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INTRODUCTION

SUMMARY

Background. Knowing the effects of neuromuscular electric stimulation (NMES) and
exercise used in shoulder rehabilitation on muscle architecture, pain, muscle strength
and quality of life will enable a more accurate and effective treatment plan for patients
with rotator cuff tendinopathies (RCT). The aim of this prospective, single-blind,
randomized controlled study was to evaluate the effects of NMES combined with
conventional therapy in patients with (RCT).

Methods. 41 Patients were randomized into one of the following two intervention
groups, five days a week, for six weeks: combination of NMES, thermal agents, manual
therapy, and exercise was applied to the CT + NMES group. Combination of conser-
vative therapy (CT), thermal agents, manual therapy, and exercise therapy was applied
to the CT group. Before, after the six-week intervention follow-up with results for the
following outcome measures: pain, functional capacity, muscle strength, and muscle
architecture.

Results. There were significant decreased in VAS (p < 0.05), and improvement DASH
score (p < 0.05), WORC score (p < 0.05), external rotation (ER)/internal rotation peak
torque 60°/second), and external rotation (ER) peak torque 180°/second (p < 0.05) for
CT + NMES group in comparison to the CT group. CT + NMES group had exhibited
more increases in the muscle thickness and fascicle length values when compared to
CT group (p < 0.05).

Conclusions. The results of this study support that pre-and post-intervention CT +
NMES therapy appears to be an effective treatment in reducing pain, improving func-
tional capacity, muscle strength, and muscle architecture. NMES application can be
more useful in the treatment of patients with rotator cuff disease.
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Decreased quality of activities of daily living causes signifi-

Shoulder pain is very common and one of the most preva- ~ cant joint limitation and injuries (2, 3).

lent musculoskeletal disorders in that patients are admitted ~ Rotator cuff tendinopathies can possibly be treated success-
to hospitals (1). It is the most commonly diagnosed cause  fully with conventional treatments (4). Shoulder rehabilita-
of shoulder dysfunction being the causative factor in 74%  tion should primarily focus on the elimination of pain and
of cases of shoulder pain About two-thirds of the patients  restoration of functional movements through the dynam-
with shoulder pain are diagnosed with rotator cuff disorder.  ic stability of the rotator cuff and scapular muscles. It is
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known that conventional treatment is an effective method
preferred for rotator cuff problems. The conventional treat-
ment program is aimed to relieve rotator cuff and scapu-
lar muscle weakness, stretch the posterior capsule and other
soft tissues, and contribute positively to postural abnormali-
ties by correcting pain and dysfunction. Conventional treat-
ment also includes patient education and the use of analge-
sics, exercise, electrotherapy, functional rehabilitation, and
manual therapy (5, 6). Neuromuscular electrical stimulation
(NMES) which is a method of physical therapy can be used
for functional training or activity to replace the loss of func-
tion (7). In shoulder rehabilitation, it has been supported by
studies that NMESs are effective in improving pain, func-
tion, and activities of daily life (7, 8).

Impairment of shoulder function is also associated with
architectural changes of the muscle and tendon unit in rota-
tor cuff tendinopathies. To optimally treat rotator cuff tears,
it is necessary to accurately understand the effect of physio-
therapy on the muscle architecture and tendon pathology of
the rotator cuff (9). However, despite significant improve-
ments that can be gained by noting the changes in architec-
tural parameters resulting from tendon damage, muscle-ten-
don architecture is often overlooked (10).

The aim of this study was to evaluate the effects of NMES
with conventional treatment on pain, functional status,
isokinetic shoulder muscle rotator strength, and muscle
architectural measurements in patients with rotator cuff
tendinopathies.

METHODS

Ethics

Ethical approval was obtained from Ankara Training and
Research Hospital with the study number E-19; 28. Date of
approval: June 13, 2019.

