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Background: This study aimed to evaluate the effect of physiotherapy to correct rounded shoulder posture (RSP) in 30 pa-
tients during the COVID-19 pandemic in South Korea using telerehabilitation exercise programs to improve
posture and physical function and reduce pain, with evaluation of patient satisfaction.

Material/Methods: Thirty participants with RSP participated in this study for 4 weeks from May to June 2021. Participants were
randomly divided into an experimental group (EG, n=15) or control group (CG, n=15). Both groups performed
shrug exercise 3 days a week for 4 weeks, while the EG performed self-upper-extremity neural mobilization
(SUENM) for 7 more minutes. The pectoralis minor length index for posture, neck range of motion (ROM) and
scapular muscle activity for physical function, pressure pain threshold (PPT) for pain, and questionnaires for
telerehabilitation satisfaction were assessed. All exercises were conducted at home using videoconferencing.

Results: The EG significantly improved PPT and ROM of extension and right-side bending of the neck compared to the
CG (P<0.05) and it significantly reduced the muscle activity of the upper trapezius at 60°, 90°, and 120° shoul-
der flexion compared to the CG (P<0.05). In the satisfaction survey, participants cited the freedom of time and
space as an advantage of telerehabilitation (100%) and reported difficulty in performing correct action as a
disadvantage (69.2%).

Conclusions: These findings support those from recent studies on real-time telerehabilitation physiotherapy exercise pro-
grams. However, long-term controlled studies are required to develop evidence-based protocols for implement-
ing and evaluating clinical outcomes of remote physiotherapy programs.

Keywords: COVID-19 ¢ Electromyography ¢ Physical Distancing ¢ Posture ¢ Telerehabilitation

Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/938926

%4313 EES MEIS %48

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
2938926-1 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




CLINICAL RESEARCH

Background

After the World Health Organization (WHO) officially declared
COVID-19 a global pandemic, the need for social distancing to
prevent the spread of the virus necessitated the provision of
remote services across all fields, including society, the econ-
omy, education, and medical care [1]. In particular, because
COVID-19 is transmitted by droplets and contact in a short
period of time, physical therapists who treat patients in close
contact are more likely to be contagious. For this reason, the
need for telerehabilitation instead of general physical therapy
methods has emerged during the pandemic [2,3].

According to previous studies on telerehabilitation, active par-
ticipation in appropriate telerehabilitation exercise program re-
portedly facilitated obesity prevention and provided back pain
relief in women after childbirth [4], and improved the range of
motion and balance in knee arthritis patients [5]. In addition,
when telerehabilitation was applied to people with COVID-19
and post-COVID-19 conditions, the effect of improving physi-
cal function and reducing dyspnea was confirmed [6].

Although social distancing is effective for preventing infec-
tious diseases, the frequency of complaints of musculoskele-
tal problems is increasing due to a decrease in physical activity
resulting from the increase in remote work and limited use of
indoor sports facilities [7,8]. In particular, prolonged computer
use causes the head to assume a posture in which it is main-
tained in a relatively more frontal plane than the body center-
line, leading to an increase in cervical lordosis and kyphosis
in the thoracic spine, resulting in rounded shoulder posture
(RSP), leading to neck and shoulder diseases [9].

Existing treatment methods for RSP include shrug exercise,
push-up plus exercise, and THEREBAND™ exercise. These ex-
isting treatment methods tend to focus on the muscular prob-
lem, especially strengthening the upward rotation muscles of
the scapula [10-12]. According to Sheikhhoseini et al [13], ex-
ercise therapy to improve forward-head posture significant-
ly improved craniovertebral angle and moderately improved
neck pain in forward-head posture participants. However, a re-
cent study reported a limit to the recovery of upper-extremity
function by only performing exercises that strengthen a sin-
gle muscle as a treatment method for rounded shoulder pos-
ture [14]. When upper-extremity movement occurs, the nerve
tissue undergoes changes, such as bending, rotation, elonga-
tion, and shortening, enabling natural motion with the muscles
[15]. However, forms of body misalignment, such as a rounded
shoulder, compress the nerve tissue, lower the physiological
response of the nerves, and cause abnormal movement of the
upper extremities, which can lead to neck and shoulder pain,
limited range of motion, and decreased muscle strength [16].
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Therefore, a neurological approach is needed to restore up-
per-extremity function in RSP [14].

