the injuries (54%) to the lower extremity, 20% to the
upper extremity, 13% to the trunk and 12% to the headneck (6). In addition, Ki and Song in an injuries epidemiological study among elite Korean fencers, reported 47.2%
injuries in the lower extremity, 26.4% in the upper limb,
21.4% in the trunk and 5.0% in head-neck (26).
Discussions on the mechanisms of injury occurrence in sport
participation are diverse. This difference is related to the
types of sport (15). During the Dschang 2019, Cameroon
482

University Games, 149 (63.4%) of injuries were occurred
by contact situation, sometimes in direct contact (e.g., with
another athlete or with an object) or indirect contact (e.g.,
through another athlete or through an object after the
crash). While 86 (36.6%) of injuries were reported to occur
from a non-contact. Like the same, Soligard, et al. in their
study reported that the most common injury causes/mechanisms were contact (28%) and 21% from non-contact trauma and the other were overuse with gradual onset (15). In
addition, Osvaldo, et al. found the same in their study (14
non-contact injuries versus 30 contact injuries) (27).
Crossing up the data, it is claimed that the most relevant
percentage of upper limb injuries are shown in the joint
(28.6%) and cutaneous (25.6%) while the trunk was in
skeleton (22.2%) and muscle (21.1%). In lower limb (28)
as already noticed, the highest percentage of injuries was
recorded in joint (71.4%) and muscle (45.1%), however the
head-neck region is most affected by skeleton (55.6%) and
cutaneous (46.5%) injuries. In this regard, Rasuli, et al. in
their study reported that all athletes sustained at least one
injury in a limb of their bodies. Most injuries occurred in the
lower limbs belonged to muscles. Type of joint injury in trunk
(41.4%) and muscles (39.8%) and skin damages (42.9%) on
head-neck (29). In this present study, discussions comparing
the injury risk (30) among the university athletes with elite
athletes, due to the fact that there are not many references
with this population, hence the relevance of this study.

Limitations
-

Informations on whether the injuries were in minor or
severe cases was not recorded;
lack of complete data among the fan’s club athletes
according to sex;
data were not available on whether the injuries occurred
in training or competition;
data were not available about time-loss according to the
severity of the injuries.

CONCLUSIONS
The analysis of this study showed that, overall, the injury incidence in the 2019 Cameroon University Games was 9.1%.
The results revealed several important findings in term of
musculoskeletal injuries. Sprain, contusion and skin injuries
were the most frequent injury type found, and the knee the
most common body injured. However, there is a need to monitor and analyse the development of injury rates over several
years to exhaustively identify the potential risk factors and
mechanisms for injury in the various disciplines and sports
in order to set up a sound and efficient prevention strategies.
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SUMMARY
Background. Scaffolds composed of demineralized bone matrix (DBM) enriched
with platelet rich plasma (PRP) and concentrated bone marrow-derived mesenchymal
stem cells (concentrated bMSCs) may be able to release growth factors over time. The
hypothesis is that the combination of PRP + bMSCs + DBM will result in high levels
of growth factor release over prolonged periods of time.
Methods. Bone morrow (BM) and whole blood was purchased from Lonza (Lonza
Inc, Allendale, NJ). Whole blood was processed to give PRP. BM was concentrated,
cells were counted, plated, and grown to confluence. Cells were seeded onto the DBM
and augmented with (+)/(-) PRP and concentrated bMSCs. Media were collected and
analyzed for BMP-2, PDGF, TGF-β and MMP-2.
Results. bMSCs adhered to and proliferated on the DBM as well as tissue culture plastic (TCP). When PRP and concentrated bMSCs were both added to the DBM, there
was significantly increased growth factor release of BMP-1, PDGF, and TGF-β. The
negative control of MMP-2 showed no increased release throughout the time period measured.
Conclusions. Combining PRP and bMSCs with a DBM scaffold ensured consistently high levels of growth factor release over time. This may help to promote healing
in-vivo, but remains to be proven in a clinical scenario.
KEY WORDS
Demineralized bone matrix; concentrated bone marrow derived mesenchymal cells;
growth factor release; platelet rich plasma.

BACKGROUND
Tendon to bone healing of acute and chronic tendon injuries continues to be a challenge for the orthopedic surgeon,
resulting in poor clinical outcomes. Tendons have a limited healing potential and surgical repair does not always
yield functional outcomes (i.e. massive rotator cuff repairs).
Growth factors have been shown to facilitate and regulate
healing (1). Augmentation of tendon-to-bone healing with
demineralized bone matrix (DBM), bone marrow (BM)
and platelet rich plasma (PRP) alone have shown limited
effects (2). Their limited effects could possibly be due to the
concentration of PRP, BM, or that without a scaffold these
materials simply wash away and do not remain at the site of
injury (2). Combining all these components: DBM, BM, and
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PRP may enhance healing and concentrate growth factors
to the site of injury for a longer period. Scaffolds, such as
DBM, create an environment that allows pro-growth factors
to integrate and interact, but then the scaffold will eventually disappear (3). PRP is a source of autologous growth
factors3. Combing PRP with cell based therapies such as
concentrated bone marrow-derived mesenchymal stem cells
(concentrated bMSCs) could potentially further enhance
the release of growth factors (3). The hypothesis is that
when concentrated bMSCs and PRP are added to the DBM
this could promote new cell growth, increase growth factor
release and promote tissue regeneration.
This study analyzed growth factors that are known to
contribute to tendon to bone healing: transforming growth
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factor β (TGF-β), bone morphogenetic protein 2 (BMP-2),
and platelet-derived growth factor (PDGF) (2, 4). Transforming growth factor β plays a role in tendon formation
by cellular proliferation, differentiation, and matrix synthesis (4). Bone morphogenetic protein 2 has been shown to
accelerate healing and increase the biomechanical stability
of a tendon graft (2). Platelet-derived growth factor can
increase collagen synthesis and enhance tendon healing (4).
Matrix metalloproteinase-2 (MMP-2) was also measured
and it was used as a negative control. MMP-2 is involved in
the breakdown of the extracellular matrix (5).
The purpose of this study was to investigate the release of
growth factors from a DBM scaffold when combined with
concentrated bMSCs and PRP. The hypothesis was that
when both PRP and concentrated bMSCs are present on
the DBM scaffold, there will be an increased growth factor
release over time compared to controls.

MATERIALS AND METHODS
The study meets ethical standards of the journal (6).

Matched bone marrow and blood
Institutional IRB approved procedures for acquiring
surgical waste tissue (No. 06-577-2 for bone marrow aspirate) were used in this study. Native BM and whole blood
of two male donors (25.5 ± 2.3 years of age) that were
matched for age (23.9 and 27.1 years of age) and gender
was purchased from Lonza Inc (Allendale, NJ.). This was
done so that BM and PRP from the same patient could be
analyzed in a more controlled environment. According to
Lonza’s protocol, 100 ml’s of whole blood samples and 100
ml’s fresh BM were collected and shipped from the two
donors on the same day for next day delivery. Donors were
in good general health according to vital signs and hematology values. Donors had a negative medical history of
heart disease, kidney disease, liver disease, cancer, epilepsy, blood or bleeding disorders and test negative for HIV-1,
HIV-2, hepatitis B and hepatitis C prior to every donation. For all experiments ~ 120 cc’s of BM was concentrated and cultured according to previously described methods (7). To concentrate, the BM was separated using an
automatic system (Angel, Arthrex Inc., Naples, Fl.) with a
15% hematocrit setting. This resulted in ~ 3cc of product
rich in nucleated and concentrated bMSCs.
For PRP, the following protocol was selected to reflect the
PRP used in current clinical practice. PRP was derived
using an automated system (Angel, Arthrex Inc., Naples
FL) using 60 cc’s of whole blood at a 7% hematocrit
setting. A complete blood count was obtained using a
Muscles, Ligaments and Tendons Journal 2021;11 (3)

Gen-S System 2 Hematology Analyzer (Coulter Corp,
Miami, FL) at the institution’s blood lab for platelet, red
blood cells and white blood cell count differentials from
a 1-ml sample of the native blood and PRP. For concentrating PRP, Leukocyte-rich PRP settings were used
based on the manufacturer’s recommendation. The actual
number for leukocyte rich settings is not available from the
manufactor.

Stem cell analysis
Prior to plating, nucleated cell number was counted and
recorded (7). Nucleated cells were plated on 100 mm2
Primaria dishes (Corning, Tewksbury, MA) at a concentration of 5 x 105 cells/9.6 cm2 phenol red free α-minimum
essential medium (ThermoFisher, Waltham, MA), 10 %
fetal bovine serum (ThermoFisher), and 0.1 % penicillin/
streptomycin (ThermoFisher). After 7-10 days, non-adherent cells were removed, and colony-forming units (CFU)
were counted. bMSCs were grown to confluence and
expanded. Only first passage cells were used for experimentation. Morphological analysis was performed using
phase-contrast microscopy with a Nikon Eclipse TS 100
Microscope (Nikon Instruments, Melville, NY). Stem cells
were then defined by their 1) adhesion to tissue culture
plastic (TCP) 2) colony-forming potential, 3) ability to
differentiate into tendon, cartilage, bone and fat tissue;
and 4) fluorescence-activated cell sorting (FACS) analysis
for surface markers (7-12).

FACS analysis
Fluorescence-activated cell sorting (FACS) was used to
ensure that cells obtained had surface markers characteristic of stem cells. bMSCs were trypsinized in 0.25% trypsin/
EDTA at confluence, rinsed, and centrifuged. The pellet
was re-suspended in staining buffer containing 1% human
serum, 1% bovine serum albumin, and 1% fetal bovine
serum in phosphate-buffered saline. Cells were incubated with either phycoerythrin or fluorescein isothiocyanate
antibodies, washed with staining buffer, and analyzed using
a FACS Calibur (BD Biosciences, San Jose, CA). To identify bMSCs the phycoerythrin-conjugated mouse monoclonal anti-CD73 immunoglobulin G (IgG), anti-CD90
IgG, anti-CD105 and fluorescein isothiocyanate-conjugated anti-mouse CD45 monoclonal IgG were obtained from
BD Biosciences. These were chosen in correlation with the
suggestions of the International Society for Cell Therapy
(8). All antibodies were reactive against human antigens.
Testing with negative and positive controls confirmed the
specificity of these antibodies.
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Biologic scaffold

Experimental design

A sterile DBM scaffold (Flexigraft, Arthrex, Naples, FL) was
chosen for this study, which allows for PRP and concentrated
bMSCs to remain in place to augment growth factors remaining at the site of injury to enhance healing over a longer period of time. Prior to experimentation, bMSC adhesion, proliferation and viability on the scaffold was tested. The sterile
scaffold was cut into 5 x 5 mm pieces and each piece was
placed into one well of a 24-well Falcon Primaria cell culture
dish (Corning, Tewksbury, MA) prior to testing.

After concentrated bMSCs were characterized as stem cells
and cells positively attached to and proliferated on the scaffold material, growth factor release was studied. Concentrated bMSCs, PRP or a combination of concentrated
bMSCs and PRP was added to each scaffold in a 100 μL
volume (figure 1) and allowed to incubate for 60 minutes to
ensure adhesion, as most cells adhere to a substrate through
integrin receptors in less than 30 minutes (14). At the end
of 60 minutes, 1ml of complete cell culture media (phenol
free alpha-MEM, 10% fetal bovine serum, and 0.1% penicillin), and 10% bovine thrombin (Sigma-Aldrich Corp., St.
Louis, MO, USA).
Cell media was added to each well to ensure a clot formed
around the substrate. Control wells consisted of DBM and
culture media or PRP only. Samples were incubated at 37
o
C in 5% CO2 for 0, 24, 48, 72 hrs. and 7, 14 and 21 days.
21 days was chosen as a final time point because after three
weeks in culture the cells would over populate the DBM
and cells would begin to die.

Cell adhesion and proliferation assays
bMSCs from each donor at a concentration of 250,000
cells/0.1 ml were pipetted onto the DBM scaffold. DBM
alone (minus cells) and TCP (gold standard) were used as
controls. Prior to the addition of media to the well, cells
were allowed to adhere to each scaffold for 60 minutes.
For the adhesion assay, scaffolds were removed from the
well after a 24 hours incubation period. The adherent cells
were removed from the sample by incubating with 0.5 ml
trypsin for 20 minutes at 37 °C. The cells from each sample
were counted 3 times each in a Coulter counter (Coulter
Electronics, Hialeah, FL) (12).
For the proliferation assay, cells were labeled with 5 Ci/
ml of tritium-labeled ([3H]) thymidine (NEN, Boston,
MA) which incorporates and binds to nuclear DNA,
after culturing the scaffold samples for 24 hours. After 48
hours, the samples were removed and washed twice for 5
minutes with 10% trichloroacetic acid to remove insoluble
[3H]-thymidine. Cells were lysed for 10 minutes in 0.5 N
sodium hydroxide. The radioactive thymidine was incorporated into the DNA of dividing cells, and therefore an
increase in radioactivity above the negative control directly
correlates to cellular proliferation (13). Radioactivity was
measured in the lysates with a liquid scintillation counter
(Packard Instrument, Downers Grove, IL) and was repeated three times for consistency (12, 13).

Live/dead assay
After 7 and 14 days of cell culture each sample was
stained with 2 μM calcein-AM and 4 μM Ethidium
homodimer-1 in sterile PBS for 30 minutes (Invitrogen,
Molecular Probes, Eugene, OR). Samples were placed on
glass slides and examined for cell viability using a Leica
DMI 6000B microscope (Leica Microsystems, Buffalo
Grove, IL). Viable cells stained green while dead cells
stained red.
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Figure 1. Schematic of study design and groups. FACS, fluorescence activated cell sorting; CFU, colony forming units;
DBM, decellularized bone matrix; PRP.
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Assessment of growth factors
Media of each time point was collected and analyzed for
BMP-2, PDGF, TGF-B, and MMP-2 by ELISA (abcam,
Cambridge, MA) according to the manufacturer’s protocol.
At the end of each time point, media only, not scaffold material, was collected by pipette and saved for analysis so that
for each time point a cumulative amount of growth factors
was measured. No media was replaced into the well as only
a small amount was taken. Each of the six conditions was
repeated twice with two donors, creating an n = 4 for each
growth factor’s time point, totaling 168 wells per growth
factor with six time points, for a sum of 672 wells tested.

colony forming units (CFU) /106 nucleated cells and 2067 +
1289 bMSCs/ml of concentrated BM.

Stem cell analysis
Before their use in this study, bMSCs were successfully differentiated into cartilage, bone, tendon, and fat cells.
After adhering to TCP and the formation of colony forming units (figure 2 A, B), bMSCs displayed typical fibroblast
morphological characteristics with a fusiform shape after
becoming confluent (figure 2 c).

FACS analysis

Statistics
Descriptive statistics including mean and standard deviation was calculated to characterize the study conditions.
Differences in growth factor release between the conditions
at each time point was evaluated with the Kruskal Wallis
test. When significant pairwise comparisons were carried
out using Dunn’s test of multiple comparisons. Differences in growth factor release across time points within each
condition were evaluated with the Friedman test. When
significant pairwise comparisons were carried out using the
Wilcoxon signed-ranks test. A p value less than 0.05 was
considered statistically significant. All analysis were conducted with Stata 15 software (StataCorp. 2017. Stata Statistical
Software: Release 15. College Station, TX: StataCorp LLC).

RESULTS

FACS analysis (figure 3) results revealed a high percentage
of CD73 (98.4 ± 0.4 %), CD90 (98.6 ± 0.25 %), and CD105
(98.8 + 0.5%) surface markers and a minimal amount of
CD45 surface marker (0.51 ± 1.1 %), used as the negative control.
Combined, these results show that the cells used in this
study were pluripotent in nature and displayed characteristics of stem cells (7-11).
Cell adhesion and proliferation assays
Prior to analysis, all data was normalized to one another
according to surface area. Figure 4 A, B show the number
of cells that adhered to and proliferated on the DBM scaffold after 24 or 48 hours in culture. There were no significant differences in the number of cells that attached to or
proliferated on the DBM when compared to control TCP
(p = 0.414 and p = 0.314).

Matched bone marrow and blood
An average total leukocyte concentration of 10.01 ± 0.10
x 103 cells/µL and an average platelet concentration of
2128.67 ± 0.34 x 103 cells/µL was found for the two donors.
On day 10, colonies were counted resulting in 27.23 + 15.9

2 days

Live/dead assay
The live/dead assay was performed after 7 and 14 days of
cell incubation on the scaffold. Figure 5 A, B shows representative images of the results of the live/dead assay. After 7

7 days

14 days

Figure 2 A-C. Morphological features of concentrated bone marrow-derived mesenchymal stem cells (bMSCs). The concentrated bMSCs displayed the ability to attached to TCP and form colonies after 2 days in culture (A). By 7 days, bMSCs showed
a typical fibroblast-like morphology with a fusiform shape. 10X magnification.
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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CD73

98.8%

CD105

0.51%

CD45

Figure 3. FACS analyss showed that bMSCs were positive
for CD73, CD90 and CD105 and simultaneously negative for
CD45 in addition to their potential to form colonies, differentiate into different cell lines and adhere to tissure culture plastic, all indicative of adult bMSCs.
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Figure 5. Fluorescent microscopy images of the live/dead
assay show healthy cells after 7 and 14 days in culture on the
DBM scaffold. Colonies began to form after 7 days in culture
with the cells taking on a typical stem cell morphology with
spinal like processes after 14 days. 10 X magnification.

days in culture cell still appeared rounded, and CFU’s could
be seen forming on the scaffold surface. By 14 days, bMSCs
began to expand and spindle like processes were noted.
Healthy cells were stained green, while dead or dying cells
were stained red.
Growth factor expression
TGF-β
Results of TGF-β growth factor release showing significantly greater release in the DBM + PRP + concentrated bMSCs as compared to PRP and concentrated bMSCs
alone at twenty-four hours as well as at three days (p
= .02, p = .0007, p = .04, p = .0007, p = .05, p = .001).
DBM+PRP+concentrated bMSCs did not have significantly increased release at three, seven and fourteen days
as compared to PRP, fourteen, and twenty-one days (p
= .054, p = .211, p = .211). There was significantly less
TGF-β release in DBM+concentrated bMSCs compared
to DBM+PRP only at seven days (p = .04). PRP alone had
significantly increased TGF-β release compared to PRP
alone at 14 and 21 days and DBM+concentrated bMSCs at
21 days (p = .008, p = .032, p = .015). The scaffold alone
has some TGF-β release, even though it was less than the
other conditions for time points 0 to 21-days (figure 6).

3000

PDGF

2000
1000
0
DBM

Donor 1 (+) DBM

Donor 2 (+) DBM

TCP

Figure 4 (A, B). Adhesion and proliferation results of bMSCs
after 24 and 48 hours in culture on the DBM scaffold. After
normalization for surface area to the TCP, there were no significant differences seen in adhesion or proliferation between
either donor and the TCP.
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7 days

98.4%

PDGF expression was significantly greater in the
DBM+PRP+concentrated bMSCs group compared to
PRP and concentrated bMSCs alone at twenty-four
hours, three, seven, and fourteen days (p = .02, p = .008,
p = .002, p = .05, p = .03, p = .007, p = .05, p = .0007).
There was significantly less PDGF expression in the
concentrated bMSCs compared to DBM+PRP at 24 hours,
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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Figure 6. TGF-β.
Results of TGF-β growth factor showing significantly greater release with concentrated bMSC and PRP on DBM as compared to PRP and concentrated bMSC alone at twenty-four and forty eight hours as well as at three, seven, fourteen, and twenty-one days. PRP alone, without the DBM scaffold had
increased TGF-β release than PRP or concentrated bMSC with the DBM at fourteen and twenty-one days. Concentrated bMSC alone had increased
TGF-β release over time, but still had less release of TGF-β than DBM with PRP, concentrated bMSC or DBM with PRP and concentrated bMSC at
twenty-four, forty eight hours, three, and fourteen days. The scaffold alone has some TGF-β release, even though it was less than the other conditions for
time points 0 to 21 days. Error bars represent standard error.

seven, fourteen, and twenty-one days (p = .05, p = .05, p =
.008, p = .001). DBM alone had some PDGF expression,
but it did not increase over time. After fourteen day, PRP
alone had increased PDGF release compared to concentrated bMSCs alone (p=.05), however this was not significantly different at other time points (figure 7).

MMP-2
There was very little increase release of MMP-2 throughout the
time period. PRP alone was found to have significant differences in expression of MMP compared to concentrated bMSCs,
DBM+PRP, DBM+concentrated bMSCs at 24 hours, 3, 7, 14
and 21 days (p < .05). There was no difference in the release of
MMP-2 in the conditions studied by 21-days (figure 9).

BMP-2
BMP-2 had significantly greater expression on the
DBM+PRP+concentrated bMSCs group compared to
PRP and concentrated bMSCs alone at three, seven, fourteen, and twenty-one days (p = .008, p = .0001, p = .0047,
p = .0013, p = .008, p = .0007, p = .008, p = .0007). There
was significantly less BMP-2 released in the PRP group
compared to DBM+concentrated bMSCs at three, seven,
fourteen, and twenty-one days (p = .01, p = .05, p = .04,
p = .05, p = .05). DBM alone had some BMP-2 release,
although it was significantly less than the other groups at
seven, fourteen and twenty-one days (figure 8).
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DISCUSSION
There was no significant difference seen in adhesion or
proliferation between either donor or the TCP. This demonstrates the cells from the two donors did not differ in adhesion or proliferation.
The live dead assay showed healthy cells after 7 and 14 days
in culture on the DBM scaffold. This demonstrates cells
remained healthy on the DBM scaffold after 14 days.
This study found that combining DBM + PRP + concentrated bMSCs was able to increase growth factor release
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Figure 7. PDGF data.
Results of PDGF expression showing significantly greater release on DBM scaffold with both concentrated bMSC and PRP compared to PRP and
concentrated bMSC alone at twenty-four, forty-eight hours, three, seven, and fourteen. There was significantly less PDGF release in concentrated bMSC
compared to PRP when placed on the DBM scaffold at 24 and 48 hours, three, seven, fourteen, and twenty-one days. DBM alone had some PDGF release,
but it did not increase over time. PRP alone had increased PDGF release compared to concentrated bMSC alone and DBM with concentrated bMSC at
seven, fourteen, and twenty-one days. Error bars represent standard error.

Figure 8. BMP-2 data.
Results of BMP-2 release showing significantly greater expression on DBM scaffold with both concentrated bMSC and PRP compared to PRP and concentrated bMSC alone at three, seven, fourteen, and twenty-one days. As well, at forty-eight hours concentrated bMSC had the greatest BMP-2 release when
placed on the scaffold compared to all other groups. DBM alone had some BMP-2 release, although it was less than the other groups at seven, fourteen
and twenty one days. PRP alone had increased BMP-2 release compared to concentrated bMSC or the DBM scaffold alone at fourteen and twenty-one
days. Error bars represent standard error.
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Figure 9. MMP-2 data.
Results of MMP-2 release. There was no difference in the release of MMP-2 in the conditions studied by 21 days. DBM alone had MMP-2 release and had
the highest release at seven days compared to all other conditions studied. Error bars represent standard error.

over time. Although it was not significant, this study found
similar results that there was growth factor release with the
DBM scaffold alone with no addition of growth factors.
Similarly, there was increased release of growth factors
over time with the DBM+PRP. It is expected that growth
factors release quickly from the DBM, especially since the
growth factors used have relatively short half-lives. Per the
study design, at each time point media was collected and
an ELISA run. Therefore, growth factors remaining within the scaffold were not measured, just the growth factors
in the media that have been released from the scaffold,
or ultimately released into the in-vivo environment. Once
the DBM is placed in the in-vitro environment, the growth
factors seem to be adhering to the DBM and are released
over time rather than all at once.
PRP alone showed increased TGF-β more so than DBM +
PRP and DBM + concentrated bMSCs. This finding could
be due to intrinsic properties of the PRP. To create PRP
products, human blood is spun down to its residual components to produce plasma that is platelet rich. Leukocyte rich
PRP was created and platelet, leukocyte, and red blood cell
numbers were controlled for. Higher leukocyte PRP has
been found to be a source of cytokines and enzymes that
are beneficial for healing and help drive certain molecules
into the area of the injured tissue such as TGF-β, one of
the growth factors we directly measured (15). The current
results suggest there are interactions occurring when DBM
Muscles, Ligaments and Tendons Journal 2021;11 (3)

+ PRP + concentrated bMSCs are combined that are causing growth factors to be released consistently over time.
Strengths of the present study include the large number of
total wells used and the presence of clear, significant increases in growth factor release over time when DBM + PRP +
concentrated bMSCs were combined. Weaknesses of the
study include the following: Although the number of cells
was controlled for in each well by maintaining the average
number of leukocyte concentration at day 0, there is no way
to know if after twenty-one days the same number of cells
were maintained at the site. This study also used an in-vitro
model of DBM + PRP + concentrated bMSCs, which does
not fully capture all the factors involved in growth factor
release in-vivo. Concentrated bMSCs were obtained from
volunteer patients. Although their average age is known and
it can be presumed they are healthy, growth factor levels
in PRP have been found to correlate with donor age, sex,
and platelet number, therefore, PRP products from two
donors can vary (16). Using two donors is a limitation, but
two donors were used because matching the concentrated
bMSCs and whole blood was cost prohibitive.
The results of this study complemented previous studies,
which showed increased concentrations of growth factors
and cytokines when both PRP and concentrated bMSCs
were present (17, 18). Other studies have found PRP alone
can enhance cellular activity in-vitro, however, the overall efficacy of PRP for clinical use is yet to be determined
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(19). As previously mentioned DBM alone has been found
to release growth factors (20, 21). To date, no other studies measured the release of growth factors over time with
DBM or concentrated bMSCs alone. Several studies have
found that PRP alone provides increased expression of
growth factors over time, in fact the growth factor release
has been measured up to 21-days (22-24). Previous studies
have compared DBM and a fibrin scaffold when combined
with PRP and concentrated bMSCs and found DBM as the
favorable scaffold (25). In the current study, this knowledge
was expanded upon by demonstrating that the DBM can be
used as a cell carrier for PRP and concentrated bMSCs to
enhance expression of growth factors that can potentially
promote tendon to bone healing over time.

Combining PRP and concentrated bMSCs with a DBM
scaffold ensured consistently high levels of growth factor
release over time in an in-vitro model. This can be applied
clinically in that allowing for these factors to be released
over time in a concentrated area could allow for better healing of tendons (26, 27). However, further studies are necessary to investigate if the combination of PRP, concentrated
bMSCs, and a DBM scaffold can improve healing in-vivo.
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SUMMARY
Background. Post-activation potentiation (PAP) is a technique that aims to optimize
yield by performing stimuli minutes before the main activity. However, the effect of
plyometric exercise (PE) for long jumpers PAP and the effective recovery interval is
not understood. This study aimed to evaluate the effect of PE at different rest intervals
as a strategy for long jumpers PAP.
Methods. The sample consisted of 11 young athletes (16.2 ± 1.3 years; 57.8 ± 7.9 kg
and 166 ± 12 cm), who performed horizontal jump under different resting times after
PAP: 1) PE + 1 minute break (P1min); PE + 3 minutes apart (P3min); control condition
(C) performed only the jump. The following variables were evaluated: Squat Jump (SJ),
Counter Movement Jump (CMJ), Approach velocity in the last 15 meters (Vel_15m),
Contact Time at the Push Board (CT), Height and Distance of the jump.
Results. The contact time on the impulse board was shorter in the P1min condition
(14.63 ± 0.94 s vs 15.27 ± 0.81 s; p = 0.05; Cohen’s d = 0.72) and P3min vs control (
14.36 ± 0.89 s vs 15.27 ± 0.81 s; p = 0.009; Cohen’s d = 1.06); the height of the jump was
higher at P1min (180.16 ± 7.08 cm vs 173.44 ± 12.70 cm; p = 0.043; Cohen’s d = 0.06)
and P3min vs control (182.30 ± 10.68 cm vs 173.44 ± 12.70 cm; p = 0.005; Cohen’s d =
0.07). The variables approach velocity, CMJ, SJ and jump distance did not differ.
Conclusions. From the current results, PE can be an effective strategy to reduce the
contact time on the jump board and increase height of the jump in young competing
in long jump.
KEY WORDS
Post activation potentiation; plyometric exercise; long jump; rest interval; contact time;
height of the jump.

BACKGROUND
Long jump performance depends on training in power, speed,
agility, and specific techniques such as post-activation training
(PAP), commonly applied during immediate preparation for
athletic performance (1). It is believed that PAP can optimize
the performance of jumpers by pre-main activity stimuli that
494

produce a temporary increase in muscle contraction capacity,
provided that the contractile activity is not fatigue inducing (2).
Evidence indicates that short and intense contractions dramatically potentiate the muscle’s ability to produce strength (3)
and recruit motor units (4). Other such mechanisms include
neuronal facilitation, change in mechanical and intrinsic
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muscle properties, modification of the sarcomere flexion angle,
and increase in sensitivity to calcium influx (5). Several studies have demonstrated PAP-induced improvement in counter
movement jump (CMJ) performance (6) and sprint (7).
Although isometric and dynamic voluntary contractions are
the main mechanisms that promote PAP (8), there is no conclusive evidence specifically on the underlying mechanisms stimulated by plyometric exercise (PE) in long jump athletes (1, 7).
PEs are traditionally used in training that has essentially characteristics for muscle power (9, 10), and there is a strong relationship in the optimization of jumping performance during
training (1), the stimulated PE could be an alternative PAP
technique, complementary and strategic to traditional warmup methods applied during a competitive routine.
Inadequate volumes and intensities of PE without providing an appropriate muscle recovery time during a warm-up
routine, on the contrary, may cause muscle wear and, consequently, performance reduction (7). Moreover, the range
between short (0.3-4 min) (11) and long (5-9 min) (12) recuperative intervals is large and undefined. Thus, there is a
need to further clarify the dose-dependent relationship (5)
of the ideal time interval between PAP and the main activity.
On the basis of these findings, we hypothesize that the PAP
through PE execution preceding the long jump with a specific
recovery period can improve performance in young athletes.
In this study, we sought to evaluate the effect of PE as a
PAP strategy under three different interval conditions on
the performance of long jumpers.

12 cm). The athletes were long jump competitors participating in the under-18 category state championship, in the state
of Sergipe, Brazil, from 2014 to 2016.
The inclusion criteria were as follows: one-year competitive
experience in long jump competitions and specific performance between the distances of 4.50 and 7.00 m of horizontal jump in the sandbox. Athletes who reported musculoskeletal injuries and use of any nutritional supplement in
the 6 months prior to the study were excluded. All athletes
signed an informed consent form, which specified the details
relevant to the study and the risks involved in the study
procedures. This study was approved by the Research Ethics
Committee of the Health Sciences Sector of the Federal
University of Sergipe, UFS (CAAE-08879219.6.0000.5546).
The study procedures complied with the standards of ethics in
human research, in accordance with the National Health Council Resolution No. 466/12, a regulatory standard for research
involving human beings, and the Declaration of Helsinki
World Medical Association (1964, reformulated in 1975, 1983,
1989, 1996, 2000 and 2008). The research was conducted ethically according to international standards and as required by
the Muscle, Ligaments and Tendons Journal (13).

Plyometric exercise
PE was performed through four continuous single-leg vertical jump for each leg. During the evaluation, the participants performed five long jump, with an interval of 10 min

METHODS

Familiarization and Test Session
Anthropometric assessment
General warm up

Experimental approach to the problem
The study was performed at the end of the competitive season
on the athletic track of the Federal University of Sergipe,
covered with synthetic flooring, validated by the International
Association of Athletics Federations. All athletes performed
three simulated long jump competitions, with variations in
the rest interval after PAP. Evaluations were carried out at
7-day intervals. Throughout the study period, the athletes
remained active, but without participating in any other sporting event, requiring a 24-h rest before the evaluations.
All the participants performed a standardized warm-up protocol consisting of dynamic stretching, followed by two 15-m accelerations, three flight steps, and two full jumps in the sandbox
(figure 1).

Subjects
The study sample comprised 11 volunteer young athletes
(age, 16.2 ± 1.3 years; body weight, 57.8 ± 7.9 kg; and 166 ±
Muscles, Ligaments and Tendons Journal 2021;11 (3)

10-min
Long jump
CMJ and SJ Familiarization
Continuous Single Leg Jump Familiarization

Control Session
General warm up
10-min
Long jump
CMJ and SJ

Experimental Session
General warm up
10-min

Continuous Single leg Jump
No rest

Long jump
CMJ and SJ

Continuous Single leg Jump
10-min

1-min

Long jump
CMJ and SJ

Continuous Single leg Jump
10-min

3-min

Long jump
CMJ and SJ

Figure 1. Experimental protocol: effect of post-activation
potentiation on long jumpers.
CMJ: counter movement jump; SJ: squat jump; min: minutes.
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between each jump. During the intervals, PAP was measured
at different rest times: 1-min rest after PE (P1min); 3-min
rest after PE (P3min); and no rest after PE (Control, C).
During the rest, the athletes performed passive recovery.

Squat jump and counter movement jump
The SJ and CMJ were evaluated 30 s before the long jump. For
conducting the tests, a 50 × 60 cm conductive surface contact
pad (Probotics Inc., USA) connected to a display (Probotics Inc., USA) was used. The height of the vertical jump was
defined as the time interval between the loss of contact of the
feet with the mat and subsequent contact after the fall (14).

programs and the pictures were taken using the Kinovea
0.8.15 program (15). To determine this analysis, luminescent
markers for anatomical reference were fixed on the iliac crest.
To quantify the horizontal distance of the long jump, a 50-m
measuring tape (Vonder, Paraná, Brazil) was used. According to the official competition rules regarding long jump,
horizontal distance of the long jump was defined as the
distance between the mark made on the sand by the athlete’s
fall and the edge of the take-off board.

Statistical analysis

The approach velocity of the athletes in the last 15 m was
assessed using two pairs of photocells (Probotics Inc., USA)
positioned at 16 and 1 m from the push board. The time of
contact with the impulse board was calculated after filming
(Casio Computer Co., Ltd., Tokyo, Japan), being defined as the
number of frames of the temporal interval between the beginning and the loss of total contact of the feet with the ground.

Data are presented as mean ± standard deviation (S.D.). The
Shapiro–Wilk test was used to verify the normality of the
variables, considering the sample size. Possible differences between the groups were evaluated using the ANOVA
(one-way) test, Bonferroni post hoc test for parametric data,
and Kruskal–Wallis for nonparametric data, Dunn’s post hoc
tests were used to determine the differences between pairs.
The effect size was measured using the Cohen’s d test. Pearson’s test was used to determine the correlations. Statistical
analysis was performed using the Statistical Package for the
Social Science, version 20.0, software. A p value of <0.05 was
considered significant.

Height and long jump performance

RESULTS

The jump height was assessed using a high-speed (300 Hz)
digital video camera (CasioExilim Pro EX F1, Tokyo, Japan)
set at a distance of 1.60 m from the sandbox. The optical
axis of the chamber was perpendicular to the front edge line
of the jump drive board. The field of view was widened at 8
m (4-m before and 4-m after the push board). Video analysis was performed using the adobe after-effects cc 2017

Compared with the control group, the contact time on the
impulse board was shorter in the P1min group (15.27 ± 0.81
s vs 14.63 ± 0.94 s; p = 0.05; Cohen’s d = 0.72) and the P3min
group (15.27 ± 0.81 vs 14.36 ± 0.89 s; p = 0.009; Cohen’s d =
1.06) (figure 2 b). Compared with the control group, the heel
height was higher in the P1min group (173.44 ± 12.70 cm vs
180.16 ± 7.08 cm; p = 0.043; Cohen’s d = 0.06) and in the

Approach velocity and time of contact
with the thrust board

Figure 2. Approach velocity and contact time.
P1: rest of 1 min after plyometric exercise; P3: rest of 3 min after plyometric exercise. a) Vel_15m: approach velocity at 15 meters; b) Control vs P1 * (p
= 0.05) and P3 (** p = 0.009).

496

Muscles, Ligaments and Tendons Journal 2021;11 (3)

D. dos Santos Silva, A. R. P. Ferreira, F. J. Aidar, et al.

P3min group (173.44 ± 12.70 cm vs 182.30 ± 10.68 cm; p =
0.005; Cohen’s d = 0.07) (figure 4 b). The differences among
approach velocity (figure 2 a), CMJ (F figure 3 a), SJ (figure
3 b), and jump distance (figure 4 a) did not differ statistically.

The jump distance presented a positive correlation when
compared to vel_15m (r = 0.955; p < 0.001); CMJ (r = 0.367;
p = 0.017); and height (r = 541; p < 0.001). Figure 5 is the
graphical representations of the respective correlations.

Figure 3. Counter movement jump and squat jump.
CMJ: counter movement jump; SJ: squat jump. P1: rest of 1 min after plyometric exercise; P3: rest of 3 min after plyometric exercise.

Figure 4. Jump distance and height.
P1: rest of 1 min after plyometric exercise; P3: rest of 3 min after plyometric exercise. b) Control vs P1 (*p = 0.043) and P3 (** p = 0.005).

Figure 5. Correlation between long jump variables after plyometric exercise.
Vel_15m: approach velocity in 15 meters; CMJ: counter movement Jump; SJ: squat jump height.
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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DISCUSSION
The aim of this study was to evaluate the effect of PE as
a PAP strategy on the performance of long jumpers under
three different interval conditions. The acute PE was potentially related to improved impulse contact time and jump
height after 1 and 3 min of recovery, with no effect on
approach run speed, CMJ, SJ, or jump distance.
Warm-up routines that include PE as a PAP strategy for
short jump sprints did not improve running speed. Similar studies have linked imminent decreased sprint time to a
sequence of high-intensity (16, 17). No reduction in running
time has also been presented even when applying different
PAP stimuli: free weight elevations (power clean – 90%/
RM), (16) and isometric movements (17).
However, in our study, we identified a circumstance cooperating to maintain the observed velocity or even masking the isolated effect of PAP on the sprint. To define the
number of steps required up to the take-off board, all volunteers made specific markings in the running corridor. This
strategy, common during long jump competitions, aims to
favor running control by avoiding jump burns, assuming to
provide the same acceleration condition for jumpers.
On the contrary, apparently independent of velocity, the
contact time on the thrust board was reduced by approximately 4% in the P1min group and 6% in the P3min group
when compared to the control group. Although modified at
both intervals (P1min and P3min), the effect size indicated
higher recovering power (Cohen’s d = 1.06) in the P3min
group, corroborating to recovery magnitude dependent on
rest time (1, 7) as well as evidence identified increased velocity
in vertical impulsion after P3min (1). Contradictorily moderate recovery intervals were previously identified as ineffective,
even after a 4-min interval (7), and long passive intervals (9
min) were identified as effective to improve power (18).
Interestingly, even without performance gains in horizontal
running speed, there was a reduction in the contact time on
the push board, supposedly favored by the specificity of plyometric movement with vertical jump, related to better conditions for the vertical force vector (19). A possible increase in
vertical velocity during mechanical take-off movement optimizes thrust for accurate and agile reactivity (20).
In both conditions, there was also an increase in the long
jump height in the P1min and P3min groups by approximately 4% and 5%, respectively, when compared to the
control group, presuming that gains in speed and vertical power (1) increase in the activation and recruitment of
motor units, especially fast fibers (10), and higher production of synaptic neurotransmitters (21). Although this result
is found to be favorable in horizontal jumps, increasing
the vertical height alone does not improve distance perfor498

mance. It is well known that yield gains in this embodiment
are influenced by a sum of fundamental technical factors
such as angle and thrust velocity (22). In addition, large
performance gains only in vertical components are likely
to exert negative effects on long jump, better indicated for
specific vertical jump evidence (e.g., high jump).
Regardless of a moderate correlation between horizontal
jump distance and vertical factors (figure 5 c), no changes were observed in CMJ and SJ. Nevertheless, this result
suggests absence of muscle fatigue (23), supporting other
reports of low fatigue resulting from plyometric stimuli when compared to resistance exercises (24). On the
contrary, increase in CMJ and SJ height associated with
the use of active warming is well documented. Stimulating
blood flow and an improvement in strength-to-speed ratio
(25), receptors, and nerve impulses are also related to vasodilation and increases in muscle temperature, resulting in
faster and stronger muscle contraction (26).

Limitations
This study has some limitations, there was difficulty in
recruiting volunteers with competitive experience analyzing
a small sample size, in addition to the fact that not evaluated the long jump output velocity and vertical impulse
velocity. This information may be relevant to performance
in the long jump. Furthermore, others factors need to be
considered when evaluating the effects of PAP, including
load used, volume, as well as individual variability including training and chronological age, sex, and strength levels.
further studies are necessary.

Practical applications
Improvements in contact time and in the height of the long
jump with intervals varying between 1 and 3 min reflect
potential improvements in the vertical impulse mechanism.
Although in the long jump, the main objective is to face the
horizontal distance reached, vertical thrust gains are secondary factors that, if well executed, optimize the development
of important techniques used for pedaling and the body arc
performed in the air. These techniques have a high degree
of difficulty and are poorly developed in young athletes.
This significantly enhances the relationship between PE and
vertical factors, which are significantly correlated with horizontal factors, which reinforces this outcome.
Further investigations of PAP with exercises aimed exclusively at the horizontal axis are recommended, but the development of complementary strategies is also essential, provided
the engineering of biomechanical mechanisms of long jump.
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CONCLUSIONS
From the current results, PE can be an effective strategy
to reduce the contact time on the jump board and increase
height of the jump in young competing in long jump. We
evidence the importance minimum period of 1 minute rest

between the conditioning activity and the target activity to
improve performance.
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SUMMARY
Isolated avulsion of the tibial spine occurs in children and can be associated with residual insufficiency of the anterior cruciate ligament (ACL). Completely displaced tibial
spine fractures are managed with open or arthroscopic surgical fixation. This retrospective study describes the results obtained with arthroscopic reduction at a mean
follow-up of 81.6 months.
Eleven patients were treated with arthroscopic suture fixation, at the last follow-up
all patients exhibited a negative Lachman test and a negative pivot shift test, the mean
International Knee Documentation Committee (IKDC) score was 97.9 and the mean
Lysholm score was 96. All patients showed bone union at plain radiography.
Arthroscopic reduction with suture fixation is a safe and reliable method to treat
displaced or comminuted avulsion fractures of the tibial eminence.
KEY WORDS
Tibial fracture; adolescent; arthroscopy; avulsion fractures.