Study design and selection criteria

This prospective, randomized, single-blind controlled study
involved 41 patients with rotator cuff tendinopathies (14
males, 27 females; age ranged, 30-60 years) who were treat-
ed at the Physical Medicine and Rehabilitation Department
of Ankara Training and Research Hospital A physiotherapist
randomly assigned half of the patients to a conventional thera-
py group (CT) and the other a conventional therapy with elec-
trical stimulation group (CT + NMES) group. The selection
was done by drawing lots. These assignments were unknown
to both the patients and the physiatrist working with them.
This study was approved by the local ethics committee of
Ankara Training and Research Hospital and written informed
consent was obtained from all of the patients.
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The inclusion criteria of the study were: the presence of
unilateral shoulder pain a diagnosis of rotator cuff tendi-
nopathies by the physiatrist, and no physiotherapy for the
shoulder in the four weeks prior to the study. Patients with
rotator cuff tendinopathies and grade 1-2 rupture were
included in the study after evaluation by ultrasonography
with dynamic tendon method (GE Logiq P5, Wisconsin,
USA) using a 12 MHz linear array probe. In addition, poten-
tial study subjects needed to have at least two of the follow-
ing positive signs: Neer, Hawkins tests or the drop arm or
pain during the abduction of the shoulder with a painful
arch. The consecutively referred patients who met these
criteria were informed about the details of the study (10).
Patients were excluded if they had any of the following: a
history of acute trauma, surgery or a fracture of the shoul-
ders, a neurological deficit in the upper extremities, an
underlying inflammatory rheumatic disease, or signs of
cervical pathologies that might be associated with shoulder
pain (11).

Evaluation protocol

All the patients were evaluated before and immediately
after rehabilitation (at 6™ week) by the same physiothera-
pist using the visual analog scale (VAS), Disabilities of the
Arm, Shoulder and Hand Questionnaire (DASH) (12), the
Western Ontario Rotator Cuff Index) (WORC) (13) as well
as isokinetic measurements of the shoulder external rotation
(ER) and internal rotation (IR) muscles.

To perform the isokinetic evaluation, we used a Biodex
System 3 Pro™ dynamometer (Biodex Medical Systems,
Shirley, NY, USA) to assess the strength of the shoulder ER
and IR muscles at constant angular velocities of 60°/second,
and 180°/second via a concentric/concentric mode, and
these tests were performed by the same physiotherapist.
Before the measurements of each patient began, the dyna-
mometer was calibrated, and it’s position was established
according to the standard measurement technique in
which the device was tilted 50° and oriented 20° and the
seat was tilted 85° and oriented 15°. The patients were then
seated on a supine position in the isokinetic dynamome-
ter chair at 80° hip flexion and 90° knee flexion with their
ankles unrestricted. Their trunks and legs were stabilized
by using straps across the chest, waist, and upper thighs.
Muscle strength was tested with the shoulder in a modi-
fied neutral position (45° abduction and 30° flexion), and
the elbow flexed at 90°. The axis of rotation was adjust-
ed with the axis alignment being longitudinal through the
head of the shaft of the humerus and the center of the
glenohumeral joint in the horizontal plane. The elbow
axis was aligned parallel to the entrance axis of the dyna-
mometer, and the neutral hand position was adjusted
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as indicated by the user’s manual. Next, the movement
range was set to a painless 90° shoulder rotation around
the modified neutral position (45° of IR and 45° of ER).
Gravity correction was also used for the testing position.
All of these isokinetic protocols were performed exactly
according to the manufacturer’s recommendations. After
explaining the procedure to the patients, they were famil-
iarized with it by performing three submaximal and five
maximal repetitions at each speed. The isokinetic evalua-
tion at 60°/second and 180°/second consisted of respec-
tively five and 10 repetitions with maximal effort. In addi-
tion, a 30-second rest period was provided between the
familiarization trials and 60 second rest period of the main
testing. We measured the muscle strength as peak torque
(PT) of ER and IR at each speed and used the highest
torque value (Newton-meters) recorded during the maxi-
mal efforts in the analysis (14).