Upper-extremity neural mobilization is a therapeutic tech-
nique that directly tenses and glides nerve tissue through
arm movement, thereby reducing the pressure on the nerve
tissue from the surrounding tissue and promoting the phys-
iological response of the nerves [17,18]. A previous study re-
ported that upper-extremity nerve mobilization was effective
in alleviating neck and shoulder pain by reducing the mecha-
no-sensitivity of nerves when applied to patients with chron-
ic neck and shoulder pain [17,19,20]. Although upper-extrem-
ity nerve mobilization effectively alleviates neck and shoulder
pain and movement of the upper extremities, most studies to
date have been conducted on the neck, lower back, and carpal
tunnel syndrome [17], and studies on RSP are scarce.

The World Confederation of Physical Therapy has emphasized the
importance of telerehabilitation to improve safety and access to
rehabilitation in the context of COVID-19 [21]. Therefore, this study
aimed to evaluate the effect of physiotherapy to correct RSP in
30 patients during the COVID-19 pandemic in South Korea using
telerehabilitation exercise programs to improve posture, physi-
cal function, and reduce pain, with evaluation of patient satisfac-
tion. Self-upper-extremity neural mobilization (SUENM) was im-
plemented as a telerehabilitation exercise program in this study.

Material and Methods

Subjects

The research was conducted with the approval of the Research
Ethics Committee of SahmYook University (approval number:
2-1040781-A-N-012021016HR). It was conducted in accor-
dance with the Declaration of Helsinki and its later amend-
ments. Before the experiment, the subjects who participated
in the study were fully informed about the purpose, process,
and expected effects of the investigation, and written consent
was obtained from all participants.

In this study, subjects with rounded shoulders were selected
through a pre-screening test among adult men and women in their
20s and 30s attending SahmYook University in Seoul. The criteria
for RSP were a vertical distance of 2.5 cm or more between the
back of the acromion and the table in the supine position [22].

The inclusion criteria for the study were subjects with rounded
shoulders, who had not received any treatment for neck and
shoulder pain within the previous 6 weeks, had access to equip-
ment and Internet connection for performing telerehabilitation
exercise programs, and had physical and cognitive abilities to
exercise independently through the provided remote program.
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Figure 1. (A) Screenshot of educational video for self-upper-extremity neural mobilization. 1. Starting position; 2. End positton;
3. Wrong position. * Black arrows indicate the stretching direction of arm. (B) Screenshot of educational video for shrug
exercise. 1. Starting position; 2. End positton; 3. Wrong position.

The exclusion criteria for the study subjects were as follows: radi-
ating pain in the arm or neurological symptoms in the past, neck
rotation less than 20 degrees [23], fractures and dislocations
of the shoulder joint [24], and history of shoulder surgery [25].

To calculate the sample size needed for this study, an effect
size of 1.07 was determined through the average difference in
the ROM of lateral flexion of the neck between the EG and the
CG in the study on the effect of upper-extremity nerve mobi-
lization on the neck ROM [26]. To satisfy this effect, after set-
ting the significance level to 0.05 and the power to 0.80, the
G*Power 3.1 [27] program resulted in 24 results, and a drop-
out rate of 20% was considered. Therefore, 30 people were
selected as the number of subjects.

Procedure

This study used online promotional posts to recruit partici-
pants. Thirty subjects who satisfied the inclusion criteria and
completed the baseline assessments were randomly selected
using a lottery method and classified into one of the 2 groups:

an EG (n=15), or a CG (n=15). All assessments were conducted
by 2 physiotherapists who were blinded. Before the experiment,
the researcher directly educated both groups on the telereha-
bilitation exercise program. Each group was allowed to partic-
ipate in the exercise program by up to 6 people at a set time.
During the experiment, 1 subject in the EG and 3 subjects in
the CG dropped out because they did not complete the exer-
cise session, so 14 people in the EG and 12 people in the CG
were analyzed in the post-test.