INTRODUCTION
Isolated avulsion of the tibial spine is relatively frequent, with
an incidence of 3 per 100.000 inhabitants per year (1). They
usually occur in children, though they are becoming more
frequent in adults (2,3). After such injury, the knee become
lax given the insufficiency of the anterior cruciate ligament
(ACL), and exhibits decrease in range of motion (ROM) (4).
Nondisplaced and selected partially displaced fractures can
be treated non-operatively, on the other hand completely displaced tibial spine fractures are managed with surgical fixation (5). The aim of surgery includes restoration of
knee stability, restoration of the range of motion and return
to function (5). Fracture non-union, arthrofibrosis and
malunion are the most frequently reported complications of
tibial spine fractures (6). The former may lead to limitation
in ROM, and the latter produces residual ligament laxity.
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Surgery is necessary to prevent these issues, and anatomical
reduction with stable fixation is required to restore normal
knee biomechanics if the avulsion is completely or partially
displaced (2, 7, 8). Clinical evaluation, computed tomography and magnetic resonance imaging help to identify the
fracture patterns and guide the treatment options (9).
Meyers and McKeever (10, 11) identified three main types of
fractures: Type I (minimally displaced anterior margin); Type
II (superior displacement of the anterior edge with an intact
posterior hinge); Type III (completely displaced and avulsed
tibial eminence). Type III fractures have been sub-classified
in Type IIIa (with fragments completely displaced) and type
IIIb (fragments are displaced and rotated) (10,11).
Zaricznyj described a fourth type of tibial eminence fracture, with comminution (12).

G. F. Trinchese, A. Oliviero, F. Oliva, N. Maffulli

Type I fractures are usually treated with the knee immobilization in full extension, while in type II, III and IV fractures
treatment options is more controversial. In Type II, III and
IV fracture the reduction may not be full, and arthroscopic
evaluation and anatomic reduction with internal fixation is
technically demanding (13).
The present study evaluates the effectiveness of suture fixation on a series of patients affected by tibial spine fracture.

MATERIALS AND METHODS
In this retrospective study, eleven patients were treated
between 2010 and 2017. The inclusion criteria were: 1)
displaced tibial eminence avulsion; 2) anterior knee laxity of grade II or higher. Exclusion criteria were: 1) tibial
plateau fracture; 2) nerve or vessel damage; 3) multi-ligament injury or knee dislocation. Patients were assessed after
the arthroscopic surgery, and comparison with the contralateral uninjured knee was made. The mean follow-up was
81.6 months, range 48-128.
The primary outcome of the study was the reduction in post-operative knee laxity, that was evaluated with the Lachman test
and the pivot shift test, and measured by Rolimeter® (Aircast,
DJO Global, Vista, CA, USA); secondary outcomes were
the improvement in the International Knee Documentation
Committee (IKDC) scores, the Lysholm score, and the bone
union. Fracture healing was assessed on lateral radiograph, and
clinically based on disappearance of anterior knee pain.
All patients gave their written consent before surgery, and
the relevant institutional review board approved the study.
All patients underwent the same treatment protocol for
arthroscopic suture fixation using FiberWire (Arthrex,
Naples, FL, USA) sutures to undertake the relevant fixation.

ture hematoma and remove the smaller fracture fragments to
mobilize the avulsed tibial spine (figure 2).
Trial reductions was performed using the probe. The
reduced fragment was temporarily fixed with a 1.5 mm
Kirschner wire inserted percutaneously from the superomedial aspect of the knee joint (figure 3). The tip of the tibial ACL guide was placed on the base of the ACL through
the anteromedial portal (figure 4). A 1 cm longitudinal incision was made just medial to the anterior tibial tuberosity
and deepened to the tibial surface to place the tibial ACL
guide in contact with the tibial cortex. Two 2.4 mm guide
wire were drilled into the joint through the guide from the
proximal tibia through the reduced fragment. One guide
wire was placed just to the medial aspect and the other just
to the lateral aspect to the insertion of the ACL. Next, a
4 mm cannulated drill bit was used to make the two tibi-

Figure 1. The intermeniscal ligament is pulled anteriorly, thus
facilitating reduction of the tibial eminence fragment by using
a N.1 PDSII from the AM portal.

Surgical Technique
The procedure was performed under spinal anesthesia.
Patients were placed in the supine position and a pneumatic
tourniquet was inflated after limb exsanguination. Standard
anteromedial (AM) and anterolateral (AL) portals were used.
Associated meniscal tears or other lesions were assessed and
addressed before fracture treatment. In most patients, the
transverse intermeniscal ligament was interposed between the
superiorly displaced fragment and the tibia, preventing accurate reduction. Using a N.1 PDSII from the AM portal the
ligament was pulled anteriorly, thus facilitating reduction of
the tibial eminence fragment and its maintenance (figure 1).
After a comprehensive arthroscopic examination, a probe
was used to lift the avulsed fragment and allow access to the
fracture bed. A shaver was used to carefully debride the fracMuscles, Ligaments and Tendons Journal 2021;11 (3)

Figure 2. The tibial spine is fully mobilized by removing
hematoma and smaller fracture fragments.
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al tunnel. The surgeon unscrewed and removed the inner
drill bit while leaving the outer cannulated drill sleeve in
place (figure 5). A 45° suture hook was passed through the
base of the ACL just proximal to its tibial insertion on the
fracture fragment, and a N.1 PDSII was shuttled through
the base of the ACL (figure 6). One N. 5 FiberWire suture
was then inserted into the lateral cannulated drill, retrieved
from the anterior portal with a grasper and shuttled, using
the PDS loop, through the ACL (figure 7). After this, a
PDS loop was inserted into the medial cannulated drill and
the FiberWire was passed through the second tunnel, exiting from the anterior aspect of the tibia. The reduction was
confirmed visually and tested with the probe (figure 8), and
the suture was then tied over the bony bridge on the anterior-medial cortex of the tibia (figure 9).
Figure 3. The reduction of the avulsed fragment is achieved,
and the tibial spine is temporarily fixed by using a K-wire
inserted from the superomedial aspect of the knee joint.

Figure 4. The point of the C-ring drill guide is placed on the
base of the ACL through the anteromedial portal.

Figure 5. The outer cannulated drill sleeve is left in place
after having drilled the 4 mm tibial tunnel.
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Figure 6. A 45° suture hook is passed through the base of
the ACL just proximal to its tibial insertion site on the fracture
fragment and a N.1 PDSII is then shuttled through the base
of the ACL.

Figure 7. One N.5 FiberWire is inserted into the lateral cannulated drill, retrieved from the anterior portal with a grasper
and shuttled, by use of the PDS loop, through the ACL.
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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RESULTS

Figure 8. The reduction of the fragment is achieved.

The main characteristics of the study are summarized
in table I. Eleven patients, 9 Males and 2 Female, mean
age 18.27 ± 7.74 (12-35) were recruited (6 type II, 3 type
III and 2 type IV). The mean antero-posterior excursion
measured with the Rolimeter was 7.6 mm for the operated side and 6.2 mm for the opposite side. All patients
exhibited a negative Lachman test and a negative pivot
shift test at final follow-up. Seven patients were classified IKDC A and 4 patients IKDC B. The mean IKDC
subjective score was 97.9 (range 94 to 100). The mean
Lysholm score was 96 (range 90 to 100) at the last follow
up. All patients showed bone union at plain radiography. One patient reported to have experienced difficulty in regaining motion post-operatively and underwent an
arthroscopic arthrolysis with full recovery. This second
procedure consisted of a debridement of arthrofibrotic scar tissue inside the joint. No hardware disturbances have been observed and no other patients required a
second operation. No complications were other complications were reported. No infection or venous thrombosis was noted. Of the recruited patients, nine reported no
pain during moderate or strenuous activities; two patient
reported intermittent and slight pain with moderate or
strenuous activities at the last follow-up.
Table I. Main characteristics of the study.

Figure 9. The tibial spine is fixed by tying the sutures over a
bony bridge on the anterior-medial cortex of the tibia.

Postoperative protocol
Different post-operative and rehabilitative protocols are
proposed in the literature, based on the surgeon’s preferences, the type of fracture, the quality of fixation and patient
compliance (14).
Compared to the protocol used by other authors, (15, 16)
ours provided for faster weight bearing and mobilization.
In any case, most of the studies in the literature concord for
immediate weight bearing and early mobilization (14).
The knee was immobilized in a brace locked in full extension for 2 weeks. Strengthening exercises and stimulation
of quadriceps and hamstrings were started immediately and weight bearing permitted with crutches as tolerated. After 2 weeks the brace was progressively unlocked and
mobilization started. The brace was removed after 4 weeks
and mobilization continued until the range of motion was
completely recovered.
Muscles, Ligaments and Tendons Journal 2021;11 (3)

Number of patients
male
female

11
9 (81.8%)
2 (18.2%)

Mean age

18.27 ± 7.74

Mean Follow-up

81.6 months
(range 48-128)

Meyers and McKeever Classification 6 type II
3 type III
2 type IV
Rolimeter
operated side
opposite side

7.6 mm
6.2 mm

Lachman test

All patients negative

Pivot shift

ALL patients negative

Post-op IKDC Classification
type A
type B

7 patients
4 patients

Mean IKDC score at last follow-up

97.9
(range 94 to 100)

Mean Lysholm score at
last follow-up

96
(range 90 to 100)

Complication

1 arthrofibrosis
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DISCUSSION
Surgical treatment of displaced intercondylar eminence
fractures is essential to prevent nonunion or malunion.
Most surgeons recommend surgery for displacement of
more than 3 mm in type II, type III and IV fractures of
intercondylar eminence (12, 17, 18).
A systematic review of the literature has not demonstrated long term superiority of open surgery over arthroscopic surgery or screw versus suture fixation techniques (19).
However, recent arthroscopic fixation techniques demonstrated less morbidity and complications, better evaluation
and treatment of any associated lesions, and faster functional recovery in comparison to open procedures (2).
Arthroscopic fixation techniques include percutaneous
Kirschner wire fixation, screw fixation (20), TightRope
fixation (21), steel wire fixation or suture fixation (22-24).
In 1982, McLennan first reported the treatment of fracture
of the intercondylar eminence of the tibia with Kirschner
wire but anterior knee pain, instability and decrease in
motion were the main complications (18), with high rates of
failure (25).
Recent studies have demonstrated the biomechanical advantages of newer suture-based fixation methods compared to
fixation with screws, however the best method of fixation
has not been defined as each technique has specific advantages (26).
Although fixation with the screw technique allows several
advantages such as immediate loading and early mobilization, it cannot be used in cases of comminution or small
fragment size. Furthermore, in case of malpositioning with
associated cartilage damage or persistent intolerance, it will
be necessary to remove the screw. Finally, growth disturbances may occur in patients with open physis (14).
Suture fixation methods are basically classified into 2
groups. The first involves the direct suture of the ACL fibers,
vice versa the other possibility involves the reduction and
fixation of the avulsed bone fragment. This last technique
is obviously not usable when the tibial spine is comminuted, but in these cases it is possible to suture the base of the
ligament itself in order to obtain a solid fixation (27). Ligament suture methods require special instruments to place
intraligamentous sutures and a suture passer to thread ligament sutures in the joint. Tsukada et al. found significantly
greater anterior translation after cyclic loading in fractures
stabilized with pullout suture fixation compared with antegrade screw fixation (28, 29). In a cadaveric biomechanical
study, specimens fixed with Fiberwire had a mean ultimate
strength of 319 N. Those fixed with cannulated screws
had a mean ultimate strength of 125 N (P = .0038). There
was no significant difference between the mean stiffness
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of FiberWire constructs (63 N; SD, 50 N) and the mean
stiffness of the cannulated screw constructs (20 N; SD,
32 N). FiberWire fixation of eminence fractures provides
biomechanical advantages over cannulated screw fixation,
and may influence the type of treatment one chooses for
patients with tibial eminence fractures (30). Using absorbable suture fixation, Verdano et al. also showed good and
very good results in 21 patients with complete union of the
avulsed fragment at 2 years of follow-up without complications (31, 32). Commonly used screw methods can easily
crush bony bone fragments and cut ligaments, increasing
the likelihood of damaging the open physis and requiring a
second procedure to remove the implant. In addition, the
operative space is limited (30, 33, 34).
All our patients presented returned to full function after the
index surgery. No hardware disturbances were reported,
only one patient required a second operation of arthroscopic
arthrolysis, and no infection or venous thrombosis were noted.
Notwithstanding the small number of patients treated,
the suture fixation procedure described allows excellent
results for the tibial eminence fracture avulsion. There are
several advantages in using the described technique. First,
the suture is performed at the base of the ACL and not
in the bone, making it easy to reduce even in type III or
IV fractures. Furthermore, this type of fixation proved to
be biomechanically superior to the technique with screws
which could then risk breaking the bone fragment and
also require removal in case of intolerance (27, 35, 36).
Finally, in case of difficult reduction can be managed with
multiple sutures for precise repair of bone fragments.

CONCLUSIONS
Displaced or comminuted avulsion fractures of the tibial
eminence can be easily managed with arthroscopic reduction
with suture fixation allowing to restore ACL length, stabilize
fragments, promote early motion, and minimize morbidity.
Direct intrarticular inspection allows anatomic reduction
and the treatment of further intra-articular pathology. This
technique is easily reproducible with low hardware costs
compared with sutures using anchors or other hardware,
and the cannulated drill significantly simplifies the process
of suture passage while maintaining fracture reduction and
minimizing surgical steps. The study meets the ethical
standards of the journal (37).
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SUMMARY
Background. The aim of this study was to investigate between-day reliability of postural measurements and to examine the effects of prolonged sitting (2 hours) on standing
spinal posture using the DIERS Formetric 4D®device.
Methods. A test-retest reliability study was performed on 14 healthy university students
to assess spinal shape parameters in five different standing positions. Between-day reliability was assessed using the intraclass correlation coefficient (ICC 3,1) and agreement was calculated with the standard errors of measurement and smallest real differences for the outcomes of interest. The paired t-test was used to compare the mean
differences in standing spinal posture before and after prolonged sitting.
Results. For between-day reliability, trunk and pelvic imbalances and spinal deviation
measures showed poor to moderate reliability when compared to other spine shape
parameters that demonstrated moderate to good reliability. This study also showed
a significant difference between pre- and post-sitting for 2 hours on specific spinal
parameters except certain trunk/pelvic imbalances and spinal deviation measurements.
Conclusions. The DIERS Formetric 4D® device could be considered as a reliable tool
for measuring spine shape parameters relating to localization, distance and spine curve
measurements for certain standing postures in healthy male students. Our preliminary
findings indicated a change in spinal shape parameters after 2 hours of prolonged sitting.
KEY WORDS
Back; healthy volunteers; posture; reproducibility of results; agreement.

INTRODUCTION
Spinal posture can be defined as the relationship between the
position of different spinal segments with respect to one another and with respect to gravity (1). Clinically, spinal posture
screening forms an integral part of musculoskeletal assessment
(2). A recent study has shown that most desk-based workers
and students tend to sit around 6.6 to 10 hours during the day
(3). Prolonged sitting (> 8 hours/day) has been associated with

various health concerns such as increased risk of obesity, cardiovascular and metabolic disorders as well as low back pain (4).
Low back pain could be further exacerbated by faulty postures
during sitting (5). Faulty postural habits might also predispose
to postural abnormalities such as rounded shoulders, kyphosis, forward head, and altered proprioception in the spine (6).
Consequently, postural rehabilitation plays an important part in
the treatment of posture-related musculoskeletal disorders (7).
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There are various methods for assessing posture such as pen
and paper-based observation method, videotaping, photography, X-ray, computer-aided analysis, studying the projection
of the center of gravity with the aid of a force platform, using
strain-gauge sensors or accelerometers, silhouette-derived body
shape models, and video rasterstereography (6, 8-10). Among
these methods, surface topography, the study of the three-dimensional surface area of the back, using video rasterstereography has recently gained popularity for the assessment of postural deformities. The DIERS formetric 4D® device, employing
video rasterstereography, is increasingly used in clinical practice
because it allows one to observe the postural changes and shape
parameters of the spine and pelvis without the hazards associated with radiography (11). Such a method is the gold standard
for analyzing posture and spinal curves while standing.
During a typical six second scan of the back during static
standing, 12 images of the posterior trunk are generated.
The device then calculates around 40 shape parameters such
as angles, distances, rotations, and deviations of the spine
and pelvis while standing (11). A complex algorithm then
produces a three-dimensional computerized image of an
individual’s spine (9). DIERS formetric 4D® spinal posture
measurements have been found to be valid and reliable, in
populations such as healthy adults and those with scoliosis (12-15). Moreover, trunk dimensions measured by the
DIERS Formetric 4D® have been shown to be reproducible
for angular and distance measurements (16). As the device
also allows repeated measurements without causing any
potential health risk, it is suitable for follow-up assessment
of patients with kyphosis and other postural disorders (17).
A recent study by Alzyoud et al. (2020) reported DIERS
Formetric 4D® spine and pelvic shape measurements to be reliable in seven erect (standing) positions with variations in arm
and feet position (15). However, the authors reported reliability of repeated measurements in a single session, and test-retest reliability of spine posture data measured with variations in
arm/feet position needs further investigation. Moreover, there
is also a dearth of literature on the effects of time dependent
variations in spinal posture measured objectively with a device
such as DIERS Formetric 4D®. Therefore, this study aimed to
assess between-day reliability of spinal posture measurements
using the DIERS formetric 4D® device and to examine the
effects of prolonged sitting for 2 hours on spinal posture in five
standing positions among healthy university students.

METHODS
Design, setting and ethical approval
A test-retest reliability study was performed on two occasions within a period of one week at a laboratory installed
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with the DIERS Formetric 4D® device at the Department
of Physiotherapy, College of Health Sciences, University
of Sharjah, United Arab Emirates. The study followed the
Guidelines for Reporting Reliability and Agreement Studies (GRRAS) (18) for documenting methods and results
for between-day reliability of spine shape parameters.
The University of Sharjah’s Research Ethics Committee
reviewed and approved the study (REC-20-02-05-03-S).
The study meets the ethical standards of the Journal (19).

Participants
Fourteen healthy male students were recruited by convenience sampling through adverts, emails, and word of mouth
at the University of Sharjah. The exclusion criteria were any
history of spinal or extremity pain in the past three months
that required intervention by a health professional, history
of any developmental disorder (e.g., Scheuermann’s/Calvé
disease [juvenile osteochondrosis], adolescent idiopathic
scoliosis, etc.), significant postural abnormalities, infection
(e.g., tuberculosis of spine), tumor (e.g., multiple myeloma),
arthritis/arthropathy, and/or surgery of the spine. Any other
cardiorespiratory or neurological disorders that would interfere with participation in the study were excluded as well.
Participants were pain-free according to the Nordic Musculoskeletal Questionnaire (extended version) (20) at the time
of data collection.
Student volunteers, who met the inclusion criteria, gave an
informed consent before participating in the data collection on
two days within one week. Participants’ demographic (age and
year of study at the University) and anthropometric data (height
measured with a stadiometer and weight with a weighing scale),
relevant clinical history, and subjective physical activity levels
(self-reported with IPAQ questionnaire short form) were documented. The IPAQ short version has been found to have an
acceptable test-retest reliability and validity for vigorous activity
and sitting, and moderate reliability for walking (21).

Session 1
All participants underwent the spinal posture screening
with the DIERS formetric 4D® device and the spinal posture
measurements were recorded in five different positions (day
1 test 1). Then they were asked to sit comfortably for two
hours in a laboratory under the observation of the investigators. They were instructed not to stretch, stand, walk, or do
any type of exercise during that period. The spinal posture
screening was repeated after prolonged sitting to detect any
changes in the posture (day 1 test 2).
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Session 2 (after one week)
Participants underwent the spinal posture screening again
with the DIERS formetric 4D® device at one time (day 2
test 1). However, pre- and post-assessment of spinal postural changes following prolonged sitting were not repeated.

Postural assessment
Spinal posture measurement was conducted by detecting the
surface topography of the entire surface of the back in a static
standing posture using the DIERS formetric4D® device (11).
The laboratory was kept quiet and complete privacy of the
subjects was ensured. Reflective stickers were placed on three
bony landmarks by a physiotherapist (AMJ/AA) experienced
in spinal palpation and postural assessment: the C7 spinous
process and posterior superior iliac spines (PSISs; the right
and left sacral dimples). In order to identify the C7 spinous
process, the participants were asked to minimally flex their
neck. Even though the detection of the mentioned landmarks
was possible with the DiCAM III software, the reflective
stickers were used to minimize the chance of any erroneous
(automatic) detection of these landmarks (11). The reflective
stickers were placed by the same assessor on both days.
Participants were required to stand bare feet with their heels
touching the reference line marked on the treadmill, at about
220 cm from the light projector of the DIERS formetric 4D®
device. They were asked to stand with their back facing the
cameras. To maintain a static position of the head, their gaze
was fixed in front at a reference point and this point was
adjusted based on each participant’s height. For all participants, the body was exposed from the occiput to the beginning of the inter-gluteal cleft. The spinal posture scanning was
done three times, around 6 s for each scan, using the DiCAM
III software at a frequency of 2 HZ. The postural screening
was done in five different positions; the order of positions was
randomized except for the neutral (normal) standing position
which was assessed in the beginning of each test.
The positions used were: 1) neutral (normal) standing, 2)
hands behind the ears with full external rotation and 90°
abduction of the shoulder, 3) hands touching the ipsilateral
medial end of the clavicle, 4) hands crossed on the chest, and
5) arms in front of the chest (figure 1). Among these, three
positions were used in a previous study (15). Only three-dimensional reconstructed images, from the DIERS Formetric
4D® system software, were used for analysis.

Outcome measures
Of all the parameters provided by the DIERS software, only
11 that are commonly reported in the literature were chosen
(table I) (12, 15, 22-24).
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Figure 1. Five different standing positions used for spinal
posture assessment in the study. (A) Neutral, (B) Hands
behind the ears, (C) Hands on the clavicle, (D) Hands crossed
on the chest and (E) Arms crossed in front.
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Table I. Definition of spinal shape parameters obtained from the DIERS formetric4D® device.
Spine shape parameters

Unit Definition

Localization and distance
Trunk length

mm

VP to DM

Dimple distance

mm

DL to DR

Sagittal imbalance (trunk inclination)

°

The angle between an external plumb line and the line connecting VP to DM

Coronal imbalance (trunk imbalance)

mm

Distance measured laterally between VP and DM

Pelvic obliquity (pelvic tilt)

mm

Height difference between DL and DR

Pelvic torsion

°

Surface normal torsions of DL and DR

Kyphotic angle (max)

°

Angle formed between the surface tangents from ICT and ITL

Lordotic angle (max)

°

Angle formed between the surface tangents from ITL and ILS

Vertebral rotation (+ max) (surface rotation)

°

The maximum value of the horizontal components of the surface normal on the
symmetry line to the right

Vertebral rotation (rms) (surface rotation)

°

Root mean square (rms) of the horizontal components of the surface normal on
the symmetry line

Vertebral rotation (amplitude)
(surface rotation)

°

The maximal spinal torsion calculated from the maximal rotation to the right
and to the left

Trunk and pelvic imbalances

Spinal Curve Measurements

Spinal deviations

DM: the center point between sacral dimple on the left and sacral dimple on the right; DL: sacral dimple left; DR: sacral dimple right; ICT:
cervicothoracic transition point; ILS: lumbosacral transition point; ITL: thoracolumbar transition point; VP: vertebral prominence.

Statistical analysis
Spinal posture data were assessed for normality using the
Shapiro Wilk’s test. Between-day reliability were assessed
using the intraclass correlation coefficient (ICC) (3,1)
(two-way mixed effects, consistency, and single measurements) and 95% confidence intervals. ICC values < 0.50,
0.50-0.74, 0.75-0.89, and 0.90-1.0 were interpreted as poor,
moderate, good, and excellent, respectively (25). The Standard Error of Measurement (SEM) was calculated by multiplying standard deviation by the square root of the ICC
subtracted from 1 (26). The Smallest Real Difference (SRD)
which indicates a real change beyond measurement error
was calculated using the formula 1.96 × SEM × √2 (27).
Paired t-test was used to compare the mean differences in
standing spinal posture between pre- and post-prolonged
sitting. All statistical analyses were carried out using the
statistical package for social sciences (IBM SPSS, version
25). The study findings are reported in accordance with the
recommendations of Padulo et al. (2017) (28).

RESULTS
Out of 34 students who volunteered for the study initially, 14
were found eligible to participate. Out of the 14 only 13 were
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available for between-day comparisons. Reasons for exclusion of 20 students included lack of interest and/or time, or
no response to follow-up emails. The included participants
had mean age of 19.79 (± 1.53; standard deviation) years.
Their mean and standard deviation values for height, bodyweight and BMI were 176.14 ± 6.15 cm, 70.92 ± 10.07 kg,
and 22.90 ± 3.44 kg/m² respectively. IPAQ scoring revealed an
average of 2322 MET– minutes/week based on their physical
activity levels throughout the previous week before data collection. Spinal shape parameters for the five standing positions are
summarized as means and standard deviations in tables II-IV.

Between-day reliability
ICCs for between-day reliability of spine shape measurements
of all five positions are described in table V, and corresponding SEM and SRD values are reported in tables VI. Betweenday reliability for neutral position showed poor to moderate
between-day reliability (ICC: 0-0.70) for most spine shape
parameters. The rest of the positions also showed poor to
moderate reliability for most parameters. The smallest SEM
value was for vertebral rotation (root mean square) (0.67°)
for the hands behind the ears position and the largest SEM
value was for trunk length (15.11 mm) (table VI).
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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91.43 ± 9.36
92.24 ± 9.08

92.56 ± 9.20

3. Hands on 466.97 ± 17.28
the clavicle

466.45 ± 18.77
4. Hands
crossed
on the chest

5. Arms
crossed
in front
3.31 ± 2.25

3.29 ± 2.66

3.38 ± 2.50

2.93 ± 1.88

3.24 ± 2.58

7.70 ± 7.40

7.12 ± 5.13

6.24 ± 6.50

6.55 ± 5.38

5.21 ± 3.18

2.41 ± 2.20

1.67 ± 1.31

1.98 ± 1.41

3.19 ± 2.19

3.45 ± 1.89

SI
(oR)

3.15 ± 1.45

3.05 ± 1.50

2.36 ± 1.165

2.40 ± 1.18

2.57 ± 1.70

PTor
(°)

59.23 ± 7.89

56.07 ± 8.78

50.41 ± 8.12

47.67 ± 9.51

45.19 ± 10.07

LL
(o)

Spinal Curve
Measurements

48.10 ± 7.88

48.31 ± 5.51

46.10 ± 6.68

39.19 ± 8.53

47.29 ± 5.55

TK
(o)

4.20 ± 1.38

3.93 ± 1.50

3.55 ± 1.65

4.57 ± 1.94

3.60 ± 1.47

VRrms
(o)

11.38 ± 0.67

10.14 ± 3.88

9.24 ± 0.88

7.98 ± 3.24

10.81 ± 6.74

VRamp
(o)

Spinal deviation

4.41 ± 3.0

4.40 ± 3.53

3.5 ± 3.59

3.43 ± 1.77

4.81 ± 7.82

VRmax
(oR) (∼ T2)
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468.57 ± 17.20

465.17 ± 16.52

463.40 ± 18.41

462.00 ± 17.23

3. Hands on
the clavicle

4. Hands
crossed
on the chest

5. Arms
crossed
in front
92.23 ± 8.79

91.52 ± 9.14

91.45 ± 9.02

91.69 ± 9.12

4.38 ± 2.45

3.02 ± 1.50

3.31 ± 2.12

4.19 ± 2.27

89.67 ± 10.16 4.07 ± 2.06

7.26 ± 8.35

6.86 ± 5.09

6.29 ± 7.37

7.24 ± 5.33

6.75 ± 5.16

2.43 ± 1.64

2.55 ± 1.10

2.24 ± 1.08

PTor
(°)

2.72 ± 2.17

2.85 ± 0.77

1.45 ± 1.37 3.07 ± 2.07

2.21 ± 1.81

3.29 ± 1.91

3.50 ± 1.59

SI
(oR)

47.12 ± 5.05

TK
(o)

3.56 ± 1.27

VRrms
(o)

46.14 ± 4.80

3.52 ± 1.36

57.90 ± 7.62

46.38 ± 6.31

3.79 ± 1.80

54.93 ± 8.86 47.83 ± 4.54 4.02 ± 1.25

50.23 ± 8.91

3.05 ± 2.56

3.88 ± 2.88

4.68 ± 5.63

VRmax
(oR) (∼ T2)

9.72 ± 3.65

2.82 ± 2.66

10.60 ± 3.42 3.79 ± 3.61

8.98 ± 2.68

7.67 ± 2.33

10.52 ± 5.22

VRamp
(o)

Spinal deviation

47.62 ± 9.74 39.86 ± 1.91 5.05 ± 2.49

43.18 ± 7.67

LL
(o)

Spinal Curve
Measurements

CI: coronal imbalance; DD: dimples distance; LL: lumbar lordosis; PObl: pelvic obliquity; PTor: pelvic torsion; SI: sagittal imbalance; TK: thoracokyphosis; TL: trunk length; VRamp: vertebral
rotation amplitude; VRmax: vertebral rotation maximum; VRrms: vertebral rotation rms.

470.21 ± 19.65

1. Neutral

CI
(mm R)

PObl
(mm R)

TL
(mm)

DD
(mm)

Trunk and pelvic imbalances

Localization and distance

2. Hands
behind
the ears

Standing
position

Mean ± SD Day1 Test 2

Table III. Summary of DIERS measurements for the five standing positions recorded on day 1 (test session 2). The mean represents the average of three
repeated measurements for each standing position.

CI: coronal imbalance; DD: dimples distance; LL: lumbar lordosis; PObl: pelvic obliquity; PTor: pelvic torsion; SI: sagittal imbalance; TK: thoracokyphosis; TL: trunk length; VRamp: vertebral
rotation amplitude; VRmax: vertebral rotation maximum; VRrms: vertebral rotation rms.

464.54 ± 16.53

92.21 ± 9.00

476.02 ± 20.55

2. Hands
behind
the ears

92.19 ± 8.93

470.36 ± 17.31

CI
(mm R)

PObl
(mm R)

TL
(mm)

DD
(mm)

Trunk and pelvic imbalances

Localization and distance

1. Neutral

Standing
position

Mean ± SD Day1 Test 1

Table II. Summary of DIERS measurements for the five standing positions recorded on day 1 (test session 1). The mean represents the average of three
repeated measurements for each standing position.
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465.6 ± 19.59

464.6 ± 19.90

4. Arms
crossed
on the chest

5. Arms
crossed
in front
91.74 ± 9.91

92.51 ± 10.10

92.46 ± 10.17

92.49 ± 10.02

92.42 ± 10.16

3.28 ± 1.90

3.00 ± 2.26

3.56 ± 2.32

3.33 ± 1.90

3.83 ± 2.46

8.08 ± 5.91

5.77 ± 3.78

5.56 ± 4.33

5.62 ± 4.33

5.08 ± 3.33

2.87 ± 1.66

1.51 ± 1.18

2.41 ± 1.73

3.21 ± 2.06

2.85 ± 1.28

SI
(oR)

2.72 ± 1.57

2.79 ± 1.70

2.42 ± 0.83

3.05 ± 1.54

2.74 ± 0.72

PTor
(°)

53.33 ± 7.22

52.49 ± 7.66

48.44 ± 6.74

47.82 ± 7.23

49.88 ± 8.56

LL
(o)

44.82 ± 10.17

47.90 ± 5.45

46.40 ± 6.97

40.31 ± 10.96

44.86 ± 9.36

TK
(o)

Spinal Curve
Measurements

4.64 ± 1.93

3.87 ± 1.40

3.60 ± 1.28

4.62 ± 1.56

4.32 ± 1.86

VRrms
(o)

13.87 ± 8.92

10.18 ± 2.88

9.79 ± 2.45

8.54 ± 2.23

15.17 ± 12.28

VRamp
(o)

Spinal deviation

4.36 ± 3.67

3.59 ± 3.12

3.38 ± 2.62

3.87 ± 2.56

6.18 ± 10.64

VRmax
(oR) (∼ T2)

0.56
(0.02, 0.84)
0.71
(0.28, 0.90)

*0.42
(0,0.78)

0.52
(0.02, 0.82)

0.63
(0.15, 0.87)

0.85
(0.58, 0.95)

1. Neutral

2. Hands
behind
the ears

3. Hands on
the clavicle

4. Arms
crossed
on the chest

5. Arms
0.70
crossed in front (0.25, 0.90)

0.72
(0.31, 0.91)

*0
(0,0.43)

0.79
(0.45, 0.93)

*0.16
(0, 0.64)

*0.13
(0,0.62)

PObl
(mm R)

0.69
(0.24, 0.89)

*0.38
(0, 0.76)

*0.49
(0, 0.81)

*0.41
(0, 0.77)

*0.004
(0, 0.55)

CI
(mm R)

0.51
(0.01, 0.81)

*0.0
(0, 0.53)

*0.11
(0, 0.62)

0.89
(0.71, 0.96)

0.61
(0.12, 0.86)

SI
(oR)

Trunk and pelvic imbalances

*0.22
(0, 0.67)

*0.02
(0,0.56)

*0.37
(0, 0.76)

*0.47
(0, 0.80)

*0
(0,0.46)

PTor
(°)

0.54
(0.01, 0.83)

0.67
(0.18, 0.89)

0.67
(0.21, 0.88)

0.68
(0.21, 0.89)

0.50
(0.01, 0.81)

LL
( o)

0.83
(0.54, 0.94)

0.90
(0.71, 0.97)

*0
(0, 0.27)

0.87
(0.64, 0.95)

0.54
(0.02, 0.83)

TK
(o)

Spinal Curve Measurements

0.68
(0.25, 0.88)

0.74
(0.33, 0.91)

0.70
(0.29, 0.89)

0.67
(0.19, 0.88)

0.70
(0.27, 0.90)

VRrms
( o)

Spinal deviation

*0.09
(0, 0.59)

0.71
(0.29, 0.90)

0.85
(0.58, 0.95)

*0.27
(0, 0.71)

*0 (0,
0.4)

VRamp
(o)

0.76
(0.38, 0.92)

0.81
(0.49, 0.93)

0.70
(0.29, 0.89)

0.69
(0.26, 0.89)

*0
(0, 0.46)

VRmax
(oR) (~T2)

CI: coronal imbalance, DD: dimples distance, LL: lumbar lordosis, PObl: pelvic obliquity, PTor: pelvic torsion, SI: sagittal imbalance, TK: thoracokyphosis, TL: trunk length, VRamp: vertebral
rotation amplitude, VRmax: vertebral rotation maximum, VRrms: vertebral rotation rms. *Negative ICC values are substituted with zero.

0.60
(0.09, 0.92)

*0.52
(0, 0.82)

0.56
(0.02, 0.84)

TL
(mm)

Standing
position

DD
(mm)

Localization and distance

from five standing positions for 13 male participants

Table V. Between-day reliability (day 1 test 1 vs day 2 test 1; intraclass correlation coefficients [ICCs] ± 95% confidence intervals) of spine shape measurements

CI: coronal imbalance; DD: dimples distance; LL: lumbar lordosis; PObl: pelvic obliquity; PTor: pelvic torsion; SI: sagittal imbalance; TK: thoracokyphosis; TL: trunk length; VRamp: vertebral
rotation amplitude; VRmax: vertebral rotation maximum; VRrms: vertebral rotation rms.

466.04 ± 19.94

469.62 ± 19.22

3. Hands on
the clavicle

470.87 ± 22.13

2. Hands
behind
the ears

CI
(mm R)

PObl
(mm R)

TL
(mm)

DD
(mm)

Trunk and pelvic imbalances

Localization and distance

1. Neutral

Standing
position

Mean ± SD Day 2 Test 1

Table IV. Summary of DIERS measurements for the five standing positions recorded on day two (test session 1). The mean represents the average of three
repeated measurements for each standing position.
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CI: coronal imbalance, DD: dimples distance, LL: lumbar lordosis, PObl: pelvic obliquity, PTor: pelvic torsion, SI: sagittal imbalance, TK: thoracokyphosis, TL: trunk length, VRamp: vertebral
rotation amplitude, VRmax: vertebral rotation maximum, VRrms: vertebral rotation rms.

4.48
1.62
6.23
5.08
3.00
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27.57 5.13
9.94

5. Arms
crossed
in front

14.22

1.08

3.70

10.25 1.35

3.74

1.33

3.69

14.07 3.73

10.35 0.95

2.63

17.27

4.00
1.44
1.81
4.67
7.40
20.23 6.35
7.30

4. Hands
crossed
on the
chest

17.60

2.67

3.53

9.80

1.26

3.49

1.58

4.37

12.95 1.70

4.71

0.73

2.03

5.01

8.47
3.06
1.76
5.32
7.77
19.70 5.27

3. Hands on
7.11
the clavicle

14.60

2.80

3.16

8.77

0.86

2.38

0.80

2.21

14.74 3.07

8.50

0.92

2.56

4.87

3.38
1.22
2.36
4.78
4.79
37.86 6.55
13.66

18.16

1.73

3.74

10.36 0.68

1.87

0.99

2.74

13.25 3.52

9.74

0.67

2.80

6.55

27.32
9.86
29.45
10.62
2.51
14.46 0.91
18.21 5.22
6.57
3.82
1.38
2.78
1.00
9.01
3.25
6.48
2.34
17.42

2. Hands
behind
the ears

41.89 6.28
15.11

1. Neutral

SEM SRD SEM SRD SEM SRD SEM SRD SEM SRD SEM SRD SEM SRD SEM SRD SEM SRD SEM SRD SEM SRD

VRmax
(oR) (∼ T2)
VRamp
(o)
VRrms
(o)
TK
(o)
TL
(mm)

DD
(mm)

PObl
(mm R)

CI
(mm R)

SI
(oR)

PTor
(°)

LL
(o)

Spinal deviation
Spinal Curve
Measurements
Trunk and pelvic imbalances
Localization and distance
Standing
position

Table VI. Standard errors of measurement (SEM) and smallest real difference (SRD) values showing between-day (BD; Day 1 Test 1 vs Day 2 Test 1; n = 13)
agreement measures of spine shape measurements for five positions.
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The neutral standing (ICC: 0-0.70) and hands behind
the ears (ICC: 0-0.89) showed low between-day reliability for most spine shape parameters compared to other
positions. In summary, nearly all spinal shape parameters demonstrated nearly moderate to good betweenday reliability except for trunk and pelvic imbalances
(ICC: 0-0.89), and vertebral rotation amplitude (ICC:
0-0.85) parameters for the five standing positions.

Effects of prolonged sitting on spine shape
parameters
This study also showed a significant difference between
pre- and post-sitting for 2 hours for specific spinal
parameters (table VII). Except for certain measurements related to pelvic imbalances (pelvic obliquity/
tilt and torsion) and spinal deviations (vertebral rotation parameters) in a few positions, all other spinal
parameters show a significant difference following
sitting for 2 hours.

DISCUSSION
The aim of our study was to assess between-day reliability of postural measurements using the DIERS Formetric 4D® device and to examine the effects of prolonged
sitting on standing spinal posture. Though previous
studies have shown the DIERS Formetric 4D®device to
be reliable (12-15, 23, 24) for spinal and pelvic measurements of neutral standing, only one study has reported
within-day reliability of these parameters for different
standing positions (15). The results generated from this
study demonstrate between-day reliability and agreement measures as well as the effect of prolonged sitting
on these parameters for five different standing positions including different upper limb positions.

Between-day reliability
Degenhardt et al. (2017) found good to excellent
reliability for localization/distance and spinal curve
measurements with ICC values ranging from 0.87 to
0.98 for between-day reliability for standing neutral
position (11) as compared to ICC values of 0.42 to 0.61
for the same position and parameters in our study. SEM
values reported by Degenhardt et al. (2020) for certain
trunk and pelvic imbalances (e.g., coronal imbalance,
pelvic obliquity/tilt and torsion) ranged from 1.19 to
3.21 for neutral position, in stationary scans and repetition of scans on 5 days during 1 week. All their scans
were taken at the same time during the 5 days. When
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Table VII. Results of paired t-test comparisons of spine shape measurements between test 1 (pre-sitting) and test 2 (postsitting) of day 1.
Standing position Spinal deviation
TL (mm) DD
(mm)

Spinal curve measurements

Trunk and pelvic Localization and distance
imbalances

PObl CI
(mm) (mm R)

SI
(oR)

PTor
(°)

LL
(o)

TK
(o)

VRrms
(o)

VRamp
(o)

VRmax
(o) (∼ T2)

P values
1. Neutral

< 0.001

0.007

0.007

0.053

0.003

0.087

0.094

< 0.001

< 0.001

< 0.001

< 0.001

2. Hands
behind the ears

0.045

< 0.001

0.408

0.021

< 0.001

0.107

0.007

0.001

0.076

0.577

0.188

3. Hands on
the clavicle

< 0.001

< 0.001

0.156

< 0.001

0.017

0.081

< 0.001

0.011

0.001

0.011

< 0.001

4. Hands
crossed
on the chest

< 0.001

< 0.001

0.393

0.013

0.178

0.178

0.001

< 0.001

0.001

< 0.001

< 0.001

5. Arms
crossed in front

< 0.001

< 0.001

0.037

0.001

0.004

0.649

0.007

< 0.001

0.009

0.149

0.048

P values < 0.05 are shown in bold.

compared to our study, SEM values for the same parameters and position ranged from 1.38 to 3.25. Out of all those
values, it would be interesting to note that SEM values for
between-day reliability for trunk and pelvic imbalances
(e.g., coronal imbalance, pelvic obliquity/tilt and torsion)
and vertebral rotation (root mean square) parameters were
found to be the one with the most similarity. Tabard-Fougere et al. (2017) also found almost similar ICC values for
pelvic obliquity (0.27) and vertebral rotation (root mean
square) (0.88) compared to those of our study (pelvic
obliquity [0.13] and vertebral rotation (root mean square)
[0.70]) (23). Furthermore, in agreement with our findings,
Tabard-Fougere et al. (2017) also reported almost similar
SEM values for trunk length (13.1 mm), pelvic obliquity
(3.7 mm) and vertebral rotation (root mean square) (1.4°).
The use of reflective markers in this study could be one
of the reasons for the variability of results encountered as
compared to the study by Degenhardt et al. (2017) which
did not use reflective markers. In the study by Gipsman
et al. (2014), reflective stickers were used and then adjusted in case of any discrepancies noticed after images were
generated (9). Previous studies have indicated better
reliability with automatic landmark detection vs manual detection (29). Soft tissue involvement in the lumbar
region has also been identified as a factor for differences in reliability and error of measurements although BMI
(30) has not been found to have any effect in the results.
Perhaps, except for standing in neutral (commonly used
for spinal posture assessment), other positions such as
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arms crossed on chest, and hands on the clavicle have not
been investigated by previous published studies. Therefore, our comparisons to other published studies on
DIERS reliability and the effects of sitting on spinal shape
parameters are limited.

Limitations of the study
Only healthy male students were recruited in the study, and
the findings cannot be generalized to females and elderly populations with or without musculoskeletal disorders.
Moreover, changing feet/leg position in the frontal plane
was not used in our study as it might not be important
while looking at standing spinal postural measurements.
However, internal or external rotation of the hip may influence pelvic parameters to a certain extent. Moreover, an
increased number of t-tests used to determine the effects of
prolonged sitting on spinal shape parameters might increase
the chances of Type 1 error.