Muscle architecture measurements were performed using
an ultrasound device. Images acquisition was performed
by the same trained sonographer with an ultrasonograph-
ic system working in B-Mode (GE Logiq P5, Wisconsin,
USA) with a 12-MHz linear array probe. Supraspinatus
muscle architectural measurements were performed in
a sitting position with the arm in adduction and internal
rotation, elbow in 90° flexion, and hand in neutral and
midline, with the patient exposed to the affected shoulder.
Muscle measurements were made before and after treat-
ment. Muscle thickness, fascicle length, and pennation
angle, and were measured three times, and the mean value
was noted. For fiber length measurement, the linear probe
was placed parallel to the plane of the fiber bundles. The
probe was positioned along the direction of the fascicles,
where the fascicular organization between the superficial
and deep aponeurosis on the muscle was better determined.
Pennation angle measurements were made by measuring
the angle between the fiber bundle and the intramuscular
tendon from the point where the fiber bundle attaches to
the intramuscular tendon. Muscle thickness was measured
from the zone where the muscle was viewed the widest,
based on the midpoint of the acromion and placing the
probe on the supraspinatus fossa in a transverse position.
Figures 1 and 2 show ultrasonographic measurements of
muscle architecture.

Intervention protocols

Patients in CT group received 18 sessions distributed over
six weeks (three days per week) of conventional treatment,
while the CT + NMES group patients received NMES appli-
cation with conventional treatment. Conventional treat-
ments and exercise programs were given to both groups

(table I) (15).
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Figure 1. Ultrasonographic imaging of suprapinatus muscle
demonstrating the measurement of the pennate angle and
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Figure 2. Ultrasonographic imaging of suprapinatus muscle
demonstrating the measurement of the muscle thickness.

Electrical stimulation was applied to the CT + ES group
in addition to conventional treatment practices. Electri-
cal stimulation, russian current was selected, and a total
of 20 minutes were applied, using the “ITO Physiotherapy
& Rehabilitation EU-940” model device, at a frequency of
2500 Hz, with a transition time of 400 ps, 10 ms contrac-
tion, and 50 ms rest (15). The patients were asked to
perform the movement simultaneously with the contraction
of the electrical stimulation, to keep the muscle contract-
ed throughout the contraction, and to rest the muscle
by ending the movement at the start of the resting peri-
od. The intensity of the NMES used in the treatment was
the maximum tolerated by each patient. The shoulder was
applied in adduction and internal rotation, the elbow was
in 90° flexion, and the hand was in the neutral and midline
lying position and two self-adhesive electrodes (Valotrude

Muscles, Ligaments and Tendons Journal 2022;12 (4)
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Table I. Conventional treatment and exercise program in rotator cuff patients.

1 week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks
Coldpack Hotpack (20 dk) Hotpack (20 dk) Hotpack (20 dk) Hotpack (20 dk) Hotpack (20 dk)
(10 dk)

Transfers friction Stretching exercises

massage (10dk)

Stretching exercises

Stretching exercises Stretching exercises Stretching exercises

Inferior and
posterior glide

Inferior and
posterior glide

Stretching exercises
upper trapezius and

Inferior ve
posterior glide

Inferior ve
posterior glide

Inferior and
posterior glide

capsular stretching scapula mobilization  scapula scapula
mobilization mobilization
Isometric exercises Isometric + scapular  Scapular Scapular Scapular Scapular

stabilization thera
band exercises

stabilization exercises

stabilization thera
band exercises

stabilization thera
band exercises

stabilization thera
band exercises

self-adhesive electrode; 5 x 5 ¢cm) were used, NMES was
applied to supraspinatus muscles for 20minutes/session,
once daily, five days a week, for three weeks.

Statistical analysis

Statistical analysis was performed using SPSS Statistics
for Windows version 17.0 software program (SPSS Inc.,
Chicago, IL, USA). For each continuous variable, distribu-
tion normality was checked using the Shapiro-Wilk tests.
Chi-square tests were used to quantify possible differenc-
es in all outcome measures between groups in the study.
Results were mentioned as mean value + standard deviation
(SD). P-values less than 0.05 were considered as statistically
significant.