During the exercise, the researcher performed the exercise in
real time with the participants, and a supplementary video was
produced to inform the participants of the exact motion and
exercise time and number. This video was divided into training
and educational videos. The educational video was produced
by composing the correct exercise method and the wrong ex-
ercise method to ensure that the participants perform the cor-
rect exercise (Figure 1A, 1B). The training video was produced
to inform the participants not only of the exact movements
but also of the time and number of times (Figure 2A, 2B).
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Figure 2. (A) Screenshot of training video for self-upper-extremity neural mobilization. 1. The number in the circle shows exercise time;
2. The number in the circle shows number of exercise repetitions. (B) Screenshot of educational video for shrug exercise.
1. The number in the circle shows exercise time; 2. The number in the circle shows number of exercise repetitions.

| Assessed for eligibility (N=30) |

Excluded (n=0)

« Not meeting inclusion criteria (n=0)
« Declined to participate (n=0)

_‘ Randomized (N=30) }_

Allocation

Experimental Group (n=15)
« Self nerve mibilization + shrug excercise
« 14 min/day, 3 times/week, 4 weeks

Lost to follow-up (n=T1)
Discontinued intervention

Analysis (n=14)

Control Group (n=15)
« Shrug excercise
- 7 min/day, 3 times/week, 4 weeks

4 weeks training

Lost to follow-up (n=3)
Discontinued intervention

Analysis (n=12)

Figure 3. Research procedure.

After undergoing the 4-week telerehabilitation exercise pro-
gram, evaluation parameters of the subject, such as PPT for
pain, ROM of the neck and muscle activity for physical func-
tion, and pectoralis minor muscle length index for posture were
measured, and satisfaction with the telerehabilitation exercise
program was assessed with the questionnaires.

All groups performed the telerehabilitation exercise program 3
times a week for 4 weeks. While the EG performed the shrug
exercise and SUENM for 14 min, the CG performed the shrug
exercise for 7 min. The period of participation in the experi-
ment was from May to June 2021, when South Korea’s social
distancing was in the second stage (Figure 3).

Self-Upper-Extremity Nerve Mobilization (SUENM)

After subjects spread their legs shoulder-width apart and the
arm designated as a rounded shoulder was rotated 90° exter-
nally and abducted by 60° along the coronal plane. After that,
the elbow was straightened, and the wrist extended while de-
pressing the shoulder and bending the neck to the opposite
side until nerve tension was felt [28]. Subjects performed 3 sets
of 6 repetitions of 10 s each, resting for 10 s between each ex-
ercise and 30 s between each set, for a total of 7 min [29,30].
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Shrug Exercise

The subject spread their legs shoulder-width apart and then
externally rotated both arms at 90° and 30° abduction along
the coronal plane. Then, they would shrug their shoulders as
close as possible to their ears. The subjects performed 3 sets
of 12 repetitions lasting 5 s each, resting for 5 s between each
exercise and 30 s between each set, for a total of 7 min [11].

Measurements
Pectoralis Minor Length Index

Digital calipers (Winwin Industrial Co., Fuzhou, China) were used
to measure the length of the pectoralis minor muscle, which
causes RSP. The subjects laid both arms in a neutral position
and neatly next to the torso in a supine position during the
measurement. Then, the vertical distance between the back
side of the subject’s acromion and the table was measured
3 times and the higher average value for both shoulders was
used for analysis [12]. If the value was 2.5 cm or more, round-
ed shoulder was diagnosed [22]. The arm with the higher in-
dex among the left and right arms was defined as the round-
ed shoulder arm, and SUENM was performed on the arm.

Range of Motion of the Neck

To measure the neck’s ROM, a cervical range of motion in-
strument (Performance Attainment Associates, Inc., St. Paul,
MN, USA) was used. The subject sat in a chair with the pel-
vis in a neutral position during the measurement, and the hip
and knee joints flexed by 90°. After wearing the cervical ROM
instrument on the head, the measurer asked the subject to
perform active movements comprising neck flexion, exten-
sion, right rotation, left rotation, right lateral flexion, and left
lateral flexion in sequence [31]. The measurements were per-
formed 3 times in each direction, and the average value was
used for analysis.