Future recommendations
Further studies should focus on having a larger sample size
including participants of both sexes, different age groups
and BMI levels, different physical activity levels, and those
with or without spinal postural abnormalities. There is a
need to identify reference values of spinal shape parameters
for different age groups and both sexes as well as to ascertain the effect of certain positions and treatment effects on
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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different conditions such as scoliosis and kyphosis. Future
studies would need to substantiate between-day reliability of DIERS formetric measurements, and the effects of
prolonged sitting on altered spinal posture and associated
long-term consequences.

ation measures were found less reliable. Our preliminary
findings revealed that most spine shape parameters showed
a statistically significant difference following prolonged
sitting for 2 hours for almost all standing positions, which
warrants further investigation.

CONCLUSIONS

ETHICS

The current study found that for between-day reliability, of
the 11 spinal parameters analyzed, trunk and pelvic imbalance measures (such as pelvic obliquity, coronal imbalance, pelvic torsion, and vertebral rotation [amplitude])
showed low between-day reliability as compared to other
parameters. Further, standing neutral and hands-on the
clavicle showed low between-day reliability compared to
other positions. This study also showed a significant difference between pre- and post-sitting for 2 hours on specific
spinal parameters except pelvic imbalance (pelvic obliquity and torsion) and spinal deviation (vertebral rotation)
parameters.
In summary, most spine shape parameters (localization,
distance, and spine curve measurements) showed acceptable between-day reliability for most standing positions.
However, certain trunk/pelvic imbalance and spinal devi-
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SUMMARY
Background. This study aims to describe prevalence and clinical features of the sural
myofascial pain syndrome (SMPS) in a population affected by plantar fasciitis and to
investigate if a shock wave treatment extended to the gastrocnemius-soleus trigger
points is more effective in speeding up the improvement of heel pain and sural myofascial pain than a standard treatment exclusively targeted at the plantar fascia.
Methods. Among 81 subjects affected by plantar fasciitis, 55 showed concomitant
SMPS and were randomized to receive focused shock wave therapy for the plantar fascia and for gastrocnemius-soleus trigger points or for the plantar fascia only.
We monitored heel pain (FFI-A) and foot function (FFI-B) using the Foot Function
Index. Pressure pain threshold (PPT) and Delta-PPT of the gastrocnemius-soleus trigger points was assessed with a digital algometer. Outcome measures were monitored in
a follow-up four weeks after the treatment.
Results. The prevalence of SMPS resulted to be 67.9%. At the follow-up, no statistical
significance in the comparisons between groups was found for FFI-A and FFI-B total
score and also for PPT and Delta-PPT values, despite comparisons within the study
group (follow-up versus baseline) showed a significant reduction of FFI-A total score
(p < 0.001), FFI-B total score (p = 0.029) and Delta-PPT values (p = 0.018), with a
consensual increase of PPT values (p = 0.017).
Conclusions. We pointed out a high prevalence of sural trigger points in subjects affected
by plantar fasciitis. In a short-term perspective, the extension of a focused shock wave treatment to the gastrocnemius-soleus trigger points resulted to be a safe but ineffective option
in reducing heel pain and sural myofascial pain, if compared to a standard treatment.
KEY WORDS
Myofascial pain syndrome; myofascial trigger point; plantar fasciitis; shock wave;
tendinopathy.

BACKGROUND
Myofascial pain syndromes are musculoskeletal disorders
characterized by the presence of trigger points associated
to local pain and stiffness. Active trigger points are classically detailed as spontaneous foci of pain, with palpable taut bands and accentuated by pressure, whereas

latent trigger points as clinically quiescent foci, becoming painful only when palpated (1). Despite the diagnosis of myofascial pain syndrome is mainly based on clinical findings, measuring pressure pain threshold using
algometry is important to quantitatively monitor trigger
points response to therapy (2). Travell and Simons first
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described a myofascial pain syndrome in the gastrocnemius-soleus muscle complex, characterized by the presence of trigger points associated to calf cramps and to
referred heel pain (1).
Plantar fasciitis is the most common cause of heel pain,
especially between the ages of 40 and 60 years (3, 4); it is
experienced in both recreational and professional athletes
of different sports, particularly in runners (5). Subjects
affected by plantar fasciitis often show tightness of the
triceps surae, with a consequent limitation of the ankle
dorsiflexion, Patel reporting an isolated contracture of
the gastrocnemius in 52% in case of chronic heel pain (6,
7). Despite patients suffering chronic heel pain are also
often affected by calf cramps, especially at night, the exact
prevalence of sural myofascial pain concomitant to plantar fasciitis is actually unknown.
Among the great variety of therapies, that have been
reported for the treatment of plantar fasciitis, shock wave
therapy (a transient three-dimensional pressure wave
characterized by a sudden increase in pressure within a
few nanoseconds) is actually considered a consolidated
treatment (8, 9). In 2015, Gollwitzer demonstrated that
an optimized protocol of focused shock wave therapy is
effective in the treatment of plantar fasciitis, assessing an
improvement of heel pain in a follow-up at three months
after the end of the therapy (8).
On the contrary, only few medical reports, at present,
show the efficacy of shock wave therapy on myofascial
pain syndromes (10-13). In 2014, Moghtaderi showed
that treating with shock waves both plantar fascia and
gastrocnemius-soleus trigger points is more effective (two
months after the end of treatment) in reducing heel pain
than solely treating the plantar fascia, in a population
affected by plantar fasciitis with sural myofascial pain,
but the outcome of shock waves on sural trigger points
was not investigated (13). In a study on trapezius muscle’s
trigger points, Jeon showed an increase of the pressure
pain threshold after the first shock wave session and at
the end of treatment (11), suggesting that myofascial pain
may have an earlier response to shock wave therapy than
tendon pain, in case of an association between a myofascial pain syndrome and a tendinopathy.
The aim of the present study is to describe prevalence and
clinical features of the sural myofascial pain syndrome in
a population affected by chronic heel pain diagnosed as
plantar fasciitis and to investigate if a shock wave treatment extended to the gastrocnemius-soleus trigger points
is more effective in speeding up the improvement of heel
pain and sural myofascial pain than a standard treatment
exclusively targeted at the plantar fascia.
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MATERIALS AND METHODS
Study design
This study was conducted as a randomized controlled trial
with blind outcome assessors. It was registered at clinicaltrial.gov (NCT04385329), it was approved by the local ethical board (protocol number: 20160017179- date of approval: 07/04/2016) and was drawn up in accordance with
the CONSORT 2010 Statement Guidelines and with the
current version of the World Medical Association Declaration of Helsinki. The trial was carried out in accordance
with the standards of good clinical practice and the ethical
standards of the journal (14).

Patients
All consecutive subjects, affected by heel pain and referred
to our medical centre from 2016 to 2018, were screened for
inclusion in an outpatient rehabilitative setting. The recruitment procedure, performed by a physical and rehabilitation
medicine specialized physician, included a clinical examination of the affected and contralateral lower limb, a sonographic examination of the plantar fascia and an X-ray of
the affected ankle and foot.
Inclusion criteria were: adult age (18 to 75 years) and written informed consent; unilateral heel pain of four weeks or
longer duration; pain to digital pressure in the insertional area of the plantar fascia at the calcaneum; sonographic
examination showing a plantar fascia thickness greater than
3.8 mm (see procedures for details); concomitant presence of
a sural myofascial pain syndrome (SMPS), diagnosed on the
basis of the finding, at the physical examination, of trigger
points of the gastrocnemius-soleus muscle complex, according to Travell and Simons’ original description (1). List and
location of the trigger points are shown in figure 1. Exclusion criteria were: corticosteroid injections or other physical
therapies since the onset of the current pain episode (except
pharmacological pain treatments and shock-absorbing
heel pads); general contraindication to shock wave therapy
(pregnancy, bleeding disorders or anticoagulant drug usage,
cancer in the focal area); clinical signs of lumbar radiculopathy at physical examination; ankle osteoarthritis, diagnosed
on the basis of clinical and radiographic findings; previous
fractures or surgery in the affected ankle and foot; rheumatologic diseases; plantar fibromatosis.
Subjects satisfying eligibility criteria, except for the presence of SMPS, were also screened at baseline, in order
to compare their demographics and heel pain features to
those of the patients affected by SMPS, but they were not
randomized. Enrolled patients were randomized to receive
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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Figure 1. Location of the trigger points of the gastrocnemius-soleus muscle complex.
TrP1: trigger point of the medial gastrocnemius muscle; TrP2: trigger point
in the lateral gastrocnemius muscle; TrPS: trigger point in the distal lateral
gastrocnemius/soleus muscle.

either focused shock wave therapy to the plantar fascia and
to gastrocnemius-soleus trigger points (study group) or to
the plantar fascia only (control group). The patients’ allocation was performed by a computer-generated randomization
list, using the command “ralloc” of the STATA statistical
software, and by the use of prefilled envelopes, indicating which group each patient was allocated to. A clinician
blinded to the treatment allocation recorded demographics
and clinical features (heel pain duration, side of the pathology, presence of heel spur, sural trigger points localization
and related symptoms, sonographic thickness of the plantar fascia) and evaluated patients for outcome measures at
baseline (the week prior to the treatment) and at the followup. Patients and clinicians performing treatments were not
blinded to the treatment allocation.

Procedures
We monitored heel pain and foot function using the Foot
Function Index, a self-administered questionnaire designed
to measure foot performances in relation to symptoms. The
Foot Function Index is structured in two sections of nine
items each, investigating foot pain (FFI-A) and function
(FFI-B) respectively. The total score of each section ranges
Muscles, Ligaments and Tendons Journal 2021;11 (3)

from zero (no pain/no functional limitation) to 100 (intolerable pain/complete inability) (15). The two scores were
separately analysed. Pressure pain threshold (PPT) of the
gastrocnemius-soleus trigger points was assessed by means
of a digital hand-held algometer (see procedures for details).
PPT is the minimal force that induces pain and its measurement is useful to quantitatively evaluate the effect of a treatment on trigger points. Since comparing PPT measurement
of abnormal painful areas with normal tissues on the opposite
side of the body is probably more reliable than using reference values for specific muscles (2, 16), we specifically monitored variations over time of the difference between trigger
points’ PPT on the painful side and the PPT measured on
the asymptomatic contralateral calf (Delta-PPT). Outcome
measures were monitored at baseline and in a follow-up four
weeks after the end of the shock wave treatment. Patients
reporting a FFI-A score ≤ 40 at the follow-up were registered
as “early responders” to shock wave therapy.
As part of the recruitment procedure, the sonographic examination of the plantar fascia was performed with
respect to morphology and echo-texture, in both longitudinal and transverse planes, through a linear probe (7.512 MHz) connected to an ultrasound scanner (ESAOTE
MYLAB FIVE, Genova and Florence, Italy®). We specifically measured thickness of the plantar fascia 1 cm away from
the insertion at the calcaneum (17). According to literature,
we considered a thickness more than 3.8 mm consistent with
a status of plantar fasciitis (18, 19). The sonographic thickness of the contralateral plantar fascia was also recorded.
With the patient laying down in prone decubitus, trigger
points were identified and marked by a palpatory examination of the calf. On the contralateral calf (asymptomatic side),
we marked a specular point, in the same position as the trigger point on the painful side. We used a digital hand-held
algometer, equipped with a 1 cm2 probe and with a display
unit (Tracker Freedom wireless-J Tech Medical®) to measure
pressure pain threshold (PPT). Before the test, subjects were
instructed to orally warn the operator when the sensation of
increasing pressure was turning into pain. During the test, a
perpendicular pressure was applied with the rubber tip of the
hand-held algometer on the trigger points on the painful side
and on the corresponding contralateral sites. We used the visual control of an electronic display to apply a linearly increasing
pressure of about 1 kg/sec. Each point was tested twice, with
an interval of 2 minutes, to express PPT as an average.
Enrolled subjects were treated with focused shock wave therapy once a week for three consecutive weeks, by a physical
medicine and rehabilitation specialized physician with more
than five years of expertise, using a device powered by a piezoelectric generator (PIEZOSON 100PLUS, Richard Wolf®). At
each treatment session, with the patients lying in prone decu519
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bitus position, the enthesis of the plantar fascia was clinically
targeted and treated with a perpendicular technique (no ultrasound guide was used), delivering 1700 pulses (frequency =
4Hz) of an average energy flux density of 0.15 mJ/mm2. During
the first treatment session, the energy flux density was gradually increased from 0.05 to 0.15 mJ/mm2. Gastrocnemius-soleus
trigger points were treated at each session in the study group
only, delivering 400 pulses (frequency = 8Hz) of an energy flux
density of 0.15 mJ/mm2 with the same technique. We placed a
coupling gel between the probe and the skin.

Statistical analysis
Sample size considerations: considering a mean score of
FFI-A equal to 5.0 before treatment and a mean score equal
to 3.3 after treatment in the experimental group, a number
of 25 patients per group will provide a power equal to 80%
in detecting such difference, with an alpha error of 0.05.
Quantitative variables were described as mean and standard
deviation if normally distributed, as median and interquartile
range if not normally distributed; qualitative ones as counts

and percentages. Univariate comparisons between two
groups were performed with Student t test (or with the analogous non-parametric Mann-Whitney test) for quantitative
variables; chi-squared test or Fisher’s exact test were used to
evaluate statistical associations between qualitative variables.
Univariate and multivariate linear regression models for
repeated data over time, with interaction between time and
treatment, were used in order to compare the score reported at FFI-A, FFI-B, PPT and Delta-PPT between the two
treatment groups at the two time points. Opportune adjustment for the Delta-PPT baseline values were provided in the
regression model for Delta-PPT variation in time between the
two groups, since a statistically significant difference in DeltaPPT values at baseline was observed. Univariate and multivariate linear regression models for repeated data over time
were performed within each group of treatment in order to
compare the scores reported at FFI-A, FFI-B, PPT and DeltaPPT at different assessments. All the tests were two-sided.
The significance level was set at alpha = 0.05. Data analysis
were performed with the STATA statistical software version
14 (Stata Corporation, College Station, 2015, Texas, USA).

Figure 2. The Consort flow diagram of the study.
PF: plantar fasciitis; SMPS: sural myofascial pain syndrome; SWT: shock wave therapy; FFI-A: foot function indexsection A (pain).
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RESULTS
The trial profile is synthetized in the Consort flow diagram
(figure 2). In the sample screened, among eighty-one subjects
affected by plantar fasciitis, we enrolled 55 (67.9%) patients
also showing a concomitant SMPS. Data about demographics,
clinical features and outcome measures of enrolled subjects at
baseline are shown in table I. We observed no statistical differences regarding basic demographics, heel pain (FFI-A) and
foot function (FFI-B) between the randomized patients and
the non-randomized subgroup of 26 subjects satisfying eligibility criteria except for the lack of the SMPS (data not shown).
Among gastrocnemius-soleus trigger points, a marked
prevalence of TrP2 (lateral gastrocnemius) was observed
(31 subjects, 56.4%). At baseline, 58,2% (32 cases) of the
enrolled patients reported to suffer from sural myalgia,
especially from night cramps (21 subjects, 38,2%), but no
statistical association between symptoms and trigger points
location was found. We noticed, at baseline, no statistical
differences between the study group and the control group,
except for Delta-PPT values and for the distribution of TrP1
(medial gastrocnemius). All the participants felt focused
shock wave therapy unpleasant but tolerable.

Outcome measures of the two groups at different observation times are graphically shown in figures 3, 4, where statistically significant p-values for comparisons within-group are
reported, respectively for FFI-A, FFI-B and for PPT and
Delta-PPT. At the follow-up assessment, no statistical significance in the comparisons between groups was found for
FFI-A and FFI-B total score and also for PPT and DeltaPPT values, despite comparisons within the study group
(follow-up versus baseline) showed a statistically significant reduction of FFI-A total score (p < 0.001), FFI-B total
score (p = 0.029) and Delta-PPT values (p = 0.018), with
a consensual increase of PPT values (p = 0.017). We also
registered an equal rate of “early responders” to treatment
(FFI-A score ≤ 40) in the two groups (9 subjects each; 32%).

DISCUSSION
Our findings support the following closing remarks. We
pointed out a high prevalence of sural trigger points in
subjects affected by plantar fasciitis. The increase of PPT
values, observed in the within study-group analysis, highlighted a quick response of the sural myofascial pain to

Table I. Demographic, clinical features and outcome measures at baseline.
Variable

Overall
(n = 55)

Study group
(n = 28)

Control GROUP
(n = 27)

p-value

Gender, male, n (%)

23 (41.82)

15 (53.57)

8 (29.63)

0.102

Age, mean (sd) (yrs)

51.51 (13.3)

52.85 (2.35)

50.11 (2.75)

0.449

BMI, mean (sd) (kg/m )

27.39 (4.8)

27.34 (4.47)

27.45 (5.21)

0.933

Pain localization-side, left, n (%)

29 (52.73)

14 (50)

15 (55.56)

0.789

Heel pain time, mean (sd) (months)

4.89 (3.6)

5.28 (0.81)

4.48 (0.53)

0.413

2

Plantar fascia thickness, mean (sd) (cm)

0.5 (0.09)

0.5 (0.1)

0.5 (0.07)

0.938

Plantar fascia thickness, contralateral side,
mean (sd) (cm)

0.35 (0.07)

0.34 (0.06)

0.36 (0.07)

0.358

Heel spur, n (%)

33 (62.26)

17 (62.96)

16 (61.54)

0.570

Calf cramps, n (%)

11 (20)

4 (14.29)

7 (25.93)

0.186

Night cramps, n (%)

21 (38.18)

9 (32.14)

12 (44.44)

0.186

TrP2_lateral gastrocnemius, n (%)

31 (56.36)

17 (60.71)

14 (51.85)

0.591

TrP1_medial gastrocnemius, n (%)

12 (21.82)

2 (7.14)

10 (37.04)

0.010

TrPS_distal lateral gastrocnemius/soleus, n (%)

12 (21.82)

9 (32.14)

3 (11.11)

0.101

PPT, mean (sd) (kg/cm )

4.42 (1.64)

4.51 (1.61)

4.33 (1.71)

0.698

Delta-PPT, mean (sd)

1.77 (1.64)

2.24 (1.66)

1.32 (1.52)

0.044

FFI-A, mean (sd)

57.91 (17.18)

55.83 (16.48)

60.07 (17.93)

0.365

FFI-B, mean (sd)

44.91 (23.26)

39.99 (19.11)

50.01 (26.29)

0.111

2

BMI: body mass index; TrP: trigger point; PPT: pressure pain threshold; Delta-PPT: delta between trigger points’ PPT (on painful side) and PPT on the
corresponding contralateral calf (asymptomatic side); FFI-A: foot function index- section A (pain); FFI-B: foot function index- section B (function); sd:
standard deviation. A p value < 0.05 stands for a statistically significant comparison between the two groups.
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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Figure 3. Time series plot: within group comparisons over time for FFI-A and FFI-B values.

Figure 4. Time series plot: within group comparisons over time for Delta-PPT and PPT.
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shock waves, but insufficient in speeding up the resolution of
the concomitant heel pain. Therefore, shock wave therapy
extended to the gastrocnemius-soleus trigger points resulted
to be ineffective, in the short-term, in reducing heel pain and
sural myofascial pain, if compared to a standard treatment
exclusively targeted at the plantar fascia.
Myofascial pain syndrome is basically a clinical diagnosis,
the pathophysiology still being not completely understood.
According to the original integrated hypothesis of trigger
points’ genesis, local sensitivity to pressure on a trigger point
is likely to be caused by the release of inflammation mediators, in a setting of local ischemia, during prolonged myofascial contraction (1). According to the classical theory of motor
adaptation to pain, the accumulation of inflammatory agents in
this kind of biological setting, in turn, would sustain pain in a
kind of “vicious cycle” (20, 21).
The more established type of medical shock wave involves
focused shock wave therapy, that is a system built to deliver mechanical energy in a small focal area at a settled depth
in the subcutaneous tissues (22). On the basis of the known
biological effect of mechano-transduction (23, 24), it was
postulated that shockwaves may increase perfusion, promote
angiogenesis and alter the pain signalling in ischemic tissues
also in case of myofascial pain syndrome (11, 12). A previous
report also demonstrated that free nerve endings degenerate
after shock wave application together to a transient dysfunction of nerve excitability at the neuromuscular junction (25).
Thanks to new acquisitions in sonographic morphology of
the triceps surae (26, 27), a recent study about gastrocnemius post-stroke spasticity highlighted a shockwave-related
improvement of sonographic measures (muscle thickness,
muscle fascicle length, Achilles tendon length and pennation angle) associated to a reduction of spasticity, this positive
outcome probably being the direct effect of shock waves on
the fibrosis of hypertonic muscles (28).
Nowadays extracorporeal shock wave therapy should be
considered an emerging treatment for myofascial pain, whose
classical treatment implies various conservative approaches
such as dry needling, spray and stretch and pharmacological
treatment (12). Muller-Ehrenberg first reported a reduction in
myofascial pain after three months in a sample of thirty subjects
treated with focused shock waves (10). Moghtaderi showed
that treating with shock waves both the plantar fascia and the
gastrocnemius-soleus trigger points is more effective in the
mid-term (two months after the end of treatment) in reducing
chronic heel pain than solely treating the plantar fascia (13). A
previous report by Jeon highlighted that a focused shock wave
therapy is effective in reducing myofascial pain of the trapezius
muscle in a short-term perspective (at the end of treatment in
this case) (11). This result suggests an earlier response to shock
wave therapy in myofascial pain syndromes than in tendinopMuscles, Ligaments and Tendons Journal 2021;11 (3)

athies, wherein, according to the literature, two-three months
are usually needed to obtain an improvement of tendon pain
(8, 29, 30). Despite we also noticed a trend of increase of PPT
values in the within study-group analysis, in the present trial
the extension of the shock wave treatment to sural trigger
points seems to bring no significant advantages in the shortterm (one month after the end of treatment).
The majority of studies about shock wave therapy in myofascial pain syndromes made use of focused devices (10, 11, 13).
Ramon suggested the inclusion of radial shock waves in a
protocol of focalized shock wave therapy for myofascial pain
and fibromyalgia (12), but no definitive comparison of efficacy (between radial and shock wave therapy) is actually available for myofascial pain. For what regards ancillary treatment
strategies, Cinar showed that the use of stretching exercises for the posterior chain and for plantar fascia provide an
improvement in heel pain in patients affected by plantar fasciitis (31). More recently, Notarnicola reported better results
in terms of recovery of dorsal and plantar flexion applying a
shock wave treatment targeted to the plantar fascia and to the
gastrocnemius muscle (32).
The use of algometry associated to clinical findings helped
us to better monitor trigger points response to therapy. Baseline data from the present study confirm that a difference in
PPT measurement (Delta-PPT) exceeding 2 Kg/cm2 between
the painful and the normal side could be a helpful reference
to confirm the diagnosis of SMPS, as proposed by Fischer
in case of myofascial pain (2). Regarding algometric assessment in clinical practice, we propose for future studies to
measure PPT on the asymptomatic side using a painless site
in the upper limb, in order to reduce possible influences of an
altered weight distribution between the lower limbs secondary to unilateral chronic heel pain.
Our findings should be read in light of the following limitations. Patients could not be blinded to the group assignment,
but the influence of their expectations about the outcome
was probably marginal, since both groups showed improvement over time. Our follow-up failed to assess the outcome
of the treatment in mid-term and long-term perspectives.
However, results reported by Moghtaderi showed that treating with shock waves both the plantar fascia and the gastrocnemius-soleus trigger points is more effective in the mid-term
in reducing chronic heel pain than solely treating the plantar
fascia (11) and results from previous clinical studies on various tendinopathies showed that a clear improvement of symptoms was usually maintained at the one-year follow-up, when
achieved three to twelve weeks after a focused shock wave
treatment (24, 25).
Further studies, with a larger sample population and with longer
follow-up periods, are needed to clarify how shock waves may
affect myofascial syndromes associated to tendinopathies.
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SUMMARY
Background. The aim of this study was to assess to what extent changing the measurement point affected the results of myometric parameters describing muscle mechanical properties assessed by a MyotonPRO® device in three skeletal muscles: the biceps
brachii (BB), tibialis anterior (TA) and rectus femoris (RF). We hypothesised that
muscle mechanical properties would change differently as the myometry probe was
moved towards the proximal or distal part of a muscle.
Methods. Sixteen untrained, healthy, young male students participated in the study.
Myometric frequency, stiffness, decrement, relaxation and creep parameters were
measured in the BB, RF and TA of the right and left sides of the body at five measurement points: the central point of a muscle, and points shifted by 10% and 20% of
the muscle length proximally and distally from the central point. A multivariate: 5
(measurement points) × 3 (muscle) analysis of variance (MANOVA) for each of the
parameters separately was used for the main analysis.
Results. MANOVA showed that measurement point (the location), muscle and interaction between measurement point and muscle have an impact on all measured parameters (P < 0.05) except interaction between measurement point and muscle in relaxation parameter (P > 0.05).
Differences in myometric values were shown for both measurement points located
distant from each other, as well as for those located adjacent to each other.
Conclusions Our results emphasized the variation in muscle properties along the long
axis of chosen skeletal muscles expressed by myometry outcomes.
KEY WORDS
Creep; elasticity; muscle-tendon unit; stiffness; tone; myoton.

BACKGROUND
Measurement point for myometric assessment
of muscle properties
It was asserted that when muscle mechanical properties are
tested using myometry, the “measuring point is the most
prominent point of the muscle at contraction” (1). There
was a suggestion that the middle part of the muscle belly
should be the particular myometric measuring point (2);
however, studies reported in the literature have employed
different places/points of measurements for assessment of
muscle properties in different muscles.

In the case of the biceps brachii (BB) muscle some authors
performed myometric measurements at a point midway
between the most anterior aspect of the lateral tip of the
acromion and the mid-cubital fossa (3, 4), following a gentle,
resisted isometric muscle contraction to identify the middle
of the muscle belly in a technique similar to that used by
others (5, 6). In another experiment by Agyapong-Badua et al. (7) the measurements for the BB were taken at
three-quarters of the distance between the lateral tip of
the acromion and the mid-cubital fossa. Meanwhile, lateral part of the muscle in the middle of the arm was used for
measurement for the long head of the BB or 75% of the
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distance distally from the anterior aspect of the lateral acromion to the mid-cubital fossa was used for this purpose (8).
For assessment of the mechanical properties of the rectus femoris (RF) muscle, some authors chose a point two-thirds of the
distance between the anterior superior iliac spine and the superior pole of the patella over the muscle belly (3-5, 9, 10). Schoenrock et al. (11) measured RF stiffness at the end of the second
third distance on a virtual line between the anterior superior
iliac spine and the patella, with the body in the supine position,
while the paper by Zinder and Padua (12) did not provide any
details describing the position of RF measurement.
In a study by Schoenrock et al. (11), the measurement point
for the tibialis anterior (TA) was positioned 1.5 cm laterally
from the end of the proximal third of the frontal tibial line.
Meanwhile Lo et al. (4) took measurements of the TA at the
upper two thirds of the distance between the lateral condyle
of the tibia and the medial cuneiform. Keeping in mind the
suggestions of Gapeyeva and Vein (2) that the middle part
of the muscle belly is an optimal location for assessment of
myometric mechanical properties and taking into account the
literature variation in reporting the locations of such points,
it is necessary to assess whether changing the myometric
measurement point along the long axis of the muscle belly in
various skeletal muscles affects the measurements of mechanical properties outcomes and in what extend.

Muscle mechanical properties
Mechanical properties of skeletal muscle are measured
using different equipment such as shear wave ultrasound
elastography, the free oscillation technique, magnetic resonance elastography. However, lately more and more authors
have measured the mechanical properties of skeletal muscle
using a less expensive portable method called myometry by
means of a MyotonPRO® or Myoton-3 device. Importantly it has been shown that the measurements obtained with
the MyotonPRO® have high reproducibility and reliability
in study of healthy subjects and the clinical population as
well (4-13).
Mechanical properties of skeletal muscle may not be the
same along the long axis due to muscle architecture and
anatomy and thus monitoring muscle mechanical properties
at a single location may not reflect the heterogeneous properties of the muscle. At the end of a muscle there are more
collagen fibres that form the aponeurosis and tendon close
to the proximal or distal part of the muscle and the collagen
content has been found to be closely associated with skeletal muscle passive stiffness (14). Collagen stiffness (and thus
tendon stiffness) is higher than skeletal muscle stiffness (15,
16). Collagen makes up for 60–80% of tendon’s tissue dry
weight. It is formed as a set of parallel bundles of collagen
526

fibrils. Collagen is also an important part of skeletal muscle
extracellular matrix. It is a vital component of the connective
tissue sheaths that enfold each of skeletal muscle’s layer. The
function of these layers is to structurally support and to assist
muscles’ force transfer to bone (17). The total compliance of
the muscle-tendon unit could be mainly associated with the
tendon because it has been found that the tendons are much
longer than the muscle fascicles (18). Taking into consideration the fact that collagen fibres are not evenly distributed
within a muscle and the differences in muscle architecture
between different muscles, one can expect differences in the
mechanical properties of skeletal muscle along their long
axis that may vary among muscles. However there is only one
study assessing the effect of shifting the measurement point
along a muscle by 1 cm (vertically and horizontally) on three
(of five) myometric parameters characterizing the mechanical properties of the BB and RF muscles (7).
Due to discrepancies in the literature related to the choice
of muscle point for measuring the mechanical properties
of muscles using myometry, our study aimed to investigate
whether and to what extent changing the measurement
point, proximally or distally from the central point, affected
the results of myometric parameters in the BB, TA and RF
muscles. Taking into consideration the potential differences
in distribution of collagen fibres within a muscle related to
its anatomy, architecture and function as described above,
we hypothesised that the mechanical properties of a given
skeletal muscle may exhibit differences towards the proximal and distal ends of the muscle. In contrast to the study
of Agyapong-Badu et al. (7) we extended the knowledge by
shifting the measurement point relative to the approximate
length of the muscle by 10 and 20% toward the proximal
and distal ends of the muscle from its central point above
the muscle belly. In our opinion, usage of an absolute value
(7) in shifting the distance by 1 cm in muscles differing in
length might give a different or fuzzy picture (although
this does not detract from the value of their study). Thus,
the novelty of our study is that we report all five myometric parameters of three muscles (BB - upper limb, RF and
TA - lower limb) at five points distant (by 10% of muscle
length) from each other. The results of our study may have
practical application in the context of mechanical properties
measured using myometry.

MATERIALS AND METHODS
Subjects
Sixteen untrained, young, healthy, right-hand- and leg-dominant male students (age: 21.2 ± 0.6 years, body mass: 77.1 ±
9.8 kg, body height: 1.80 ± 0.07 m) participated in this study.
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The exclusion criteria were injury to the upper or lower limbs,
chronic disease requiring medication, and skin conditions
that contraindicated taking a measurement or participation in
competitive training. Upper and lower limb dominance were
assessed by the Edinburgh Inventory Questionnaire (19) and
the kick-ball test (20) respectively. All participants were well
informed of the study’s aim and procedure. Informed consent
was obtained from the participants prior to the experiment.
The study was approved by the ethical committee of the
University School of Physical Education in Wroclaw. It was
carried out in accordance with the Declaration of Helsinki
and meets the ethical standards of the journal (19).

Methods
Experimental procedures
All participants were placed in the supine position, lying
with their upper limb extended along the trunk and in supination and the lower limb extended and in the intermediate
position. Soft towels were used to help participants to lie in
this position and relax during the experiment.
Identification of measurement points
Before myometric measurements of the BB, TA and RF
muscles, five points on each muscle were identified. For
this purpose an approximate length of the muscle along the
long axis was measured as follows. For the BB muscle, it was
measured from the axillary fossa to the cubital fossa. For the
TA it was half the distance from the lateral knee joint space
to the most anterior portion of the lateral ankle, and in the
case of the RF it was from the most anterior part of the anterior superior iliac spine to the superior border of the patella.
The central points of the BB (short head) and TA were located above the central part of the muscle belly, and two-thirds
of the distance between the points described above for the
RF as described in the articles cited above (2, 13) and in the
guidelines for users from the Myoton company.
When the subject was positioned correctly, the following
five points above the selected muscles bilaterally were identified (first for the right side and then for the left side): a
central point and two points above the central (two proximal points) and two points below the central (two distal
points) with a distance 10% of the muscles’ measured
approximate length (described above) between them. Thus,
the distance between all the points for each muscle was 10%
of their measured approximate length. They were: point 1:
20% of a muscle length above the central point (here and
after: proximal 20%); point 2: 10% above the central point
(proximal 10%), point 3: the central point (central); point
4: 10% below the central point (distal 10%), and point 5
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– 20% of a muscle length below the central point (distal
20%). Before the points were marked using a skin-safe pen,
the investigator, always the same experienced physiotherapist, used palpation to check that the place was correctly
chosen above the muscle of interest.
Myometric measurements
The next step involved myometric measurement, before
which the tested subjects received oral instruction to relax.
The testing end of the MyotonPRO® device was placed
perpendicular to the skin surface above the marked point,
and the device was lowered into the measurement position
and held steadily. During this time, the device automatically
performed a series of 10 mechanical taps, from which the
mean value of the muscle response was used to calculate the
five parameters. The myometric measurements were taken
by one investigator.
Myometric parameters
Five myometric parameters were analysed. The first three are
more often reported in the literature: frequency (F-MYO,
[Hz]), which characterizes non-neural tone; transverse stiffness (S-MYO, [N/m]), indicating the ability of the muscle
to resist an external force that modifies its shape, and decrement (D-MYO, [log]), which characterizes elasticity (the
ability of a muscle to recover its shape after being deformed–
the lower the value, the higher the elasticity and the less
the damping of the tissue’s oscillation). Two other parameters are rarely documented. These were relaxation time of
mechanical stress (R-MYO, [ms]) that is the time needed for
a reference amount of deformation to occur under a suddenly-applied reference load, and the ratio of relaxation time to
deformation time, characterizing creep (C-MYO, [Deborah
number]). In more fluid-like materials, less time was required
for flow (shorter relaxation time), giving a lower Deborah
number. Generally, the criteria for the outcome interpretation were: the higher the values of F-MYO and S-MYO, the
greater the tension and stiffness of the examined soft tissue
structure at dedicated body measurement points. The lower
the D-MYO value the smaller the dissipation of mechanical
energy during oscillation and the higher the elasticity of the
muscle (1). The lower the R-MYO and C-MYO value, the
higher the tension or stiffness.

Statistical analysis
Data were analysed using SPSS 22.0 software (IBM, Armonk,
NY, USA) with alpha set at P ≤ 0.05. The Shapiro-Wilk test
was performed to estimate the distribution of values. As
many studies (1, 10, 14) have shown no statistically significant differences in the measured parameters between body
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sides, we also checked for such potential differences between
the right and left sides of the body using the t-test or the
Wilcoxon signed-rank test (for 13 of 75 pairs) depending on
the normality of the distribution. In agreement with those
studies, we found in 16 subjects no significant difference
between the sides of the body and thus the number of cases
used in further calculations was n = 32 (16 for the right and
16 for the left side). A multivariate: 5 (measurement points)
× 3 (muscles) analysis of variance (MANOVA) for each of
the parameters separately (F-MYO, D-MYO, S-MYO,
R-MYO, C-MYO) was used for the main analysis. The
Greenhouse-Geisser correction was applied where sphericity was violated and follow-up comparisons were conducted
using Bonferroni-adjusted multiple comparisons. The alpha
level for measurement points comparisons has been adjusted
to the level of 0.01, and for muscles comparisons to the level
of 0.01666667. The partial eta-squared (η2p) test was used as
a measure of effect size for MANOVA. Data are presented as
means ± standard deviations.

RESULTS
MANOVA showed that measurement point (the location),
muscle and interaction between measurement point and
muscle have an impact on all measured parameters (P <
0.05), except interaction between measurement point and
muscle in R-MYO (table I). The F values and effect size
for analysed factors are reported in table I. The observed
powers of tests mentioned above were bigger than 0.8
(except interaction between measurement point and muscle
in C-MYO and R-MYO).

Comparison between measurement points
Frequency (F-MYO)
In the BB muscle, frequency increased point-by-point being
the lowest at two proximal points and the highest at distal

20%, and compared to the distal 20% the values at all other
points were significantly lower (P < 0.01). The BB frequency
values at two proximal points were also significantly lower
than the frequency value at distal point 10% (P < 0.01).
In the TA muscle the frequency values at distal 10% and
distal 20% were significantly higher than values at the proximal 10% and proximal 20% points (P < 0.01). There was
also a significant difference between central and distal 10%
point (P < 0.01). In the RF muscle there was no difference
between points (P > 0.01) (table II).
Stiffness (S-MYO)
In the BB muscle there was no difference in stiffness between
the central point and others (P > 0.01), while the two proximal points were significantly lower than the values at the
two distal points (P < 0.01). In the TA muscle the values of
stiffness at the two proximal points and at the central point
were significantly lower than the values at the two distal
points (P < 0.01). In the RF muscle there was no statistically significant difference between measurement points (P >
0.01) (table II).
Decrement (D-MYO)
In the BB muscle the value of decrement at proximal 20%
was significantly lower compared central and distal 10%,
and the value at distal 20% was lower than values at central
and distal 10% (P < 0.01). In the TA muscle there were no
statistically significant difference between points (P > 0.01)
with the highest value at the central point (table II). In the
RF muscle, decrement decreased point-by-point from the
highest value at proximal 20% to the lowest at distal 20%,
with significantly higher values at the proximal 20% point
compared to the central, distal 10% and distal 20% points,
and with significantly higher values at the proximal 10%
point than at distal 10% and distal 20% points (P < 0.01).
In addition, the decrement value of the RF was significantly
higher in the central point than at the distal 20% point (P
< 0.01) (table II).

Table I. The results of MANOVA with F value for measurement point (five locations: proximal 20%, proximal 10%, central,
distal 10%, distal 20%), muscle (three muscles: biceps brachii [BB], rectus femoris [RF], tibialis anterior [TA]) and interaction
between point and muscle for five myometric parameters: F-MYO = frequency, S-MYO = stiffness, D-MYO = decrement,
R-MYO = relaxation and C-MYO = creep. The effect size is presented as partial eta-squared (η2p).
Parameter

Measurement point

Muscle

Measurement point × Muscle

F-MYO

F (1.97, 57.22) = 25.219,p < 0.01 = 0.433

F (1.44, 41.76) = 615.89, p < 0.01 = 0.956

F (2.08, 60.30) = 6.21, p = 0.03 =0.168

S-MYO

F (3.05, 94.47) = 33.45, p < 0.01 = 0.519

F (1.50, 46.63) = 601.25, p < 0.01 = 0.951

F (4.13, 128.12) = 12.33, p < 0.01 =0.285

D-MYO

F (2.17, 67.27) = 53.44, p < 0.01 = 0.633

F (2, 62) = 271.49, p < 0.01 = 0.898

F (3.16, 98.07) = 29.47, p < 0.01 =0.487

R-MYO

F (2.83, 87.69) = 47.68, p < 0.01 = 0.678

F (2, 62) = 563.57, p < 0.01 = 0.952

F (2.81, 87.02) = 2.47, p= 0.071 =0.038

C-MYO

F (3.00, 93.03) =70.39, p < 0.01 = 0.694

F (2, 62) =557.66, p < 0.01 = 0.947

F (4.38, 136.02) = 4.12, p= 0.03 =0.117
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Table II. Mean value ± SD of five myometric parameters (F-MYO, S-MYO, D-MYO, R-MYO and C-MYO) for three tested
muscles (BB, RF and TA) with its percentage changes with respect to the central point (in brackets) and results of comparison
between five measurement points (points 1 to 5) for each of the parameters within the analysed muscles.
1
(proximal 20%)

2
(proximal 10%)

3
(central)

4
(distal 10%)

5
(distal 20%)

F-MYO

13.8± 0.60 (-1.4)
1-4, 1-5

13.8 ± 0.64 (-1.4)
2-4, 2-5

14.0 ± 0.66
3-5

14.4 ± 0.71 (2.8)

14.9 ± 0.79 (6.4)

S-MYO

207 ± 21.2 (-5.6)
1-4, 1-5

212 ± 22.0 (-3.6)
2-5

220 ± 21.8

229 ± 22.7 (4.1)

232 ± 24.2 (5.4)

D-MYO

0.93 ± 0.12 (-14.6)
1-3, 1-4

1.02 ± 0.11 (-6.4)

1.09 ± 0.13
3-5

1.04 ± 0.12 (-4.6)
4-5

0.95 ± 0.11 (-12.8)

R-MYO

21.5 ± 1.23 (2.9)
1-4, 1-5

21.1 ± 1.29 (1.0)
2-5

20.9 ± 1.12
3-5

20.4 ± 1.18 (-2.4)

19.7 ±1.16 (-5.7)

C-MYO

1.19 ± 0.05 (0.8)
1-5

1.18 ± 0.06 (0.0)
2-5

1.18 ± 0.05
3-5

1.16 ± 0.06 (- 1.7)
4-5

1.11 ± 0.05 (- 5.9)

F-MYO

15.2 ± 1.04 (0.7)

15.0 ± 1.19 (- 0.7)

15.1 ± 0.91

15.5 ± 0.89 (2.6)

15.4 ± 1.21 (2.0)

S-MYO

278 ± 20.5 (- 1.4)

278 ± 26.0 (- 1.4)

282 ± 27.7

289 ± 28.7 (2.4)

286 ± 42.3 (1.4)

D-MYO

1.63 ± 0.23 (14.8)
1-3, 1-4, 1-5

1.58 ± 0.27 (11.3)
2-4, 2-5

1.42 ± 0.22
3-5

1.27 ± 0.19 (- 10.6)

1.19 ± 0.17 (- 16.2)

R-MYO

20.4 ± 1.21 (1.0)
1-5

20.5 ± 1.43 (1.5)
2-4, 2-5

20.2 ± 1.60
3-5

19.3 ± 1.62 (- 4.5)

18.5 ± 1.95 (- 8.4)

C-MYO

1.25 ± 0.07 (1.6)
1-4, 1-5

1.25 ± 0.08 (1.6)
2-4, 2-5

1.23 ± 0.08
3-5

1.18 ± 0.09 (- 4.1)
4-5

1.10 ± 0.10 (- 10.6)

F-MYO

19.8 ± 1.04 (- 3.9)
1-4, 1-5

20.0 ± 1.46 (- 2.9)
2-4, 2-5

20.6 ± 1.64
3-4

22.3 ±1.49 (8.3)

22.1 ± 1.08 (7.3)

S-MYO

413 ± 37.9 (- 1.2)
1-4, 1-5

404 ± 48.6 (- 3.3)
2-4, 2-5

418 ± 57.9
3-5

452 ± 53.7 (8.1)

471 ± 41.7 (12.7)

D-MYO

0.79 ± 0.09 (- 2.5)

0.79 ± 0.13 (- 2.5)

0.81 ± 0.17

0.78 ± 0.06 (- 3.7)

0.75 ± 0.06 (- 7.4)

R-MYO

13.5 ± 1.29 (0.7)
1-5

13.7 ± 1.78 (2.2)
2-4, 2-5

13,4 ± 1,73
3-5

12.4 ± 1.48 (- 7.5)

11.9 ± 1.21 (- 11.2)

C-MYO

0.84 ± 0.07 (0.0)

0.85 ± 0.11 (1.2)

0.84 ± 0.12

0.78 ± 0.09 (- 7.1)

0.75 ± 0.7 (- 10.7)

BB

RF

TA

Myometric parameters: F MYO = frequency [Hz]; S-MYO: stiffness [N/m]; D-MYO: decrement [log]; R-MYO: relaxation [ms]; C-MYO: creep [Db];
BB: biceps brachii muscle; RF: rectus femoris muscle; T: tibialis anterior muscle; ‘-‘ in brackets means that the value was lower compare to that for the
central point. Below means ± SD there were statistically significant differences in myometric values between points, for example 1-4 means statistically
significant difference (P < 0.01) between point 1 and point 4.