RESULTS

A total of 41 patients with rotator cuff pathology were
enrolled in this study. The mean age of the CT group and

Table Il. Demographic characteristics of the study groups.

CT + NMES were 52.00 + 6.69 and 45.20 + 9.66 years,
respectively. There is a statistically significant difference
between the groups in terms of mean age (table II). In
addition, the pre-intervention values of the VAS, DASH,
WORC, the isokinetic measurements, and muscle archi-
tecture were similar for both groups. There were statisti-
cally significant improved functional capacity, pain, muscle
strength, and changes in the muscle architecture of the two
groups after treatment (p < 0.05; tables III, V), (pennation
angle, except, p > 0.05; table IV). However, there were
statistically significant differences in functional capacity,
pain, muscle strength, and changes in the muscle archi-
tecture in CT + NMES group compared to the CT group
after the treatment ( pennation angle, except, (p < 0.05;
tables ITI-V). According to do effect size it was found that
the decrease in pain level in the CT + NMES group, and
the increase in WORC scores, muscle thickness, ER/IR
180°/sec were greater.

Variables CT CT + NMES
N =21 (%) N =20 (%)
mean (SD) mean (SD)

Gender Man 3 (143%) 11 (55%)

Woman 18 (85.7%) 9 (45%)

Age (years) 52.00 + 6.69 4520 = 9.66

BMI (kg/cm?) 29.12+3.24 28.48 +£4.28

CT: conventional therapy; NMES: neuromuscular electrical stimulation; BMI: Body Weight Index; SD: standard deviation. *p < 0.05.

Muscles, Ligaments and Tendons Journal 2022;12 (4)

525



Effects of Neuromuscular Electric Stimulation on Rotator Cuff Tendinopathies

Table Ill. Clinical measurements before and after treatment.

Pre-test P2 between Post-test P within group  P¢between Effect size
median (SD) groups median (SD) groups
VAS CT 7.19+£2.14 0.433 0.81 +1.03 0.805 0.00 0.24
CT + NMES 6.70 = 1.81 0.90 +£1.29 0.00 0.86
DASH CT 55.07 £ 18.89 0.823 1748 £11.95 0.941 0.00 0.07
CT + NMES 56.46 £ 20.37 17.79 = 14.17 0.00 0.20
WORC CT 50.62 +27.30 0.433 19.71 +£22.37 0.570 0.00 0.52
score CT + NMES 38.18 £22.16 16.33 + 1433 0.00 1.79
total score
Physical CT 44.87 + 15.33 0.491 19.38 £ 9.97 0.920 0.00 0.21
symptoms  CT + NMES 41.45 + 16.16 19.70 £ 10.28 0.00 031
Sportsand CT 29.29 +11.03 0.555 11.19+ 656  0.265 0.00 0.18
recreation CT + NMES 3130 +10.59 13.90 + 8.69 0.00 0.53
Work CT 30.24 + 10.49 0362 8.14 £7.78 0.083 0.00 0.18
CT + NMES 33.05 +8.94 12.40 +7.53 0.00 0.53
Lifestyle CT 28.67 +£7.00 0.090 7.57 + 642 0.030 0.00 0.62
CT + NMES 3435+ 12.76 13.05 £ 8.99 0.00 0.70
Emotions CT 26.71 £7.97 0.694 6.00 +5.37 0.038 0.00 0.12
CT + NMES 2550 +11.42 10.00 = 6.55 0.00 0.60

SD: standard deviation; *p < 0.05 between two groups for values (independent sample t-test) and within the group after 6 weeks (dependent sample t-test);
P2 P-values of comparison of baseline values between groups; P*; P-value of the comparison of the pre-test and 6 weeks later within the group (chi-square
test); P<: P-values of the comparison of change between groups; CT: conventional therapy group; CT + NMES: conventional therapy with neuromuscular
electrical stimulation group.