Pressure Pain Threshold

A digital pressure algometer (JTECH Medical Industries, Inc.,
Midvale, UT, USA) with a catheter diameter of 1 cm? was used
to measure the PPT of the upper trapezius. The measurer placed
the tip of the algometer vertically in the middle of the upper
trapezius between the 7t cervical vertebra and the acromi-
on and increased the pressure at a constant rate of 1 N/cm?2
Subjects were instructed to say ‘it hurts’ when they felt the
pressure as pain and then were measured. Measurement was
performed 3 times on the arm designated to be with a round-
ed shoulder, resting for 30 s between each measurement, and
the average value was used [32].

CLINICAL RESEARCH

Muscle Activity

Surface electromyography (EMG) (Noraxon, Inc., Scottsdale,
Arizona, USA) was used to measure the muscle activity. As
the muscles to be measured, we selected the levator scapula,
which is a downward rotator of the scapula, and upper tra-
pezius, serratus anterior, and lower trapezius muscles, which
are upward rotator muscles [11].

For normalization of EMG data, each muscle’s maximal volun-
tary isometric contraction (MVIC) was measured using a man-
ual muscle test. When measuring MVIC, the subject was en-
couraged to contract the maximum isometric contraction for
5 s, and the measurement was repeated 3 times. There was
a break of 30 s between each measurement, and 1 min be-
tween measurements of each muscle. For each measurement,
the average value for 3 s, excluding the first and last seconds,
was used. The measurement procedure was as follows [33]:

The activity of the scapula muscle selected as a rounded shoul-
der was measured when the shoulder was flexed at 60°, 90°,
and 120° in the scapular plane. To reduce measurement error,
the examiner used a goniometer to check the subject’s scapu-
lar plane and induced shoulder flexion angles of 60°, 90°, and
120° using a horizontal bar. During measurement, the subjects
spread their legs shoulder-width apart, flexed their shoulders
along the scapula until their second finger touched the hori-
zontal bar, and held it for 5 s. Measurements were performed
3 times at each angle, and the average value for 3 s exclud-
ing the first and last seconds was used [23].

The collected data were analyzed using electromyography soft-
ware (MyoResearch Master 1.08 XP). The sampling rate of the
measured data was set to 2000 Hz, and the frequency band-
width was set to 80-250 Hz [34]. After the measured EMG
signal of the muscle was rectified, a value close to the actual
output value of the EMG signal was processed using the root-
mean-square method. The signal collected from each muscle
was normalized as a percentage of the MVIC value.

Satisfaction with the Telerehabilitation Exercise Program

A visual analog scale and multiple-choice narrative questions
were used to survey the satisfaction of the telerehabilitation
exercise program. Satisfaction with the telerehabilitation exer-
cise program, image clarity, and sound quality was measured
using the visual analog scale, and the equipment used when
using the remote program was investigated using multiple-
choice items. The pros and cons of the telerehabilitation exer-
cise program were analyzed using descriptive questions [35].
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Table 1. General characteristic of subjects.

Experimental group(n=14) Control group (n=12) x*/t(p)

Sex (M/F) 717 7/5 0.181** (0.671)
CAgefyeay s64s318% 2600302 0292° (0772)
Height cm) 16686902 16933767 0747 (0462
CWeightk) s186s1171 692511834 1243 (022
 Body mass index BM) 206287 23955514 1178 (0250)
M — male; F — female. * Meanststandard deviation; ** Chi-square test; * independent t-test.

Table 2. Changes of pectoralis minor length index according to intervention.
Experimental group (n=14) Control group (n=12) ()]
Pre 48.89+5.32* 51.20410.02
ot 38.13:446  a4400:498
PIMILE (M) oo
Pre-post 10.7646.10 7.20£10.96 1.043 (0.307)
R 659 (00009 227 0044y

PMLI — pectoralis minor length index. * Means#standard deviation. # p<0.05.