Relaxation (R-MYO)
The lowest value of relaxation was at distal 20% points in all
three muscles (BB, RF and TA muscle). In all tested muscles
this distal 20% point value was significantly lower than
values at proximal 20%, proximal 10% and central points
(P < 0.01) while the distal 10% point value was significantly
lower than the value at proximal 20% (P < 0.01) (table II).
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In addition, for the TA and RF muscles, the values at the
distal 10% point were significantly lower than the values at
the proximal 10% (P < 0.01) (table II).
Creep (C-MYO)
The smallest creep value at the distal 20% point was found
in all three muscles (BB, RF, TA). In the BB and RF muscles
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the creep value at the distal 20% point was significantly
lower than at other measurement points (P < 0.01) (table
II). Also, in the RF muscle the creep value at proximal 20%
and proximal 10% was significantly greater than that at the
distal 10% point (P < 0.01) (table II). In the TA muscle
there was no statistically significant difference between the
central point and the other points (P > 0.01) (table II).

Comparison between muscles
Frequency (F-MYO)
The frequency value was significantly higher in the TA muscle
than in the RF and BB muscles (P < 0.02) (figure 1) at all
measurement points. The differences between the BB and RF
were not statistically significant at the distal 10% and distal
20% points (P ≥ 0.02); however, the differences were statistically significant for the proximal 20%, proximal 10% and
central points (P < 0.02) (figure 1). This meant that generally
the TA muscle had the highest muscle tone while the BB had
the lowest (figure 1).
Stiffness (S-MYO)
Stiffness at each measured point was significantly higher in the
TA compared to the two other muscles and the stiffness of the
RF was higher than that of the BB at each measured point (P
< 0.02) (figure 2). This meant that generally the TA muscle
had the highest muscle stiffness while the BB had the lowest
(figure 2).

Figure 1. Mean values ± SD of myometric frequency
(F-MYO [Hz]) at five measurement points (proximal 20%,
proximal 10%, central point, distal 10% and distal 20%) for
biceps brachii (BB, blue), rectus femoris (RF, red) and tibialis
anterior (TA, yellow) muscles and results of pair comparison
between muscles (in the upper right corner).
*Statistically significant difference (P < 0.02); NS: not significant. Notice
that Y axis does not start at 0 to improve resolution when illustrating differences between muscles.

Decrement (D-MYO)
The decrement at each measurement point was the highest in
the RF muscle (significantly higher value than in TA and BB, P
< 0.02) and the D-MYO values were significantly higher at each
measurement point in the BB vs the TA (P < 0.02) (figure 3). The
results indicated that the TA was characterized by the greatest
elasticity while the RF had the smallest along all measured points.
Relaxation (R-MYO)
Relaxation was significantly lower in the TA muscle than in
the BB of the RF muscles at each measurement point (P <
0.02) (figure 3). The R-MYO values were significantly higher
in BB vs RF muscle at proximal 20%, distal 10% and distal
20% points (figure 4).
Creep (C-MYO)
Creep was the lowest in the TA muscle being significantly
lower than in either RF or BB muscle at each measurement
point (P < 0.02) (figure 4). The C-MYO value was significantly
higher in the RF vs the BB muscle only at the 10% proximal
point (P < 0.02) (figure 5).
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Figure 2. Mean values ± SD of myometric stiffness (S-MYO
[N/m]) at five measurement points (proximal 20%, proximal
10%, central point, distal 10% and distal 20%) for biceps
brachii (BB, blue), rectus femoris (RF, red) and tibialis anterior
(TA, yellow) muscles and results of pair comparison between
muscles (in the upper right corner).
*Statistically significant difference (P < 0.02); NS: not significant. Notice
that Y axis does not start at 0 to improve resolution when illustrating differences between muscles.
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Figure 3. Mean values ± SD of myometric decrement
(D-MYO [log]) at five measurement points (proximal 20%,
proximal 10%, central point, distal 10% and distal 20%) for
biceps brachii (BB, blue), rectus femoris (RF, red) and tibialis
anterior (TA, yellow) muscles and results of pair comparison
between muscles (in the upper right corner).

Figure 5. Mean values ± SD of myometric creep (C-MYO
[Deb no]) at five measurement points (proximal 20%, proximal 10%, central point, distal 10% and distal 20%) for biceps
brachii (BB, blue), rectus femoris (RF, red) and tibialis anterior
(TA, yellow) muscles and results of pair comparison between
muscles (in the upper right corner).

*Statistically significant difference (P < 0.02); NS: not significant. Notice
that Y axis does not start at 0 to improve resolution when illustrating differences between muscles.

*Statistically significant difference (P < 0.02); NS: not significant. Notice
that Y axis does not start at 0 to improve resolution when illustrating differences between muscles.

DISCUSSION
Statement of principal findings

Figure 4. Mean values ± SD of myometric relaxation
(R-MYO [ms]) at five measurement points (proximal 20%,
proximal 10%, central point, distal 10% and distal 20%)
for biceps brachii (BB, blue), rectus femoris (RF, red) and
tibialis anterior (TA, yellow) muscles and results of pair
comparison between muscles (in the upper right corner).
*Statistically significant difference (P < 0.02); NS: not significant. Notice
that Y axis does not start at 0 to improve resolution when illustrating differences between muscles.
Muscles, Ligaments and Tendons Journal 2021;11 (3)

To the best of our knowledge this is the first study showing
changes in mechanical properties expressed by five parameters due to changing the position of the myoton probe along
the long axes of three skeletal muscles. It is of note that
when the myoton probe was moved proximally from the
central point the decrement was the only myometric parameter that differentiated the three muscles in their pattern of
changes while other parameters did not change significantly
irrespective of the muscle tested. When the myoton probe
was moved distally from the central point, the relaxation
and creep decreased in all three muscles while changes in
frequency, stiffness and decrement were muscle dependent.
In the BB, central-to-distal relocation of the probe caused
an increase in muscle tone and elasticity with no change in
stiffness; in the TA there was no change in muscle elasticity and increases in both muscle tone and stiffness, while in
the RF muscle no changes in muscle tone or stiffness were
observed but there was an increase in muscle elasticity.
With the exception of decrement, we observed a generally
similar trend of measured parameters along the muscle long
axes in the three muscles tested, but there were differences between muscles and measurement points in the parameters of mechanical properties recorded by the Myoton
PRO®. The TA muscle has the largest intrinsic tension at
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the cellular level (highest frequency), which partially resulted from its shortest relaxation and smallest creep. The TA
was also the most stiff (least compliant) with the greatest
elasticity (smallest decrement value) while the RF was the
least elastic among the tested muscles. There were much
smaller or no differences in some mechanical properties
between the RF and the BB muscles with the exception of
muscle elasticity (D-MYO).

Strengths and weaknesses of the study
To our knowledge, it has not yet been verified whether the
change of the measurement point affects the myometric
outcomes, including frequency, stiffness, decrement and
rarely documented relaxation and creep. Our results show
that the outcome measurements differ with the changing
position of the myometric probe along the muscle, demonstrating that selection of the measurement point when
testing a skeletal muscle affects the values of the myometric parameters. Our results emphasise the need for a standardised measurement point location when using myometry, to enable data obtained to be comparable between
studies and indeed, between individuals. The relaxed state
of the muscles was not checked and measured by electromyography; therefore, it was not possible to ensure that
the limbs were in a resting state, which is a weak point of
the study. Other limitations that might influence the results
such as age, subcutaneous soft tissue and degree of physical
activity on the day of data collection should not affect the
measurements (on the day of measurement the subject did
not exercise). On the one hand, the subjects were young
males, therefore it is unlikely that the subcutaneous soft
tissue might influence the results, because the subcutaneous
tissue was thin. On the other hand, our study group was
relatively homogeneous, therefore observed results should
not be generalized to the population.

Strengths and weaknesses in relation to other
studies results
Comparison between measurement points
In general, in all parameters: muscle tone, stiffness, relaxation and creep did not change significantly when the probe
of the myometry device was relocated proximally from
the central point, while elasticity (D-MYO) changes were
muscle-dependent and varied in BB, TA and RF. When
the myometry probe was repositioned from a central to a
distal 10% position and especially to a distal 20% point, the
changes in the parameters were more pronounced (except
for S-MYO in BB, D-MYO and C-MYO in TA, and F-MYO
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and S-MYO in RF where the trends in differences were not
statistically significant), and in general frequency and stiffness showed increasing values while decrement, relaxation
and creep showed decreasing values. The opposite trends
observed in changes in myometric parameters at proximal
compared to distal points (in respect to the central point)
can be at least partially explained in the light of the anatomy of proximal and distal parts of the muscles and differences in elastic properties of tendon and muscle fibres. In
some muscles, such the TA and RF, the muscle fibres are
attached almost directly to the respective bones at the proximal part with no long tendon (as is the case in the BB). In
contrast, at the distal end of the three tested muscles there
are longer tendons that are characterized by high stiffness
and elasticity (22) and the properties can also vary among
muscles due to their function (23). Shadwick showed that
differences in material properties between mature flexor
and extensor tendons are correlated with their physiological function; the flexor is much better suited to act as an
effective biological spring than the extensor (23). The three
muscles in our study are mainly flexors; however the RF is
a two-way acting muscle as it crosses over the hip and knee
joints, and therefore acts as a hip flexor but knee extensor.
This is why we noted bigger changes in measured parameters at distal compared to proximal locations.
In the available literature we found only one study by
Agyapong-Badu et al. (7), which with some limitations can
be compared to our data from the BB and RF for superior and inferior points (because they measured mechanical
properties at both medial and lateral points). Depending
on the muscle tested (BB, RF) and measured parameters,
their results are in partial agreement with our findings,
as discussed in detail below in the section “Comparison
between measurement points and muscles”. Nevertheless, despite some discrepancies between our data and the
results reported by Agyapong-Badu et al. (7), it can be seen
that there are opposite changes in myometric parameters
when the probe is moved distally or proximally from the
central point.
Comparison between muscles
Despite similarities among muscles in the trends of changes
of the measured parameters due to probe relocation along
the long axis, the three muscles differed in values of the
measured parameters. It can be clearly seen that properties of TA contrast with those of the BB and RF. Generally,
the TA was characterized by the greatest muscle tone, stiffness and elasticity, the BB by the lowest tone and stiffness,
while the RF was the least elastic. It is of note that despite
statistically significant differences between the BB and RF
muscles at some measurement points, the values of creep
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and relaxation were close in both muscles. These results
indicated that the BB and RF muscles were characterized by
comparable muscle tone, stiffness as well as relaxation and
creep. Our findings that the stiffness of the BB was lower
than that of the TA or RF agreed with those reported by
others (1, 5). The values for tone, stiffness, and elasticity
(decrement) reported in the present study for the RF and
TA muscles were in a range comparable with those found by
Fröhlich-Zwahlen et al. (24) in a group of males and females
pooled together (age 53 ± 10 years). Similar to our findings,
the values of stiffness and frequency reported by the authors
were higher in the TA than in the RF, while the decrement
was smaller in the TA than in the RF. Our results for creep
and relaxation in the three muscles cannot be compared
with findings of other studies, because to the best of our
knowledge, such data have not yet been reported.
The reasons for the high frequency and transverse stiffness
and small decrement, creep, and relaxation for the TA are
complex but could be related to the muscle’s location and
smaller anatomical cross-sectional area (CSA) compared
with the RF, meaning that bone structure could limit its
oscillations, as well as the pinnate muscle architecture and
high proportion of type I fibres (25) that are stiffer than
those in type II as they are more collagenous (26). It is also
suggested that that differences in muscle functions may
also be associated with differences in the collagen structure of these muscles. It is supposed that higher compliance
(inverse of stiffness) of fast muscle could be partly related to
the features and amount of its collagen.
Comparison between measurement points and muscles
We found in all parameters a significant effect of measurement point and muscle and a significant interaction between
measurement point and muscle with the exception of the
interaction mentioned in relaxation. We found that in the
BB muscle the elasticity increased when the myoton probe
was located at either proximal or distal points, while in the
RF it increased at distal points but decreased at the proximal part of the muscle, and in the TA there were no changes in muscle elasticity. These differences in the changes of
the elastic properties (D-MYO) of the three muscles due to
probe relocation (especially proximal 20% and distal 20%)
may be explained at least partly by the anatomy, architecture and function of the muscles, as well as differences in
the elastic properties of tendon and muscle fibres. It has
been documented that tendon is characterized by high elasticity (22) and its properties can vary with the function of a
muscle (23). The RF and TA muscles have no distinct proximal tendons and at their origin muscle fibres extend from
the bone, while the proximal parts of the muscles are thicker and more fleshy than the distal parts, with the CSA being
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larger in the proximal compared to the distal areas which
in the RF muscle is almost twice that of the TA. On the
other hand the CSA of distal parts of these muscles is much
smaller and the distal tendons are long. The BB muscle has
proximal and distal tendons of approximately similar length
(circa 8–9 cm and 7.6 cm, respectively) (27). Thus the distal
ends of the three muscles are quite similar, having long
distal tendons, while the proximal parts differ in both proximal tendon length and CSA. This is why in the BB muscle
elasticity increased (D-MYO decreased) at proximal 20%
and distal 20% (closer to tendons), while at proximal points
in the RF elasticity decreased (D-MYO increased) and in
the TA did not change. The differences in the elasticity of
the RF and TA despite the same muscle fibre architecture
(both are pinnate) and similar proximal muscle part can to
some extent be explained in the light of differences in CSA.
In agreement with our findings Agyapong-Badu and co-authors (7) showed no difference between midpoint and superior (proximal) and inferior (distal) points in the RF for
F-MYO and S-MYO while changes in D-MYO (elasticity)
were different from ours. We recorded a significant D-MYO
increase (elasticity decrease) in RF at proximal points in
comparison to the central point. Concerning the BB muscle,
our results showing a lack of changes in F-MYO at proximal points and an increase at distal points (compared to the
central point) agreed with the study of Agyapong-Badu at
el. (7). However, our findings of lack of stiffness (S-MYO)
changes at proximal and distal points compared to the
central point contrasted to the findings of Agyapong-Badu
et al. (7) in matters of distal-to-central point comparison, as
they noticed a significant increase in BB stiffness. It is only
puzzling that these authors found that the absolute difference in stiffness in the BB muscle between the midpoint and
the inferior (distal) part were smaller than in our study (5
N/m vs 13 N/m, respectively) but in our study the difference did not reach the level of statistical significance despite
similar average and SD values in both studies (207 ± 23.22
N/m and 220 ± 22.24 N/m respectively in mentioned study
and our study), and the larger number of cases in our study
(n = 32) than in their study (n = 26).
Furthermore, the elasticity results (D-MYO) of the BB
in our study only partly agreed with those reported by
Agyapong-Badu et al. (7) because, compared to the central
point, we found a significant decrease in D-MYO at the
proximal 20% and distal 10% and 20% points, while they
recorded only a decrease at the distal (inferior) point. The
discrepancies indicated above between our study and theirs
could result to some extent from differences in the distance
between the measurement points used in the two studies.
Authors mentioned above applied an absolute 1 cm distance
between measurement points (1 cm above and 1 cm below
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the midpoint) on the dominant body side while we marked
those points at 10% of the muscle length and we pooled
data of each muscle from the right and left limb of the 16
test subjects that gave the N equal to 32.
Nevertheless, despite those discrepancies between our
study and that mentioned above, it can be seen that there
were opposite changes in myometric parameters when the
probe was moved either distally or proximally from the
central point.

Meaning of the study: implications for clinicians
or policymakers
Our results showed that selection of measurement points
had an impact on the values of the myometric parameters.
Differences were observed both for the measurement points
located the furthest from each other, as well as for those
located adjacent to each other. It means that the results of
myometric tests of the same muscles, but measured in different points, should not be compared with each other which
is important in the context of research and clinical practice.
From a practical point of view, our study emphasizes that
the monitoring of the mechanical properties of the muscle
over time using myoton device (for example in individuals after a stroke) should be based on the same measuring
point. It is also possible to objectively evaluate the effect
of the therapy (physiotherapy) or pharmacotherapy on the
mechanical properties of muscles, as it was indicated by
many studies before (4, 6). Our study highlights the importance of standardizing the measuring point (the same before
and after the therapy) for this purpose.
The results of our study also showed the variability in
muscles’ mechanical properties along their long axis, as
measured by MyotonPRO® that practitioners should be
aware of. The results showed that the muscle properties
change more toward distal than proximal end, compared

to the central muscle point. Percentage changes in myometric outcomes, for the most distal point, ranged from 5% to
16% (except F-MYO and S-MYO in RF muscle), while for
the most proximal point, they were less than 6% (except
D-MYO in BB and RF muscle), compared to the central
point. It could mean that different methods of muscle therapy (manual therapy, massage, trigger point therapy or fascia
therapy) could have different effects on different parts of
the muscle (a potentially similar in the proximal and central
parts and more variable in the distal part). The knowledge
about mentioned variability in mechanical properties, along
muscle long axis, might be important for precise botulinum
injection navigation, what can be of a great value for therapeutic efficiency.

CONCLUSIONS
Our results emphasised the variation in muscle properties
along the long axis of chosen skeletal muscles expressed by
myometry outcomes.

Unanswered questions and future research
After the significant impact of the location of myometric
measurement points on skeletal muscle mechanical properties outcomes has been demonstrated, further research into
the real causes are necessary. Future research should focus
on establishing the relationship between the differences in measurements observed along the length of a muscle
with its objectively assessed structural characteristics. Such
determining the causes in directly way, will help to further
understand the observed phenomenon.

CONFLICT OF INTERESTS
The authors declare that thay have no conflict of interests.

REFERENCES
1. Gavronski G, Veraksits A, Vasar E, Maaroos J. Evaluation of
viscoelastic parameters of the skeletal muscles in junior triathletes. Physiol Meas 2007;28(6):625-37.
2. Gapeyeva H, Vain A. Methodical Guide: Principles of Applying
Myoton in Physical Medicine and Rehabilitation. Muomeetria,
Tartu, Estonia, 2008.
3. Gervasi M, Sisti D, Amatori S, et al. Muscular viscoelastic characteristics of athletes participating in the European
Master Indoor Athletics Championship. Eur J Appl Physiol
2017;117(8):1739-46.

534

4. Lo WLA, Zhao JL, Li L, Mao YR, Huang DF. Relative and
Absolute Interrater Reliabilities of a Hand-Held Myotonometer to Quantify Mechanical Muscle Properties in Patients
with Acute Stroke in an Inpatient Ward. Biomed Res Int
2017;2017:4294028.
5. Agyapong-Badu S, Warner M, Samuel D, Stokes M. Measurement of ageing effects on muscle tone and mechanical properties
of rectus femoris and biceps brachii in healthy males and females
using a novel hand-held myometric device. Arch Gerontol Geriatr 2016;62:59-67.

Muscles, Ligaments and Tendons Journal 2021;11 (3)

J. Mencel, J. Marusiak, A. Jaskólska, et.al.

6. Marusiak J, Jaskólska A, Budrewicz S, et al. Influence of dopaminergic treatment on resting elbow joint angle control mechanisms in patients with Parkinson’s disease - a preliminary report.
Acta Bioeng Biomech 2018;20(4):75-82.
7. Agyapong-Badu S, Warner M, Samuel D, Stokes M. Practical
considerations for standardized recording of muscle mechanical properties using a myometric device: recording site, muscle
length, state of contraction and prior activity. J Musculoskel Res
2018;21(2):1850010.
8. Mooney K, Warner M, Stokes M. Symmetry and within-session
reliability of mechanical properties of biceps brachii muscles in
healthy young adult males using the MyotonPRO device. WPHS
2013;1:1-11.
9. Agyapong-Badu S, Aird L, Bailey L, et al. Interrater reliability
of muscle tone, stiffness and elasticity measurements of rectus
femoris and biceps brachii in healthy young and older males.
WPHS 2013;1(4):1-11.
10. Aird L, Samuel D, Stokes M. Quadriceps muscle tone, elasticity
and stiffness in older males: reliability and symmetry using the
MyotonPRO. Arch Gerontol Geriatr 2012;55(2):e31-9.
11. Schoenrock B, Zander V, Dern S, et al. Bed Rest, Exercise
Countermeasure and Reconditioning Effects on the Human
Resting Muscle Tone System. Front Physiol 2018;9:810.
12. Zinder SM, Padua DA. Reliability, validity, and precision of a
handheld myometer for assessing in vivo muscle stiffness. J Sport
Rehabil 2011;20(3):2010_0051.
13. Mullix J, Warner M, Stokes M. Testing muscle tone and mechanical properties of rectus femoris and biceps femoris using a novel
hand held MyotonPRO device: relative ratios and reliability.
Work Pap Health Sci 2013;1:1-8.
14. Alnaqeeb MA, Al Zaid NS, Goldspink G. Connective tissue
changes and physical properties of developing and ageing skeletal muscle. J Anat 1984;139(Pt 4)(Pt 4):677-89.
15. Ducomps C, Mauriège P, Darche B, Combes S, Lebas F, Doutreloux JP. Effects of jump training on passive mechanical stress and
stiffness in rabbit skeletal muscle: role of collagen. Acta Physiol
Scand 2003;178(3):215-24.
16. Huang J, Qin K, Tang C, et al. Assessment of Passive Stiffness of Medial and Lateral Heads of Gastrocnemius Muscle,
Achilles Tendon, and Plantar Fascia at Different Ankle and

Muscles, Ligaments and Tendons Journal 2021;11 (3)

17.
18.

19.
20.

21.

22.
23.
24.

25.
26.
27.

Knee Positions Using the MyotonPRO. Med Sci Monit
2018;24:7570-6.
Carroll CC. Analgesic Drugs Alter Connective Tissue Remodeling and Mechanical Properties. Exerc Sport Sci Rev
2016;44(1):29-36.
Hoang PD, Herbert RD, Todd G, Gorman RB, Gandevia SC.
Passive mechanical properties of human gastrocnemius muscle
tendon units, muscle fascicles and tendons in vivo. J Exp Biol
2007;210(Pt 23):4159-68.
Oldfield RC. The assessment and analysis of handedness: The
Edinburgh Inventory. Neuropsychologia 1971;9:97-113.
van Melick N, Meddeler BM, Hoogeboom TJ, Nijhuis-van der
Sanden MWG, van Cingel REH. Nijhuis-van der Sanden, M. W.
G., van Cingel, R. E. H. How to determine leg dominance: The
agreement between self-reported and observed performance in
healthy adults. PLoS One 2017;29;12(12):e0189876.
Padulo J, Oliva F, Frizziero A, Maffulli N. Muscles, Ligaments
and Tendons Journal – Basic principles and recommendations in
clinical and field Science Research: 2018 update. Muscles Ligaments Tendons J 2018;8:305-7.
Alexander RM. Tendon elasticity and muscle function. Comparative Biochemistry And Physiology A-Molecular & Integrative
Physiology 2002;133(4):1001-11.
Shadwick RE. Elastic energy storage in tendons: Mechanical differences related to function and age. J App Physiol
1990;68:1033-40.
Fröhlich-Zwahlen AK, Casartelli NC, Item-Glatthorn JF, Maffiuletti NA. Validity of resting myotonometric assessment of
lower extremity muscles in chronic stroke patients with limited hypertonia: a preliminary study. J Electromyogr Kinesiol
2014;24:762-9.
Johnson MA, Polgar J, Weightman D, Appleton D. Data on the
distribution of fibre types in thirty-six human muscles. An autopsy study. J Neurol Sci 1973;18(1):111-29.
Kovanen V, Suominen H, Heikkinen E. Collagen of slow twitch
and fast twitch muscle fibers in different types of rat skeletal
muscle. Eur J Appl Physiol Occup Physiol 1984;52:235-42.
Joshi S, Joshi YA, Sontakke PS, Mittal A. Some details of
morphology of biceps brachii and its functional relevance. J Anat
Soc India 2014;63(1):24-9.

535

ORIGINAL ARTICLE

Nr 2021;11 (3):536-546

Static Stretching at Pain-Tolerated Intensity
Is Not Necessary to Increase Knee Range of Motion
in Amateur Soccer Players: a Randomized Trial
R. R. V. Melo1, M. S. Cerqueira1, G. M. Barbosa2, A. L. B. A. Laurentino1, I. M. Franca1,
T. O. Souza1, W. H. Brito Vieira1
1

2

Department of Physical Therapy, Federal University of Rio Grande do Norte, Neuromuscular Performance
Analysis Laboratory, Natal, Brazil
Faculty of Health Sciences of Trairi, Federal University of Rio Grande do Norte, Santa Cruz, Brazil

CORRESPONDING AUTHOR:
Wouber Hérickson Brito Vieira
Departamento de Fisioterapia
Neuromuscular Performance Analysis
Laboratory
Universidade Federal do Rio Grande
do Norte
Avenida Hermes Fonseca
59084-100 Natal, Brazil
E-mail: hericksonfisio@yahoo.com.br
DOI:
10.32098/mltj.03.2021.19
LEVEL OF EVIDENCE: 2B

ABSTRACT
Background. Stretching exercises are commonly used in warm-up routines before
sports practice. However, there is a lack of evidence regarding the optimal intensity
at which passive stretching should be performed in soccer players. This study investigated the acute and chronic effects of different static stretching intensities on the knee
ROM, passive torque and functional performance of amateur soccer players.
Methods. Forty-one male amateur soccer players were allocated into four groups: no
stretching (NS, n = 10), comfort level stretching (CLS, n = 11), mild discomfort level
stretching (MDLS, n = 10) or pain level stretching (PLS, n = 10). Three 30-second
sessions of static passive hamstring muscle stretching were performed 3 times a week,
totaling 10 sessions. Intensities were established according to the scale of perceived
effort in flexibility. Passive and active knee extension ROM, passive peak torque
(PPT), PPT angulation, viscoelastic stress-relaxation and modified shuttle run were
measured at baseline, post 1st session (acute effect), and 48 h after the 10th session
(chronic effect). Discomfort/pain and affective responses were recorded after each
session and at the end of training, respectively.
Results. No intergroup differences were observed after the 1st session. However, 48
h after the 10th session, the MDLS and PLS groups exhibited a similar significant
increase in active and passive knee extension ROM compared to the NS (P < 0.01,
effect size = 1.8 to 2.6) and CLS (P < 0.01, effect size = 1.5 to 2.4). There were no intergroup differences for the other outcomes.
Conclusions. Static stretching exercises do not need to be prescribed at pain-tolerated
intensity for knee flexibility gains in amateur soccer players.
KEY WORDS
Hamstring muscles; joint flexibility; Muscle Stretching Exercises; torque; sports.

BACKGROUND
Adequate physical conditioning is essential for sports and
muscle flexibility is a basic component of performance
(1). In soccer, for instance, players need good flexibility to
perform repeated high-intensity movements such as explosive sprints and powerful kicks (2). Shortening of multijoint lower limb muscles such as the hamstrings might
cause muscle imbalance, which may lead to severe postur536

al consequences and pain (3) in addition to compromising
player performance (4).
Although recent studies have suggested that flexibility deficits are minor risk factors for hamstring injury (5) improving range of motion (ROM) may influence the performance
of soccer players (6, 7). After four weeks of static stretching (4 days/week), young elite soccer players showed an
improvement in 35-m speed, explosiveness and agility (6),
while 7 weeks of static stretching (6 days/week) had a posi-
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tive effect on linear sprinting in a similar group (7). Thus,
it is reasonable to assume that appropriate hamstring flexibility is important for training and rehabilitation protocols
in this population.
Several parameters can elicit gains in joint flexibility (8),
primarily stretch intensity, which represents the magnitude
of force generated during the maneuver and may influence
tissue response (8). To increase ROM, previous studies
have suggested using higher intensity (i.e. stretching to the
point of pain) rather than longer duration in clinical populations (9). However, soccer players are already subject to
daily workloads (10) and high-intensity stretching to the
point of pain may cause damage and, ultimately, be counter-productive (11). Thus, it may be beneficial to minimize
overload during stretching as long as it remains effective.
From this perspective, low or high-intensity hamstring
stretching may promote similar acute (one stretching
session) gains in ROM (12, 13). On the other hand, chronic
training (repeated stretching for > 3 weeks) (13) comparing different stretching intensities is scarce. A recent study
found that long-term hamstring training by stretching at
low or high-discomfort intensities promoted similar ROM
gains in untrained men (14). In addition, no difference in
flexibility was observed after static stretching training to the
point of pain or discomfort in physically active women (11).
No previous high-quality methodological studies were
found that assessed the acute and chronic effects of
different stretching intensities on the ROM and functional performance of soccer players. Given that stretching is often prescribed for these individuals, determining the minimum stretching intensity needed to generate
effects on ROM will contribute to better flexibility training
prescription. Moreover, passive torque, which is the total
resistance of the muscle-joint complex during movement
(15), perceived discomfort/pain and affective responses to
stretching at different intensities have yet to be investigated
in soccer players.
Thus, the main objective of this study was to investigate
the acute and chronic effects of different static stretching
intensities on the knee ROM, passive torque and functional performance of amateur soccer players. Discomfort/pain perception and affective responses to stretching
at different intensities were also assessed. It was hypothesized that stretching to the point of mild discomfort would
be sufficient to result in an acute and chronic increase in
ROM compared to no stretching, stretching to the point of
comfort or to the point of pain. In addition, passive torque
and functional performance would not be altered, regardless of the intensity applied, and stretching to the point of
pain would result in worse subjective perception outcomes.
Muscles, Ligaments and Tendons Journal 2021;11 (3)

MATERIALS AND METHODS
Study design and ethical considerations
This was a randomized clinical trial with concealed allocation and assessor blinding, carried out at the Neuromuscular
Performance Analysis Laboratory. It was approved by the
relevant ethics committee prior to data collection (number:
1.883.129) and conducted according to the guidelines of the
Muscles, Ligaments and Tendons Journal (16) and Consolidated Standards of Reporting Trials (CONSORT). Before
the study, the players were informed of the procedures and
those who agreed to participate provided written consent.
The trial was conducted according to the Helsinki Statement and prospectively registered at Clinical-Trials.gov
(NCT03150563).

Participants
Forty competitive male soccer players were recruited through
flyers, athletic trainers, coaches, and/or team physicians. A
priori sample calculation was performed using G*Power
(version 3.1; University of Trier, Trier, Germany) with previous published knee ROM data. Based on a previous study
with 26 participants (11), α = 0.05, power (1-β) = 0.8, correlation coefficient = 0.5, and effect size = 0.28 were adopted.
According to these values, it was estimated that a total of 36
participants were needed. Considering a likely dropout rate
of 15%, 40 participants were targeted (10 per group). Individuals were included if they were aged ≥ 18 years, engaged
in soccer training sessions at least 3 times a week and had
limited range of motion (15° of active knee extension) (17).
The ROM limitation of 15° was needed because the players
had to have the primary indication of stretching maneuvers.
Potential players were excluded if they met any of the following criteria: acute injury or disorders that prevented them
from undergoing the assessments or training sessions; prior
lower limb or torso surgery; and taking drugs at the time of
the evaluation that could cause muscle relaxation (17).

Procedures
All participants were randomly allocated (http://www.
randomization.com/) to one of the following groups: no
stretching (NS), comfort level stretching (CLS), mild discomfort level stretching (MDLS) and pain level stretching (PLS).
The randomization process was conducted by an independent researcher (first researcher) who was not involved in
other study procedures, using a computer-generated random
numbers program. Each participant’s random allocation
was revealed just before the intervention. Another blind537
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ed researcher (second researcher) with clinical expertise in
the musculoskeletal area assessed the dependent variables
during the study period. The primary outcome was the active
and passive knee extensions (AKE and PKE) evaluated with
a goniometer. The secondary outcomes were passive torque
measurements (passive peak torque (PPT), PPT angulation
and viscoelastic stress-relaxation) obtained during an isokinetic dynamometer test. Viscoelastic stress-relaxation is the
decline in passive tension over time when the muscle-tendon
unit is held in a lengthened position (18). In addition, modified shuttle run (time in seconds), feeling of discomfort/pain
(Visual Analogue Scale (VAS)) and affective valence (Feeling
Scale) were measured.
The first evaluation was carried out at least 24 hours before
(baseline) the start of the training or control period. Participants performed the tests in the following order: ROM,
passive torque and shuttle run test. ROM and passive peak
torque measurements were performed with the non-dominant limb. The dominant limb was defined as the preferred
leg used to kick a ball (15, 17). The participants assigned to
the training groups (CLS, MDLS and PLS) participated in a
hamstrings-targeted stretching program on both legs 3 times a
week until completing 10 sessions. The following assessments
occurred post 1st session and 48 h after the 10th session. Participants from the NS group underwent the same assessments, but
did not undergo any intervention. During the training period,
participants of all groups were asked to refrain from stretching, resistance and strength training outside the program.

Outcome measures
Range of motion
ROM was measured with the players in the supine position
on a stretcher and their non-dominant hip on the support at
90° flexion. The contralateral limb and pelvis were immobilized with a strap to avoid compensations (15). A goniometer
(Carci®; unit: degrees) was placed beside the leg and ROM
recorded according to a previous study. Three AKE and
PKE were performed, with a 30-second rest period between
each trial. Maximum tolerable pain was used as the limit of
movement for PKE. The average of the three repetitions was
used for each outcome. Test-retest reliability was previously
demonstrated to be excellent (ICC: 0.91-0.99) (19).
Peak passive torque measurements
Passive resistance to stretching was defined as the PPT of
the hamstring muscle group during passive knee extension
using an isokinetic dynamometer (Biodex Medical System
3 Pro, Shirley, NY, USA) at 5°/s-1 (18). The dynamometer
was calibrated before each assessment session. Participants
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sat on the dynamometer chair according to the manufacturer’s instructions, with the hip flexed 110°. The axis of rotation was aligned with the lateral epicondyle, and the dynamometer lever arm fixed on the distal third of the subject’s
leg, approximately 5 cm above the lateral ankle malleolus.
To avoid changes in position, participants were stabilized
with straps in the pelvic and thoracic region, as well as on
the thigh of the non-dominant limb. All passive torque
measurements were gravity corrected.
The participants were asked to relax during the test while
the non-dominant leg was passively extended. When they
reached the maximum tolerable pain point, they pressed the
‘stop’ button, and the device recorded both PPT and PPT
angulation. The player’s leg was secured for 30 seconds in this
position and the percentage (%) mean change ((final PPT ÷
initial PPT) × 100) was calculated to measure the viscoelastic
stress-relaxation (18). This procedure was performed only
once. Absence of active resistance during evaluation was
determined through qualitative analysis of the PT chart. If
any noise was detected within the graph, the test was repeated. The reliability of the PPT measurements was previously
published, with ICC scores of 0.59 and 0.93 (18).
Modified shuttle run test
Functional analysis was carried out applying a modified
20-m sprint test, as previously described (17). This is a reliable (ICC: 0.99) (17), inexpensive and easy-to-perform test,
with movements similar to those executed by soccer players,
such as acceleration, deceleration, and change in direction.
The subjects ran the first 10 meters as fast as possible, went
around the cone (180° change in direction on the side of the
nondominant limb), and returned to the starting line (total
= 20 m). The players were familiarized with the test before
undergoing 2 trials with 2-minute intervals between repetitions, and the fastest trial was used for data analysis.
Feeling of discomfort/pain
The subjective perception of discomfort/pain caused by
passive stretching was recorded at the end of each session
using the VAS (20). The scale consists of a 100-milimeter
ruler, with ‘‘no discomfort/pain’’ (0 mm) written at one end
and ‘‘maximum discomfort/pain’’ (10 mm) at the other. The
average of the 10 sessions was used for analysis in each intervention group. VAS test-retest reliability has been shown to
be high, with ICC scores of 0.88 and 0.92 (20).
Affective valence
The affective responses to training were determined using
a Feeling Scale (15, 21), consisting of an 11-point bipolar
scale ranging from + 5 (‘‘very good’’) to − 5 (‘‘very bad’’).
A previous study showed a strong correlation between the
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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scale (r: 0.89-0.97) and ratings of perceived exertion (21).
Participants indicated their affective relationship with the
stretching program at the end of the intervention (48 h after
the 10th session), according to the numbers on the scale.

Stretching protocols
A third researcher conducted lower limb stretch training on
an individual basis. Passive static stretching protocols for
hamstring muscles were performed with the player in the
supine position on a stretcher (17). One limb in full extension was stabilized with a strap, while the other limb was
stretched. Three 30-second sets of passive static stretching
were carried out three times a week until completing 10
sessions, using the same rest period. The scale of perceived
effort in flexibility (PERFLEX) was used to establish the
sensation limits at each intensity (22). This scale consists
of five stages of sensations for the different intensities, each
referring to a level of ROM. Players from the experimental groups underwent the same protocols, differing according to stretching intensity: the CLS group performed each
maneuver at the “forcing” intensity (31-60 on PERFLEX);
the MDLS group stretched at the “discomfort” intensity (61-80 on PERFLEX); and the PLS group stretched at
“bearable pain” (81-90 on PERFLEX). In order to establish the sensation for each group and determine the limit for
each level, the limb was stretched to the intensity level immediately above the one previously established for the group,
and then moved to the desired sensation limit. Before the
start of the protocol, all the players were instructed on the
correct use of the scale during stretching.

Statistical analyses
A fourth researcher who was not involved in the study
conducted all analyses using commercial software. A parametric test was applied given that all the data were normally
distributed (Kolmogorov-Smirnorv test), exhibiting homogeneous variances (Levene test). A two-way mixed-model
ANOVA was performed for ROM, peak torque measure-

ments and the modified shuttle run, with group (NS,
CLS, MDSL and PLS) and time (before and after the 1st
session, and 48 h after the 10th session) interaction. One-way
ANOVA was carried out to compare intergroup sensation
of discomfort/pain and affective valence. Tukey’s test was
used for post-hoc analysis to identify possible differences.
The magnitude of the differences was calculated by testing
Cohen’s d. Significance was set at 5% for all analyses and the
data expressed as mean ± SD. Data were analyzed using the
Statistical Package for the Social Sciences (SPSS; Chicago,
IL, USA, Version 22.0).

RESULTS
Demographic characteristics of participants at baseline were
similar for the four groups (table I). A total of 51 participants were screened and 9 were excluded for the reasons
described in figure 1. Thus, 42 players underwent the 1st
intervention and were assessed immediately afterwards.
One player from the PLS group was excluded due to injury
and 41 participants completed all interventions (figure 1).

Post 1st session
Intragroup analysis showed that athletes from all groups
obtained a statistically significant increase in active and passive
knee extension ROM (p < 0.05); however, only the PLS group
exhibited a large effect size (ES = 1.3; ∆ = 7.4° (2.1, 12.6)) for
passive knee extension post 1st intervention (table II). Moreover, PPT (ES = 0.4) and PPT angle (ES = 0.7) displayed a
statistically significant increase in the MDLS group and PT
angle rose in the CLS (ES = 0.2) group after a single static stretching session (P < 0.05, table II). Intergroup analysis
revealed no significant difference post 1st session for any of
the outcomes (P > 0.05, table III). However, there was a large
effect size for active (ES = 0.9; ∆ = 5.0° (- 2.6, 12.7)) and passive
(ES = 1.2; ∆ = 7.3° (-0.7, 15.3)) knee extension ROM in the
PLS group compared to their NS counterparts (table III), and
for viscoelastic stress-relaxation in the MDLS compared to the
CLS group (ES = 1.0; ∆ = 6.5% (- 0.9, 13.9)) (table III).