Table IV. Ultrasonographic parameters regarding muscle architecture before and after treatment.

Pre-test P: Post-test BE e Effect size
median (SD) between groups median (SD) within group between groups
Muscle CT 18.12 +2.59 0.000 2233 +£3.05 0.000 0.000 1.41
thickness CT +ES 19.81 +2.84 2449 +£3.19 1.54
Fascicle length CT 46.26 £4.76 0.777 4941 +£3.85 0.665 0.000 0.08
CT+ES 4673 +5.85 50.19 £ 6.97 0.10
Pennation angle CT 1758 £2.26 0.210 1828 £+2.46  0.089 0.199 0.39
CT + ES 18.56 + 2.65 1991 +3.45 0.54

SD: standard deviation; *p < 0.05 between two groups for values (independent sample t-test) and within the group after 6 weeks (dependent sample
t-test); P P-values of comparison of baseline values between groups; P': P-value of the comparison of the pre-test and 6 weeks later within the group
(chi-square test); P<: P-values of the comparison of change between groups; CT: conventional therapy group; CT + NMES: conventional therapy with
neuromuscular electrical stimulation group.

526 Muscles, Ligaments and Tendons Journal 2022;12 (4)



E. M. Ersever, N. GuzeL, H. Genc, C. MuLkoGLu

Table V. Isokinetic measurements before and after treatment.

Pre-test B Post-test P* Pc between groups  Effect size
median (SD between median (SD)  within group
groups
External CT 825+5.13 16.20 £5.58 0.64
rotation 60 °/sn CT + NMES 1237 +7.42 0.045 19.77 £ 9.96 0.162 0.000 0.44
Internal CT 11.12 £5.06 0.037 19.98 +10.09  0.160 0.000 0.47
rotation 60°/sn CT + NMES 1537 +7.20 24.74 + 11.17 0.68
External/Intern
al rotation 60°/sn  CT 1.04 £0.77  0.733 0.94 +0.44 0314 0.487 0.10
CT + NMES 0.97 £0.49 0.83 +0.24 031

External CT 11.93 +4.01 19.41 £ 6.87 0.57
rotation 180 CT + NMES 14.73 +5.57 0.071 2159 +£9.44 0.402 0.000 0.84
°/sn
Internal CT 17.17 £ 6.78 24.00 £ 10.34 0.03
rotation 180°/sn CT + NMES 16.95 +6.85 0.919 27.02+£12.10 0396 0.003 237
External/Intern CT 0.74 £0.20 0.86 = 0.27 0.07
al rotation 180°/sn CT + NMES 0.89 +0.20  0.021 0.84 +0.26 0.836 0.077 1.75

SD: standard deviation; *p < 0.05 between two groups for values (independent sample t-test) and within the group after 6 weeks (dependent sample t-test);
P2 P-values of comparison of baseline values between groups; P*: P-value of the comparison of the pre-test and 6 weeks later within the group (chi-square
test); P<: P-values of the comparison of change between groups; CT: conventional therapy group; CT + NMES: conventional therapy with neuromuscular

electrical stimulation group.

DISCUSSION

Many elements, such as poor posture, weakness, and
dysfunction of the rotator cuff, degeneration and inflamma-
tion of tendons and bursae, capsular tightness, and gleno-
humeral instability, often cause rotator cuff tendinopathies.
For this reason, the main goals in shoulder rehabilitation are:
reducing pain, increasing joint mobility, range of motion,
and muscle strength, and improving functionality (16, 17).
In our study, the physiotherapy interventions led to improve-
ments in the results of the VAS, DASH, WORC, the muscle
strength of the shoulder, and muscle architectural measure-
ments in both the CT and CT + NMES groups. Furthermore,
the results of our study suggest that conventional manage-
ment of rotator cuff tendinopathies can reduce the patient’s
pain, and increase their functionality, and pleasure levels.