Statistical Analysis

This study was performed using SPSS version 25.0 statisti-
cal software (IBM, Chicago, IL, USA). Except for the electro-
myography data, all data were tested for normality using the
Shapiro-Wilk test, and it was confirmed that they were nor-
mally distributed. The EMG data used for the analysis satisfied
the assumption of a normal distribution, with skewness -0.524
to 1.851 and kurtosis -1.815 to 4.597 [36]. The chi-square test
and independent sample t test were performed to confirm the
homogeneity between the groups. A paired-sample t test was
used to compare the difference between the before and af-
ter effects according to the intervention method within each
group, and an independent sample t test was performed to
compare the differences between groups. The statistical sig-
nificance level for all data was set at P<0.05.

Results

The present study included 30 subjects. The demographic
characteristics of the subjects are presented in Table 1. No
significant difference was found in general characteristics of
participants.

Pectoralis Minor Length Index
In the pectoralis minor muscle length index, the EG significantly

decreased from 48.89 mm before the intervention to 38.13 mm
after the intervention (P<0.05), and the CG also significantly
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decreased from 51.20 mm before the intervention to 44.00
mm after the intervention (P<0.05) (Table 2).

Range of Motion of Neck

Changes in flexion, bilateral rotation, and left lateral flexion of
the neck were not significant in the before and after changes
in the ROM of the neck according to the intervention method.
However, the CG did not show any significant changes in ex-
tension and right lateral flexion, whereas the EG showed a sig-
nificant increase after the intervention compared with before
the intervention (P<0.05). Also, there was a significant differ-
ence in the amount of change before and after the interven-
tion between the groups (P<0.05) (Table 3).

Pressure Pain Threshold

In the pressure pain threshold, the EG significantly increased
from 24.75 before the intervention to 29.35 after the interven-
tion, and there was no significant difference in the CG. There
was a significant difference in the amount of change before
and after the intervention (P<0.05), and the EG had a signifi-
cantly increased PPT compared to the CG (P<0.05) (Table 4).

Changes of Muscle activity

The change in muscle activity according to the angle of the
serratus anterior and lower trapezius muscles did not differ
between the EG and the CG before and after the experiment
according to the intervention method. The changes in muscle
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Table 3. Changes of neck range of motion according to intervention.

ROM (°) Experimental group (n=14) Control group (n=12)
Pre 59.43+10.74* 59.004£6.93
Post 61.74+6.84 57.08+9.27
Flexion e R - -~~~ -~~~ —<---=n-oo e mooo oo oo R
Pre-post -2.3149.37 1.92+8.55 -1.193 (0.245)
t(p) -0.922 (0.373) 0.776 (0.454)
Pre 70.36+15.95 70.67+13.51
Post 77.69+10.39 70.53+12.46
Extension 0 oo -+~~~ -~~~ =~ oo oo
Pre-post -7.33+£7.99 0.14+3.14 -3.307 (0.006%)
t(p) -3.434 (0.004) 0.153 (0.881)
Pre 62.52+10.82 67.94+8.66
Post 63.76+12.19 63.14+14.13
Right rotation
Pre-post -1.24+10.79 4.80+11.46 -1.384 (0.179)
t(p) -0.429 (0.675) 1.453 (0.174)
Pre 66.81+7.66 65.14+8.77
Post 70.48+10.55 67.3149.67
Left rotation oo ooooooiooosiooiiiooioooioiooiooooo

Left lateral bending oo

t(p) -0.739 (0.473) 1.033 (0.324)

ROM - range of motion. * Meanszstandard deviation. # p<0.05.

Table 4. Change of pressure pain threshold according to intervention.

Experimental group (n=14) Control group (n=12)
Pre 24.75+9.10* 27.70+7.18
Post 29.35+9.45 25.1146.33
PP (N CM?) oo R -~~~ ~~~~~=====< <= nee oo
Pre-Post -4.60+4.41 2.5946.59 -3.313 (0.003%)
t(p) -3.901 (0.002%) 1.363 (0.200)

PPT — pressure pain threshold. * Means+standard deviation. # p<0.05.

activity of the levator scapula and upper trapezius in the EG Survey on Satisfaction of Telerehabilitation Exercise

showed significant differences before and after the experiment Program

at 60°, 90°, and 120° (P<0.05), and there was no significant

difference in the CG. A significant difference was also shown The satisfaction of the telerehabilitation exercise program is

in the comparison between groups before and after the ex- shown in Table 6. The items of time-saving, audio clarity of the

periment (P<0.05) (Table 5). video, and communication with supervisor showed the highest
grade (>9/10), the image clarity of the video, exercise content,

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
9389 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Lee Y. and Jung K.B.:

C LI N I CA L R ES EA RC H Is telerehabilitation exercise effective for improving rounded shoulder?