Table I. Demographic data.
NS (n = 10)

CLS (n = 11)

MDLS (n = 10)

PLS (n = 10)

Age, mean (SD), years

23.8 ± 4.1

24.7 ± 4.8

24.7 ± 4.8

22.8 ± 2.1

Weight, mean (SD), kg

76.9 ± 12.2

79.2 ± 8.9

79.2 ± 8.9

72.6 ± 9.3

Height, mean (SD), cm

1.8 ± 0.1

1.8 ± 0.1

1.8 ± 0.1

1.8 ± 0.1

Body Mass Index, mean
(SD), kg/m2

23.9 ± 2.8

24.7 ± 1.4

24.7 ± 1.4

22.8 ± 2.1

NS: no stretching; CLS, comfort level stretching; MDLS: mild discomfort level stretching; PLS: pain level stretching.
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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Figure 1. CONSORT flowchart. NS: no stretching;

CLS: comfort level stretching; MDLS: mild discomfort level stretching; PLS: pain level stretching; SS: static stretching; ROM: range of motion; PT: peak torque.
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5.2 ± 0.2
5.3 ± 0.3
5.3 ± 0.4

CLS

MDLS

PLS

16.4 ± 6.8

PLS

5.2 ± 0.3

12.5 ± 5.6

MDLS

NS

15.1 ± 13.5

CLS

124.8 ± 10.9

PLS

14.7 ± 5.5

125.6 ± 10.2

MDLS

NS

122.7 ± 13.2

55.9 ± 16.9

PLS

CLS

52.4 ± 17.4

MDLS

120.7 ± 16.1

70.2 ± 25.4

NS

65.1 ± 18.7

156.8 ± 5.7

PLS

CLS

156.5 ± 5.8

NS

155.7 ± 7.0

MDLS

155.0 ± 5.6

PLS

CLS

153.4 ± 5.6

MDLS

155.7 ± 5.6

153.1 ± 6.5

CLS

NS

152.5 ± 6.0

Baseline¶

NS

Groups

2.4 (- 3.4; 8.2)

156.4 ± 6.3

5.3 ± 0.4

5.4 ± 0.4

5.2 ± 0.5

5.2 ± 0.4

16.2 ± 6.8

12.9 ± 3.2

19.4 ± 9.0

14.7 ± 2.8
§

129.9 ± 12.4

134.8 ± 12.6

132.3 ± 13.6

125.8 ± 12.0

60.0 ± 22.0

66.7 ± 30.1§

79.4 ± 36.5

73.0 ± 27.2

164.2 ± 5.5§

160.6 ± 7.1§

160.5 ± 6.5

156.9 ± 6.7
§

4.1 (- 1.0; 9.3)

167.6 ± 3.6

159.2 ± 5.5
§

4.8 (- 1.2, 10.8)

5.3 ± 0.3

5.3 ± 0.4

5.2 ± 0.3

5.2 ± 0.3

18.3 ± 5.8

0.0 (- 0.2, 0.2)

0.1 (- 0.1, 0.3)

- 0.0 (- 0.2, 0.2)

0.1 (- 0.2, 0.3)

- 0.1 (- 3.8, 3.6)

0.4 (- 3.2, 4.1)

4.3 (0.8, 7.9)

15.1 ± 10.8
14.1 ± 8.3

0.1 (- 4.0, 4.2)

17.2 ± 4.1

5.1 (- 1.5, 11.7)

9.2 (2.6, 15.8)

134.1 ± 12.8

§

131.0 ± 8.3

9.5 (3.3, 15.8)

133.6 ± 13.6§
§

5.1 (- 1.5, 11.7)

129.3 ± 9.2§

4.0 (- 6.0, 14.1)

14.3 (4.3, 24.4)

9.2 (- 0.4, 18.8)

7.8 (- 2.2, 17.9)

7.4 (2.1, 12.6)

§

57.3 ± 16.1§

63.2 ± 23.3§

76.0 ± 25.7

71.1 ± 21.5

170.2 ± 3.4§

4.1 (- 2.0, 10.1)

158.3 ± 6.1
166.1 ± 3.6§

1.2 (- 4.6, 7.0)

157.1 ± 6.0

§

4.1 (- 1.6; 9.9)

164.2 ± 3.5§

157.5 ± 6.6§

155.5 ± 6.5

1.7 (- 3.9; 7.3)

§

§

Within- Group
Score Change
post 1st sessionƗ

155.2 ± 6.2§

48 h after
10th session¶

154.1 ± 6.0§

Post 1st
session¶

0.0 (- 0.9, 0.9)

0.3 (- 0.9, 1.6)

- 0.1 (- 1.3, 1.1)

0.1 (- 1.1, 1.4)

0.0 (- 1.2, 1.2)

0.1 (- 0.8, 0.9)

0.4 (- 0.8, 1.6)

0.0 (- 0.9, 0.9)

0.4 (- 0.4, 1.3)

0.7 (- 0.1, 1.7)

0.2 (- 0.7, 1.1)

0.4 (- 0.5, 1.2)

0.2 (- 0.7, 1.1)

0.4 (- 0.3, 1.2)

0.3 (- 0.6, 1.2)

0.3 (- 0.5, 1.2)

1.3 (0.3, 2.2)

0.6 (- 0.3, 1.5)

0.7 (- 0.2, 1.5)

0.2 (- 0.7, 1.1)

0.7 (- 0.2, 1.7)

0.7 (- 0.2, 1.6)

0.4 (- 0.5, 1.2)

0.3 (- 0.6, 1.1)

Within- Group
Effect Size,
Cohen’s d post
1st sessionƗ

0.0 (- 0.2, 0.2)

0.0 (- 0.1, 0.2)

0.0 (- 0.2, 0.1)

0.0 (- 0.1, 0.2)

1.9 (- 3.8, 7.8)

1.6 (- 4.2, 7.5)

0.0 (- 5.5, 5.6)

2.5 (- 3.3, 8.3)

6.2 (- 1.2, 13.6)

8.5 (1.1, 15.9)

10.9 (3.9, 17.9)

8.6 (1.2, 16.0)

1.4 (- 7.1, 9.8)

10.9 (2.4, 19.3)

5.8 (- 2.2, 13.9)

6.0 (- 2.5, 14.4)

6.0 (3.6, 8.3)

5.5 (3.2, 7.9)

- 2.2 (- 4.4, 0.1)

0.3 (- 2.1, 2.6)

12.6 (10.3, 14.7)

10.9 (8.7, 13.1)

3.3 (1.2, 5.4)

2.8 (0.6, 5.0)

Within- Group
Score Change
48 h after
10th sessionƗ

0.0 (- 0.8, 0.8)

0.0 (- 0.8, 0.8)

0.0 (- 0.8, 0.8)

0.0 (- 0.8, 0.8)

0.3 (- 0.9, 1.5)

0.2 (- 1.0, 1.5)

0.0 (- 0.8, 0.8)

0.5 (- 0.7, 1.7)

0.6 (- 0.6, 1.9)

0.7 (- 0.5, 2.0)

0.8 (- 0.4, 2.0)

0.7 (- 0.6, 1.9)

0.1 (- 1.1, 1.3)

0.5 (- 0.7, 1.8)

0.2 (- 1.0, 1.5)

0.3 (- 0.9, 1.6)

2.9 (1.1, 4.6)

2.0 (0.4, 3.5)

0.4 (- 0.9, 1.6)

0.2 (- 1.0, 1.5)

2.7 (1.0, 4.4)

2.1 (0.6, 3.7)

0.5 (- 0.7, 1.8)

0.4 (- 0.8, 1.7)

Within- Group
Effect Size, Cohen’s d 48
h after 10th sessionƗ

S: no stretching; CLS, comfort level stretching; MDLS: mild discomfort level stretching; PLS: pain level stretching; AKE: active knee extension; PKE: passive knee
extension; PPT: passive peak torque. ¶Values expressed as mean ± SD; ƗValues in parentheses are 95% confidence intervals; §Statistically different from baseline (p < .05).

Modified
Shuttle Run, s

Viscoelastic Relaxation
Stress, %

PPT Angulation, °

PPT, N/m

PKE, °

AKE, °

Outcome

Table II. Outcome measures at baseline, post 1st session and 48 h after 10th session for athletes in the NS (n = 10), CLS (n =11), MDLS (n=10) and PLS (n =10) groups.
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48 h after the 10th session
Intragroup analysis showed that athletes from all groups exhibited a statistically significant increase in active knee extension ROM, and only the PLS and MDLS groups increased
passive knee extension ROM (P < 0.05). A large effect size
was observed for both outcome measures in the MDLS (active
extension, ES = 2.1, ∆ = 10.9° (8.7, 13.1); passive extension,
ES = 2.0, ∆ = 5.5° (3.2, 7.9)) and PLS groups (active, ES =
2.1, ∆ = 12.6 (10.3, 14.7); passive, ES = 2.9, ∆ = 6.0 (3.6, 8.3))
48 h after the 10th session (table II). Moreover, PPT showed
a statistically significant increase in the MDLS (ES = 0.5) and
PLS (ES = 0.1) groups (P < 0.05), and PPT angle in all the
groups (P < 0.05, ES = 0.7 to 0.8), except the PLS (P = 0.10,
ES = 0.6) (table II). Intergroup analysis demonstrated a rise
in active and passive knee extension 48 h after the 10th session
(P ≤ 0.0001). Planned pairwise comparisons showed that the
MDLS and PLS groups had similar (P > 0.05) and significant
increases in active and passive knee extension ROM compared
to the NS (P < 0.01, ES = 1.8 to 2.6) and CLS groups (P <
0.01, ES = 1.5 to 2.4). In addition, the MDLS group experienced a large increase in both ROM variables compared to
CLS participants (P < 0.01; ES = 1.5) (table III).
Figure 2 shows the individual data and the change 48 h
after the 10th session in relation to baseline values for active
(figure 2 A) and passive (figure 2 B) knee extension ROM
in all the groups. There were no intergroup differences for
any of the other outcomes after 10 sessions of passive static
stretching (P > 0.05, table III).

VAS score and affective valence
The mean VAS score was different for the intervention
groups (p ≤ 0.0001). The PLS group obtained the highest

scores (79.6±8.4 mm), followed by their MDLS (64.7 ± 12.5
mm) and CLS counterparts (34.2 ± 20.1 mm, table IV).
Affective valence showed similar (P > 0.05) and higher (p ≤
0.001) positive responses for the PLS (3.4 ± 1.4) and MDLS
(3.4±1.2) compared to the CLS group (0.3 ± 1.6) after the
static stretching protocol (table IV).

DISCUSSION
This is the first study to investigate the acute and chronic effects of different static stretching intensities on the
knee ROM, passive torque and functional performance of
amateur soccer players. The main finding was that passive
static stretching training at the point of mild discomfort or
pain, but not to the point of comfort, resulted in significant
active and passive ROM improvements. Our results underscore that athletes do not need to experience pain during
stretching maneuvers, since stretching with mild discomfort
was sufficient to improve hamstring flexibility, with high
magnitude effect sizes.
Our findings agree with previous studies conducted in
different populations. In physically active women, a 4-week
static and active hamstring stretching program (4 days/
week) to the point of pain or discomfort (according to the
PERFLEX scale) showed a similar increase in hip flexion
ROM (11). In another study, 12 weeks of hamstring stretching (3 days/week) at low or high discomfort (1-2 and 9-10 on
the Verbal Numerical Scale, respectively) promoted similar
active extension ROM gains in untrained men (14). In these
studies, improved flexibility was attributed to the subjects’
increased tolerance to stretching, since passive torque (i.e.,
muscle-tendon length) did not change after the protocols.

Figure 2. Individual data showing the change 48h after the 10th session in relation to baseline (mean ± standard deviation) for active (A) and passive (B) knee extension (AKE and PKE, respectively) ROM in all groups.

NS: no stretching; CLS: comfort level stretching; MDLS: mild discomfort level stretching; PLS: pain level stretching. ‡p < 0.01 NS or CLS groups vs MDLS
and PLS groups.
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∆ = 6.4 (- 29.6, 42.5) ∆ = - 6.2 (- 43.2, 30.7) ∆ = - 13.0 (- 49.9, 23.9) ∆ = 12.7 (- 23.4, 48.7)
ES = 0.2 (- 1.4, 1.0) ES = 0.2 (- 1.0, 1.5)
ES = 0.5 (- 0.7, 1.7)
ES = 0.4 (- 0.9, 1.6)
∆ = 9.0 (- 6.8, 24.8)
ES = 0.7 (- 0.5, 2.0)
∆ = - 1.7 (- 9.3, 5.9)
ES = 0.6 (- 0.7, 1.8)
∆ = 0.1 (- 0.4, 0.6)
ES = 0.3 (- 0.9, 1.6)

∆ = 6.5 (9.0, 21.9)
ES = 0.5 (- 0.7, 1.7)
∆ = 4.8 (- 2.6, 12.2)
ES = 0.7 (- 0.6, 2.0)

PPT
Angulation, °
Viscoelastic
Relaxation
Stress, %

Modified
∆ = - 0.1 (- 0.6, 0.4)
Shuttle Run, s ES = 0.1 (- 1.1, 1.4)
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∆ = 1.2 (- 4.9, 7.3)
ES = 0.2 (- 1.0, 1.4)

∆ = 1.2 (- 4.9, 7.3)
ES = 0.2 (1.0, 1.5)

∆ = 4.3 (- 9.4, 18.1)
ES = 0.4 (- 0.8, 1.6)
∆ = - 2.1 (- 11.6, 7.4) ∆ = - 3.1 (- 12.8, 6.6)
ES = 0.3 (- 0.9, 1.5) ES = 0.5 (- 0.8, 1.7)

PPT, N/m

PPT
Angulation, °

∆ = 0.1 (- 0.3, 0.5)
ES = 0.3 (- 0.9, 1.6)

∆ = 0.1 (- 0.3, 0.5)
ES = 0.2 (- 0.9, 1.5)

∆ = 1.1 (- 8.6, 10.8)
ES = 0.2 (- 1.0, 1.5)

∆ = 13.0 (6.7, 19.3)
ES = 0.7 (- 0.5, 2.0)
∆ = 1.7 (- 12.3, 15.7)
ES = 0.2 (- 1.0, 1.4)

∆ = 13.0 (6.8, 19.3)*
ES = 2.6 (- 1.0, 4.4)

∆ = - 0.2 (- 0.5, 0.2)
ES = 0.5 (- 0.8, 1.7)

∆ = 1.0 (- 8.5, 10.5)
ES = 0.1 (- 1.1, 1.3)

∆ = - 7.8 (- 13.9, - 1.6)
ES = 0.5 (- 0.7, 1.7)
∆ = - 0.5 (- 14.2, 13.3)
ES = 0.0 (- 1.2, 1.2)

∆ = - 7.8 (- 13.9, - 1.7)*
ES = 1.5 (0.1, 2.9)

∆ = - 7.9 (- 14.1, - 1.6) *
ES = 1.5 (0.1, 2.9)

CLS - MDLS groupƗ

MDLS - PLS groupƗ
∆ = - 3.3 (- 9.7, 3.0)
ES = 0.9 (- 0.3, 2.2)

∆ = 0.1 (- 0.4, 0.6)
ES = 0.2 (- 1.0, 1.5)

∆ = - 3.3 (- 10.9, 4.3)
ES = 0.6 (- 0.6, 1.9)

∆ = 6.7 (- 30.2, 43.6)
ES = 0.3 (- 0.9, 1.5)
∆ = 4.9 (- 10.9, 20.7)
ES = 0.4 (- 0.8, 1.6)

∆ = - 1.7 (- 9.4, 6.0)
ES = 0.3 (- 1.0, 1.5)
∆ = - 3.6 (- 11.6, 4.5)
ES = 0.6 (- 0.7, 1.8)

MDLS - PLS groupƗ

∆ = - 0.1 (- 0.5, 0.3)
ES = 0.4 (- 0.9, 1.6)

∆ = - 3.2 (- 12.7, 6.3)
ES = 0.4 (- 0.9, 1.6)

∆ = - 11.8 (- 17.9, - 5.7)
ES = 0.9 (- 0.4, 2.2)
∆ = 2.6 (- 11.1, 16.4)
ES = 0.2 (- 1.0, 1.5)

∆ = 0.0 (- 0.3, 0.4)
ES = 0.1 (- 1.1, 1.3)

∆ = - 4.2 (- 13.9, 5.5)
ES = 0.6 (- 0.6, 1.8)

∆ = - 4.0 (- 10.3, 2.2)
ES = 0.3 (- 0.9, 1.5)
∆ = 3.1 (- 10.9, 17.1)
ES = 0.3 (- 0.9, 1.5)

∆ = - 11.8 (- 17.9, - 5.7)* ∆ = - 4.0 (- 10.2, 2.2)
ES = 2.4 (0.7, 4.0)
ES = 1.1 (- 0.1, 2.5)

CLS - PLS groupƗ
∆ = - 11. 2
(- 17.4, - 4.9) *
ES = 2.2 (0.6, 3.7)

∆ = - 0.1 (- 0.6, 0.4)
ES = 0.3 (- 0.9, 1.5)

∆ = 2.4 (- 13.1, 17.8)
ES = 0.2 (- 1.0, 1.4)
∆ = 3.1 (- 4.2, 10.6)
ES = 0.4 (- 0.8, 1.6)

∆ = 19.4 (- 16.7, 55.5)
ES = 0.6 (- 0.6, 1.9)

∆ = - 3.7 (- 11.2, 3.5)
ES = 0.6 (- 0.6, 1.9)
∆ = - 3.7 (- 11.5, 4.2)
ES = 0.6 (- 0.6, 1.9)

CLS - PLS groupƗ

NS: no stretching; CLS: comfort level stretching; MDLS: mild discomfort level stretching; PLS: pain level stretching; AKE: active knee extension; PKE: passive knee extension; PPT:
passive peak torque; ES: effect size. ƗValues in parentheses are 95% confidence intervals. *Statistical difference between both groups (p < 0.01).

Viscoelastic
Relaxation
Stress, %
Modified
∆ = 0.0 (- 0.4, 0.3)
Shuttle Run, s ES = 0.2 (- 1.1, 1.4)

∆ = 9.0 (2.7, 15.2)
ES = 0.3 (- 0.9, 1.6)
∆ = 4.8 (- 9.2, 18.8)
ES = 0.4 (- 0.8, 1.7)

∆ = 8.9 (2.7, 15.2)*
ES = 1.8 (- 0.3, 3.3)

∆ = 12.4 (6.0, 18.7)*
ES = 2.4 (0.8, 4.1)

∆ = 9.0 (2.6, 15.4)*
ES = 1.8 (0.3, 3.2)

PKE, °

PLS – NS groupƗ

MDLS – NS groupƗ

CLS – NS groupƗ
∆ = 1.2 (- 5.1, 7.4)
ES = 0.2 (- 1.1, 1.4)

OUTCOME

AKE, °

∆ = - 0.2 (- 0.7, 0.3)
ES = 0.5 (- 0.7, 1.7)

∆ = - 2.5 (- 17.9, 12.9)
ES = 0.1 (- 1.0, 1.4)
∆ = 6.5 (- 0.9, 13.9)
ES = 1.0 (- 0,3, 2.3)

Intergroup difference in score change (∆) and effect size (ES, Cohen’s d) 48h after 10th session

∆ = 0.1 (- 0.5, 0.6)
ES = 0.1 (- 1.1, 1.4)

∆ = 4.1 (- 11.7, 19.9)
ES = 0.3 (- 0.9, 1.6)
∆ = 1.6 (- 6.0, 9.2)
ES = 0.3 (- 0.9, 1.5)

∆ = - 0.1 (- 7.9, 7.8)
ES = 0.0 (- 1.3, 1.2)

PPT, N/m

∆ = 7.3 (- 0.7, 15.3)
ES = 1.2 (- 0.1, 2.5)

∆ = 3.7 (- 4.4, 11.7)
ES = 0.5 (- 0.7, 1.8)

∆ = 3.6 (- 4.2, 11.5)
ES = 0.5 (- 0.7, 1.8)

CLS - MDLS groupƗ
∆ = - 2.0 (- 9.5, 5.5)
ES = 0.3 (- 0.9, 1.5)

PKE, °

AKE, °

PLS – NS groupƗ
∆ = 5.0 (- 2.6, 12.7)
ES = 0.9 (- 0.4, 2.1)

MDLS – NS groupƗ
∆ = 3.3 (- 4.3, 11.0)
ES = 0.5 (- 0.7, 1.8)

CLS – NS groupƗ
∆ = 1.4 (- 6.1, 8.8)
ES = 0.2 (- 1.0, 1.4)

OUTCOME

Intergroup difference in score change (∆) and effect size (ES, Cohen’s d) post 1st session

Table III. Intergroup difference in score change and effect size post 1st session and 48 h after 10th session for all outcome measures.
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Table IV. Visual analogue scale and affective valence for experimental groups.
OUTCOME

CLS¶

MDLS¶

PLS¶

VAS score, 0-100 mm

34.2 ± 20.1

64.7 ± 12.5

79.6 ± 8.4

Affective Valence, + 5, -5

0.3 ± 1.6#

3.4 ± 1.2

3.4 ± 1.4

Intergroup differences in score change (∆) and effect size (ES, Cohen’s d)
OUTCOME

MDLS - CLS groupƗ

PLS – CLS groupƗ

PLS - MDLS groupƗ

VAS score, 0-100 mm

∆ =30.5 (11.6, 49.4)*
ES =1.5 (0.5, 2.4)

∆ =45.4 (30.9, 59.9)*
ES =2.9 (1.58, 4.1)

∆ =14.9 (0.4, 29.4)*
ES =1.0 (0.0, 1.8)

Affective Valence, + 5, -5

∆ =3.1 (1.7, 4.4)*
ES =2.2 (1.0, 3.2)

∆ =3.1 (1.7, 4.5)*
ES =2.1 (0.9, 3.0)

∆ =0.0 (-1.2, 1.2)
ES =0. (-0.8, 0.8)

CLS: comfort level stretching; MDLS: mild discomfort level stretching; PLS: pain level stretching; VAS: visual analogue scale. ¶Values expressed as mean ±
SD. ƗValues in parentheses are 95% confidence intervals. #Statistical difference between CLS and MDLS or PLS groups (P < 0.05). *Statistical difference
between both groups (p ≤ 0.00).

Given that passive torque measurements (PPT, PPT angulation and viscoelastic stress-relaxation) were unchanged
in our study, the ROM improvement was likely mediated
by increased player tolerance to stretching, even at mild
discomfort intensity. Several mechanisms are believed to be
responsible for adapted tolerance, such as mechanoreceptor
stimulation during the stretching maneuver, thereby inhibiting nociceptive signal transmission, and adaptation of nociceptive nerve endings, which play a role via neurotransmitter
modulation or the gate control theory (8, 23).
By contrast, some authors have reported a decrease in PPT,
and resulting changes in the torque-angle curve, after a
static stretching regime (24, 25). These discrepant results
may be due to the different parameters used in the studies.
According to a recent review, higher average total stretching
time (i.e., 1880s/week) is an important factor in decreasing
passive joint stiffness (23). Furthermore, it appears that high
stretching intensities associated with an extended program
(in weeks) reduce passive stiffness. In healthy students, an
8-week high-intensity static stretching protocol (5 days/
week, 1 × 450 s), more than five times that adopted in the
present study, increased the fascicle length of knee flexors
(25). In another study, a decrease in viscoelastic stress-relaxation was observed after 10-weeks of high-intensity (70-75%
torquemax) static hamstring stretching (4 days/week, 6 × 30
s) in adult men (24). Although different stretching intensities were tested in the present study, the frequency and
duration may not have been sufficient to affect connective
tissue structures. Moreover, it is reasonable to assume that
playing soccer may lead to hamstring muscle adaptations
(i.e., musculotendinous stiffness), which may influence the
response of connective tissue to stretching.
With respect to acute effects, a single passive static stretching session did not significantly alter the aforementioned
outcomes, regardless of the intensity used. Although it is
known that an acute bout of static stretching can increase
544

ROM (12), the magnitude of this effect may be partly due
to controllable variables, such as stretching intensity, duration, type and position (8). In this study, the last three
aforementioned parameters remained fixed and only intensity varied among the intervention groups. Regardless of
stretching intensity, there were no significant differences in
acute ROM between the experimental groups and controls.
However, there was a larger effect size for active and
passive knee extension ROM in the PLS versus NS group
after the 1st session. Given that stiffness (i.e., passive torque
measurements) did not decline in the groups, corroborating
previous studies (12, 13), the change in ROM may also be
due to greater load tolerance before the end of the stretch
(i.e., stretch tolerance). On the other hand, although the
expression “no pain, no gain” is prevalent among athletes
when it comes to stretching exercise, there are reasons to
be cautious about passive stretching to the limits of pain
because of the risk of soft tissue damage. A previous study
found that acute muscle stretching to 90% of maximum
ROM (pain perception) significantly increases systemic
inflammation when compared to 30 and 60% of maximum
ROM (gentle stretch intensity). Similarly, higher-intensity
stretching might cause some muscle damage, which may
reflect in delayed onset muscle soreness (11). In our study,
there was no evidence of impaired functional performance
(i.e., modified 20 m sprint run test). However, since muscle
tissue damage after stretching maneuvers was not our
focus, we cannot advise amateur soccer players to stretch
to the point of pain to improve acute ROM. Additionally, considering that sports performance is the main focus
of players and our stretching protocols did not enhance
sprinting time, the intervention studied here should not
be recommended for this purpose. Previous studies have
also obtained controversial results on the effects of static
stretching on sprint performance in soccer players (7, 17).
Clearly, further research is needed to establish the influence
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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of static stretching intensity on force-generating capacity
involving other skills and specific sport movements.
Finally, one of the possible tools for assessing pleasure/displeasure with stretching programs is the feeling scale (14, 15).
In this study, amateur soccer players who stretched at mild
discomfort and pain intensities did not differ in their affective
responses. However, the acceptance of both protocols was
higher than for stretching at the comfort level. By contrast,
a recent trial in untrained men found no differences in affective responses when stretching maneuvers were performed at
low or high discomfort intensities (14). Although the authors
reported that the feeling of pleasure/displeasure in relation
to the degree of stretching discomfort was not affected by
intensity, this response may depend on the population under
study. In amateur soccer players, stretching to comfort level
intensity seems not to be the best strategy to achieve a better
affective response and an increase in ROM.
The results of this study appear to be consistent because we
used robust methods, such as true randomization, concealed
allocation, assessor blinding and quantification of stretching
intensity. Moreover, the strongest point of the study is the
sample of amateur soccer players. No previous research has
investigated the effects of different stretching intensities on
ROM and functional performance in this group. The present
investigation, however, has some limitations. For instance,
our sample did not include female athletes, or different clinical conditions and sports, thereby precluding extrapolation
of the results. It would also be interesting to monitor muscle
damage after the stretching program, since functional performance does not reveal whether different stretching intensities can alter muscle tissue. Additionally, assessing passive
lengthening using the same posture as the static stretching

intervention, as well as monitoring hamstring electromyographic activity with a view to ensuring muscle relaxation
during the evaluation of passive torque, should be considered in future studies. Finally, given that responses to stretching may occur primarily due to increased load tolerance (8),
we suggest that future research investigate stretching protocols that more closely reflect the athlete’s reality, with periodic load adjustments (i.e., variations in stretching intensity in
the same group), as opposed to only testing protocols with
fixed training variables during the entire program.

CONCLUSIONS
Static stretching exercises do not need to be prescribed at
pain-tolerated intensity for knee flexibility gains in amateur
soccer players. Mild discomfort level stretching is effective
for increasing ROM and does not compromise functional performance. From a practical point of view, this information can help athletes, coaches and clinicians prescribe
stretching in a more targeted manner.
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SUMMARY
Background. Post-traumatic joint contracture (PTJC), characterized by loss of motion
and permanent stiffness, affects up to 50% of patients following elbow joint dislocation or fracture. Mechanisms governing successful conservative treatment methods
aimed at preventing elbow PTJC and avoiding operative treatments (e.g., physical
therapy) are poorly understood. Using a previously established rat model of elbow
PTJC, the purpose of this study was to explore the effect of varying timing, intensity
and duration of active, functional exercise on joint motion outcomes.
Methods. Following a surgically-induced unilateral elbow dislocation in rats, injured
limbs were immobilized in bandages for 42 days followed by free mobilization for
42 additional days producing long-term PTJC. This work summarizes several studies (Phases I-III) that investigated the effects of early versus delayed therapy (timing),
free mobilization versus forced treadmill walking (intensity), and limited-time versus
unlimited use (duration) on elbow PTJC.
Results. Joint motion outcomes in therapy groups showed no improvements compared
to non-treated injured animals when therapy began day 14 post-injury or later regardless of timing, intensity or duration. Improved joint range-of-motion was only achieved
when bandages were permanently removed at day 3 post-injury, regardless of whether
added treadmill walking was performed.
Conclusions. Early motion is essential to preserving range-of-motion following traumatic elbow injury in a rat model.
KEY WORDS
Elbow; joint contracture; physical therapy; range-of-motion; rat model; treadmill walking.

BACKGROUND
Post-traumatic joint contracture (PTJC), characterized by
loss of motion and permanent stiffness, affects up to 50%
of patients following elbow joint dislocation or fracture
(1, 2). Not only is the elbow the most commonly dislocated joint in the pediatric population and second most
common in adults (3), it is also particularly susceptible
to PTJC due to its high degree of joint congruency and
constraint (4, 5). Conservative treatment protocols to
prevent elbow PTJC including physical therapy, bracing,

and manual manipulation have varying degrees of success
(6-10). In more severe elbow injuries, permanent functional deficits often remain with nearly 12-15% of patients
requiring surgical intervention when standard non-operative treatments are unsuccessful (11). While conservative
treatment protocols such as physical therapy are desirable
to prevent PTJC and avoid operative treatments, mechanisms governing successful protocols are poorly understood (6). To date, published studies on this topic have
been predominantly case series or retrospective analyses,
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so there is little comparative data with which to evaluate different approaches (6, 12-15). The lack of randomized control trials makes determination of optimal clinical
treatment approaches challenging, leading to subjective
and inconsistent physical therapy protocols.
Despite the lack of guidance on specific levels of physical
therapy dosage and timing, clinicians generally agree that
active, functional exercises along with patient education are
key components to a successful rehabilitation program (16).
An animal model offers an ideal approach to test and define
general therapy guidance focused on active, functional exercises aimed at preventing elbow PTJC. Animal models allow
for a repeatable injury pattern, consistent therapy protocol and controlled joint testing. To this end, a previously
established rat model of elbow PTJC that shows functional, mechanical and histological changes similar to human
patients (17-20) was leveraged to explore the effect of varying timing, intensity and duration of active, functional exercise on joint motion outcomes. This work summarizes several studies (Phases I-III) that investigated the effects of early
versus delayed therapy (timing), free mobilization versus
forced treadmill walking (intensity), and limited-time versus
unlimited use (duration) on elbow PTJC. We hypothesized
that (1) a higher intensity therapy of forced treadmill walking as compared to free mobilization would increase joint
motion outcomes when physical therapy is delayed (Phases
I and II), and (2) a longer duration therapy of unlimited
use as compared to limited-time use would increase joint
motion outcomes when physical therapy is administered
early (Phase III).

MATERIALS AND METHODS
Injury model
In this Institutional Animal Care and Use Committee
approved study, a clinically-relevant elbow dislocation was
surgically-induced in male Long-Evans rats (n = 10, Charles
River Laboratories, Wilmington, MA, USA) (17, 18). While
anesthetized, one elbow of each animal was subjected to a
lateral collateral ligament transection and anterior capsulotomy to replicate the soft tissue damage that occurs during
a simple elbow dislocation injury in humans (figure 1). Due
to surgery complications, one animal was excluded, leaving
nine injured animals. Following surgery, the injured forelimbs were immobilized in bandages for 42 days. Bandages were removed and animals were allowed free mobilization (unrestricted cage activity) for an additional 42 days.
Age-matched control animals (n = 10) received no injury
and were allowed free mobilization for the entire 84-day
period (figure 2 A).
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Figure 1. (A) The left forelimb of the animal was prepared
for surgery under sterile conditions. (B) Surgical exposure
consisted of creating full-thickness skin flaps to the level of
forelimb muscle fascia on the lateral side of the elbow. This
provided ample visualization of the lateral ulnar collateral
ligament (LUCL) and adjacent anterior capsule. (C) The LUCL
was transected and the radiocapitellar joint was then visualized. The anterior capsule is evident anterior to the joint
space. (D) The capsule (shown here at the tip of the scalpel
blade) was divided. (E) Once the LUCL had been divided, the
radiocapitellar joint could be subluxated posteriorly, confirming complete transection of the LUCL. (F) The wound was
closed in layered fashion with sutures in the muscular layer
and staples on the skin.
This is a simulated surgery on a euthanized animal.

Therapy and treadmill protocols
Experimental groups consisted of three chronologically
conducted studies (figure 2, Phases I-III). Physical therapy to the injured elbow was administered by increasing the
intensity of forelimb use via forced, flat treadmill walking
and/or varying the timing and duration of free mobilization.
A commercially available, home fitness treadmill (Horizon
Fitness, Cottage Grove, WI, USA) was modified to reduce
the speed range suitable for walking rodents (figure 3). Briefly, four small magnetics were spaced evenly around the front
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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roller (as opposed to the original single magnet) causing the
speed sensor to maintain the belt speed at a four-fold reduction from the displayed speed. Custom acrylic boxes with
lanes were built and mounted on the treadmill to restrict
movement along the direction of belt motion (figure 3).
Phase I investigated if forced treadmill walking would
improve joint motion outcomes to a greater extent than free
mobilization alone (figure 2 A). Following elbow dislocation
surgery and 42 days of immobilization, animals (n = 3) were
allowed free mobilization for 7 days (i.e., study days 42-49).
For the remaining 35 days of the free mobilization period
(i.e., study days 49-84), animals were subjected to treadmill
walking for 60 minutes at 10 m/min 3x/week. Previous studies subjecting rats to treadmill walking used protocols with
up to 60 minutes per session at 12 m/min 6x/week (21, 22).
After reviewing results from Phase I, Phase II was developed to begin therapy earlier and alter intensity while maintaining the established 42-day immobilization period (figure
2 A). During Phase II, experimental animals (n = 12) were
removed from immobilization bandages 3x/week beginning at day 14 post-injury (instead of day 42) to perform
free mobilization for 60 minutes (n = 4), treadmill walking
for 30 minutes at 12 m/min (instead of 10 m/min) plus free
mobilization for 30 minutes (n = 4), or treadmill walking for
60 minutes at 12 m/min (n = 4). Following their prescribed
therapy each day (total of 60 minutes), animals were placed
back in immobilization bandages. Because animals did
not have several days of free mobilization before beginning treadmill walking as they did in Phase I, an acclimation period was designed in the walking protocol. Treadmill duration and speed were gradually increased during
the first week until reaching the full 30 or 60 minutes at
12 m/min on day 21; during this week of reduced treadmill time, animals spent the remaining time with free mobi-

lization. Therapy continued until day 42 when bandages
were permanently removed allowing free mobilization for
an additional 42 days (i.e., until study day 84). One animal
in the group performing treadmill walking for 60 minutes
refused to walk so was removed from the study leaving only
three animals in this group.
After reviewing results from Phase II, Phase III was designed
to more aggressively investigate therapy intensity and duration (figure 2 B). During Phase III, experimental animals (n
= 9) began therapy at day 3 post-injury. This day was chosen
because previous results with this animal model suggested
the joint is likely unstable during these first few days (19).
Limb use during this period could potentially cause damaging
effects. One group of animals were removed from immobilization bandages 5x/week to perform treadmill walking for 30
minutes at 12 m/min (n = 3). Following each therapy session,
these animals were placed back in immobilization bandages
similar to Phase II. Two separate groups were removed from
immobilization bandages permanently at day 3 post-injury:
one group performed only free mobilization (n = 3) while the
other group performed treadmill walking for 30 minutes at
12 m/min 5x/week in addition to the free mobilization (n =
3). Treadmill duration and speed were gradually increased
during the first two sessions (day 3-4) until reaching the full 30
minutes at 12 m/min on day 7; during these days of reduced
treadmill time, animals spent the remaining time with free
mobilization. Other ongoing studies determined that rangeof-motion (ROM) loss in this injury model was significant
as early as day 21 post-injury (19). Therefore, Phase III was
designed with a day 21 terminal time point including a separate control (n = 3) and injury (n = 3) group in order to significantly decrease the overall length of the animal study. Animals
were euthanized via CO2 inhalation and stored in a - 20 °C
freezer at either day 84 (Phases I and II) or day 21 (Phase III).

Figure 2. (A) Phase I and II delayed therapy and (B) Phase III early therapy protocols explored the timing, intensity and duration of active, functional exercise on joint motion outcomes.
IM: immobilization; FM: free mobilization; LM: time-limited free mobilization; TR: treadmill walking; group border color corresponds to data column
shading in figure 4.
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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Figure 3. A home fitness treadmill with walking lane boxes
mounted above was modified to reduce the speed range
suitable for walking animals.

Joint mechanical testing
After thawing animals for 24 hours, both forelimbs from
control animals (day 84: n = 20; day 21: n = 6) and injured
forelimbs from injured (day 84: n = 9; day 21: n = 3) and therapy (n = 3-4/group) animals were tested for flexion-extension
joint motion in a custom mechanical system (17). Following
an established testing protocol (17), limbs were loaded for five
cycles to ± 11.25 N × mm at 1.0 mm/s with overhead images
taken at maximum flexion and extension. Torque and angular position data were analyzed using a MATLAB program
(MathWorks, Natick, MA, USA) to quantify measurements
of maximum flexion, maximum extension, total ROM and
neutral zone (NZ) length (17). The NZ length describes the
relatively resistance-free ROM represented by the flatter
region on the torque-angular position curve between linear
fits of the flexion and extension stiffness.

Statistical analysis
Within each Phase (i.e., I, II, or III), one-way analysis of variance (ANOVA) tests was used to compare each mechanical testing parameter between all groups. When significance
was found, post-hoc comparisons with Bonferroni corrections compared the injured and experimental group(s) to the
control group. Significance was defined as p < 0.05 for all tests.

RESULTS
The Phase I experimental group (delayed therapy beginning at day 42 post-injury) had a significantly larger maximum extension (figure 4 A, p < 0.0001), smaller total ROM
(figure 4 E, p < 0.0001) and smaller NZ length (figure 4 G,
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p < 0.0001) compared to controls with values remaining
similar in magnitude to injured animals (table I). Likewise,
Phase II experimental groups (delayed therapy beginning
at day 14 post-injury) exhibited significantly larger maximum extension (figure 4 A, p < 0.0001), smaller total ROM
(figure 4 E, p ≤ 0.0002) and smaller NZ length (figure 4 G, p
≤ 0.0002) compared to controls with values remaining similar in magnitude to injured animals regardless of therapy
intensity (table I). The Phase III experimental group (early
therapy beginning at day 3 post-injury) performing treadmill walking but remaining in immobilization bandages after
each session (Phase III TR) also showed no improvements;
again, maximum extension (figure 4 B, p < 0.0001), total
ROM (figure 4 F, p < 0.0001) and NZ length (figure 4 H, p
< 0.0001) were significantly different compared to controls
with values remaining similar in magnitude to injured
animals (table I). However, both Phase III experimental
groups where limbs were permanently removed from immobilization bandages at day 3 post-injury (without and with
additional treadmill walking, FM and FM + TR, respectively) showed large improvements. Maximum extension (figure
4 B), total ROM (figure 4 F) and NZ length (figure 4 H)
in both therapy groups were only slightly, non-significantly
different from controls (p ≥ 0.7011) with differences < 10°
(table I). Comparatively, injured animals showed differences
relative to controls in maximum extension, total ROM and
NZ length of 61°, 54° and 45°, respectively (table I). Maximum flexion (figure 4 C, D, table I) showed no differences
across all groups. In this animal model, injury is not induced
on the posterior joint and the limb is immobilized in flexion
so changes in maximum flexion are not expected.

DISCUSSION
This work summarizes three chronological studies investigating the effects of early versus delayed therapy (timing), free
mobilization versus forced treadmill walking (intensity), and
limited-time versus unlimited use (duration) on joint motion
outcomes. Previous work with this animal model concluded that following injury and 42 days of immobilization,
joint motion was only partially restored with free mobilization from day 42 to 84 meaning that contracture persisted
long-term (18, 19). Phase I increased the intensity of therapy via treadmill walking during this free mobilization period
in an attempt to restore additional motion. Contrary to our
hypothesis, joint motion outcomes showed that this protocol was ineffective (figure 4 A, E, G). As such, Phase II was
developed in order to begin therapy earlier and vary intensity while maintaining the established 42-day immobilization
protocol. Time-limited free mobilization or treadmill walking
of injured limbs (with limbs remaining immobilized when not
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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Figure 4. Phase I and Phase 2 experimental group had a
significantly different (A) maximum extension, (E) total ROM
and (G) NZ length compared to controls and remained similar
to injured animals. Phase III experimental group performing
treadmill walking but remaining in immobilization bandages
after each session also showed no improvements having a
significantly different (B) maximum extension, (F) total ROM
and (H) NZ length compared to controls and remained similar to injured animals. However, both Phase III experimental
groups that were permanently removed from immobilization
bandages at day 3 post-injury showed large improvements
in (B) maximum extension, (F) total ROM and (H) NZ length
compared to injured limbs and were only slightly, non-significantly different from controls. As expected, (C, D) maximum
flexion showed no differences across all groups.
ROM: range-of-motion; NZ: neutral zone; FM: free mobilization; LM:
time-limited free mobilization; TR: treadmill walking; *: different from control;
p < 0.05; data column shading corresponds to group border color in figure 2.
Muscles, Ligaments and Tendons Journal 2021;11 (3)

conducting therapy) were expected to improve joint motion
outcomes while allowing for proper healing to occur. Again,
outcomes showed no improvements for any of the groups at
day 84 (figure 4 A, E, G), leading to development/implementation of an aggressive Phase III early therapy protocol. Interestingly, treadmill walking 3 days post-injury 5x/week (with
limbs remaining immobilized when not conducting therapy)
was still ineffective when compared to injured limbs receiving
no therapy (figure 4 B, F, H). Only after removing bandages
permanently at day 3 post-injury was there an improvement
in biomechanical outcome, regardless of whether additional
treadmill walking was performed (figure 4 B, F, H). Taken
together, these results suggest that only early, unlimited use of
the injured limbs have the potential to improve joint motion
in this animal model of post-traumatic joint contracture.
Kaneguchi et al. saw no differences in rat knee ROM between
animals receiving free mobilization with and without additional treadmill walking when knees were immobilized for
21 days (23). In our model, after 42 days of full immobilization (Phase I) or partial immobilization with time-limited
limb use beginning day 14 post-injury (Phase II), altering
intensity via treadmill walking showed no improvements
similar to Kaneguchi et al. Trudel et al. concluded that
immobilization effects were only fully reversible with free
mobilization alone when immobilization was applied for 14
days or less (24). This result agrees with the Phase III data
where joint ROM in injured animals was restored to 92% of
control animal values when immobilization bandages were
removed at day 3 post-injury. Sakakima et al. showed rat
ankle ROM increased with free mobilization and treadmill
walking when compared to free mobilization alone after 14
days of immobilization (21). It is possible that an immobilization length between 42 days (Phase I) and 3 days (Phase III)
could show similar results. These previous results suggest
that only minimal immobilization (i.e., less than 14 days) can
prevent joint contracture and that treadmill walking has the
potential to further increase ROM when free mobilization
alone fails to do so. Importantly, none of these prior studies
included a joint injury in addition to immobilization, as is
the case in our rat elbow model. The presence of an acute,
traumatic injury must be considered when developing therapy protocols. Joint instability and the possibility of causing
secondary injuries is a serious concern with beginning therapy too early or aggressively. While beginning limb use day
3 post-injury might seem ideal for preventing contracture,
early motion with a possible unstable joint could lead to
cartilage and/or secondary soft tissue damage. These topics
will be examined more closely in the future.
The competing ideas of early joint mobilization to benefit
joint motion but joint immobilization to protect joint tissues
from instability/further damage presents a dichotomy for
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Table I. Joint Motion Mechanical Testing Data.
Max Extension

Max Flexion

Total ROM

NZ Length

A

C

E

G

Control

19.4 ± 2.2

144.9 ± 3.6

125.6 ± 4.0

94.8 ± 6.0

Injured

49.0 ± 7.3

146.1 ± 2.8

97.1 ± 8.5

72.2 ± 7.4

Phase 1

FM + TR 48.7 ± 1.4

144.5 ± 4.9

95.8 ± 5.8

63.5 ± 6.9

Phase 2

LM
54.9 ± 18.0
LM + TR 51.6 ± 10.7

140.5 ± 5.2
143.2 ± 5.8

85.6 ± 22.2
91.6 ± 10.3

62.1 ± 18.1
66.9 ± 10.5

TR

45.8 ± 8.4

145.7 ± 0.8

99.9 ± 8.7

70.7 ± 3.5

B

D

F

H

141.2 ± 3.3

126.7 ± 3.1

97.8 ± 5.3

Control 14.5 ± 3.0

Phase 3

Injured 75.5 ± 12.8

147.9 ± 1.7

72.5 ± 12.8

52.6 ± 11.4

TR

79.5 ± 16.2

146.3 ± 3.3

66.8 ± 18.9

51.3 ± 15.5

FM

20.9 ± 5.2

140.6 ± 5.2

119.7 ± 10.2

88.7 ± 10.5

FM + TR 23.3 ± 4.3

140.3 ± 6.3

117.0 ± 10.2

88.1 ± 8.3

ROM: range-of-motion; NZ: neutral zone; FM: free mobilization; LM: time-limited free mobilization; TR: treadmill walking; column letter A-H corresponds to panel in figure 3; bolded values denotes successful therapy groups.

clinicians. Should a clinician focus on preventing contracture
by beginning mobilization early at the risk of causing further
damage, or do they delay mobilization to protect the joint
at the risk of developing a permanent contracture? After a
simple elbow dislocation, a protective brace is often used to
lock the elbow at 90° of flexion for the first 1-3 weeks to limit
extension and to avoid varus stress on the lateral collateral
ligament (8). However, early mobilization after simple elbow
dislocation resulted in an expedited return of ROM, function
and return to work (25). Importantly, in either scenario, the
severity of the damaged structures, motivation of the patient,
and pain play a major role in the strategy a clinician chooses.
Recently, Zhang et al. identified a lack of evidence quantifying
the effects of the timing of active mobilization on final elbow
ROM and function after trauma (6). Future work with our
unique animal elbow model could help answer this question.
By controlling for injury severity, means of active, functional joint exercises and therapy timing, intensity, and duration,
results could help guide clinical practice on the appropriate
timing of active mobilization and the risk of causing further
damage in the context of simple elbow dislocation.
This study is not without limitations. A power analysis of previous data (power = 0.8; α = 0.05) determined that n = 7/group
was required for joint mechanical tests to detect ROM differences of 15° with a standard deviation of 10° (19). All experimental
groups, day 21 control group, and day 21 injured group had
only n = 3-4/group in this study. However, results showed obvious, large differences (or no differences) between experimental groups and controls that would likely be maintained with a
correctly powered study, so additional animals were not added
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to round out the full complement in each group. This study also
included only post-mortem, joint-level motion data. While this
provides useful data to build upon, other key outcomes including in vivo joint function or tissue microanatomy would provide
a more comprehensive assessment of the effects of the various
experimental physical therapy strategies. Nevertheless, previous
work demonstrated that poor post-mortem joint motion data
was associated with functional deficits of grip strength and gait,
as well as pathological joint capsule tissue via histology, which
would be expected in the various experimental groups where
therapy was not effective (17-20, 26). Lastly, it is possible that
treadmill walking was not the optimal forelimb physical therapy in rats. Treadmill walking has been successfully used as a
hindlimb joint contracture therapy in rodents (21, 23, 27) but,
to our knowledge, we are the first to use it for forelimb therapy.
While walking, injured forelimbs were confirmed to be used
for locomotion and not maintained in an elevated, flexed position where the animals only walked on the other three limbs.
However, the actual ROM of the elbow during use could not
be confirmed. It is currently unknown whether full or any
partial extension of the elbow is necessary to see a beneficial
effect. Future work could incorporate various elbow extension
amounts via treadmill walking or other therapy means as well as
the timing, duration or intensity in protocols.

