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1. Introduction

Shoulder impingement syndrome is the
most frequent and common cause of pain
and limitation of movement in the shoulder
area, among all the shoulder injuries [1],
which is usually resulted by sports exercises
or other activities requiring frequent use of
hand above head or in other word above the
horizontal plane [2]. Anatomical changes in
the coracoacromial arch or head of the
humerus, weakness or erosion of the rotator
cuff tendons, posterior capsule stiffness,
kinematic changes of shoulder, scapular
muscle weakness or dysfunction, and
postural changes are the causes of this
syndrome [3, 4]. The middle and lower
trapezius muscles are the most important
cause of stabilization in the scapulohumeral
and shoulder joints. Deficit in the lower and
middle trapezius muscles as the important
stabilizing muscles results in instability and
soft tissue impingement syndrome in the
shoulder [5]. Therefore, there is a need for
a training method which can increase the
activity of the lower and middle trapezius
muscles as a rehabilitation program for
people with SIS. In particular, the excessive
activity of the upper trapezius muscle (UT),
along with decreased activity of the lower
trapezius (LT) and anterior serratus (SA)
have been observed in patients with
subacromial  impingement  syndrome
(SAIS). Scapular muscle imbalance may
lead to abnormal scapular movement and
contribute to progression of impingement.
Consequently, scapular muscle training in
the treatment of SAIS-related scapular
dysfunction should stimulate LT, medial
trapezius (MT), and SA, and also reduce
activity in UT [6].

Hence, the selection of training is
important. In electromyography
biofeedback (EMG) training, electronic
equipment is used to detect certain

physiological events instantly. Subjects can
control these involuntary events by
manipulating the displayed signals.

It is believed that this technique allows
subjects to learn how to control muscle
activities, such as their roles as stabilizing
or forcing couples during movements.

Biofeedback training allows accurate
training of weakened muscles, enabling
movement control and muscle activation
methods potentially [7]. EMG biofeedback
training can identify physiological events in
real time which displays on electrical
equipment. Through this method, people
can learn how to control muscles [8].
Therefore, it was decided to investigate the
effect of electromyography biofeedback
training on the electrical activity of
trapezius muscles and range of motion in
people  with  shoulder impingement
syndrome.

2. Materials and Methods

The statistical population of present study
was people with shoulder impingement
syndrome in Tehran in age range of 20-40
years who were selected through a call to
physiotherapy and rehabilitation clinics in
Tehran. Gpower software was used to
determine the samples for test power of
0.95, effect size of 0.8 and significance
level of 0.05 [9]. Twenty people were
purposefully selected based on entry and
exit criteria and randomly divided into two
groups of experimental and control.
Initially, all samples signed a (written)
consent form for this research. The
experimental group trained using EMG
biofeedback for 8 weeks and 3 sessions per
week. The control group was employed
only for pre-test and  post-test
measurements. For data collection, surface
electromyography was used to analyze the
muscle activity patterns of the trapezius
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muscles  (upper, middle, lower). A
goniometer was applied to evaluate the
range of motion of flexion.

2.1. Tools and Measurement methods

The range of motion of shoulder flexion
was measured by using a goniometer. In
order to measure shoulder flexion, the
subject should place the arm sitting in front
of the torso. The axis of the articular
goniometer is located on the concave head
of the humerus on the lateral side of the arm.
The fixed bar of goniometer was parallel to
the upper body and the person should move
the arm to a painless range on sagittal plane.
The mobile bar of goniometer was placed
parallel to the concussion of the humerus
and then the angle of movement of the
shoulder joint was measured.

In this study, the surface
electromyography equipment (Noraxon
Inc.) was used to analyze the muscle
activity patterns of the trapezius muscles
(upper, middle, lower) and Myo-Research
software (Noraxon Inc.) was applied to
collect and process data [10].

To minimize skin resistance, the
electrode junction was shaved, the skin was
cleaned with an alcohol pad and the
electrodes was attached. The surface
electrode consisted of a pair. The distance
between the two poles was maintained at 2
cm and were connected to the muscle fibers
in the middle of each muscle in a parallel
direction. Upper trapezius electrodes were
located at 50% point of the passing line
through acromion and the spinous process
of the seventh cervical vertebra, on the most
prominent part of the muscle. The middle
trapezius electrodes were located in the
middle of the third cervical vertebra and the
middle part of the scapular root. The lower
trapezius muscle electrodes were applied on

the side of the lower middle edge of the
scapula, on the most prominent part of the
muscle, 5 cm below the root of the scapula
with a diagonal angle of 55 degrees to the
horizon [11, 12]. EMG signal sampling
speed was set to 1000 Hz, bandwidth was
20-450 Hz and notch filter set to 60 Hz. The
measured signal was processed using the
root mean square (RMS) method. To
standardize muscle activity data, reference
voluntary isometric contraction (RVIC)
was used. According to the method of
Lopes et al. (2015), the subject raised the
arm 90° of the sagittal plate while standing.
A force was applied and the measuring
device puts its hand on the elbow and kept
it for 5 sec with downward resistance [13].
However, specific motion-based
contractions produce less force than
reference voluntary isometric contractions.
Muscle activity was measured for 5 sec and
the first second was to ensure maximum
range, and the 2nd second was to avoid
fatigue due to maximal continuous muscle
contraction. Hence, the first two seconds
was ignored in the study. After a total of
three measurements, the mean value was
used and a 3-min rest was given between
each experiment. Muscle activity was used
as a percentage of contraction (RVIC%)
based on a specific movement. The upper,
middle, and lower trapezius muscles were
measured until reaching to 120° (5 sec),
keeping at 120° (5 sec), and reaching the
first position by lowering the arm again for
5 sec. Data were analyzed again except the
first and last seconds [11].