© Med Sci Monit, 2022; 28: €938926

Table 5. Change in muscle activity.

Variables Experimental group (n=14) Control Group (n=12) t(p)
60° Shoulder flexion (% MVIC)

L e T e

Pre 20.65+9.61a 24.48+11.88
CPost 1613:844 18536907  -0698 (0492
- CPrepost 452651 595989
) 2594(0022% 21490058
"""""""""""""""""""" Pe 1465679 1358780
o Pt 10s3AS0  1saseds 218600399
Pre-post 4.12+5.00 -4.67+11.23
R 3086 (00099  -l442(0177)
"""""""""""""""""""" Pe 079040  056:020
s Pt o7ssea4  1ow0e2 13090203
Pre-post 0.01+0.42 -0.45+0.54
)  0059(0954)  -28s1(016%

% MVIC — % Maximal Voluntary Isometric Contraction; LS — levator scapulae; UT — upper trapezius.
* Meanzstandard deviation. # p<0.05
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Table 6. Satisfaction with telerehabilitation program.

CLINICAL RESEARCH

VAS (mm) Questions Score
1 What was the effect of exercise on neck pain? 76.52+17.15*
2 How was the content of the exercise? 85.14+13.54
3 If given the opportunity, would you recommend this exercise to a friend? 83.39+13.54
4 If you are prescribed non-face-to-face exercise as a prescription for physical therapy, are 84.23416.9

you willing to participate next time? T

5 How was the clarity of the video? 89.98+13.01
6 How was the video sound quality? 91.68+10.01
7 Did tele-rehab exercise save you time compared to face-to-face exercise? 94.74+7.14
8 Did you communicate well with your supervisor during tele-rehab exercise? 90.74+13.44
9 Did you start exercising on your own when you have neck pain after tele-rehabilitation 67.97422.06

program?

VAS - visual analogue scale. * Means+standard deviation.

Table 7. Status of devices used when participating in telerehabilitation program.

Devices
Smartphone
Video
Sound
Voice

Number of people Ratio (%)

intention to re-engage, exercise recommendation, and exer-
cise effect items showed high ratings (>7/10) and showed the
lowest grade (>6/10) in the self-exercise category.

Status of Devices Used When Using Remote Programs

The devices used when using the remote program are as fol-
lows: As equipment for watching video, smartphones were
the most commonly used (11 people, 42.3%), followed by lap-
tops (8 people, 30.8%), tablets (4 people, 15.4%), and personal
computers (3 people, 11.5%). Regarding the equipment for lis-
tening to sound, built-in speakers were the most common (16
people, 61.5%), followed by earphones (9 people, 34.6%), and
headsets (1 person, 3.8%). Regarding the equipment for using
a microphone, the built-in microphone was most commonly

used (16 people, 61.5%), followed by earphones (9 people,
4.6%) and headset (1 person, 3.8%) (Table 7).

Advantages and Disadvantages of Telerehabilitation
exercise program

The answers to the question of being free to describe the ad-
vantages and disadvantages of telerehabilitation are as follows:
As an advantage of the telerehabilitation exercise program,
‘Irrespective of time and place’ was cited by 26 people (100%),
and as a disadvantage, ‘it is difficult to know whether I am tak-
ing the correct action’ was cited by 18 people (69.2%), ‘moti-
vation of exercise is low’ was reported by 3 people (11.5%), ‘I
am reluctant to expose my privacy’ was reported by 1 person
(3.8%), ‘I have difficulty in bringing communication equipmen’
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Table 8. Advantages and disadvantages of telerehabilitation.
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Number of people Ratio (%)

Advantage Regardless of time and place 26 100.0
""""""""""""""""""" It's hard to know if youre doing the right motion 18 692
. Decreased motivation to exercise 5 s
Dis-advantage © Reluctance to reveal privacy 1 . 38
© There are difficulties in preparing devices 1 . 38
CNome 3 s

was reported by 1 person (3.8%), ‘No’ was reported by 3 peo-
ple (11.5%) (Table 8).