CONCLUSIONS
In conclusion, results of this study showed that early motion
is essential to preserving ROM following a traumatic elbow
injury in a rat model of PTJC. To address these findings,
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ongoing work is investigating the effect of post-injury immobilization and free mobilization duration on joint motion
outcomes. Additionally, studies will explore the potential for treadmill walking or other physical therapy activities to further increase joint motion when not completely
restored with free mobilization alone. Furthermore, in vivo
joint function and tissue histological analyses will be includ-

ed to compliment post-mortem joint motion outcomes and
address concerns of joint instability or secondary injuries
associated with beginning therapy too early or aggressively.
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SUMMARY
Objective. This investigation aimed to pool and discuss the existed literature on the
efficacy and safety of intra-articular injection of Botulinum toxin type A (BTA) for
knee osteoarthritis (OA) treatment focusing on different doses and comparing with
other injectable agents.
Methods. Data sources: a systematic review through PubMed, Scopus, Google Scholar and Cochrane Central Register of Controlled Trials was conducted to identify all
English-language studies published before November 2019. Study Selection: eligibility
included adults suffering from knee osteoarthritis with intra-articular BTA injection as
intervention. Data Extraction: after removing duplications and excluding non-eligible
articles, data of final included studies were extracted including outcome measures;
follow up time-points; and details of interventions in all groups including dose, duration, frequency and number of sessions. Included studies were quality appraised using
PEDro (Physiotherapy Evidence Database) score. Data synthesis: the gathered data
was extracted and analyzed in RevMan 5.3 software using random or fixed-effect
models, as effect size measures such as raw or standardized mean difference (MD or
SMD). Only six studies provided suitable data for meta-analysis with a total number of
459 patients. All studies included, except for one RCT that had fair quality, obtained
good and high quality scores. The present data revealed that the included patients
experienced significant pain relief immediately about 2 weeks after BTA intra-articular
injection and this response remained significant even after 6 months (MD = 1.53 (95%
CI: 0.94-2.11) and 1.71 (95% CI: 1.35-2.07), respectively).
Results. Also, this review proved that the short-term analgesic effect of BTA-corticosteroid was better than BTA alone, not only for pain control based on VAS (MD = 3.73
(95% CI: 2.60-4.86), P < 0.0001), but also for WOMAC index (MD = 21.20 (95%
CI: 14.14-28.26), P < 0.00001). Additionally, this review find supportive evidence for
the analgesic effect of low-dose BTA rather than higher doses (more than 200 IU).
Conclusions. The pooled data proved that a combination of BTA-corticosteroid
achieved maximum efficacy for both pain relief and functional improvement within
short and long-term follow up in comparison to both alone. Also, BTA is a safe and
affective choice for clinical response with the most pain-relief effects 2-3 months after
injection and the most effective dose of 200u among knee OA patients.
KEY WORDS
Conservative Treatment; Botulinum Toxins type A; Triamcinolone Acetonide; Hyaluronic acid; knee osteoarthritis.
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ABBREVIATIONS
RCT: Randomized Controlled Trial
VAS: Visual Analog Scale
MD: Mean Difference
BTA: Botulinum Toxin Type A
HA: Hyaluronic Acid
AEs: Adverse Events
WOMAC: Western Ontario and Mcmaster Universities
Osteoarthritis Index
DALYs: Disability-Adjusted Life Years
YLDs: Years Lived with Disability
OA: Osteoarthritis
KLS: Kellgren Lawrance Scale
TENS: Transcutaneous electrical nerve stimulation
LLLT: Low Level Laser Therapy
HILT: High-Intensity Laser Therapy
PRP: Platelet-Rich Plasma
IA: Intra-Articular
CI: Confidence Interval
BTA + C: Botulinum toxin type A + Corticosteroid

INTRODUCTION
Knee osteoarthritis (OA) as a common condition, contributes for global disability and high DALYs (1). Epidemiologic studies showed high prevalence of disease in females
aged over 50 and YLDs for hip and knee OA has increased
from 10.5 million in 1990 to 17.1 million in 2010 (2). Pain
is a major clinical problem of osteoarthritis which not only
impairs patient function, but also impress health-related
quality of life (3).
OA occurs when the joint loses cartilage and the bone grows
to compensate this loss to reduce joint degradation acceleration which cause other complications additionally (4).
Recent studies emphasized more comprehensive view of
OA, suggesting a disease of the whole joint involving synovia and bone marrow in addition to cartilage (5). Surprisingly, both clinical and experimental studies broke the borders
with narrow point of view to joint and recently suggested
changes of the nociceptive processing in the spinal cord,
brainstem, and thalamocortical system (6, 7). Furthermore, there are growing evidence toward neuropathic pain
components in OA especially in individuals with minor joint
changes but with high levels of pain refractory to analgesic
treatment (8). Despite recent progression in surgical techniques of knee OA management, conservative treatments
still have their fans even for severe stages (9). Beyond the
pharmacological treatments, non- pharmacological options
including exercises, physical agent modalities and intra-articular injections are highlighted in studies (10).
Muscles, Ligaments and Tendons Journal 2021;11 (3)

A recent meta-analysis showed that intra-articular corticosteroids appear to be relatively more effective for pain than
intra-articular hyaluronic acid (HA) within the first month
of treatment. However, beyond week 8, hyaluronic acid has
greater efficacy (22, 23). The results of another meta-analysis two years after PRP injection showed the superiority of
PRP versus HA (25).
Intra-articular injection of interleukin-1 receptor antagonist, Anakinra, failed to confirm beneficial effects on knee
pain, function, stiffness, or cartilage turnover in patients
with knee OA (31). In general biologic treatment is not
recommended for patients with OA based on the lack of
evidence concomitant with the economic burden. Dextrose
prolotherapy had a superior effect compared with local
anesthetic injection and exercise regarding studies (32, 33).
In a review with inconclusive low quality studies, prolotherapy with hypertonic dextrose was showed to be more effective than infiltrations with hyaluronic acid, ozone or radiofrequency and less effective than PRP, with beneficial effect
in the short, medium and long term (34). Based on another
meta-analysis on intra-articular ozone injection, its efficacy
was significantly superior to placebo for short time in mild
to moderate knee OA (35).
BTA is a neurotoxin produced by the bacterium Clostridium botulinum which blocks acetylcholine release into the
synaptic cleft causing muscle paralysis (37). However, growing evidence supports a potent role of intra-articular use
of BTA as a pain killer in various types of musculoskeletal
conditions with preference in refractory ones (38). Although
the exact mechanisms of pain modulation by BTA in OA is
not clear, mechanisms such as directly decreasing peripheral sensitization by suppression in secretion of neurotransmitters leading to indirectly decreasing central sensitization,
substance-P, calcitonin gene-related peptide (CGRP) and
glutamate release inhibition resulting in nociception block
has been raised (39-41).
Safety of BTA injection was reviewed through a meta-analysis in 2004 and finally focal weakness was the only adverse
event founded. Fortunately, none of these complications
occurred in intra-articular injections (42). A systematic
review with meta-analysis evaluating intra-articular injections of BTA for refractory joint pain showed improvements in pain and function after 4 and 8 weeks compared
with control group through different joint pathologies (43).
Additionally, recent systematic review with meta-analysis
confirmed usefulness of BTA injection in comparison to
placebo, for knee OA, pooling data from 315 patients. They
did not compare BTA effects with other injectable agents
and did not evaluate different BTA dosages (44). OARSI
guidelines, recently developed for the non-surgical management of knee osteoarthritis, did not recommend BTA due to
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limited evidence (45). However, review of mentioned literature suggests BTA as potential option for knee OA treatment. Therefore, we aimed to evaluate efficacy and safety
of BTA versus other alternatives focusing on different BTA
doses through published RCTs.

MATERIALS AND METHODS
Inclusion and exclusion criteria
Two authors (M.H and E.K) independently reviewed four
large databases: PubMed, Google Scholar, Scopus, and
Cochrane Central Register of Controlled Trials from the
database inception; furthermore, the website of www.clinicaltrials.gov was searched for any ongoing trials. Only
English language studies that had been finished before
November 2019 were included. In case of disagreement, the
final decision was made by a senior author (M.A). Researchers screened all 56 study titles and abstracts to identify relevant studies. Duplications were removed and 37 records
remained. After reviewing them, 31 studies were excluded
because of non-RCT design or lack of other eligibility criteria (figure 1). At last, only six RCTs remained with a total
number of 459 patients.

(table I). We assessed risk of bias for each domain of the
seven included studies. For each domain, a score of “+”
or “–/?” indicates a low risk or high risk of bias, respectively. Five of our included studies achieved good quality (score > 6) and only one RCT had the fair (score = 4)
quality (45).

Registry and analysis
We have registered this review in International prospective register of systematic reviews (with ID review registry: CRD42020176671). The gathered data was extracted
and analyzed in RevMan 5.3 software (Cochrane Collaboration, Oxford, UK) using effect size measures such as
raw or standardized mean difference (MD or SMD). Also,
the heterogeneity was assessed using I2; a value of less than
25% was considered as low heterogeneity and a value of
more than 75% as high heterogeneity. The value of 0.05
was considered as the significance level for all our tests.
Both random and fixed-effect models were used accordingly to calculate results. Sub-group analysis was also
done to compare the results of different interventions at
different time-points, as well as to compare the different
outcome-measures.

Primary and secondary outcome measures
Studies reporting one of our primary outcome measures
were eligible for meta-analysis. Six studies had reported pain
intensity based on VAS or Numeric Rating Scale (NRS); four
ones utilized WOMAC to explain their patients` functional
status; and only two RCTs used SF-36. On the other hand,
Lequesne index, 40-meter timed walk, PGIC, and Oxford
knee score, each one was used by only one study. Moreover,
adverse events related to BTA injection were assessed.

Data extraction
Data of all five included RCTs were extracted using a standardized form, which include the following: study title,
first author and publication year; study design and setting;
sample size and demographics of participants; outcome
measures; follow up time-points; and details of interventions in all groups including dose, duration, frequency and
number of sessions (table II).

Quality assessment
Two reviewers (N.M and S. RD) evaluated the quality of
each study using PEDro (Physiotherapy Evidence Database) score. This scoring system contains 11 domains
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Figure 1. Standard PRISMA study flow-diagram.
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RESULTS
Descriptive results
Andrea J. Boon; USA - 2010
This study aimed to evaluate the effectiveness and safety
of intra-articular BTA injection through a double blinded randomized controlled trial. Sixty knee osteoarthritis patient with moderate pain (VAS > 6) and functional impairment, resistance to exercise and oral medications
were included. Those knee OA patients who had grades
1 or 4 of Kellgren Lawrance scale (KLS) were excluded.
All participants were assessed at week 8 post-injection; but
only 32 subjects participated at week 26. Patients randomly
received either of low dose BTA (100u) or high dose BTA
(200u). The primary outcome measuring tool was VAS,
while the secondary ones were WOMAC, SF-36, 40-meter
timed walk and the complication rate of intervention. Findings of this study suggested intra-articular BTA injection as
an alternative treatment for knee OA management (46).
One of the main strengths of the present RCT from USA
was use of corticosteroid injection as the standard treatment
for the control group and evaluation of both high and low
dose BTA effectiveness. Application of different measuring
tools and longtime follow up were the other strengths. They
did not use imaging parameters or biochemical markers
after injection to assess the efficacy. The also, did not evaluate biomechanical characteristics of knee muscles to detect
possible adverse effects of BTA.
Hsieh Lin-fen; Taiwan - 2016
This randomized controlled trial investigated the effects
of IA BTA injection on patients with knee OA through a
landmark-guided or blind approach. Forty six patients
with symptomatic knee OA (mostly KLS grades 2 and 3)
were randomly assigned in two parallel treatments; the

first group received BTA (100u) injection (n = 21), and the
control group who obtained education only (n = 20). The
main outcomes including pain and functional status were
evaluated using WOMAC, Lequesne index and VAS within short time (1 week after treatment) and long time (6
months later). Both VAS and WOMAC scores significantly
decreased at short- and long-term follow ups compared to
the control group.
As some shortcomings, it should be noted that the current
RCT was a single-blinded one; furthermore, patients in the
control group did not receive any injection which might
cause placebo effect of needle in the intervention group.
Using land-mark instead of ultrasound guidance is the other
limitation. As the two main strengths, having both shortand long-term follow ups and the stratification of different
KLS grades should be mentioned (47).
Xiao Bao; China - 2018
This investigation was a single-blinded randomized
controlled trial evaluating 60 knee OA patients. Participants
randomly divided into 3 categories; the first group received
saline 0.9% injection as the control group. The second and
third groups assigned to BTA (100u) and hyaluronic acid
injection, respectively. Injections were performed using the
ultrasound-guidance via in-plane method. After injection, all
patients were educated and instructed to perform strengthening and balance exercises. Exercises were accomplished 5
times a week, for 8 weeks with 30-45 minutes sessions under
the supervision of experienced physiotherapist. All participants were reassessed after 4 and 8 weeks follow up by a
physiotherapist who was not aware of patients` groups (48).
Mean age of participants were 65.9 years and only grades
2 KLS and above were included. In addition to knee x-ray
and MRI, the other measuring tools were VAS, WOMAC
and SF-36 reassessed after 4 and 8 weeks of follow up.

Table I. Quality assessment of included studies using PEDro score.
Study [Author’s name, year]

1

2

3

4

5

6

7

8

9

10

11

PEDro
Score

Andrea J. Boon, 2010

+

+

+

+

+

+

?

+

?

+

+

9

Lin-Fen Hsieh, 2016

+

+

+

+

?

?

?

+

?

+

+

7

Xiao Bao, 2018

+

+

+

+

?

+

?

+

?

+

+

8

Timothy E. McAlindon, 2018

+

+

?

+

+

+

+

+

+

+

+

10

Divya Shukla, 2019

+

?

?

+

-

?

?

?

?

+

+

4

Jamile G. Mendes, 2019

+

+

+

+

+

-

+

+

+

+

+

10

1: eligibility criteria specified; 2: patients randomized to groups; 3: concealment of allocation; 4: groups similar at baseline; 5: patients blinded; 6: practitioners administering intervention blinded; 7: assessors blinded; 8: measurements of key outcomes obtained from > 85% of patients; 9: intention to treat
analysis; 10: statistical comparisons between groups; 11: point measures and measures of variability provided. Interpretation: scores 4-5: fair quality; scores
6-8: good quality; scores > 8: high quality; (+) Criterion clearly satisfied; (–) Criterion not clearly satisfied; (?) Unclear whether criterion was satisfied.
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Table II. Characteristics of included studies.
Authors, year

Study design

Type of intervention

Number
(% females)

Pain
duration

Followup intervals

Outcome
measures

Andrea J.
Boon; USA-2010

Doubleblind RCT
with 3 groups

* methylprednisolone
* BTA (100u)
* BTA (200u)

60 (58%)

97 months 8,
-VAS
12, 26 weeks -WOMAC
-SF-36
-40-meter
timed walk

46 (61%)

≥3 months 1 week

- US-guided single injections
Lin-Fen Hsieh;
Taiwan-2016

Single blind RCT
with 2 groups

* n = 21 (BTA 100u)
* n = 20 (education alone)

24 weeks

-VAS (pain)
-Lequesne
-WOMAC

- Two groups received
acetaminophen
- Blind single injections
Xiao Bao,
China-2016

Single blind RCT
with 3 groups

* Saline
* BTA
* HA

60 (47% )

32 months 4, 8 weeks

-WOMAC
-VAS
-SF-36

158 (60%)

≥3 month

1, 4, 8, 16,
20,24 weeks

-NRS
-WOMAC
-PGIC

30 (67%)

NR

Day 1

-VAS
-Oxford
knee score

- Five sessions of
HA injection
- single BTA injection
- US-guidance
Timothy E.
McAlindon;
USA-2018

Doubleblind RCT
with 2 groups

Divya Shukla;
India-2019

RCT
with 2 groups
Open-label Trial

* BTA 200
* BTA 400 U
* Placebo (saline)
- US-guidance
* BTA 100u + Triamcinolone
* Triamcinolone alone

2, 4, 6,
12, 24 weeks

- Fluoroscopy-guidance
Jamile G.
Mendes;
Brazil-2019

RCT
with 3 groups

* BTA 100u
* Triamcinolone 40
* Placebo (Normal saline)

Researchers found a statistically significant difference for
VAS and WOMAC improvement, as well as physical and
mental components of SF-36 questionnaire at the 4th and
8th weeks between the BTA versus the control or even HA
groups. There was not any change in regard to X-ray and
MRI parameters during this follow up period. Finally, they
concluded that BTA injection plus to therapeutic exercise
could remarkably alleviate pain and improve function of
knee OA patients, even in comparison to HA. As the main
strength, this RCT used an objective parameter (imaging)
for evaluation of BTA efficacy. Additionally, supervision of
exercise would destroy possible bias of unequal exercise
558

105 (91.4%)

7.9 years

4,
8, 12 weeks

-WOMAC
-VAS
-SF-36
-TUG
-ROM
-6 minute
Walk test

among all participants. On the other hand, the main shortcoming of this research was lack of long-term follow up.
Furthermore, the control group and BTA groups received
only one injection session, while the HA injection was
repeated for 5 times which might make comparison of the
groups difficult.
McAlindon E. Timothy; USA – 2017
This large investigation, as a multi-centric double-blinded
randomized controlled trial, was conducted in adults with
knee OA for evaluation of IA-BTA effectiveness (400 u and
200 u). Patients who obtained the score of DETECT quesMuscles, Ligaments and Tendons Journal 2021;11 (3)
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tionnaire less than 12 were considered to having nociceptive pain. Knee radiographs showed grades 2 and 3 of KLS
for all patients. Then, participants were randomly divided
into three groups of IA-BTA 400u, 200u and placebo (saline
0.9%) on a 1:1:2 ratio, respectively. They used 7-day average worst pain score and WOMAC index for outcome evaluation at the 8th week. Among the 176 enrolled patients,
158 subjects completed the study. Although the average
pain score was decreased in all groups significantly, they
did not observe significant difference between the groups.
Researchers reported adverse events in 3.4% which was not
dose dependent. The most important adverse events were
new-onset or worsening arthralgia and nasopharyngitis.
There was no statistically significant difference in muscle
strength of leg or knee muscles after treatment. Despite
excellent quality and relatively higher sample size compared
to other included RCTs, application of PD-Q screening (for
nociceptive pain identification) tool which had been validated for low back pain patients only, is questionable (49).

Shukla D. et al. - 2018
This study was a clinical randomized trial evaluating the
effectiveness of triamcinolone in conjunction with BTA
versus triamcinolone alone for knee OA managements.
They included 30 patients who had less than 2 mm joint
space in their knee X-ray. Therapeutic agent injection was
applied after local anesthetic injection under the fluoroscopy-guidance. Assessment tools consisting VAS and Oxford
knee score were applied after 1 day, 2 weeks, 4, 6, 12, and
24 weeks post-injection. Researchers detected a statistically
significant pain improvement in combination therapy group
comparing pre and post values, but not about triamcinolone group. The onset of BTA efficacy plus to triamcinolone
was recorded within 2 weeks after injection and lasted for 6
months. Furthermore, a functional status improvement was
observed at 4 weeks and 6 months for the combination therapy group, compared to triamcinolone group. They concluded that intra articular BTA in conjunction with corticosteroid
injection could cause much better pain relief and function-

Figure 2. Forest plot of pain reduction of intra-articular BTA based on VAS at the different time-points (pre-post comparison).
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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al improvement among knee OA patients with long lasting
effects, compared to steroid injection alone. As the weakness,
researchers did not utilize a common classification system of
knee OA severity; then comparison of their results against
other studies would be problematic. They did not explain
about randomization mechanism, nor about blinding. Another unclear question is why the authors ruled out patients with
joint effusion and included only those with dry tap. On the
other hand, the main strength of investigation was very close
and frequent follow up time-points (50).

the total effect size (MD) for short-term efficacy within 1-2
months was 14.04 (95% CI: 11.02-17.06) with heterogeneity
score (I2) of 52% indicating acceptable heterogeneity among
the trials. The pooled effect size of the long-term efficacy after
6 months was 12.13 (95% CI: 7.31 to 16.95) showing good
but less effectiveness in comparison to short-time values. We
also attempted to present the therapeutic effectiveness of BTA
injection in either of the subscales of patients` function and
stiffness for short and long-term period; however, the current
data was not sufficient and the meta-analysis precluded.

Mendes JG. et al. - 2019. (51)
Brazilian researchers compared the efficacy of intra-articular
BTA 100u injection, and triamcinolone hexacetonide 40mg,
versus normal saline among patients with primary knee OA.
Patients were assessed at baseline and at 4, 8, and 12 weeks
using VAS for pain during movement (VASm) and at rest
(VASr), WOMAC questionnaire, 6-minute walk test, Timed
Up and Go (TUG) test, Short Form (SF)-36 questionnaire,
ROM, and ultrasound (US) measurement of synovial hypertrophy. Eventually they concluded that corticosteroid had
a better efficacy effect than that of BTA or normal saline
throughout short-term (four weeks) follow-up, in terms of
VAS, WOMAC, and US measurement of synovial hypertrophy. However, at 12 weeks, there was no difference between
the effectiveness of three interventions.

The different dosages of BTA versus other injection
choices (short-term efficacy)
Figure 3 has shown comparison of short-term efficacy of BTA
with different dosage (100u, 200u, and 400u) versus other
alternatives including the combinational regimen of corticosteroids-BTA, corticosteroids alone, HA, saline and placebo
(education only). According to our pooled results, it seems
that BTA-100u should be considered as the most appropriate dosage in order to achieve rapid pain relief (MD = 2.38
(95% CI: 1.91-2.85), P < 0.0001) and increasing BTA dosage
did not provide further analgesic effects during this period (MD = 2.05 (95% CI: 1.56-2.53) for BTA-200u). Even,
higher doses might have lower effect (MD = 1.40 (95% CI:
0.94-1.86) for BTA-400u). It should be noted that both of
BTA-100 and BTA-200u injections provided better results
than HA injection (1.90 (95% CI: 1.34-2.46)). However,
BTA-400u achieved a remarkably smaller analgesic effect
than HA and other BTA doses.
On the other hand as has been depicted in figure 4, BTA-400u
interestingly had the best effect for short-term improvement
of functional status, as the main subscale of WOMAC index,
as well as other parts; i.e. joint stiffness and pain (MD = 16.90
(95% CI: 11.28-22.52), P < 0.00001). This value was much
better than the effectiveness of the other two doses of BTA
(MD = 14.43 (95% CI: 10.53-18.33) of BTA-100u and MD =
12.46 (95% CI: 7.02-17.89) of BTA-200u). Among all injection choices, BTA combined with corticosteroids proved to
have the highest short-term effectiveness not only for pain
control based on VAS (MD = 3.73 (95% CI: 2.60-4.86), P <
0.0001), but also for WOMAC index (MD = 21.20 (95% CI:
14.14-28.26), P < 0.00001).

Meta-analysis results
Analgesic effect of BTA injection
This review demonstrated the therapeutic trajectory for BTA
efficacy in terms of VAS reduction during 6 months follow-up.
According to figure 2, the pooled effect size for all kinds and
doses of BTA injection was about MD = 1.53 (95% CI: 0.942.11), resulted from the comparison of pre- and post-treatment values within the 1-2 weeks after injection. This value
rose to 1.87 (95% CI: 1.46-2.28), and reached to 2.23 (95%
CI: 1.72-2.73) at 4-weeks and 2-3 months follow-up, respectively. Eventually, it decreased to 1.71 (95% CI: 1.35-2.07)
till 6 months post-injection. It should be noted that all these
MD values were statistically significant (P < 0.0001). Therefore, we could state that knee OA patients experienced significant pain relief with BTA intra-articular injection, compared
to baseline level, and this response remained significant even
after 6 months.
Non-analgesic effects of BTA injection
Six trials contributed to the meta-analysis of function-related outcomes. Five RCTs used WOMAC and another one
applied Oxford knee index. After putting them together,
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The different dosages of BTA versus other injection
choices (long-term efficacy)
Figure 5 has compared long-term effectiveness of BTA injection for pain reduction through different dosage (100 u-200
u-400 u) versus the other common treatments including
mixed BTA-Corticosteroid (BTA + C), saline and placebo
(education only). Meta-analysis of the pooled data proved
that BTA-200 u was the most effective dosage with remarkMuscles, Ligaments and Tendons Journal 2021;11 (3)
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Figure 3. Forest plot of short-term efficacy of the different treatments based on VAS (before 2 months follow up).
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Figure 4. Forest plot of short-term efficacy of the different treatments based on WOMAC (before 2 months follow up).
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able pain control until 6 months (MD = 1.92 (95% CI: 0.9,
2.96), P = 0.0002). Again, BTA-corticosteroid combination
showed the best MD among all injection choices for both
pain relief (figure 5) and functional status (figure 6) improvement (MD = 2.53 (95% CI: 1.37-3.69), P < 0.0001; and MD
= 25.00 (95% CI: 18.21-31.79), P < 0.00001). Additionally,
the pain-relief effect of saline injection (MD = 1.90 (95% CI:
1.58-2.22), P < 0.0001) was better than BTA-100 u and 400
u in long-term follow up (MD = 1.68 and 1.40, respectively).
The latter results were in line with short-term evaluation of
pain relief. In both figures 3 and 5, lower doses of BTA were

associated with higher MD values rather than BTA-400u.
In contrary, when we take function and joint stiffness into
account, high dose BTA (400 u) achieved more effectiveness
than lower doses in both short- and long-term follow-ups
(MD = 16.90 and 15.90, respectively).
Intra-articular BTA safety
There were no statistically significant differences between
the BTA and controls for any adverse effects (RR = 0.66
(0.19, 2.27), P = 0.51). No subject withdraw from the studies evaluated in this meta-analysis.

Figure 5. Forest plot of long-term efficacy of the different treatments based on VAS (after 6 months follow up).
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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Figure 6. Forest plot of long-term efficacy of the different treatments based on WOMAC (after 6 months follow up).

DISCUSSION
All studies included, except for one RCT that had fair quality (46), obtained good and high quality scores in PEDro
assessment tool. Fortunately, all studies provided point
measures and measures of variability in addition to statistical comparisons between groups. Four studies selected
patients based on KLS grade 2-3 (47-51); but one study
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used another radiographic parameter (joint space less than
2 mm) for case selection (46).
As we previously described, except for VAS which was
applied in five articles (47-51), different studies have administered various types of tools to assess their outcomes
including WOMAC for five studies (47-51), SF-36 for three
studies (47, 49, 51) and 40-meter timed walk, Lequesne,
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NRS, PGIC, Oxford knee score just in one study (46-48,
50). Furthermore, BTA injection was compared against
HA only in one article (49); and versus corticosteroids in
three studies (46, 47, 51). While five investigations evaluated the efficacy of low-dose (100 or 200u) BTA injection
(46-49, 51), only one RCT utilized high-dose (400u) injection (50). Additionally, control groups were heterogeneous
including exercise education (48), saline injection (49, 50,
51) or intra-articular corticosteroid (46, 47, 51). All studies used guide for their injections (ultrasound (47, 49, 50)
or fluoroscopic (46)), again except for one article, which
selected blind injection (48). To summarize, there was not
any homogeneity among the included studies, especially in
their interventions. However, we tried to pool results using
random-effect models to conduct a meta-analysis.
We found the most pain-relief effects of BTA injection
approximately 2-3 months after injection. Wu et al. in their
meta-analysis on the efficacy of BTA injection for any kind
of refractory joint pain, demonstrated a higher effectiveness
in 4 weeks in comparison to 8 weeks (43). Inversely, Zhai et
al. found the better pain relief of BTA injection among knee
OA patients in long-term (6 months) than short-term(44).
It should be emphasized that Wu’s study was conducted on
different pathologies including capsulitis, post total knee
arthroplasty pain and OA through different joints including
ankle, shoulder and knee. This might explain an existed gap
between their results versus ours. There are two points to pay
attention about pattern of MD change through immediate
to long-term follow up (figure 1). Firstly, Divya’s study used
BTA with triamcinolone (46), which can cause rapid pain-relief effects, probably due to corticosteroids effect. Therefore,
we performed sensitivity analysis to see the effects of this
study and the results were almost the same. Secondly, lower
MD in week 1 and 6 months could be due to Lin-Fen’s study
which applied landmark-guided BTA injection (48), possibly
with less accuracy. Therefore, we did sensitivity analysis by
deleting this study and again the results did not change.
We found that 100u and 200u BTA were the most effective
doses for short- and long-term pain control. This finding
is in contrast to Zhang et al. findings which emphasize the
more effectiveness of higher doses (52). Although our results
proved that there was no need to apply higher doses of BTA,
we should be cautious to conclude definitely, because data
on amount of physical activity and time from knee pain onset
was not declared in most studies which could influence our
findings in the setting of limited number of studies. For example, patients with more severe sarcopenia tolerate more pain
due to lack of joint support from muscles and probably, we
find the accumulation of mentioned patients in 200 u BTA
injected studies. Furthermore, any increasing in BTA dose
could result in patients` concern about possible side effects
Muscles, Ligaments and Tendons Journal 2021;11 (3)

such as local weakness in muscles. Of note, this side effect
was not reported through our literature review (46-50).
Our comparison suggested that BTA plus to corticosteroids
was the most effective combination for knee OA treatment in
terms of pain reduction; however, these results were extracted from a study with fair quality (46). Comparing the effect
size of the mentioned combination in terms of MD versus MD
of BTA injection alone, showed better pain relief for BTA+C.
Actually as the figures 3 and 5 have depicted, it was the most
effective treatment during both short- and long-term periods. On the other hand, the pooled result of corticosteroid
long-term efficacy in pain was not statistically significant at all
(figure 5). Unfortunately, there was not any study comparing
HA and BTA in long-term follow up. However, the short-term
efficacy for pain relief was almost similar between the whole
BTA (MD = 1.99) and HA (MD = 1.90) injection (figure 3).
Certainly, the main side finding of this review was the interesting short and long-term effectiveness of saline injection for
pain reduction with MD = 1.31 and 1.90, respectively. Saltzman et al. in their meta-analysis of level-ɪ studies (36) confirmed
our findings (MD = 1.21; (95% CI: 0.3-2.0); P = 0.007) for 3
month and 1.66 (95% CI: 1.2-2.1); P < 0.00001 for 6 months
follow up). However, short-term improvement in functional
status was not statistically significant (MD = 8.08 in figure 4).
WOMAC scale consisting pain, joint stiffness and functional status related subscales, improved at both short and longterm follow-ups of post BTA injection. The most remarkable change in WOMAC was interestingly found in 400u
dosage. While, taking into account pain-related pooled
findings, high dose injection of BTA was not more effective
than low doses. Considering these two facts simultaneously
showed that WOMAC improvement was not related to its
pain subscale, but it was mainly because of changes in functional domain, and to a less degree, joint stiffness. Unfortunately, subscales-comparison was not achieved due to shortage in subscales’ data reported in different studies. It seems
higher doses of BTA are more efficacious than low doses
for function and joint stiffness improvement. This finding
implies more unrecognized pathophysiology of BTA effects
in OA process, rather than the only analgesic effect. Our
results about functional improvement following BTA injection were in line with Wu et al. study (43). Perhaps one of
the most notable findings from this meta-analysis was the
remarkable efficacy of BTA-corticosteroid combination. As
far as we know, this study is the first review that has evaluated effects of BTA-corticosteroid mixture at short and longterm follow up. We found the mentioned combination more
effective than BTA or corticosteroid, alone. Additionally,
our data confirmed that the BTA intra-articular injection
for knee OA could be considered as safe as other common
alternatives.
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Figure 7. Forest plot of comparison of treatment-related adverse events (AEs) between the groups.

One unique aspect of this meta-analysis was comprehensive
analysis of data including different time course evaluation
post-injection, different doses of injection, and different
injectates comparison. Due to limited numbers of RCTs, we
were not able to detect the effect size variations depending
on trial quality, allocation concealment, intention-to-treat
analysis, blinding mechanism, funding reporting, and publication bias status. Another problem in trying to pool study
results was the considerable variety of assessment times and
scales. Future trials should apply common outcome measuring tools and provide enough data on their mean and SD
values at different time-points. Also, cost-effective analysis and economic evaluation should be performed to better
compare BTA injection versus other common alternatives.

CONCLUSIONS
The pooled data proved that a combination of BTA-corticosteroid achieved maximum efficacy for both pain relief

and functional improvement within short and long-term
follow up in comparison to both alone. Also, BTA is a
safe and affective choice for clinical response with the
most pain-relief effects 2-3 months after injection and
the most effective dose of 200u among knee OA patients.
The study meets the ethical standards of the journal (53).
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SUMMARY
Background. Understanding the functional role of the supraspinatus (SSP) and deltoid
muscles during shoulder motion is a basis for understanding rotator cuff pathology
and for the development of appropriate rehabilitation protocols. The purpose of this
study was to elucidate the coordination, focusing on activation timing, of the sub-regions of the SSP muscle and of the middle region of deltoid muscle during scapular
plane abduction (scaption) using shear wave elastography (SWE).
Methods. Twelve healthy male volunteers without any restrictions in their shoulder joints, altered posture or scapulothoracic dyskinesis were recruited to this study.
Participants were instructed to sit on a chair with their back against the back-rest.
Measurements of the non-dominant arm were obtained at rest and during isometric
contraction at a neutral position and every 15° interval from 30° to 150° during scaption. Muscle activity was defined as the difference in SWE-measured stiffness between
resting outcomes and those measured during muscle contraction (ΔE = stiffness during
contraction – stiffness at rest).
Results. The anterior-middle sub-region of the SSP muscle and the middle region of
the deltoid muscle presented a mountain-shape type curve with peaks at 60° (146.2 ±
26.6 kPa) and at 90° (142.0 ± 25.9 kPa), respectively. The anterior-superficial sub-region of SSP muscle peaked at 30° (102.1 ± 27.4 kPa), linearly decreasing thereafter.
Conclusions. The anterior-superficial sub-region of the SSP muscle showed activity
during initial range of motion, while the anterior-middle sub-region showed activity
at early mid-range. On the contrary, the middle region of the deltoid muscle showed
increased SWE-measured activity at late mid-range. A more refined approach focusing
on the muscles sub-regions may lead to improved rehabilitation protocols.
KEY WORDS
Coordination; deltoid; shear-wave elastography; sub-region; supraspinatus.

BACKGROUND
The rotator cuff muscles are crucial in limiting translation
of the humeral head on the glenoid fossa, induced by the
contraction of the deltoid muscle, and provide glenohumeral joint congruency by joint compression during shoulder motion (1-3). The middle region of deltoid muscle is the
prime mover and migrates the humeral head superiorly on the
glenoid fossa, while the SSP muscle predominantly applies
joint compression during scapular plane abduction (scaption)
(1, 3). Kinematic and electromyography (EMG) studies have

investigated the coordination of the deltoid and SSP muscles
during shoulder scaption motion (4, 5), and showed that the
activation timing between the SSP muscle and the middle
region of the deltoid muscle differed, and normal motion was
not achieved with a pathological SSP muscle (6).
Recent cadaveric studies have demonstrated that the SSP
muscle has a complex morphology (7-10). Roh et al. divided
the SSP muscle into anterior and posterior regions, based on
their attachment to different sections of the internal tendon,
and suggested that the anterior region is responsible for force
569
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production while the posterior region for an adjustment of
tension (7). Kim et al. subdivided the anterior and the posterior regions into superficial, middle and deep sub-regions each
based on fiber bundle arrangement (8). EMG studies have
evaluated the functions of the morphologically divided regions
(11, 12). EMG data were obtained from the anterior and posterior regions suggesting that the anterior region was a mover
and the posterior region acted as stress control for the anterior region (11, 12). Understanding the functional roles of these
sub-regions in relation to deltoid muscle activity will complement our understanding of shoulder motion and function.
Shear wave elastography (SWE) is an ultrasound technique
that has been implemented to obtain quantitative estimations
of tissue shear modulus, as a surrogate for tissue stiffness. Sasa-

ki et al. reported a linear relationship between muscle shear
modulus and tetanic muscular force produced by electrical
stimulation in vivo (13). During passive muscle stretching,
Koo et al. showed that the SWE elasticity increased when the
muscle was being stretched and that the SWE elasticity was
linearly correlated with passive resistance force (14). Hoshikawa et al., using SWE, demonstrated the different behavior
of three partitions of infraspinatus muscle during scaption in
vivo (15). Hatta et al. demonstrated that the four subregions
of SSP muscle and five subregions of deltoid muscle presented distinct characteristics during passive motion using SWE
in vitro (16,17). The functions of the sub-regions of the SSP
and infraspinatus muscles in previous studies using ultrasound elastography are summarized in table I. These studies

Table I. Functions of the sub-regions of the infraspinatus and supraspinatus muscles in previous studies using ultrasound
elastography. (a) Infraspinatus muscle. (b) Supraspinatus muscle.
(a)
Author
(year)

Measurements Tasks

Function
sub-regions
superior

middle

inferior

Hoshikawa
et al.
(2021)

Shear wave
elastography

Scaption

Force production
at end-range
of scaption

Force production
throughout scaption
initiator of scaption

Force production at
end-range of scaption
dynamic tenodesis at initialrange of scaption

Yuri et al.
(2021)

Shear wave
elastography

Sidelying
external rotation

Force production
at end-range of
external rotation

Force production
at mid-range of
external rotation

force production at initialrange of external rotation

Kuwahara et al.
(2017)

Strain
elastography

External rotation in Abductor
70° abduction
and 30° of horizontal
abduction

External rotator

External rotator
abductor

(b)
Author
(year)

Measurements Tasks

Function
Sub-Regions
Anterior
Superficial

Yuri et al. Strain
(2017)
elastography

External rotation Force
in 90° abduction production
for abduction

Kuwahara Strain
et al.
elastography
(2017)

External
rotation in
70° abduction
and 30° of
horizontal
abduction
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Abductor

Posterior
Middle

Deep

Superficial Middle

Force
Force
Maintain
production
production tension
for abduction for
abduction

Deep

Maintain Force
tension
production
for abduction
and external
rotation
External rotator
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suggest the feasibility of SWE to elucidate the distinct behaviors of the subregions of the SSP and deltoid muscles during
scaption. Different muscle activation timing during scaption
motion would lead to sub-region specific therapeutic strategies in degenerated or pathological muscles. The purpose
of this study was to elucidate the coordination, focusing on
activation timing, of the sub-regions of the SSP muscle and
the middle region of the deltoid muscle during scaption
using SWE. Outcomes from this process would provide an
in-depth understanding of the contribution of the sub-regions and muscles to the shoulder scaption motion.

MATERIALS AND METHODS
Participants
A power analysis was performed a-priori to calculate
the sample size needed for one-way analysis of variance
(ANOVA) with repeated measures [effect size = 0.25, α
error = 0.05, power = 0.8] using G* power 3.1 software
(Heinrich Heine University, Duesseldorf, Germany) (18).
Thus, twelve healthy male volunteers without any restrictions in their shoulder joints, altered posture or scapulothoracic dyskinesis were recruited to this study after approval
by our Institutional Ethics Review Board, which was met
the ethical standards of the journal (19). Their mean age,
body weight, and height were 20 ± 1 years old, 60 ± 3 kg
and 170 ± 4 cm, respectively. Written informed consent was
obtained from all participants.

to hold their arm against gravity in the air (figure 1). Arm
postures, muscular conditions (at rest, during contraction),
and sub-regions of muscle were randomized. An Aixplorer
ultrasound system (Supersonic Imagine, Aix-en-Provence,
France) and a 15-4 MHz linear array probe (SL 15-4) were
used to obtain shear modulus (kPa), as a surrogate for stiffness. The anterior-superficial and anterior-middle sub-regions of the SSP muscle, as determined by Kim (8), and the
middle region of the deltoid muscle were identified based on
their distinct muscle fiber orientations using B-mode imaging (figure 2). One investigator (K.H.) obtained a continuous SWE imaging video for each sub-region of muscle, then
three random images were chosen from the video for analysis and circular regions of interest (ROI) of 4 mm in diameter were positioned center of muscle fiber each sub-region
of muscle to obtain stiffness outcomes while looking at the
B-mode maps. This process was repeated for each arm position. Muscle activity values were defined as the difference in
stiffness outcomes between the active muscle contractions
and the stiffness values at rest (ΔE = stiffness during contraction – stiffness at rest) (15, 22). Muscle activity values were
obtained for each shoulder position.