2.3. Training protocol

In this study, SPSS 26 software was used
for data analysis and Shapiro-Wilk test was
executed to confirm the normality of the
data.
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Table 1. Training protocol

Schedule and

T f . . number of
No. ype_ 0 How to run Types of contractions for each training " .be. 0
training training
sessions
For anterior
Shoulder flexion, the . . .
L . Concentric Isometric Eccentric
flexion in shoulder is bent . . .
. o contraction  contraction  contraction
standing up to 90° to the (3 sec) (6 sec) (3 sec)
position sagittal plane - 3 training
while standing. sessions per
When lying on week for 8
External lateral side, the weeks
shoulder elbow joint is Concentric Isometric Eccentric
2 rotation while bend 90° and contraction contraction contraction - Each training is
lying on the shoulder (3 sec) (6 sec) (3 sec) 3 sets of 10 sec
lateral side joint rotates
outward. - 3 minutes of
In the prone rest between
position, the each training for
lateral rotation a total of 9 min
Horizontal with the elbow
joint and then . . . - Dumbbells of 1
shoulder Concentric Isometric Eccentric
L the arm moves . . . to 3 kg only for
3 abduction in . contraction ~ contraction  contraction .
the prone upward with (3 sec) (6 sec) (3 sec) training one and
osFi)tion horizontal two
P abduction and
external

rotation of the
shoulder joint.

Covariance analysis test was applied to
compare pre-test and post-test, and
correlated t-test was used to examine
within-group changes. The minimum
significance level in the hypotheses of the
present study was considered 0.05.

3. Results
The general characteristics of the subjects
including age, height, weight and BMI are
shown in Table 2. Also, the mean and
standard deviation of measurement
variables in experimental and control
groups, before and after training, are shown
in Table 3.

In order to compare the mean scores of
post-test of trapezius muscles and flexion

range of motion, covariance analysis test
with control of pre-test effect was used
(Table 2).

As Table 3, the electrical activity of the
middle (P=0.000) and lower (P=0.016)
trapezius muscles, the flexion range of
motion (P=0.007) had significant changes,
but in the case of upper trapezius muscle
electrical activity, there is no significant
change (P=0.776).

Furthermore, according to the results of
correlated t-test to examine the intragroup
changes (Table 4), biofeedback training in
experimental group had a significant effect
on the electrical activity of the upper and
lower trapezius muscles and the abduction
range of motion (flexion).
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Table 2. Mean and standard deviation ( X +3SD ) Individual characteristics of the subjects

Group Number Age Height Weight BMI
Experimental 10 32.20+5.22 176.50+4.99 77.20+7.20 24.84+2.55
Control 10 29.60+5.73 177.2045.47 77.40+8.55 24.963.27

Table 3. Covariance analysis of comparison of trapezius muscle electrical activity and flexion range of motion in

two groups
Variable S°“T°e of Total Freedom Average squares F P
variable squares degree

Pre-test 79.94 1 79.94 10.97  0.004
Upper trapezius muscle Group 0.61 1 0.61 0.084 0.776

Error 123.88 17 7.28

Pre-test 718.01 1 718.01 275.12  0.000
Middle trapezius muscle  Group 76.76 1 76.76 27.49  0.000

Error 47.47 17 2.79

Pre-test 736.39 1 736.39 69.68  0.000
Lower trapezius muscle  Group 75.10 1 75.10 7.10 0.016

Error 179.65 17 10.56

Pre-test 295.1 1 295.1 9.30 0.000
Flexion range of motion ~ Group 914.03 1 914.03 28.82 0.000

Error 539.03 17 31.7

Table 4. Investigation of intragroup changes in trapezius muscle activity and flexion range of motion

. Mean Freedom
Variable Group difference t degree P
Unper traezius muscle Experimental 0.28 0.18 9 0.855
pper trap Control 0.65 0.68 9 0.637
. . Experimental 4.10 4.93 9 0.000
Middle trapezius muscle Control 0.09 0.09 9 0.913
Lower tranezius muscle Experimental 3.74 2.60 9 0.029
P Control 0.01 0.06 9 0.997
Flexion range  Experimental 5.31 9 0.000
of motion Control 0.44 9 0.880
4. Discussion and Conclusion change.