Discussion

Our study was conducted to assess the effect of the SUENM
telerehabilitation exercise program on patients with RSP in
2021, during the COVID-19 pandemic restrictions in South
Korea. Results of this study showed that telerehabilitation ex-
ercise program effectively increased the PPT of the upper tra-
pezius and neck ROM and reduced the muscle activity of the
levator scapula and upper trapezius during shoulder flexion in
subjects with RSP. In the satisfaction survey, participants in-
dicated space-time freedom as an advantage of the telereha-
bilitation exercise program and reported difficulty in correct-
ly performing the exercises as a disadvantage.

According to the World Confederation of Physical Therapy, the
importance of telerehabilitation to improve safety and access
to rehabilitation in the context of COVID-19 should be em-
phasized [21]. Pehlivan et al [2] reported that the telerehabil-
itation exercise program for COVID-19 patients had a signif-
icant effect on improving respiratory function, quality of life,
and physical function, and that it is an exercise program that
can be applied in real life only when it is carried out without
special equipment. Hyun and Cho [4] reported that non-face-
to-face home Pilates exercise had a significant effect on re-
lieving pain and improving physical strength for postpartum
women. They showed a significant effect on neck pain relief
and physical function improvement when telerehabilitation ex-
ercise programs were applied to RSP subjects, which is consis-
tent with the mediating effect of existing face-to-face neural
mobility [26,37]. In addition, telerehabilitation program exer-
cise is possible without special equipment, so it can be easily
applied in real life. We found that the transition from existing
face-to-face treatment to telerehabilitation exercise programs
was successful.

The EG experienced significantly improved ROM of exten-
sion and right-side bending of the neck compared to the CG.

According to previous studies, shortening of the scalene mus-
cle due to RSP compresses the brachial plexus, thereby lower-
ing the physiological flow of nerves and aggravating the limi-
tation of the ROM of the neck [9,38]. It has been reported that
upper-extremity neural mobilization improves the neck’s ROM
by inducing maximum tension in the brachial plexus and nerve
roots of the 5%, 6, and 7% cervical vertebrae, thereby increas-
ing nerve conduction and blood flow [29]. Previous studies re-
ported that the application of upper-extremity neural mobili-
zation in patients with cervical pain provided significant neck
pain relief and improvement of ROM [26,37]. These results
show that SUENM applied to the EG affected the brachial plex-
us of the cervical and improved the ROM.

In the EG of the present study, the PPT increased significantly
compared to the CG. According to a previous study, the me-
chanical sensitivity of the nerve and the PPT were negatively
correlated, and the lower the nerve flexibility, the higher the
tender point of the upper trapezius muscle [39]. Another study
reported that upper-extremity neural mobilization effectively
alleviates neck and shoulder pain by reducing the mechanical
sensitivity of nerves in patients with chronic neck and shoul-
der pain [19,20,40]. Thus, it is demonstrated that SUENM in
the present study increased the PPT of the upper trapezius by
reducing the mechanical sensitivity of the nerve.

In this study, the muscle activity of the upper trapezius mus-
cle was significantly reduced in the EG at 90° and 120° of
shoulder flexion compared to the CG, and in the comparison
before and after intervention, EG showed a significant effect
on the reduction of muscle activity of the levator scapula. At
shoulder flexion 90° and above, the shortening of the levator
scapula due to RSP limits the upward rotation of the scapu-
la, resulting in excessive scapular elevation as a compensato-
ry action [22,41]. Excessive activation of the upper trapezius
muscle due to scapular elevation creates a tender point in the
fascia and affects the scapulohumeral rhythm, which can cause
secondary shoulder impingement syndrome [42,43]. Previous
studies reported that the application of upper-extremity neu-
ral mobilization in breast cancer surgery patients had a signif-
icant effect on the recovery of shoulder ROM and upper-limb
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function [44]. These results indicate that SUENM is effective
in reducing the muscle activity of the levator scapula and up-
per trapezius during shoulder flexion, leading to the recovery
of upper-limb function, thereby relieving the tender point of
the upper trapezius.