Experimental protocol
Participants were instructed to sitting on a chair with their
back against the back-rest and hip and knee angle at 90°
without pelvic posterior tilt. Investigator then checked the
participants posture with their arm by side whether there
are scapula dyskinesis, thoracic kyphosis and forward head
(20). Before the measurement, participants were instructed
warm-up exercises and stretching as well as scapular stabilizing muscles for muscular imbalance correction (21). Shoulder (SSP and middle region of the deltoid muscle) measurements of the non-dominant arm were obtained at rest and
during isometric contraction at a neutral position and every
15° interval from 30° to 150° during scapular plane abduction (scaption). A custom-built fixture was designed to allow
for resting of the arm at each shoulder interval, while also
allowing for active measurements. Resting measurements
were obtained by having the participants place their arm at
specific intervals on the fixture; active isometric contraction
measurements were obtained by moving the fixture back
from the resting position and instructing the participants
Muscles, Ligaments and Tendons Journal 2021;11 (3)

Figure 1. A resting position was attained by having the participants place their arm at specific intervals on the fixture; active
isometric contraction measurements were obtained by moving
the fixture buck from the resting position and instructing them
to hold their arm against gravity in the air, at every 15° intervals
from 30° to 150° during abduction in scapular plane (scaption).
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Figure 2. Probe orientations for the anterior-superficial (AS) sub-region, anterior-middle (AM) sub-region of the supraspinatus
muscle and middle region of the deltoid muscle (MD). PR; posterior region of the supraspinatus muscle, AD; anterior region of
the deltoid muscle, PD; posterior region of the deltoid muscle.

Statistical analysis
SPSS statistical software (version 24.0; SPSS, Chicago, IL,
USA) was used for all the statistical analyses. Mean (SD) stiffness values across the twelve participants for each sub-region
and shoulder position were computed. Intra-observer reliability of three images between twelve participants for each
muscular sub-region and scaption angle was examined using
intraclass correlation coefficient (ICC1,3). Reliability was classified as poor (less than 0.50), moderate (between 0.50 and
0.75), good (between 0.75 and 0.90), and excellent (greater
than 0.90) (23). One-way ANOVA with repeated measures
were used to evaluate differences in measurement outcomes
among nine angles of scaption in each sub-region. Paired
Student’s t-test with Bonferroni revision was used as post-hoc
analysis to identify levels of difference among scaption angles
when warranted. Statistical significance was set as p < 0.05.

RESULTS
ICC1,3 values among overall measurements were > 0.910,
indicating excellent reliability. Figure 3 shows the quantitative stiffness outcomes (rest, contraction, and activity
value) for each muscle sub-region at various scaption angles.
Example SWE images during contraction are also shown for
reference. Activity values for the anterior-middle (p < 0.001,
F = 57.062) and anterior-superficial (p < 0.001, F = 41.301)
sub-regions of the SSP muscle and the middle region of the
deltoid muscle (p < 0.001, F = 29.449) were influenced variously by scaption angle. Mean (SD) stiffness values (rest,
contraction, and activity value) across the twelve participants for each sub-region and shoulder position and statistical outcomes for post-hoc test are shown in table Ⅱ.
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Activity outcomes of the anterior-middle sub-region of the
SSP muscle (table Ⅱ a) increased from 30° up-to 60° of scaption, reaching a value of 146.2 ± 26.6 kPa. Activity of this
muscle sub-region linearly decreased after 60° with increasing elevation angles, resulting in a stiffness value of 43.2 ±
21.3 kPa at 150°. The peak stiffness value at 60° was significantly higher than the values measured at all other angles
(p < 0.002), except at 45° (p = 0.244). At angles > 75°, the
activity values of this sub-region continued to decrease with
significant differences between the activity values at adjacent
arm position (p < 0.004), except between 105° and 120° (p =
0.059). Values obtained at 105° and higher scaption angles
were significantly lower than that at 30° (p < 0.019).
On the other hand, muscle activity outcomes of the anterior-superficial sub-region of the SSP muscle (table Ⅱ b) were
highest at 30° (102.1 ± 27.4 kPa) and linearly decreased with
increasing shoulder angle position. The peak stiffness value
at 30° was significantly higher than the values measured at
all other angles (p < 0.029). There were no statistical differences between the activity values at adjacent arm position at
angles > 90° (p > 0.394).
Finally, activity values of the middle region of the deltoid
muscle (table Ⅱ c) showed a prominent mountain-shape
with peaks of 142.0 ± 25.9 kPa at 90°. The peak value was
significantly higher than the values at all other angles (p <
0.007). The activity values of this region decreased with
significant differences between values at adjacent arm position from 90° to 135° (p < 0.038), while there was no significant difference between 135° and 150° measured outcomes
(p = 0.155). Outcomes at 135° and 150° were higher than
the lowest value of 63.1 ± 22.7 kPa observed at 30°, but not
significant.
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Figure 3. SWE-measured stiffness outcomes (rest, contraction, activity) and example images from the single participant for each
muscle sub-region during contraction at various scaption angles.

Table II. Mean (SD) values for SWE-measured stiffness at the various arm positions and conditions (rest, contraction
and activity value). (a) Anterior-middle sub-region of the supraspinatus muscle. (b) Anterior-superficial sub-region of the
supraspinatus muscle. (c) Middle region of the deltoid muscle.
(a)
30°
Activity
value
Rest

45°

124.8 136.4
(27.2) (27.4)
13.0
(1.5)

12.6
(2.8)

Contraction 137.9 149.0
(26.9) (26.8)

60°

75°

105°

120°

135°

146.2 114.1*
(26.6) (27.3)

99.2*
(27.5)

80.0*#
(22.3)

68.8#
(19.5)

14.5
(4.3)

16.9
(6.2)

18.7
(5.7)

18.8
(8.4)

116.1
(25.6)

98.7
(21.8)

87.7
(20.2)

55.1*# 43.2*# *: significantly lower than the value at
(20.8) (21.3) adjacent arm position
(p < 0.004)
19.1
19.3
#: significantly lower than the value at
(7.5)
(7.3)
30° (p < 0.019)
74.2
62.5
(21.5) (20.1)

90°

105°

120°

135°

150°

p-value
#: no statistical difference between
the values at adjacent arm position
(p > 0.394)

16.3
(5.6)

160.7 130.3
(26.0) (26.0)

150°

p-value

90°

(b)
30°

45°

60°

Activity
value

102.1
(22.4)

85.9
(22.4)

77.6
56.8
(21.5) (18.2)

48.2#
(18.0)

38.7#
(13.5)

35.8#
(11.5)

30.9#
(13.4)

27.4#
(13.0)

Rest

20.0
(6.2)

21.3
(4.7)

18.9
(4.5)

15.9
(5.1)

15.7
(4.0)

16.0
(4.7)

16.8
(5.4)

15.6
(5.6)

107.2
(22.3)

96.4
74.6
(20.8) (18.3)

64.2
(18.3)

54.4
(14.3)

51.7
(12.2)

47.7
(14.1)

43.0
(13.3)

Contraction 122.1
(28.7)

75°

17.8
(5.6)
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(c)
30°

45°

75°

90°

105°

Activity
value

63.1#
(22.7)

94.5
112.2
(22.9) (23.5)

60°

125.8
(23.4)

142.0
(25.9)

123.7* 112.9* 84.0*# 75.7#
(24.1) (21.8) (13.6) (12.6)

Rest

13.2
(2.6)

13.3
(3.7)

14.8
(3.9)

14.2
(5.9)

15.4
(7.9)

13.7
(6.7)

17.0
(9.3)

17.7
(10.7)

Contraction

76.3
(24.0)

107.8 124.7
(24.1) (23.4)

140.5
(24.5)

156.2
(27.0)

139.0
(22.7)

126.7
(20.5)

101.9
(13.2)

93.3
(10.9)

12.5
(3.9)

Although not significant, the stiffness at rest of each muscle
sub-region changed at various scaption angles. The resting
values of the anterior-middle sub-region of the SSP muscle
was lowest at 45° and tended to increase from 60° to 90°,
remaining almost constant from 105° with increasing elevation angle. Similarly, the resting values of the middle region
of the deltoid muscle was lowest at 60° and then tended to
increase with increasing elevation angle. On the other hand,
the resting values of the anterior-superficial sub-region of
the SSP muscle tended to decrease from 30° to 90° and
constant with higher angles.

DISCUSSION
The purpose of this study was to elucidate the behaviors,
focusing on activation timing, of the SSP muscle sub-regions and the middle region of the deltoid muscle during
scaption motion using SWE. Results showed activity values
of the anterior-middle sub-region of the SSP muscle to present a mountain-shape pattern with a peak at 60° and linearly decreasing outcomes with increasing elevation angles.
Similarly, the middle region of the deltoid muscle showed a
mountain-shape behavior with a peak at 90° but this region
continued to show statistically equivalent and higher stiffness
values at end-range. On the contrary, the anterior-superficial
sub-region of the SSP muscle showed a peak value at 30° with
linearly decreasing outcomes until 90° of scaption motion.
Previous EMG studies showed the SSP and deltoid muscles
during scaption motion to present a mountain-shape activation pattern with peaks at 60° and 90°, respectively (4,
5). EMG studies, since the sub-regions of the SSP muscle
are so small and not be able to identify each sub-region due
to not only difficulty in anatomical orientation but mutual
interference, there has been only one study that revealed the
functions of the anterior and posterior region of the SSP
muscle using fine-wire EMG electrodes (24). Tthe placement of the electrode was performed under assistance of
ultrasound B-mode at and inserted into the center of the
SSP muscle, indicating that activation values were obtained
solely from the anterior-middle sub-region of the SSP
574

120°

135°

150°

p-value
: significantly lower than the value at
adjacent arm position
(p < 0.038)
#
: no statistical difference between the
values (p > 0.155)
*

muscle. The results from these studies are consistent with
our SWE outcomes from the anterior-middle sub-region of
the SSP muscle and middle region of the deltoid muscle.
The SSP and the deltoid muscles exert unique forces in the
humeral head with scaption motion; activation of the SSP
muscle results in a compressive force on the humeral head
against the glenoid fossa, with a peak at 60°; while activation of the deltoid muscle, with a peak at 90°, will create a
force on the humeral head inducing superior subluxation
(1, 3). Therefore, the relationship, measured using SWE in
the current study, between the anterior-middle sub-region
of the SSP muscle and middle region of the deltoid muscle
aligns well with these previous studies, indicating that these
regions have a major significant role at 60° and 90° of scaption motion, respectively.
On the other hand, the activation timing of the anterior-superficial sub-region of the SSP muscle was different from
that of anterior-middle subregion. The highest activity
value in anterior-superficial sub-region was observed at 30°,
resulting in a mean value of < 125 kPa. Activity values gradually decreased from 30° to 90°, with minor changes thereafter and up-to 150°. The anterior-superficial sub-region of
the SSP muscle may play a major role at 30° of scaption. To
our knowledge, this is the first study reporting high activity
values in anterior-superficial sub-region of the SSP muscle
at lower scaption angles.
Previous SWE studies demonstrated a linear relationship
not only between stiffness and active contractile force, but a
linear relationship between stiffness and passive stretching
force (13, 14). As muscle is stretched, it will tend to increase
its passive resistance to deformation. Thus, the stiffness at rest
can indicate the length of muscle. Stiffness at rest from the
anterior superficial sub-region was highest at 30° and then
gradually decreased up-to 90° in this study. This indicates that
the anterior superficial sub-region was gradually shortened
with increasing elevation angles and approaching the resting
length. The resting values of the anterior-middle sub-region
of the SSP muscle and middle region of the deltoid muscle
were lowest at 45° and 60°, respectively, and increased thereafter with increasing elevating angle, i.e.: with a decrease in
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muscle length. These outcomes suggest that the muscular
length positioned at 45° corresponded to the resting length
for the anterior-middle sub-region of the SSP muscle and the
muscular length at 60° corresponded to the resting length for
the middle region of the deltoid muscle. It is important to
note that the force generated by skeletal muscles will be the
summation of active and passive components. Therefore, the
higher activity outcomes of the anterior-superficial sub-region
of the SSP muscle from 30° to 90° could mainly not only be a
result of active muscle contraction but a result of the tension
produced by passive stretching, and values from 90° to 150°
could indicate a major role of active muscle contraction. Activity values of the anterior-middle sub-region of the SSP muscle
and middle region of the deltoid muscle were a result of mainly active muscle contraction. To utilize the passive stretching
force, even it is small, is reasonable for small volume muscle,
such as the anterior-superficial sub-region of the SSP.
Several studies have demonstrated that, in the setting of
a rotator cuff tear, the superficial subregion of the SSP
primarily atrophies, while the deep subregions mainly show
fat infiltration (25, 26). Kim et al. showed that the fiber type
distribution of the anterior superficial subregion was mainly
comprised of Type II fibers, while that of the anterior middle
was Type I (27). Those findings also support the different function observed between the superficial and middle
subregions of the SSP muscle. Current rehabilitation protocols for shoulder related injuries were developed based
on the coordinated function between the deltoid muscle
and the anterior middle subregion of the SSP muscle; e.g.
isometric exercise is conducted at 60° abducted position. In
case with the superficial subregion atrophy, for example, the
exercise should be conducted at 30° abducted position. The
findings of the current study provide evidence to investigate
the coordinated function between deltoid and anatomical
subregions of the SSP muscle in pathological populations so
that better rehabilitation protocols can be developed.
The presence of alterations in scapular position and in its
movement patterns is could be related to various conditions
altering the relationship between the glenohumeral and
acromioclavicular joints, or which act on correct muscle
activation and coordination. Since the scapular position on
the dominant side is varied as Frizziero et al. pointed out
in the various instrumental musicians (28), non-dominant
side was selected for measurement in this study. We also
checked the participants sitting posture with their arm by
side whether there are scapula dyskinesis, thoracic kyphosis and forward head to prevent altering the muscle activation and coordination affected by posture (20). Before
the measurement, participants were instructed the warmup exercises and stretching as well as scapular stabilizing
muscles for muscular imbalance correction (21).
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There are several limitations in this study. First, we measured
only two sub-regions of the SSP muscle as determined by
Kim et al., who subdivided the anterior and the posterior
regions into superficial, middle and deep sub-regions each
(8). The selection on these regions was based on the anterior sub-region being responsible for force production and
the posterior sub-region for an adjustment of tension on the
tendon (8). Similarly, Roh et al. reported the anterior region
to be responsible for contractile forces, while concluding
that the posterior region could not generate large contractile loads (7). A study by Hatta et al. demonstrated that
deep region of the anterior compartment of the SSP muscle,
beneath the internal tendon, presented different stiffness
outcomes compared to the superior region (16). Although
the anterior region is responsible for the contractile properties of the muscle, there are still intrinsic differences between
the superficial and deep sub-regions (10, 22, 26, 27). Since
the purpose of this study was to elucidate the behaviors of
the SSP sub-regions and the middle region of the deltoid
muscle in relation to the contractile properties of the muscle
during scaption motion, we only measured the anterior-superficial and anterior-middle sub-regions of the SSP muscle.
Second, holding the arm against gravity was defined as
isometric contraction corresponded to the manual muscle
test grade 3 in this study. While this process could be considered as a weak static muscle contraction, it allowed for the
evaluation of the individual SSP sub-regions during active
muscle conditions. When the tasks of daily life is assumed,
specific load should be applied using such as weighing scale
method (29). Therapeutic strategies focusing on the specific
activation timing of the sub-regions of the pathological SSP
muscles will lead to better rehabilitation outcomes.

CONCLUSIONS
The anterior-superficial sub-region of the SSP muscle
showed activity during initial range of motion, while the anterior-middle sub-region showed activity at early mid-range.
On the contrary, the middle region of the deltoid muscle
showed increased SWE-measured activity at late mid-range.
A more refined approach focusing on the muscles sub-regions may lead to improved rehabilitation protocols.

ACKNOWLEDGMENTS
We thank Dr. Tatsuya Nakanowatari for special advice in
statistics. We have no conflict of interest to declare.

CONFLICT OF INTERESTS
The authors declare that they have no conflict of interests.
575

Coordination of the Supraspinatus and Deltoid Muscles

REFERENCES
1. Poppen NK, Walker PS. Forces at the glenohumeral joint in
abduction. Clin Orthop Relat Res 1978;135:165-70.
2. Inman VT, Saunders JB, Abbott LC Observations of the
function of the shoulder joint. 1944. Clin Orthop Relat Res
1996;330:3-12.
3. Yanagawa T, Goodwin CJ, Shelburne KB, Giphart JE, Torry
MR, Pandy MG. Contributions of the individual muscles of
the shoulder to glenohumeral joint stability during abduction. J
Biomech Eng 2008;130(2):021024.
4. Reed D, Cathers I, Halaki M, Ginn KA. Does changing the plane
of abduction influence shoulder muscle recruitment patterns in
healthy individuals? Man Ther 2016;21:63-8.
5. Hawkes DH, Khaiyat OA, Howard AJ, Kemp GJ, Frostick SP.
Patterns of muscle coordination during dynamic glenohumeral
joint elevation: An EMG study. PLoS One 2019;14(2):e0211800.
6. McMahon PJ, Jobe FW, Pink MM, Brault JR, Perry J. Comparative electromyographic analysis of shoulder muscles during
planar motions: anterior glenohumeral instability versus normal.
J Shoulder Elbow Surg 1996;5(2 Pt 1):118-23.
7. Roh MS, Wang VM, April EW, Pollock RG, Bigliani LU, Flatow
EL. Anterior and posterior musculotendinous anatomy of the
supraspinatus. J Shoulder Elbow Surg 2000;9(5):436-40.
8. Kim SY, Boynton EL, Ravichandiran K, Fung LY, Bleakney R,
Agur AM. Three-dimensional study of the musculotendinous
architecture of supraspinatus and its functional correlations.
Clin Anat 2007;20(6):648-65.
9. Hermenegildo JA, Roberts SL, Kim SY. Innervation pattern of
the suprascapular nerve within supraspinatus: a three-dimensional computer modeling study. Clin Anat 2014;27(4):622-30.
10. Yuri T, Kobayashi H, Takano Y, Yoshida S, et al. Capsular
attachment of the subregions of rotator cuff muscles. Surg Radiol Anat 2019;41(11):1351-9. 11.
11. Alenabi T, Whittaker RL, Kim SY, Dickerson CR. Arm posture
influences on regional supraspinatus and infraspinatus activation in isometric arm elevation efforts. J Electromyogr Kinesiol
2019;44:108-16.
12. Lulic-Kuryllo T, Alenabi T, McDonald AC, Kim SY, Dickerson
CR. Sub-regional activation of supraspinatus and infraspinatus
muscles during activities of daily living is task dependent. J Electromyogr Kinesiol 2020;54:102450.
13. Sasaki K, Toyama S, Ishii N. Length-force characteristics of in
vivo human muscle reflected by supersonic shear imaging. J
Appl Physiol (1985) 2014;117(2):153-62. 14. Koo TK, Guo
JY, Cohen JH, Parker KJ. Relationship between shear elastic
modulus and passive muscle force: an ex-vivo study. J Biomech
2013;46(12):2053-9.
14. Hoshikawa K, Yuri T, Giambini H, Kiyoshige Y. Shoulder scaption is dependent on the behavior of the different partitions
of the infraspinatus muscle. Surg Radiol Anat 2021. Online
ahead of print.

576

15. Hatta T, Giambini H, Itoigawa Y, et al. Quantifying extensibility of rotator cuff muscle with tendon rupture using shear wave
elastography: A cadaveric study. J Biomech 2017;61:131-136.
16. Hatta T, Giambini H, Sukegawa K, et al. Quantified Mechanical
Properties of the Deltoid Muscle Using the Shear Wave Elastography: Potential Implications for Reverse Shoulder Arthroplasty.
PLoS One 2016;11(5):e0155102.
17. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible
statistical power analysis program for the social, behavioral, and
biomedical sciences. Behav Res Methods 2007;39(2):175-91.
18. Padulo J, Oliva F, Frizziero A, Maffulli N. Basic principles and
recommendations in clinical and field Science Research: 2018
update. Muscles Ligaments Tendons J 2018;8(3):305-7.
19. McKenna L, Cornwall X, Williams S. Differences in Scapular Orientation Between Standing and Sitting Postures at
Rest and in 120° Scaption: A Cross-Sectional Study. PM&R
2017;9(6):579-87.
20. Merolla G, Cerciello S, Paladini P, Porcellini G. Snapping scapula syndrome: current concepts review in conservative and surgical treatment. Muscles Ligaments Tendons J 2013;3(2):80-90.
21. Yuri T, Kuwahara Y, Fujii H, Kiyoshige Y. Functions of the subregions of the supraspinatus muscle. Clin Anat 2017;30(3):347-51.
22. Koo TK, Li MY. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J Chiropr
Med 2016;15(2):155-63.
23. Kim SY, Ko JB, Dickerson CR, Collins DF. Electromyographic investigation of anterior and posterior regions of supraspinatus: a novel approach based on anatomical insights. Int Biomech
2017;4(2):60-7.
24. Kim SY, Sachdeva R, Li Z, Lee D, Rosser BW. Change in the
Pathologic Supraspinatus: A Three-Dimensional Model of Fiber
Bundle Architecture within Anterior and Posterior Regions.
Biomed Res Int 2015;564825.
25. Trevino Iii JH, Yuri T, Hatta T, Kiyoshige Y, Jacobs PM, Giambini H. Three-dimensional quantitative measurements of atrophy and fat infiltration in sub-regions of the supraspinatus
muscle show heterogeneous distributions: a cadaveric study.
Arch Orthop Trauma Surg 2021. Online ahead of print.
26. Kim SY, Lunn DD, Dyck RJ, Kirkpatrick LJ, Rosser BW. Fiber
type composition of the architecturally distinct regions of
human supraspinatus muscle: a cadaveric study. Histol Histopathol 2013;28(8):1021-1028.
27. Frizziero A, Gasparre G, Corvo S, et al. Posture and scapular dyskinesis in young bowed string instrumental musicians ali Antonio Frizziero. Muscles Ligaments Tendons J
2018;8(4):507-12.
28. Collin P, Banarji BH, Denard PJ, Kherad O, Lädermann A.
Comparison of shoulder strength assessment in scaption with an
isometric dynamometer and a weighing machine: a pilot study.
JSES Open Access. 2018;2(2):141-3.

Muscles, Ligaments and Tendons Journal 2021;11 (3)

ORIGINAL ARTICLE

Nr 2021;11 (3):577-583

No Effect of Intra-Articular Platelet-Rich Plasma
Injections after Arthroscopic Repair of Rotator Cuff
Tears: a Prospective Randomized Study
J. R. Almoguera Sánchez-Villacañas1, A. Almoguera-Martinez2, G. H. Seoane1,
Á. Sutil Blanco1, C. I. Godinho-Soares2, F. García De Lucas1
1
2

FREMAP Mutua Accidentes Laborales Hospital, Majadahonda, Madrid, Spain
Príncipe De Asturias Hospital, Alcalá De Henares, Madrid, Spain

CORRESPONDING AUTHOR:
Alejandro Almoguera-Martinez
Príncipe De Asturias Hospital
Alcalá De Henares, Madrid, Spain
Calle Buganvilla 6
28036 Madrid, Spain
E-mail: Jandro_Am@Hotmail.com
DOI:
10.32098/mltj.03.2021.23
LEVEL OF EVIDENCE: 1B

SUMMARY
Background. Our study aims to evaluate the results of platelet-rich plasma (PRP) infiltration after arthroscopic repair of the rotator cuff.
Methods. We carried out a randomized simple blind clinical trial with an initial sample
of 38 patients. Of those, three were excluded intraoperatively. These patients were
assigned into two groups: rotator cuff suture with PRP administration (n = 17) and
rotator cuff suture without PRP administration (n = 18). Intraoperatively, we excluded
all massive tears, i.e., those with more than 3 cm retraction or affecting more than two
tendons, Snyder type C4 or Patte grade III.
We performed clinical and radiological evaluations at the 2nd and 6th week, 3rd and 6th
month, and the last assessment at the 1st year.
Results. We did not demonstrate statistically significant differences comparing
measurements, clinical scales applied (AVS scale, DASH, Constant-Murley, Shoulder test, UCLA test, and shoulder range of motion) during the follow-up period, and
radiological findings between both groups.
Conclusions. Several research studies have shown PRP efficacy in injured tendons and
ligaments. Some of them have even obtained satisfactory clinical results applied in
rotator cuff repair, whereas others, including ours, have not shown statistically significant clinical improvement.
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BACKGROUND
Platelet-Rich Plasma (PRP) is an autologous biologic material, obtained through centrifugation of the patient peripheral venous blood sample. Aside from their role in coagulation, platelets have an array of growth factors crucial to the
healing process of both tendons and cartilage, both with a
poor intrinsic capacity of regeneration due to their precarious blood supply (1, 2).
Though on itself arthroscopic treatment of rotator cuff tears
presents excellent outcomes, retear rate is not negligible,
being greater than 25% in some series (3). An important
cause of retear is, precisely, tendons’ low regenerative capac-

ity (4, 5), since they do not recover their normal characteristics, their insertion relying on scar tissue (6) with significantly less biomechanical strength (7).
Several research studies have shown PRP efficacy in injured
tendons and ligaments (8-11); however, the efficacy of PRP
treatment on injured tendons is highly controversial (12).
Some of them have even obtained satisfactory clinical
results applied in rotator cuff repair (13, 14), whereas others
have not shown statistically significant clinical improvement (15, 16).
Therefore, our study aims to evaluate the results of PRP
infiltration after arthroscopic repair of the rotator cuff.
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MATERIALS AND METHODS
We have carried out a randomized simple blind clinical
trial in our centre with an initial sample of 38 patients.
Of those, 3 were excluded intraoperatively. This work was
approved both by the centre’s ethical committee and the
Instituto Nacional de Salud. All surgical procedures were
carried out by the same surgeon (J. R. A) from January
2012 to December 2018. This study follows the ethical
international standards as described by Padulo et al. (17).
The cases were selected according to the following inclusion criteria:
• patients under the age of 60 years old, diagnosed both
clinically and through magnetic resonance imaging
(MRI) with a rotator cuff tear, and had been treated
conservatively for at least 3 months;
• patients with tears that were considered reparable a
priori, i.e., full-thickness supraspinatus tendon tears
with 2 to 3 cm retraction and Snyder type C2 or C3 or
Patte grade I or II;
• furthermore, fatty infiltration of the muscle was assessed
with MRI, using Fusch et al. classification (modified by
Goutalier et al), including solely grades 1 and 2 of this
classification;
• cases with the following exclusion criteria were
discharged;
• long bicipital head tendon instability;
• intra-articular pathology of the labrum;
• glenohumeral and acromioclavicular osteoarthritis;
• shoulder stiffness associated with capsulitis;
• patients with previous surgery of that shoulder;
• patients who had received corticosteroid infiltration less
than 6 weeks before the study;
• severe and limiting pathology of other articulations of
the superior extremity;
• partial or exclusive subscapular tears;
• acute tears less than 6 weeks before the study;
• massive tears, i.e., those with more than 3 cm of retraction or affecting more than 2 tendons, Snyder type C4
or Patte grade III;
• Fusch grade 3: equal amount of fatty and muscular
tissue or more fat than muscle (equivalent to Goutalier
grade III-IV).
Despite these criteria, patients were not definitively included in this study until the characteristics of the tear were
verified intraoperatively.
Patients that presented any of the following medical criteria were also excluded:
• type I or II diabetes;
• smokers;
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BMI greater than 33;
presence of neuromuscular disease;
evidence of both acute or chronic infectious disease;
presence of known hematologic or coagulation disease;
patients with less than 150000 total platelets or less than
12 g/dL haemoglobin in blood;
• plasmatic fibrinogen level below 150 mg/dL or greater
than 450 mg/dL;
• total protein plasmatic level below 6 g/dL or greater
than 8.4 g/dL.
All patients that met the inclusion criteria were submitted to
a pre-surgical study, which included the data below:
• shoulder range of motion (flexion, abduction, and
rotations);
• pain intensity (AVS scale);
• constant scale (filled by the researcher);
• simple and oblique shoulder x-rays;
• MRI. Sagittal, oblique, coronal oblique and axial
cuts were used, bearing in mind the inclusion criteria
described earlier in this paper.
Once the patients were included in the study they signed
the informed consent for both surgical treatment and their
participation in this study. Then a third party, unrelated to
this study (a nurse professional), carried out the randomization process. This person would select an opaque and sealed
envelope where each patient was assigned to either group:
• GROUP I: rotator cuff suture WITH PRP administration;
• GROUP II: rotator cuff suture WITHOUT PRP
administration.
Anaesthesia was performed with interscalene block and
general anaesthesia. The patient was positioned in lateral
decubitus using Arthrex traction system with 30º abduction
and 30º anterior flexion via 3 and 2 kg, respectively. Diagnostic arthroscopy was then carried out, using 30º lenses
and an irrigation pump controlled at 50 mmHG. The usual
and necessary portals were used according to the tear type,
this being identified between both spaces. If the tear did not
meet the inclusion criteria the patient was excluded from
the study.
All repairing procedures were carried out standardly, the
surgeon’s usual technique consisting of single-row direct
lateral repair. In all cases, and depending on bone quality,
either 5.5 mm or 6.5 mm Arthrex Biocork-Screw bioabsorbable anchors were used. A standard uniform acromioplasty
was performed in all patients.
Intraoperatively, we excluded all massive tears, i.e., those
with more than 3cm retraction or affecting more than 2
tendons, Snyder type C4 or Patte grade III.
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A peripheral venous blood sample was extracted from the
patients who met the inclusion criteria and who had been
assigned randomly to the group I of this study. A platelet
concentrate was prepared from this sample, always taking
into account the procedure explained in BIOMET’s GPS/
RECOVER® III Simple (6 ml) 800-0675A disposable kit.
We used Pure Platelet Rich Plasma (P-PRP), according to
Dohan Ehrenfest et al. classification (18).
Once the repair was completed, traction was removed and
suture stability was then checked. Using a lateral portal, the
team placed an abbocath needle between the bone and the
repaired tendon, so that the infiltration would be deposited on the insertion footprint. With the abbocath needle in
place, the authors sucked out the irrigation fluid and took
out the cannulas. Then, they slowly instilled the PRP, carefully avoiding extravasation. 50% of the PRP was applied in the
foot-print, which corresponds to the articular portion of the
repaired tendon, and, retracting the abbocath needle, another 50% over the corresponding repaired tendon bursal face.
5 minutes after the injection was completed, 100cc of air
were injected through a syringe to carry out a dry arthroscopy and assess PRP cloth development. Thus the procedure
was considered completed, once all portals were closed and
the arm was immobilized with a sling.
The patients’ stay varied roughly from 24 to 48 h, depending on their pain. A standard rehabilitation protocol was
established for all patients included in the study, despite
their group. During the first two weeks, the patient was
allowed to execute passive motion and exercises that were
not against gravity with the affected shoulder.
Active motion started between the 3rd and 4th week, according to the tear type, tissue quality, and suture.
The authors performed clinical evaluations at the 2nd and
6th week, 3rd and 6th month, and the last assessment at the
1st year. In these visits, an independent researcher observed
the following:
• at the 2nd and 6th week and the 3rd month if there were any
complications, AVS scale, ROM, and Constant score,
adjusted by age and sex;
• at the 6th month and the 1st year DASH superior extremity function surveys, resting and active AVS scale, STT
(Simple Shoulder Test), Constant score, and UCLA
Shoulder Rating scale (all of them obtained from www.
orthopaedicscores.com).
In regards to radiological evaluation, we carried out an
ultrasound at the 3rd and 6th month after surgery, assessing
the suture’s integrity, and an MRI at the 12th month, to assess
tendon’s integrity and occurrence of re-tear. These studies were performed blindly by a radiologist specialized in
musculoskeletal pathology.
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RESULTS
Of an initial sample of 38 patients, 3 were excluded intraoperatively due to the tear’s characteristics. Thus, to the
described results we are taking into account 35 patients, 17
of them in the group treated with PRP (Group I) and 18 in
the group without PRP (Group II).
The patients had a mean age of 53.03 years old ( 7.524
years old), ranging between 33 and 66 years old, all of
them at working age. In group I patients’ mean age was
53.71 years old (± 4.634 years old) and in group II 52.39
years old (± 9.599 years old).
23 male (65.7%) and 12 female (34.3%) patients were
included, group I composed by 9 male (52.9%) and 8
female (47.1%) patients and group II by 14 male (77.8%)
and 4 female (22.2%) patients (figure 1).
Fourteen patients were high physical demand workers
(40.0%), 19 medium demand (54.3%) and 2 patients
were low demand (5.7%). In Group I there were 5 high
physical demand workers (29.4%), 11 medium demand
(64.7%), and 1 low demand worker (5.9%). In group
II there were 9 high physical demand workers (50%),
8 medium demand (44.4%), and 1 low demand worker
(5.6%) (figure 2).
In 27 cases (77.1%) the right shoulder was the injured
extremity, whereas in 8 cases (22.9%) it was the left one. In
group I, there were 11 cases of right shoulder injury (64.7%)
and 6 of left shoulder one (35.3%), while in group II there

Figure 1. Sex distribution in both study groups.

Figure 2. Physical work demand distribution in both study
groups.
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Figure 3. Affected side distribution in both study groups.

were 16 cases of right shoulder injury (88.9%) and 2 cases
of left shoulder injury (11.1%) (figure 3).
Mean patients’ sick leave was 38.2 weeks (± 17.844 weeks),
ranging from 12 to 96 weeks, the group I mean sick leave
being of 40.53 weeks (± 16.455 weeks) and 36 weeks
(± 19.272 weeks) in group II, without significant difference
between both groups (p = 0.261) (Mann-Whitney U test).
The authors compared both AVS scale results during the
development of the study. They also compared DASH
results at 6 and 12 months of follow-up, with the following
results (Mann-Whitney U test) (table I).
These authors also compared Constant-Murley results
during the study from both groups. Shoulder test and
UCLA test results at 6 and 12 months of follow-up were
also compared, with the following results (Mann-Whitney
U test) (table II).

We compared the shoulder’s flexion and abduction evolution through the follow-up period, with the results shown
below (Mann-Whitney U test) (table III).
These authors registered the following qualitative measures
to assess shoulder internal rotation, from lesser to greater rotation: thigh, buttock, sacroiliac joint, waist, hand
to T12 or lumbosacral pivot point, and between scapulae or complete intern rotation. To contrast the results a
Chi-square test was applied, with comparisons made at all
follow-up periods:
• pre-surgery evaluation: there were not found statistically
significant differences between both groups in regards to
internal rotation (p = 0.187);
• there were no statistically significant differences at
3 weeks (p = 0.690), 6 weeks (p = 0.213), 3 months
(p = 0.109), 6 months (p = 0.710), or at 1 year (p = 0.326)
after surgery.
To assess the shoulder’s external rotation, the following
qualitative measures were registered from lesser to greater rotation: hand to nape, hand behind the head with
elbows forward, hand behind the head with elbows back,
and complete shoulder elevation. To contrast the results a
Chi-square test was applied, with comparisons made at all
follow-up periods:
• pre-surgery evaluation: there were not found statistically
significant differences between both groups in regards to
external rotation (p = 0.186);

Table I. Comparison of Analogical Visual Scale (AVS) and DASH results in both study groups.
AVS
3 weeks
(presurgery) post-surgery

PRP

6 weeks
post-surgery

3 months
post-surgery

6 months post-surgery

1 year post-surgery

AVS
(rest)

AVS
AVS
(active) (rest)

AVS
(Active)

AVS
(rest)

AVS
AVS
(active) (rest)

AVS
DASH AVS
(active)
(rest)

AVS
(active)

DASH

6.35

4.18

6.59

3

5.35

3.06

5.06

2.41

4.35

51.676

2.41

4

46.998

No PRP 5.94

5.44

5

4.81

6.27

3.65

4.75

2.82

3.85

43.085

0.77

2.22

37.869

P-value

p=
0.158

p=
0.060

p=
0.183

p=
0.277

p=
0.888

p=
0.813

p=
0.926

p=
0.566

p=
0.370

p=
0.018

p=
0.111

0.551

p=
0.537

Table II. Comparison of Constant-Murley, Shoulder, and UCLA test in both study groups.
6 months
Constant
Constant Constant Constant
(pre-surgery) 3 weeks 6 weeks 3 months
PRP

64.073

No PRP 51.8
P-value

580

p=
0.038

1 year

Constant

Shoulder UCLA

Constant

Shoulder

UCLA

34.412

50.912

69.765

67.294

51.859

23.18

70.071

59.135

24.41

39.194

65.964

77.563

75.971

51.8

26.75

86.179

64.75

26.47

p=
0.478

p=
0.047

p=
0.117

p=
0.202

p=
0.849

p=
0.134

p=
0.030

p=
0.629

p=
0.427
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Table III. Comparison of shoulder flexion and abduction in both study groups.
Pre-surgery

3 weeks

6 weeks

Flexion Abduction Flexion

Abduction Flexion

126.18

126.18

55.88

51.76

101.47

97.65

131.18

119.41

142.06

137.06

152.81

153.13

No PRP 107.35

102.94

53.33

56.89

109.12

105.88

137.35

131.76

147.78

138.89

157.67

159.29

PRP
P-value

p=
0.160

p=
0.155

p=
0.763

p=
0.676

3 months

6 months

Abduction Flexion Abduction Flexion

p=
0.402

p=
0.484

p=
p=
0.577 0.252

1 year
Abduction Flexion Abduction

p=
0.536

p=
0.689

p=
0.411

p=
0.510

Table IV. Contingency table showing imaging tests’ scores in both study groups.
Ultrasound
(3 months)

Ultrasound
(6 months)

MRI
(1 year)

Integer
Tendon

Undetermined
(ORIF)

Partial
tear

Integer
Tendon

Undetermined
ORIF)

Partial
tear

Complete
re-tear

Integer
Tendon

5 mm
tear

10 mm Complete
tear
re-tear

PRP

16

1

0

15

1

0

1

14

1

1

1

No PRP

17

0

1

17

0

1

0

16

0

0

2

Total

33

1

1

32

1

1

1

30

1

1

3

P-value

p = 0.367

p = 0.405

p = 0.412

ORIF: Open Reduction with Internal Fixation.

• there were no statistically significant differences at 3
weeks (p = 0.122), 6 weeks (p = 0.852), 3 months (p =
0.178), 6 months (p = 0.392), or at 1 year (p = 0.223)
after surgery.
Lastly, we analyzed the imaging tests to check suture’s evolution in both groups, using ultrasound at 3 and 6 months
post-surgery and MRI at 1 year of follow-up. Both groups
were compared, the results presented bellow (Chi-square
test) (table IV).
Therefore, comparing re-tear cases in both groups we can
conclude that 14 patients from group I and 16 patients from
group II did not relapse, whereas 3 patients from group I and 2
from group II showed supraspinatus re-tear; also, these results
were not statistically significant (p = 0.581) (Chi-square test).

DISCUSSION
The main goal of PRP administration to a repaired rotator
cuff is to improve the tendon’s healing process and, thereby,
decrease re-tear incidence, considered by some authors to
be greater than 25% of all cases (3).
The administration of platelet concentration levels greater than the physiological ones on the repair site provides
extra growth factors that stimulate healing in the suture site
(16). However, not all PRP compounds are the same; studies based on fundamental scientific research claim that PRP
compounds with high leukocyte levels could trigger a greater unwanted local inflammatory response (18).
A recent study with rabbits (19) demonstrated greater histological healing of a previously tore supraspinatus two months
Muscles, Ligaments and Tendons Journal 2021;11 (3)

after PRP administration. Despite this experimental data,
there is certain controversy in clinical trials published until
now, even though there is no evidence consistent enough in
favour of PRP therapy in this pathology. According to Via et
al. (2), PRP has not been shown to improve healing, rates in
rotator cuff tears and the data does not support routine use
of PRP in rotator cuff repair.
Baksh et al., in their 31 articles systematic review pointed
out that all of them, except for one, presented better healing results with PRP administration (11). Oliva et al. (20), in
their systematic review, concluded that there are no differences in clinical outcome after a short period of follow-up
after surgical repair.
Other similar studies (21-24) highlighted a lesser re-tear rate.
Castricini et al. (25) published, in 2011, the first randomized controlled trial comparing efficacy and safety of PRP
augmentation for arthroscopic repair of small and moderate rotator cuff tears with nonaugmented repair of the rotator cuff. These authors concluded that augmentation of the
repair with platelet-rich fibrin matrix did not show statistically significant results in shoulder function or structural
outcome compared with reparation without augmentation.
A recent meta-analysis including 5 randomized studies
concluded there is a lesser re-tear rate in those patients
included in the PRP groups (15% vs 30%, respectively;
p = 0.007) (26).
Malavolta et al. (27) and Ebert et al. (28) obtained similar results in their studies, published recently and with a
similar design to ours (Constant score of 82 in the control
group and 82.1 in the experimental group, and 85.2 in
the control group vs 86.2 in the PRP group, respectively).
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Paradoxically, we obtained better Constant scores in the
control group than in the experimental group. However,
these differences were not found to be statistically significant (p = 0.03).
Lastly, we would like to point out that a year after follow-up
we found 3 re-tears in the PRP group and 2 in the control
group. Malavolta et al. (27) found 1 re-tear in the control
group in the first 12 months. Ebert et al. (28) had 4 complete
re-tears, 2 in each group. Other works, though without statistically significant differences between groups, had a lesser
re-tear rate at the end of the follow-up period (25, 29, 30).
In conclusion, we did not demonstrate, in our study, statistically significant differences comparing both measurements
and clinical scales applied during the follow-up period.
Perhaps, further randomized control trials with a greater

sample and a longer follow-up period should be carried out
to support these findings.
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SUMMARY
Background. The factors that influence a successful return sport following Achilles
tendon rupture repair have not been identified. Furthermore, the extent of heel-rise
height index (HRHI) and Achilles tendon resting angle (ATRA) as indicators of Achilles tendon function recovery are unclear.
Methods. We included 94 subjects who underwent a first unilateral Achilles tendon
repair between 2017 and 2019, and returned to sports 9 months after surgery. Preoperative activity was set at 100 points, and subjects were classified into two groups with
≥ 80 points and < 80 points. Multiple logistic regression analysis was performed. The
cutoff value of the extracted factors was also calculated. Dependent variables were
patient background, extent of heel-rise height index (HRHI), and Achilles tendon
resting angle (ATRA) for the unaffected side.
Results. HRHI was only extracted as an influencing factor (odds ratio, 1.104)., with
a cutoff value of 89.5%. The ATRA required for this HRHI was 72.4% as the cutoff
value calculated.
Conclusions. After Achilles tendon repair, the HRHI required for good sports activity. The HRHI was about 90%, ATRA required was 70% or more. It is necessary to
prevent Achilles tendon elongation after surgery.
KEY WORDS
Achilles tendon rupture repair; return to sports; Achilles tendon resting angle (ATRA);
heel-rise height index (HRHI); rehabilitation; surgery; sports level classification.