In current study, the effect of biofeedback
electromyography training on electrical
activity of trapezius muscles and flexion
range of motion in patients with shoulder
impingement syndrome was investigated.
The results demonstrated that the electrical
activity of the middle trapezius muscle
(P=0.000) and lower trapezius muscle
(P=0.016) and the flexion range of motion
(P=0.000) had significant changes, but the
electrical activity of the upper trapezius
muscle (P=0.776) had no significant

The findings of this study are consistent
by Son et al. (2015) [14], Huang et al.
(2013) [15], Ellen Becker and Cools (2010)
[16], and Kibler and McMullen (2003) [17].
However, it wasn’t along with Lin (2006)
[18], Ludwig and Cook (2000) [11], and
Coles et al. (2007) [19]. In addition, in SEO
research (2019), a significant difference
was observed in the upper/middle/lower
trapezius and anterior serratus muscle
activities [20].
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Figure 1. Upper trapezius muscle activity of the two

groups in pre-test and post-test

Figure 2. Middle trapezius muscle activity of the
two groups in pre-test and post-test
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Figure 3. Lower trapezius muscle activity in two

groups in pre-test and post-test

In post-hoc analysis, the lower and
upper trapezius muscle activities was
significantly higher than the upper trapezius
and anterior serratus. Moreover, there was a
significant difference in each muscle
activity of external rotation training in the
prone position. External rotation in prone
position showed the highest activation of
the lower trapezius compared to the activity
of the upper trapezius muscle. It seems to be
helpful in isolating the lower trapezius
muscle in cases where scapular elution is
observed.

Consequently, according to the findings
in previous studies, it can be found that
biofeedback training by using
electromyography is effective in balancing
muscles. The results of present study
indicated that EMG biofeedback training
increase the muscle activity of the lower

Figure 4. Flexion range of motion of the two groups
in pre-test and post-test

and middle trapezius during the flexion of
shoulder joint. In patients with shoulder
impingement syndrome, an imbalance of
muscle activity among the trapezius
muscles was appeared [21]. If the training is
performed in real time through biofeedback
when examining the trapezius muscle
activity, the excessive activity of trapezius
muscle can be prevented.

Biofeedback training increases muscle
feed forward activity and neuromuscular
coordination. As a result, both feed forward
and feedback neuromuscular control can
increase joint stability by repeatedly
stimulating the sensorimotor pathways.

The active and inactive shoulder range
of motion are increased by trapezius muscle
balance and scapular joint movement,
leading to an improvement in shoulder
impingement syndrome. The results of
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present study are consistent by Chilgar et al.
(2020) [22], Kim and Song (2020) [23],
Peteraitis and Smedes (2020) [24],
Senbursa et al. (2007) [25], Shojaoddin
(2013) [26], Wang and Cochrane (2001)
[27], and Ludewig et al. (2004) [28].
Senbursa et al. compared two treatments in
their research which included home training
and physiotherapy in people with shoulder
impingement syndrome. The findings
showed that both methods reduced pain and
increased shoulder function, but the range
of motion in flexion movement in exercise
therapy using physiotherapy modalities had
more significant improvement than exercise
therapy using home training [25].

This study compared the effects of
before and after joint flexion range of
motion and electrical activity of the
trapezius muscle in patients with shoulder
impingement  syndrome by EMG
biofeedback. After the intervention, the
amount of flexion range of motion and the
activity of the lower and middle trapezius
muscles increased significantly. As a result,
it can be concluded that the intervention
using EMG biofeedback is an effective
training to restore muscle activity among
the trapezius muscles and range of motion
in people with shoulder impingement
syndrome. After training by EMG
biofeedback, the shoulder joint range of
motion increased considerably. On the
other hand, the joint range of motion is
related to pain [11], and it seems that the
joint range of motion increases due to the
reduction of pain. Usual movement of the
shoulder joint should be accompanied by
the movement of upper arm and shoulder.
As the shoulder joint moves, the scapula
should rotate upward, inward, and
backward [29, 30], and the muscles that

function at this time are the lower and
middle trapezius [11]. Thus, without the
contribution of the scapular joint
movement, the range of passive flexion and
abduction movement of the shoulder is
reduced by at least one third. However, it
seems that even the active domain is more
affected in these two directions. As a result,
the trapezius muscle balance and increase of
scapular joint movement, in addition to
increasing the overall range of active and
inactive motion, improve the cooperation
between the scapular and glenohumeral
joints and can directly affect normal
movement of the glenohumeral joint which
leads to the improvement of the
impingement syndrome. Consequently,
scapular training using EMG biofeedback
confirmed the increase of the lower and
middle trapezius muscle activity, which is
thought affecting the increase of the
shoulder joint range of motion.

In current study, performing three types
of training using biofeedback
electromyography for patients with SIS
resulted in increase of the lower and middle
trapezius muscle activity significantly
during the flexion of the shoulder joint and
their range of motion improved.

Further clinical trials should investigate
the short and long-term effects of EMG
biofeedback in patients with shoulder
dysfunction.

Therefore, given to the effect of these
training on neuromuscular mechanisms in
the shoulder, it is recommended that
therapists use biofeedback
electromyography training for people with
shoulder impingement syndrome.
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