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INTRODUCTION

SUMMARY

Background. High prevalence of hamstring injury is attributable to the
lack of efficient flexibility, and different methods are suggested for increas-
ing its flexibility Therefore, the present study investigated two meth-
ods 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 WBYV 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-interven-
tionand post-intervention (P=0.000),buttherewasnosignificantdifferencebetweenthe
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 flexi-
bility and decreased the stiffness of the hamstring, but there was no substantial differ-
ence in the efficacy of these methods.
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elastic connective tissues such as sarcolemma, endomysium,
perimysium, and epimysium. In contrast, series structures

Flexibility refers to the elongation of skeletal muscles and
tendons and is generally considered an important rehabil-
itation 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

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 suscep-
tible to shortening. This muscle is the largest knee flex-
or (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 short-
ness 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 ther-
apy 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 (WBYV) 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 plat-
form 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 simul-
taneously 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 plat-
form 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 WBYV 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
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study through advertisements distributed to the faculty. The

inclusion criteria were as follows:

e female ages between 18-30 years;

® 20 degree or more lack of extension during active knee
extension test (4);

e  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 x 38
x 30 cm was then fixed behind the thigh to maintain the
hip joint at 90 degrees of flexion. We asked the partici-
pant to keep the knee straight as much as possible, and
its popliteal angle was measured using the goniometer
(instrument model, ezc.) (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 loca-
tion. 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 consid-
ered the test result.

To determine the hamstring stiffness, the participant sat

on the seat of Biodex system 3 (Medical system, ezc.), 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 exten-
sion. At the beginning of the test, the device moved the
participant’s knee passively with a specified angular veloc-
ity to the existing extension’s end. Since the highest stiff-
ness exists at the end of the length of muscles, the final
30° of the extension was considered as the angular posi-
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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):

ATorque
AAngular position

Stif fness =

Muscle Energy Technique (MET) treatment group

In the MET group, the Post isometric relaxation technique
(Lewit method) was performed to increase hamstring flex-
ibility. 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 barri-
er. We then asked the participant to put pressure towards
the direction of knee flexion with 75 % of Maximal volun-
tary 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 plat-
form 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

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 character-
istics, 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 signifi-
cant difference between before and after the variables in each
group of WBV and MET (P < 0/05). The results of the inde-
pendent t-test indicated that there was no significant differ-
ence 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).

put under the vibration at a frequency of 30 Hz and 2 Group Variable N Mean SD Range
mm of amplitude. This situation prevents vibration trans-
fer to thedhead (29')1.1Each part(iicipefmt wz;)s treated in }tlhree Age (year) 2418 3.23 19-29
30—secqn s sets with 30 'secon S 9 rest between each set. MET Height (cm) 28 16271 583 150-174
According to the following equation: :

A, = Ao’ (m/s?) = A2nf)*= 0.002 (2 x 3.14 x 30\~ 7¢ Weight (kg) 65.14 695 5215
The amount of applied acceleration to body was approxi- Age (year) 23.46 3.13 18-28
mately 7g (g~ 9.8 m/s’) (22). WBY' Height (cm) 28 16157 382 156170
The reassessment was repeated in both groups after 5 Weiaht (ke) ola6 551 071
minutes of rest (30). clght 1k8 i i ]
Table Il. 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 +8.72 745 £ 8.85 0.000
Mod S&R

(cm) 20.64 +4.88 2339 +4.94 0.000 20.71 £5.15 23.12 £5.02 0.000
Stiffness

(Nm/Rad) 122+25 10.46 = 2.36 0.000 11.97 +2.84 1041 +2.84 0.000

Legend: KE, Active Knee Extension; Mod S & R, Modified sit and reach; MET, Muscle Energy Technique; WBYV, Whole Body Vibration.
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Table Ill. 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
AKE 11.23 +1.63 10.64 = 1.68 0.188
(Degree)
Mod S & R 2.75 +£0.88 241 +0.85 0.147
(cm)
Stiffness 1.77 £ 0.63 1.55 + 0.6 0.197
(Nm/Rad)
‘ 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 ‘ ‘ Allocation to WBV group ‘
& post-treatment evaluation (n = 28) & 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 relative-
ly 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 toler-
ance 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 resis-
tance to stretch following by an active isometric contrac-
tion. Viscoelastic changes, which occur in the muscle and
surrounding structures as mechanical factors, and changes
in tolerance threshold toward stretching as neurophysiologi-
cal 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, endosarco-
mycal and exosarcomic non-contractile proteins, and defor-
mation caused by connective tissues around the bulk of the
muscle may be responsible for their resistance production.
The measurement of the amount of musculotendinous stiff-
ness 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 articu-
lar 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 stiff-
ness 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 inhibi-
tion reflex of the Golgi tendon (3, 32). A reason for the triple
repetition of the stiffness test was the individuals’ unfamil-
iarity with the device and test conditions leading to unneces-
sary 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 immedi-
ate positive effect of the intervention on flexibility and stiff-
ness 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 vasodi-
lation 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 effec-
tiveness 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 Cardi-
nal 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 vibra-
tional 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 flexi-
bility 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 mech-
anisms such as the inhibitory reflex of the Golgi tendon,
making viscoelastic changes, increasing the tolerance thresh-
old, and reducing the co-contraction of muscles around the
joint can immediately increase the flexibility and reduce stiff-
ness (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’
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