INTRODUCTION
Various factors are involved in the recovery of function after
an Achilles tendon rupture repair, and various evaluation
tools have been used to assess the recovery. Factors that
affect functional recovery after an Achilles tendon rupture
repair include age, body mass index (BMI), and surgery
(1, 2). The single-leg heel rise (HR) we incorporated into
our functional evaluation is considered an important index
for functional evaluation following surgery (3-5). We previous reported a correlation between achieving a single-leg
HR and jogging and between performing 25 consecutive
single-leg HR (continuous HR) and being able to return to
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sport (5). Studies have also reported that single-leg HR is
an indispensable factor in returning to competition (4, 5).
In contrast, regarding the elevation-unaffected ratio of the
single-leg HR, a residual dysfunction in the heel-rise height
index (HRHI) has been reported after Achilles tendon
rupture repair (6, 7). Moreover, it is unclear how HRHI
affects sports activities (8). Another factor to consider is
the elongation of the Achilles tendon (6, 9, 10). A useful
method for assessing tendon elongation is measuring the
Achilles tendon resting angle (ATRA), which is reported to
reflect the length of the tendon (11). ATRA was reported
to demonstrate a positive correlation with the HRHI (12).
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Because minimized strength of the triceps surae is considered important, setting the angle of the tendon during
surgery while suturing is essential, and also important when
considering how to proceed with rehabilitation (13-15).
However, it is unclear whether the ATRA meets the HRHI
requirements for sports activities.
This study considered HRHI as one of the functional factors
required for sports activities. It is important to demonstrate
that ATRA is able to achieve the HRHI necessary for sporting activities. By doing so, it becomes possible to provide
clear indicators of rehabilitation. Therefore, this study
aimed to clearly define the HRHI and ATRA necessary for
sports activities.

METHODS
This is a retrospective study. We extracted the necessary
factors between the two groups and calculated the necessary
cutoff value. All patients agreed to be included in research
and ethics services. The study was approved by the Research
Ethics Committee of our hospital (approval number: 202010). Research meets ethics Journal criteria (16).

Figure 1. Patient rectuitment flow chart.

From January 2017 to August 2019, 342 subjects underwent
unilateral Achilles tendon rupture repair in our center within 3 weeks of injury. Of these, the 94 subjects who were able
to participate in the 9-month follow-up and return to sports
were included in this study (figure 1), which used a retrospective questionnaire.

Subjects
In this study, return to sports was defined as being able to
participate in regular sports, matches, or match-style practice after undergoing surgery. The target populations were
individuals who regularly engage in sports activities. In the
past, when it comes to returning to sports, there is a wide
range of topics, from interviewing patients, using sports
participation scores, to objective sports performance indicators (17-20). However, much of the research is vague,
“returning to preoperative sports levels (21, 22)”. It examines “quality and content when returning”. The definition
of returning to sports needs to be clear and straightforward. Therefore, the definition of sports return used to
include participants in this study is defined as “participating in a match or participating in a match-style practice.”
Subjects excluded from this study were included in the
“Level 0” category of sports level criteria (table I).
Table I. Sports level classification.
Level 0 (L0): non-sports
Level 1 (L1): recreation level
Level 2 (L2): district convention, municipality level
Level 3 (L3): prefectural level
Level 4 (L4): national level
Level 5 (L5): professional, olympic level
In the present study level 0 is excluded.
Muscles, Ligaments and Tendons Journal 2021;11 (3)

Surgery
The half-mini-Bunnell method (Uchiyama method), where
the nodule is sutured to the stump (4), was used in all cases.
The knee joint was in the 90° flexion position, and the ankle
plantar flexion angle on the unaffected side was adjusted further by 5°. A repair was sandwiched between the
bundles, each sutured distally and proximally with the same
degree of tension. The surgery is performed by 6 doctors
belonging to our hospital, each with more than 10 years of
experience as an orthopedic surgeon.

Rehabilitation
On postoperative day 5, the below-knee cast was changed
to a walking cast and used for 2 weeks. Patients were
discharged after receiving instructions on all possible full
weight-bearing gaits. The range of motion and active movement were expanded with a focus on the removal of adhesions around the wound. HR in the sitting position was
performed on week 3 after repair, and double-leg HR in
the standing position was performed from week 5 to 6 after
surgery. Subjects started with single-leg HRs from weeks 8 to
9 after surgery. The angle setting of the orthosis was gradually changed from - 20° to - 10°, 0°, and 10° according to the
acquired angle. The brace was removed at week 10 after the
585
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operation. If > 50% of the HRHI was possible, the subject
was allowed to start jogging, and after acquiring continuous
HR, the subject shifted to practicing sports activities such
as jumping or stepping actions (jumping movement). We
proceeded with rehabilitation with the target of returning to
sports in 5 months (4, 5).

Outcome measurement
ATRA
The ATRA was measured in the prone position, with the
knee joint in the 90° flexion position, with the ankle joint
fully relaxed, and the ankle joint natural plantar flexion
angle . The angle between the fibula head and the fifth metatarsal was measured in 1 ° increments using a standard 30
cm long arm goniometer (figure 2). The evaluation determined the ratio with the unaffected side.
HRHI
HR was performed on a single leg while the subject was
standing, with the knees in the extended position and the
upper limbs supporting the wall to the extent that the fingers
were balanced. When the heel was raised, the distance of
the heel bottom from the floor was measured with a standard tape. Measurement is performed in 0.5 cm units in
consideration of measurement error, the ratio between the
affected and unaffected sides was calculated (figure 3).

Figure 3. Heel rise height index (HRHI) inspection and
measurement method.
(A) The upper limbs are balanced by putting fingers on the wall.Knees
should be in the extended position. (B) Measure the bottom of the calcaneus from the floor and compare the laterality.

Study protocol and statistical analysis
At 9 months after surgery and return to sports, patients were
asked for a subjective recovery score. As a result, the average was 80.2 ± 13.2 points. The subjects were divided into
two groups, which were used as dependent variables. Those
with a subjective recovery score of ≥ 80 points were classified in the good group (N = 68, average recovery rate, 86.9
± 6.4 points), and those with a subjective recovery score of <
80 points were classified in the poor group (N = 26, average
recovery rate, 62.7 ± 13.1 points).
Patient demographics
Between the two groups, Waiting period, Age, Sports Level,
BMI, ATRA, HRHI, The Pain rate, and The items of The
Anxiety rate were compared (figure 4 A).

Figure 2. Achires tendon resting angle (ATRA) inspection
and measurement method.
The angle between the fibula head and the fifth metatarsal bone is
measured with an angle meter, and the ratio between the effected side and
unaffected side is calculated.
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Movement starting time and achieved time
Between the two groups, Full Dorsal flexion ROM achieved,
Jogging start, HRHI 50% achieved, Continuous HR
achieved, Jumping Movement achieved (Perform 5 consecutive single-legged jumps on the spot), and Return to sports
achieved were compared at movement starting time and
achieved time (figure 4 B).
Regarding the items of Patient demographic and Movement
starting time and achieved time, the differences between
the two groups were compared. The presence or absence
of a normal distribution was evaluated. Variables that were
normally distributed were analyzed using an unpaired t-test,
and variables that were not normally distributed were evaluated using the Mann-Whitney U test. Pain and anxiety rates
were compared using the chi-square test.
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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Figure 4. Study protocol flow chart (A) Patient demographic. (B) Movement starting time and achieved time.

Outcomes of interest
Age, sports level, BMI, ATRA, HRHI, pain rate, and anxiety
rate were assessed (figure 5) and used as target variables for
the multiple logistic regression analysis. We defined the good
group as 1 and the poor group as 0, and these groups were the
dependent variables. Then, each evaluation item was set as an
independent variable, and the test was performed taking into

consideration the problem of multicollinearity between the
variables.
The cutoff value was calculated using the receiver operating
characteristic (ROC) curve of the extracted factors. In addition, the positive and negative predictive values were calculated based on the cutoff value.

Figure 5. Study protocol flow chart (outcomes of interest).
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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When the HRHI was included in the factors extracted, the
obtained points were classified into two groups: the first
group satisfied the cutoff value of HRHI and the other
group did not. The ATRA required for that HRHI was
determined from the ROC curve.
For all the data analysis, SPSS version 25.0 for Windows
(IBM Corp., Armonk, NY, USA) was used, and the significance level was set at < 5%.

RESULTS

Table II. Main sports events in the good group and poor
group.
Good group

N

Soccer, Futsal

12

Badminton

11

Basketball

11

Tennis

6

Volleyball

4

Kendo

3

Martial arts

2

Baseball

Patient recruitment
Of the 342 patients who underwent surgery, those who were
unable to follow up for 9 months (N = 127), were infected
(N = 12), experienced a re-rupture (N = 5), did not engage
in regular sports activities (N = 40), or did not participate in
sports activities due to retirement or busyness (N = 40). Of
the 118 patients who were able to re-engage in sports activities, 94 were the subjects of this study (figure 6). Table II
shows the main sports.

1

Other

19

Poor group

N

Badminton

5

Soccer, Futsal

4

Basketball

4

Tennis

3

Baseball

1

Other

9

Patient demographics
As regards to age, the subjects in the good group were 38.0
± 11.6 years old and those in the poor group were 44.0 ±
11.5 years old (table III), and the difference was significant
(table IV). A significant difference in the HRHI was found
between the good group (95.9%; range, 60.0-105.0) and the
poor group (82.6%; range, 60.9-100.0). The ATRA was 78.6
± 16.2 in the good group and 67.3 ± 18.8 in the poor group,
showing a significant difference.

Movement starting time and achieved time
Full dorsal flexion was achieved at 12.0 (range, 6.0-24.0)
weeks in the good group and at 10.0 (range, 6.0-25.0) weeks
in the poor group (table IV), showing a significant difference in surgical outcomes and start time of returning to
sports. Continuous HR was achieved at 4.0 (range, 2.3-6.5)

Table III. Patient demographic.
Good group (N = 68)

Poor group (N = 26)

P value

Statics

Subjective recovery
degree scores(point)

86.9 ± 6.4
85.0 (80.0-100)

62.7 ± 13.1
70.0 (22.0-80.0)

-

-

Sex

Male: 45 Female: 23

Male: 20 Female: 6

-

waiting period day)

5.0 (1.0-19.0)

6.0.(0.0-20.0)

Average Age (year)

38.0 ± 11.6

Sports Level (N)
BMI

0.882

U

44.0 ± 11.5

< 0.025

T

L1: 36 L2: 8 L3: 13 L4: 7 L5: 4

L1: 19 L2: 3 L3: 2 L4: 1 L5: 1

-

-

23.1 (18.6-29.4)

23.1 (18.0-30.8)

ATRA (%)

78.6 ± 16.2

HRHI (%)

95.9 (60.0-105.0)

The Pain rate (%)

16.2

The Anxiety rate (%)

58.8

0.980

U

67.3±18.8

< 0.005

T

82.6(60.9-100.0)

< 0.001

U

26.9

0.236

χ2

61.5

0.810

χ2

Mean ± SD
Median (MIN-MAX)
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Table IV. Movement starting time and achieved time.
Good group (N = 68)

Poor group (N = 26)

P value

Statics

Full Dorsal flexion ROM achieved (week)

12.0 (6.0-24.0)

10.0 (6.0-25.0)

< 0.036

U

Jogging start (week)

13.0 (9.0-20.0)

16.0 (10.0-25.0)

0.122

U

HRHI 50% achieved (week)

12.0 (4.0-20.0)

14.5 (9.0-25.0)

0.222

U

Continuous HR achieved (month)

4.0 (2.3-6.5)

4.5 (2.5-7.0)

< 0.000

U

Jumpping Movement achieved (month)

5.0 (3.5-7.0)

6.0 (3.5-8.0)

< 0.001

U

5.5 (4.0-8.0)

6.5 (4.5-8.0)

< 0.001

U

Return to sports achieved (month)

Median (MIN-MAX)

months in the good group and at 4.5 (range, 2.5-7.0) months
in the poor group, showing a significant difference. Jumping movement was achieved at 5.0 (range, 3.5-7.0) months
in the good group and at 6.0 (range, 3.5-8.0) months in the
poor group, showing a significant difference. Return to
sports was achieved at 5.5 (range, 4.0-8.0) months in the
good group and at 6.5 (range, 4.5-8.0) months in the poor
group, and the difference was statistically significant. No
significant difference was found in other items.

Outcomes of interest
Of the 94 subjects, 68 and 26 subjects belonged to the good
and poor groups, respectively (table V). The extracted factor
was only HRHI (odds ratio, 1.104, 95% confidence interval
1.051-1.160, discriminant intermediate rate, 73.4%). The
cutoff HRHI value was 89.5% (sensitivity, 0.794; 1-specificity, 0.192; positive predictive value, 79.4%; negative predictive value, 80.8%; area under the curve (AUC), 78.6%).
Other outcomes that were examined were not extracted.
The cutoff ATRA value from the ROC curve based on this
HRHI was 72.4% (sensitivity, 0.797; 1-specificity, 0.371;
positive predictive value, 71.2%; negative predictive value,
68.6%; AUC, 74.6%).

DISCUSSION
It is important to know whether the subjects that returned
to sports were able to carry out sports activities to a satisfac-

tory level and to clarify what kind of function was necessary.
The biggest goal after surgery was the return to sports. The
rate of return to sports after Achilles tendon repair in our
hospital was 79.7%, which is considered to be as good as
the return rate of 80% reported by Zellers et al. (23).
In this study, only the HRHI was extracted as a necessary
factor for sufficient sports activities; it was not extracted
as an influencing factor like age BMI, pain, and anxiety.
The results of this study clearly present that an HRHI of
approximately 90% is an indicator of good function at 9
months after surgery. Furthermore, the ATRA required for
the HRHI was approximately 70% on the unaffected side.
Single-leg HR is a method of evaluating the strength of the
triceps surae muscle trough the Achilles tendon, and HRHI
evaluates functional recovery based on the laterality of the
unaffected side (24). Therefore, single-leg HR was evaluated
as an index of functional recovery after Achilles tendon repair.
We have previously reported that acquisition of a single-leg HR
and continuous HR are necessary for sports movement acquisition and, as a result, return to sports (4, 5). We also reported
that a continuous single-leg HR is defined as more than half the
capacity of the unaffected side, and acquiring this movement
and the return to sports show a correlation (r = 0.433 P < 0.001)
(5). However, it was necessary to clarify whether the maximum
elevation of the single-leg HR should be the same as that of the
unaffected side for sufficient functioning during sports activities. In addition, some studies have reported the relationship
between the HRHI and ATRA, such as those by Zellers et al.
(11), Silbernagel et al. (24), and Kangas et al. (25), Carmont

Table V. Multiple logistic regression analysis result (poor group and good group).

B

HRHI 0.099

Standard error

Wald

Degree
of freedom

Significance

Odds rate

95%Confidence interval
minimum

maximum

0.025

15.349

1

0.000

1.104

1.051

1.160

Poor goup: 0, good group: 1; model χ2 Test p < 0.01; Hosmer-Lemeshow Test p = 0.080; Discriminant intermediate rate: 73.4%.
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MR et al. (26). However, it was unclear whether increased
ATRA could lead to an increase in muscle strength.
In the rehabilitation course after Achilles tendon rupture
repair, we actively prevent and remove adhesions around
the Achilles tendon to “create an environment that does
not inhibit the sliding of the Achilles tendon” (27). A
study reported that exercise therapy from the early postoperative period had excellent mechanical effects on the
ligaments and tendons and made adhesions less likely to
occur (28, 29). The degree of adhesions around the Achilles tendon affects the patient’s subjective satisfaction level
(30). However, adhesions around the Achilles tendon are
inevitable after Achilles tendon rupture repair. Subsequent
soft tissue, fat pad, and Kager’s fat pad hardening occur
(31), and adhesions and loss of elasticity may be two factors
that cause range of motion limitation and pain, which can
interfere with tendon microcirculation and reduce tendon
strength (32). The range of motion training in cases of adhesions may exert excessive stress on the tendon sutures and
stretches the tendon.
Elongation of the Achilles tendon results from the weakness of the triceps surae muscle (7, 11, 12), which is reported to affect HRHI and performance. Brorsson et al. (33)
compared two groups with single-leg HR-deficient rates on
the unaffected side of ≥ 30% and < 15% and reported that
the group with < 15% had good clinical results. Carmont et
al. (8), contrarily report that surgery needs to increase suture
strength to eliminate the difference in ATRA. However, if
the sutures are too strong, ATRA may be minimized, but
range of motion is more likely to be restricted and more
likely to cause pain. As a result, it lowers HRHI due to pain.
Based on the results of this study, the flexion ATRA required
to increase the HRHI to approximately 90% that enables
sufficient sports activity is approximately 70%. Carmont et
al. (8) reported that 12-month ATRS is 87%, HRHI is 82%,
and ATRA is about -5° on the healthy side, concurring with
the results of this study and are valid target values following
Achilles tendon suture. To maintain this angle, good gliding of the Achilles tendon was ensured by preventing and
removing adhesions above the tendon, paying attention to
suturing to the plantar flexion angle during surgery. Based
on the results of this study, it is important to aim for a dorsi-

flexion angle that does not differ between the left and right
at 10-12 weeks following the surgery.
This study has some limitations. This study is not a quantitative assessment as it does not use a strength tester to assess
strength. Therefore, the results here cannot be used to objectively assess the strength of the triceps surae. In addition, it
is not possible to accurately evaluate the extension of the
Achilles tendon because image evaluation by echo or MRI
was not performed. Moreover, the presence and degree of
adhesions and tendon gliding have not been accurately evaluated. In addition, the relationship with motor function is
immature because no quantitative movement drill evaluation of steps and jumps was performed.
In this study, patients were classified into two groups by applying the Subjective Numerical Evaluation Scale (NRS). This
method is an easy and effective way to quickly record the
patient’s subjective activities opinion to be used the evaluation.
However, in many studies, subjective evaluation after Achilles
tendon surgery is often reported using ATRS, so we will discuss
it with other papers by clarifying the relationship between this
NRS evaluation and ATRS evaluation in the future. I think the
consistency of can be made clearer Improving the follow-up
rate and extending the long-term follow-up period of one to
two years are additional future study aims. It is also necessary
to clarify the relationship between the characteristics of each
sport and physical characteristics-such as muscle strength evaluation, posture evaluation, and bone morphology evaluation of
other joints-in other future studies.

CONCLUSIONS
After Achilles tendon rupture repair, the HRHI required for
good sports activity was approximately 90% of the unaffected side and the ATRA required for the same HRHI was >
70%. In addition to the resting angle, improving the gliding
of the tendon perioperatively is necessary to prevent elongation of the Achilles tendon. Rehabilitation after Achilles
tendon repair is essential for functional recovery.
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SUMMARY
Background. Football is one of the world’s most popular sport with most players being
younger than 18 years. Playing football can induce beneficial health effects in youth,
but there is also a high risk of injury. In young football players, the relationship between
injury risk in the different periods from peak height velocity (PHV) remains unclear.
The objective of the study was to investigate the associations between the injury risk
and injury burden in young Italian football players in different periods from PHV
(pre-PHV, PHV and Post-PHV).
Methods. One hundred and forty-one young players (age = 13.9 ± 0.8 years) were
subdivided in three groups on the basis of maturity status: PHV was set by taking 6
months before and 6 months after the age at PHV; the 12 months before this year were
allocated as the year before PHV (Pre-PHV); the 12 months after this year were allocated as the year after PHV (Post-PHV).
The number of injuries was calculated for each player per year; injuries were classified
by location, type, body-site and mechanism of injury (traumatic or overuse). Training
and match injury incidence was also calculated and resulted 4.2 ± 6.9 per 1000 h and
10.0 ± 34.2 per 1000 h, respectively.
Results. In total 25214 hours of exposure were recorded. A total of 83 injuries were
reported. Most injuries (77%) were located in the lower limbs; the most common injuries were joint/ligament injuries (36%).
Traumatic injury showed a tendency to increase from the year before PHV to the year
of PHV, and after this period a decrease can be observed; while, overuse injuries incidence remains constant until PHV, and then decreased in the year after PHV, albeit
the differences were not statistically significant. A non-significant higher training injury incidence was found at PHV, while match injury incidence was higher at Pre-PHV.
Days missed due to injury show an increase up to PHV, and then a considerable
decrease in the year after PHV; the difference among groups were statistically significant (p = 0.039); moreover, the effect size between PHV and Post-PHV was moderate.
The mean of exposure shows a significant increase from the year before PHV to the
year after PHV (p = 0.0089), furthermore, the effect size between Pre-PHV and PostPHV was large.
Conclusions. The results of this study on young Italian football players confirm the
overall increased vulnerability of the athletes in the PHV period. Great attention
should be given to the maturity status of the subjects. To try to limit injuries, training
programs should be calibrated on the state of maturity of the players and not on their
chronological age.
KEY WORDS
Adolescent; biological age; individualized loads; trauma; youth sport.
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BACKGROUND
Soccer is a complex contact sport that involves relatively
high risks and rates of injury at all levels (young athletes,
amateur, and professional), during training and match. A
specific attention needs to be paid to sport injuries in youth
athletes since it is very common for them to encounter an
injury during competitive season, which determines restricted participation or training modifications and often a long
time of absence from normal training (1). This, as a consequence, imply a substantial reduction of the chances of
reaching high levels of performance (2).
As regards the nature and incidence of injuries in young
soccer players, precise conclusions are difficult to draw
from the available literature (3). Injury represents a central
topic for sport science, where is thus fundamental to acquire
a clear framework about injury risk factors, to the aim of
planning preventive strategies.
The adolescence represents a sensitive phase, in which
a great variability in growth and maturation is observed
between individuals. Growth rates show a significant
increase during the adolescent growth spurt, with the peak
height velocity (PHV) observed in average from 13 to 14
years in boys, although with a certain inter-individual variability (4). PHV can be reached at different age, since individuals present a great variation the timing and tempo of
biological maturation, so that within a specific age class it is
possible to find subjects in different maturation stage, which
can be classified as early, average or late maturers.
The difference in biological maturation and the discrepancies in size and performance observed in youth who
play sports are the subject of great discussions regarding
competitive disadvantages and the risk of injury. The rapid
growth and, as a consequence, the period around PHV have
been generally associated with an increased risk of injury in
elite youth athletes, (5) even if not all studies agree (6, 7).
The higher incidence at PHV has been interpreted as being
due to the reduction of the concentration of bone mineral,
increased tensile forces on vulnerable muscle attachments,
decreased neuromuscular control and reduced flexibility
that occurs in this period (4, 5, 8).
These factors combined with excessive functional overload
result in an inflammatory degenerative process that can cause
injury. Injuries are of two types: traumatic and overuse injuries.
Muscle injuries, joint dislocations and bone fractures are
considered acute traumatic injuries. This type of trauma is
generally due to a single event, which exceeds the resistance
capacity of the structure, generating an injury (5, 6, 9).
Chronic pathologies due to functional overload, therefore
microtraumas that recur over time, are defined as overuse
injuries (10). Somato-anthropometric changes and changes
Muscles, Ligaments and Tendons Journal 2021;11 (3)

in body composition have been identified among the possible
causes of overuse injuries (8). Studies investigating the etiology of growing-up injuries in young players have documented that the majority of overuse injuries caused an absence
from play of more than 28 days (severe injury) (8, 11). Most
of the functional overload injuries recorded in the literature were Osgood Schlatter and Sinding Larsen Johansson
syndrome, caused by excessive overload of the myotendon
complex and highly associated with growth. Microtraumas
are observed not only in the muscle-tendon system, but also
in the bone, cartilage and ligament (12). Non-individualized
loads bring excessive overload to the anatomical structures
mentioned above, generating a degenerative-inflammatory
process that is at the basis of overuse injuries. This happens
very frequently in the elite youth sectors, where incorrect
load management combined with excessively intensive
training can cause overuse injuries (3, 6).
Traumatic and overuse injuries occur mainly during PHV
and this may be due to a double factor: the first of a mechanical nature, namely the functional overload imposed on the
structure; the second of a physiological nature, since the
bone tissue and the myotendon complex which are developing during the PHV cannot tolerate high forces; therefore, an overload combined with excessive shear and
compression forces on the previously mentioned tissues can
cause trauma.
Having found in the literature a lack of uniformity about
the peaks of incidence of the different types of injuries, it
is necessary to proceed with further investigations. In addition, no data are at disposal for Italian elite young football
player. The aim of the present study was to analyze differences in the incidence of injuries in Italian young elite soccer
players belonging to different maturation stage (pre-PHV,
PHV and post-PHV) in order to identify the relationship
between injuries (traumatic and overuse) and maturity.

MATERIALS AND METHODS
This cross-sectional study included 141 elite male youth
soccer players (age 13.9 ± 0.8) from the U13-U15 categories
(U13, N = 26; U14, N = 64; U15, N = 51), associated with an
Italian Serie A professional soccer team (Bologna F.C. 1909).
Participants were selected from the season 2018/2019. The
eligibility criteria for this study were athletes who had been
playing for at least a full season and were to be in one of the
following maturity stages: 1 year before, 1 year during and
1 year after their predicted PHV. The players voluntarily
decided to participate, and their parents provided informed
consent after a detailed description of the study procedures.
The study was carried out in conformity with the ethical
standards laid down in the 1975 declaration of Helsinki
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and was approved by the local Bioethics Committee of the
University of Bologna (Approval Code: 25027) and were in
accordance with the MLTJ guidelines (13).
All anthropometric data were collected by a specifically
trained physician. Height, sitting height, body weight were
collected with participants wearing only shorts. Height
and sitting height were recorded to the nearest 0.1 cm
with a standing stadiometer (Raven Equipment Ltd. Great
Donmow, UK) and body weight was measured to the nearest 0.1 kg with a high-precision mechanical scale (Seca,
Basel, Switzerland). Leg length was derived as the difference between height and sitting height. An estimation of
the years from peak height velocity (YPHV), which is an
indicator for the adolescent growth spurt, was made using
Mirwald’s equation for boys, which can predict maturity
offset in youth athletes (14, 15). Maturity offset = - 9.236
+ 0.0002708 (leg length × sitting height) - 0.001663 (age
× leg length) + 0.007216 (age × sitting height) + 0.02292
(weight: height). Since maturity offset represents the years
of distance from peak height velocity (PHV), predicted age
at PHV (years) was calculated as the difference between
chronological age and maturity offset.
To compare injuries between players of different maturation
status, the year of PHV was set by taking 6 months before
and 6 months after the age at PHV. The 12 months before
this year were allocated as the year before PHV (Pre-PHV);
the 12 months after this year were allocated as the year
after PHV (Post-PHV). Based on these classifications the
subjects were divided into three groups: Pre-PHV, N = 51;
PHV, N = 81; Post-PHV, N = 31 (5).
Injuries have been recorded and diagnosed by the medical
staff of the team. According to the consensus statement for
soccer injury studies, i.e., the FIFA registration system (10),
an injury was defined as: “any physical complaint sustained
by a player that results from a football match or football
training, irrespective of the need for medical attention or
time loss from football activities”. The physician recorded
“time-loss” injury that results in a player being unable to take
a full part in future football training or match the injuries.
Injuries can be classified by location, type, body-site and
mechanism of injury (traumatic or overuse). Traumatic injuries refer to “an injury resulting from a specific, identifiable event”; while overuse injuries are caused by repeated
micro-trauma without a single, identifiable event responsible for the injury.
The location of injuries is divided in four main groups: head
and neck, upper limbs, trunk and lower limbs. The type of
injuries is recorded in 6 main groups: fracture and bone
stress, joint and ligament, muscle and tendon, contusions,
center /peripheral nervous system and other. The severity of
the injury was defined as the number of days that the player
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was not able to take full part in competition or training: minimal (1-3 days’ time loss), mild (4-7 days’ time loss), moderate
(8-28 days’ time loss), severe (more than 28 days’ time loss).
The hours of training and matches were recorded by the
athletic trainers of the respective categories. In case of
missing data, training and match hours were replaced by
the average amount of training hours or match hours for
the corresponding age category in that year. Traumatic and
overuse injuries was calculated as the number of injuries
per 1000 h of total exposure (training exposure plus match
exposure); training and match injury incidence was calculated as the number of injuries per 1000 h of exposure in
training and matches.
Descriptive statistics were calculated for all outcome variables. Differences between the groups were investigated
using the one-way analysis of variance (ANOVA). When a
significant F ratio was obtained, the Bonferroni post-hoc
test was used to assess the differences among the groups.
Cohen’s d was calculated as a measure for interpreting the
scores. An effect size of approximately 0.20 was considered
small, 0.50 moderate or 0.80 large (16). Chi-square test was
carried out to value the difference among injury frequencies observed among the three maturity groups. Statistical significance was determined as p < 0.05. The software
used to carry out the statistical analyzes was STATA (16.1.
StataCorp, College Station, Texas, USA).

RESULTS
The original cohort consisted of 350 soccer players. Of
these, 209 players were excluded (51 players for U13, 4
players for U14 and 7 players for U15) because they had
no anthropometric measurement taken to estimate PHV or
because their PHV was not within the target stated above
or an in-season transfer to another club. The remaining 141
players were observed for the season 2018/2019 (figure 1).
During the period of data collection, 83 injuries were
recorded. Most of the injuries were recorded in the lower
limb (77%) (figure 2). The most common injuries were
joint/ligament injuries (36%) and muscle injuries (33%);
followed by fracture/bone stress (13%); contusions and
hematomas (6%); concussion/nerve injuries (4%); wound/
laceration (2%); while 6% were classified as other injuries
(figure 3). Across all groups, the overall exposure to football was 25214 hours (22388 training hours and 2826 match
hours). The mean injury incidence for the total cohort was
3.29 injuries per 1000 hours (0.83 injuries per 1000 hours
during matches; 2.46 injuries per 1000 hours during trainings). On a total of 83 injuries, 63 were traumatic and 20
were overuse injuries; 62 injuries occurred in training and
21 in matches. There was a total of 2901 lost days.
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A

B

Unique players

Players per
season

N=350 players

Excluded players N=209
(no PHV-measures)

2018-2019

N=141 players

N=141 included players

Team (players)
Under 13 (N=26)
Under 14 (N=64)
Under 15 (N=51)

Excluded players
N=209
Under 13 (N=51)
Under 14 (N=4)
Under 15 (N=7)

Figure 1. (A) Flowchart of inclusion and exclusion and numbers of observed players for the season 2018/2019. 209 players
were excluded because they had no anthropometric measurement taken to estimate PHV or because their PHV was not
within the target stated above or an in-season transfer to another club. (B) Numbers of observed players for the season
2018/2019 and per team. For U13, 51 players were exclude; for U14, 4 players were excluded and for U15, 7 players were
excluded.

As regards age groups, the category where most of the injuries occurred was U13 (81% of the sample suffered injuries); followed by U15 (63%) and finally by U14 (47% of
the sample was injured). Chi square test showed a statistically significant differences in injuries frequencies between the
three age groups categories (χ2 = 9.2686; p = 0.010).
Considering the subjects according to their maturity status,
the athletes at PHV presented the highest incidence of injury
(56%), followed by subjects in Post-PHV phase (48%) and
then by subjects in Pre-PHV (45%); Chi square test did not
show statistically significant differences in injuries frequencies between the three groups (χ2 = 1.4677; p = 0.480).

Muscle
Joint/Ligament
Wound/Laceration
Fracture/Bone stress
Concussion/Nerve
Contusions/Hematomas
Other

Number of days missed

Figure 3. Type of injuries in the 3 periods around PHV.
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Figure 2. Injury location and severity in the 3 periods around PHV.
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Traumatic injury incidence, overuse injury incidence, training injury incidence, match injury incidence, missed days
due to injuries and mean hours of exposure in the athletes
in the three-maturity status are reported in table I.
Traumatic injury showed a tendency to increase from the
year before PHV to the year of PHV, after this period a
decrease can be observed, without any significant differences among groups. The effect size between Pre-PHV and
PHV, PHV and Post-PHV, Pre-PHV and Post-PHV was
small (table I and figure 4).
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Table I. Means scores (± standard deviations), effect size, f-values and p-values for traumatic injuries, overuse injuries, training injuries, match injuries, days missed due to injuries and mean of hours exposure in talented soccer players before, during
and after peak height velocity.
Means and standard deviations
Pre-PHV
(n = 23)

PHV
(n = 45)

Post-PHV
(n = 15)

Traumatic
injury
incidence 3.4 ± 7.2

3.9 ± 5.9

2.4 ± 5.2

Overuse
injury
incidence

1.4 ± 4.5

1.4 ± 4.9

1.1 ± 2.6

Training
injury
incidence

3.4 ± 6.2

4.9 ± 7.6

3.4 ± 6.2

Match
injury
incidence

17.1 ± 50.6

6.4 ± 18.4

8.1 ± 33.0

pp

Post-Hoc Bonferroni

Pre-PHV PHV
Pre-PHV
PHV
Post-PHV
Post-PHV
vs PHV
vs Post-PHV vs Post-PHV vs Pre-PHV vs Pre-PHV vs PHV

00.62 00.54
0.07

0.26

0.16

1.00

0.87

0.81

0.00

0.08

0.09

1.00

1.00

1.00

0.22

0.22

0.01

0.660

1.00

0.88

0.31

0.07

0.20

0.25

0.76

1.00

0.25

0.48

0.34

0.39

0.87

0.04*

0.40

0.26

0.81

0.09

0.01*

0.52

00.08 00.93

00.99 00.37

11.58 00.21

Days
missed

33.23 00.04*

Exposure
*p < 0.05.

15.1 ± 24.4

23.3 ± 36.7

134.6 ± 43.9

158.9 ± 70.3 176.8 ± 63.3 4.86

7.9 ± 14.6

15

Injuries Incidence

Cohen’s d
FF

0.01*

Post-PHV
PHV

10

Pre-PHV

5

reached its peak, and after which it decreased. No statistically
significant differences were found; moreover, the differences
between Pre-PHV and PHV, PHV and Post-PHV, Pre-PHV
and Post-PHV showed a small effect size (table I and figure
5). Match injury incidence per player decreased from the year
before PHV to the year of PHV; after this period, an increase
was observed; also, in this case; no statistically significant
differences were observed. Furthermore, injuries in matches
between Pre-PHV and PHV, PHV and Post-PHV, Pre-PHV
and Post-PHV showed a small effect size (table I and figure 5).
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Overuse injuries incidence remained constant until PHV,
and then decreased in the year after PHV. The differences
between the groups were not significant (table I). Furthermore, functional overload trauma between Pre-PHV
and PHV, PHV and Post-PHV, Pre-PHV and Post-PHV
showed a small effect size (figure 4).
Training injury incidence per player showed an increase from
the year before PHV to the year of PHV, period in which it
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Figure 4. Means and standard deviations for traumatic and overuse injuries incidence per player in talented youth soccer players.
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Figure 5. Means and standard deviations for training and match
injuries incidence per player in talented youth soccer players.
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Days missed due to injury showed an increase up to PHV,
and then a considerable decrease in the year after PHV; the
difference among groups were statistically significant and
Post-hoc tests revealed that days missed due to injury were
significantly higher in the year of PHV than in the year after
PHV (table I and figure 6). The effect size regarding this
type of injuries between Pre-PHV and PHV, Pre-PHV and
Post-PHV was small, instead the effect size between PHV
and Post-PHV was moderate.
The Post-PHV group recorded the largest mean exposure
with 176.78 ± 63.33 hours (table I and figure 7). The mean
of exposure showed an increase from the year before PHV to
the year after PHV; furthermore, statistically significant differences were found among these groups (p = 0.0089). Post-hoc
tests revealed that mean of exposure was significantly higher
in the year after PHV than in the year before PHV, p = 0.010.
The mean of exposure between Pre-PHV and PHV showed
a moderate effect size; the effect size between PHV and PostPHV was small; instead, the effect size between Pre-PHV and
Post-PHV was large (table I).
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Figure 6. Number of days missed in the 3 periods around
PHV (bar represent standard deviation).
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Figure 7. Hours of exposure in the 3 periods around PHV (bar
represent standard deviation).
Muscles, Ligaments and Tendons Journal 2021;11 (3)

DISCUSSION
The aim of the present study was to investigate how maturity status (pre-PHV, PHV, post-PHV) influenced injury
risk in Italian élite football players. To our knowledge,
there are no data regarding Italian young player according
to this aspect. In addition, the effects of maturity timing on
injury risk are still unclear regarding how maturity status
influence injury risk.
We considered the differences in traumatic and overuse
injuries, as well as the incidence in training and match injury before, during and after the peak height velocity (PHV),
which represents the period of maximal rate of growth.
The percentage variation in injury incidence between the
Pre-PHV and the PHV in our study amounted to 29% and
is in line with what reported by Van der Sluis et al. (2013)
and Bult et al. (2018), which reported an amount of 37%
and 26% respectively, while it considerably differed from
the results of Johnson et al. (2019) (115%). The part of
the body more susceptible to injuries was the lower limb;
this is consistent with other studies regarding youth soccer
from different countries (5, 6).
The most common types of injury in this study were muscle
injuries; a finding similar to the results obtained by Price et
al. (2004), Le Gall et al. (2006) on elite English and French
youth football players respectively (11, 17, 18).
Considering age groups, significant differences were
observed between groups, but without a specific trend:
the highest incidence was reported in U13, followed by
U15 and finally by U14.
Regarding the state of maturity, it was possible to find a
tendency to the increase in the incidence of injuries during
the PHV, even if not significant. The higher incidence at
PHV was reported also by other authors (6, 19). According to Towlson et al. (2020) during adolescent growth
spurt, boys show a rapid growth (also between 7 and 12
cm per year), which may partially explain the phenomenon
“adolescent awkwardness,” whereby the trunk and lower
limb length have increased but soft tissues have yet to
adapt to the size and weight of the frame, causing abnormal movement mechanics that negatively impact performance. This rapid change in musculoskeletal structure and
apparent lag time to adequate relative strength is individually variable based on maturity tempo, which likely corresponds to a variation in readiness to perform and, by inference, to vulnerability to injuries.
Taking into account the specific nature of injuries, traumatic injury and overuse injuries did not show a significant difference among the three maturity groups. Traumatic injury incidence showed a tendency to increase from
the year before PHV to the year of PHV, while after this
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period a decrease was observed; overuse injury incidence
remained constant until PHV, after which a decrease was
recorded. The result regarding traumatic injury and overuse injury were greater from what reported by van der
Sluis et al. (2013), even if they did not report any significant difference for these types of injuries, too.
It should be considered that traumatic injuries may be related to factors such as, but not limited to, tendon maturity,
reduced joint stiffness, decreased movement efficiency and
decreased bone density. On the other hand, overuse injuries,
can be attributed to disproportionate development of skeletal maturity in relation to muscle development (20). These
maturation-dependent differences in injury risk should be a
point of attention for practitioners, with particular regard to
the highly demanding mechanical loading of training practices and intensified bouts of match-play often experienced
during match-format football. Training injury showed a
tendency to increase at PHV too, while match injury tended to show higher incidence in pre-PHV. Injury rate was
considerably higher during matches (6.6-17.1 injuries per
1000 h) than during training (3.4-4.9 injuries per 1000 h),
with the majority of injuries being traumatic in nature. The
incidence both in training and in matches injuries recorded
in our study is comparable to that observed by Le Gall et al.
(2006) on elite French youth football players (17).
The general tendency to the increase of injuries at PHV
found in the present study highlights the increased vulnerability of athletes at this stage, as demonstrated by other
authors. This has been reconducted to a functional overload that acts on a bone tissue and on the myo-tendon
complex, both not yet fully developed, which are not able
to withstand such high shear and compression forces, leading to fractures and muscle injuries (8, 21). Regarding bone
tissue, the acquisition of bone mineral content (BMC)
and bone mineral density (BMD) occurs during PHV,
this osteogenic reorganization and remodelling leads to a
greater risk of both traumatic and overuse injuries during
this state of maturity. Regarding the myo-tendon complex,
the increase in terms of volume and strength is recorded
approximately at the PHV. This means that the tissue is
particularly susceptible to trauma in this phase, not being
able to deliver sufficient force instead of what it would be
at Post-PHV; alongside this aspect, low joint stiffness and
reduced neuromuscular efficiency leads to greater exposure to both acute and chronic injuries (21).
The days missed due to injuries in talented youth soccer
players were significantly higher in the athletes at PHV,
who significantly differed from post-PHV athletes. These
results are in accordance with those of van der Sluis et al.
(2014), even if in their study the differences were not significant. These suggest how during the PHV the injuries are
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more severe, causing more days of absence from training
and/or competition. In this period of growth, the athletes
are more susceptible and less receptive to recovery.
The rapid growth and, as a consequence, the period
around PHV have been associated with an increased risk
of injury in elite youth athletes (22). This has been interpreted as being due to the reduction of the concentration
of bone mineral, increased tensile forces on vulnerable
muscle attachments, decreased neuromuscular control and
reduced flexibility (4, 8, 9, 23).
There are various possible reasons for an increased injury
occurrence and burden at PHV. Firstly, during PHV the
vulnerability of bodily tissues increases, including changes to muscle-tendon junctions, bone-tendon junctions,
ligaments, growth cartilage and bone density (9, 23). This
could be due to the many changes in size, shape and function that accompany the pubertal growth spurt (8, 24, 25).
The mean of hours of exposure grows linearly from Pre-PHV
to Post-PHV, showing statistically significant differences in
the Pots-PHV group compared to the Pre-PHV group.
It is to consider that the athletes in the Pre-PHV group
are likely to be those who belonged to the youngest category (U13); while the athletes who are in the Post-PHV
are those who belong to the category of the oldest (U15),
which also presented a higher hour of exposure. The mean
of hours of exposure increased linearly from Pre-PHV to
Post-PHV, recording statistically significant differences.
The strength of this study was the accuracy with which
musculoskeletal injuries were tracked and determined
during the study. This made it possible to evaluate and
study with greater precision and accuracy the relationships
between the risk of injuries and the state of maturity in
young elite athletes. The analyzes show that the key factor
in reducing the incidence of accidents is to individualize
the volume of work. This would help reduce the risk of
injury and maximize physical performance. The hope for
the theft will be to develop working strategies that take
into account the biological maturity, raising awareness,
moreover, a proper work by professionals in this field.
However, a limitation is represented by the numerosity
and cross-sectional nature of the sample.
In conclusion, the results of this study on young Italian football players confirm the overall increased vulnerability of the
athletes in the PHV period. To try to limit injuries, training
programs should be calibrated on the state of maturity and
not on the chronological age of the group. As the chronological age groups increase, the external training load increases.
The same training stimulus can improve performance in one
player, maintain performance in another and cause injury to
a third player. The same considerations could be for applied
to playing time: the total distance, the high and very high
Muscles, Ligaments and Tendons Journal 2021;11 (3)
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intensity distance that players cover increases with increasing age, and to acceleration, maximum running speed and
repeated sprinting skills.
Further research is, however, warranted to confirm this speculation, moreover longitudinal. This could allow to follow
the athletes in time, highlighting with greater detail the
criticalities.
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