There was no significant difference between the 2 groups in
the pectoralis minor length index, but the decrease was greater
in the EG. According to previous studies, the pectoralis minor
muscle is connected to the biceps brachii muscle by fascia. It
has been reported that shortening of the biceps brachii mus-
cle is positively correlated with shortening of the pectoralis
minor muscle [45]. Another study reported that when upper-
extremity nerve mobilization was applied to the biceps bra-
chii, it increased nerve axon transport and muscle blood flow
to improve the flexibility of nerves and muscle tissue and had
an effect on movement recovery [46]. It is thought that the
SUENM performed in this study increased the flexibility of the
biceps brachii and further affected the pectoralis minor mus-
cle connected to the fascia, thereby decreasing the pectoralis
minor muscle length index.

The participants in this study mainly used smartphones and
laptops to use the remote program ZOOM, and they primarily
used built-in speakers, microphones, and earphones to com-
municate with the supervisor during the telerehabilitation ex-
ercise programs. After the intervention, the 2 groups were sat-
isfied with the clarity and sound quality, time-saving, contents
of the exercise, and the exercise effect. In addition, although
all participants indicated that an advantage of the telereha-
bilitation exercise program is that it is not limited by time and
place, and indicated that the main disadvantages were that it
is difficult to know whether the correct exercise movements
were being performed, and that they had low motivation to
exercise. According to previous studies, factors such as lack
of Internet devices, poor Internet connection, age, cognition,
and education level are barriers to entry into telerehabilitation
exercise programs, and the need for a satisfaction survey was
argued to verify the effect of telerehabilitation exercise pro-
grams [47]. Another previous study found that participants in
a telerehabilitation exercise program were satisfied with the
clarity of image and sound quality, exercise effect, and time-
saving [35]. This is consistent with the present study results,
and supports the effectiveness of telerehabilitation exercise
programs. In addition, when using the telerehabilitation exer-
cise program in this study, the device survey item can be used
as a study to lower the entry barrier of the telerehabilitation
exercise program in the future.

CLINICAL RESEARCH

For further development of telerehabilitation exercise pro-
grams, the shortcomings of this study should be identified
and improved. In this study, a physical therapist guided the
exercise in real time and used supplementary video to guide
the participants to accurately perform movements. However,
it is difficult to get accurate guidance from a physical therapist
because most of the participants were not familiar with exer-
cise or the online environment. Previous studies have shown
that errors in online environments, such as Internet problems,
have a negative effect on telerehabilitation exercise programs
[48]. Therefore, in future studies, participants need to be ed-
ucated in an online environment before the experiment, and
consider ways to give feedback on exercise to participants.

The limitations of this study are as follows: First, the study sub-
jects are limited to 20-40 years old, making it difficult to gen-
eralize to all age groups. Second, when measuring the length
index of the pectoralis minor muscle causing RSP, only the
vertical distance between the back of the acromion and the
table was classified in the supine position, without consider-
ing other variables. Therefore, various types of scapular mis-
alignment other than the length of the pectoralis minor may
have influenced the dependent variable. Third, it is difficult to
generalize the study results because the number of test sub-
jects was insufficient, and the proportions of the arms select-
ed for rounded shoulders in the 2 groups differed. Forth, it is
difficult to know whether the participant was performing the
correct motion during the telerehabilitation exercise program.
Therefore, a follow-up study is necessary to take these limita-
tions into consideration and use all age groups as the subjects,
further subdivide the scapula misalignment when measuring
RSP, and equalize the proportion of arms selected. In addition,
it is necessary to user a method assuring that participants ac-
curately perform telerehabilitation exercises.

Conclusions

The findings support those from recent studies on real-time
telerehabilitation physiotherapy exercise programs. However,
long-term controlled studies are required to develop evidence-
based protocols for implementing and evaluating clinical out-
comes of remote physiotherapy programs.

Declaration of Figures’ Authenticity
All figures submitted have been created by the authors, who

confirm that the images are original with no duplication and
have not been previously published in whole or in part.
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