NMES is a common physical therapy method used on
skeletal muscle to accelerate muscle adaptations, protect
damaged muscle, or increase muscle functional capacity
(18). Reinold ez al. reported a benefit of combining isometric
training with NMES as shoulder external rotation strength
was increased about 22% after shoulder rotator cuff repair
(19). Smith et al. determined that the application of NMES
methods to reduce pain, edema, and muscle spasm, increase
range of motion and strength, and reeducation of muscles
in conditions such as impingement, rotator cuff tendinop-
athies shoulder instability, adhesive capsulitis, and scapular

Muscles, Ligaments and Tendons Journal 2022;12 (4)

pathology showed effective results (20). In our study, ther-
mal agents, exercise, and NMES applications were similar
to the literature, reducing pain in both groups and increas-
ing muscle strength and shoulder functionality.

Hara et al. demonstrated that as one of these combination
techniques, a hybrid training system (HTS) can increase
both muscle strength and mass. In addition, it is considered
to be a characteristic of HTS that electrically stimulated
eccentric muscle contractions result in increased muscle
strength and mass in spite of relatively low exercise inten-
sity (21). Furthermore, Imoto ez al. suggested that NMES
combined with rehabilitation for shoulder injuries is effec-
tive for improving pain, function, and activities of daily
living. NMES could contribute to increasing of the muscle
strength changes in muscle fiber composition and muscle
thickness structure (22).

It is important to fully understand the changes in the supra-
spinatus muscle that an important dynamic stabilizer of the
glenohumeral joint and most often associated with rotator
cuff pathology. Therefore, our study focused on the muscle
strength and architectural parameters of this muscle. Melo
et al. demonstrated that NMES training increased supra-
spinatus thickness and fascicle length and improved func-
tional status in patients with rotator cuff tendinopathies
(23). Hayashi et al. found that NMES was significant-
ly increased in the muscle thickness and pennation angle
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values compared to exercise therapy group in patients with
rotator cuff tendinopathies (24).

The results of above studies confirm that NMES applica-
tion is an effective strategy for improving the muscle atro-
phy associated with rotator cuff tendinopathies. As far as
we know, there is no research that compared neuromuscular
electrical stimulation treatment and conservation treatment
in the rotator cuff in the literature. We have determined that
NMES can be effective in improving pain functional capac-
ity and muscle strength in this study in patients with rota-
tor cuff tendinopathies. Furthermore, we found statistically
significant differences in muscle architecture in the NMES
application group according to CT the group.

Pennation angles of the supraspinatus were also studied.
Kim et al. also proposed that the anterior and posterior
parts of the muscle have nearly the same fiber lengths, at 6.7
cm and antero-medial part’s pennation angles were found as
amean 11.8° and the postero-medial part 12.4° (25). In our
study, the pre-treatment values of the supraspinatus muscle
in patients with rotator cuff tendinopathies were 17.5° in
the CT group and 18.5° in the CT + NMES group; after
treatment, it was found to be 18.2° in the CT group and
19.9° in the CT + NMES group. These results are close to
the average values in the literature.

The positive impact of NMES application on muscles was
shown with ultrasonographic measurement in our study.
However, further long-term and larger sample size studies
are needed to confirm the effect of NMES application on
change of muscle architecture.

Isokinetic assessment of the rotator cuff is a common and
reliable component of shoulder muscle examinations. In
this study, we evaluated the isokinetic muscle strength based
on the concentric/concentric protocol in the seated position
with the retracted shoulder in a modified neutral position.
Other results of this study were that VAS, DASH, and
WORC scores improved significantly in both groups, but
these results were statistically more significant in the CT +
NMES group.

To the best of our knowledge, this is the first study to eval-
uate the effect of conservative therapy, exercise, and NMES
on the pain, function, muscle strength, and architectural
parameters of patients with rotator cuff tendinopathies. Our
findings demonstrate that NMES therapy, when combined
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