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Abstract

Background: Periarthritis of the shoulder is a common disease leading to dysfunction of the shoulder joint and
have a significant impact on patients’ daily life. Evidence shows that there is a close relationship between scapular
dyskinesis (SD) and shoulder diseases. Scapular stabilization exercise has been proved to be efficacious in relieving
pain and improving function. However, there is no targeted exercise based on the type of scapular dyskinesis. This
study will investigate the potential of scapular stabilization exercise based on the type of scapular dyskinesis in
treating periarthritis of the shoulder.

Methods: This study is a prospective, randomized controlled, parallel-group trial, intending to recruit 90 patients
diagnosed with periarthritis of the shoulder. Patients will receive scapular stabilization exercise training based on
the type of scapular dyskinesis or receive traditional rehabilitation training conducted for 30 min, once a day, for 6
weeks. The primary outcome is Constant-Murley score (CMS), and other outcomes include pain degree, range of
motion (ROM), type of scapular dyskinesis, scapula position, and patients’ satisfaction with shoulder function.
Assessments will be performed at baseline, 2-, 4- and 6-week treatment, and at the 6-week follow-up after the end
of treatment.

Discussion: This study will be the first study to investigate the clinical efficacy of scapular stabilization exercise
based on the type of scapular dyskinesis in patients with periarthritis of the shoulder. The results may provide

evidence of the effect of targeted scapular stabilization exercise in improving shoulder function and correcting
scapular dyskinesis, and provide valuable information for future research.

Trial registration: This study had been registered in the Chinese Clinical Trials Registry. Registration number:
ChiCTR2100044332 at March 14, 2021.
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Background

Generalized periarthritis of the shoulder is a sterile
specific inflammatory reaction caused by long-term
chronic injury or degeneration of the joint capsule
around the shoulder joint and surrounding tendons,
muscles, ligaments and other soft tissues [1]. It in-
cludes rotator cuff injuries, biceps tendonitis, supras-
pinatus tendonitis, shoulder impingement syndrome,
shoulder instability, calcified tendonitis, acromioclavi-
cular arthritis, and sternoclavicular arthritis. The an-
nual incidence of PA is between 3 and 5% in the
general population and it usually develops between
the ages of 40 to 70years. It is more common in
women than men [2]. Patients often suffer from re-
current pain and limited shoulder movement, which
affects daily life and work and brings economic bur-
dens on individuals and societies [3]. Current conven-
tional therapies include non-steroidal medications,
physical agent therapy, and joint cavity injections,
while the efficacy remains unsatisfactory [4]. In
addition, joint cavity injections may lead to adverse
events such as infectious arthritis [5].

On the other hand, the scapula plays an important role
in maintaining complex shoulder kinematics [6]. Altered
scapular motion and position have been termed scapular
dyskinesis (SD) [7]. Kibler et al. [8] classified SD into 4
types. Type-1 represents the dorsal prominence of the
inferior angle of the scapula. Type-2 represents the dor-
sal prominence of the entire medial border. Type-3 rep-
resents the elevated superior border of the scapula, and
the scapula could also be anteriorly displaced from the
posterior thorax. Type-4 represents the symmetry of bi-
lateral scapula. According to data reported in the litera-
ture, SD may be important risk factors for periarthritis
of the shoulder [9-11]. The scapular muscle group, con-
sisting of the trapezius, serratus anterior (SA), pectoralis
minor (PM), levator scapulae (LS), rhomboid muscle
(RM), and teres major (TM), is mainly responsible for
scapular movement and dynamic stabilization of the
scapula. An optimal interaction between these muscles
is needed to provide stability and mobility of the scapula
both at rest and during shoulder movements [11]. Previ-
ous studies have reported excessive activation of upper
trapezius (UT), PM, LS, TM, and decreased activity of
middle/lower trapezius (MT/LT), SA, RM in subjects
with SD, and different types of SD have different mani-
festations of muscle imbalance [12-17]. These altered
muscle activation patterns are associated with altered
scapular kinematics, including reduced scapular upward
rotation, external rotation and posterior tilt [12]. Overall,
SD is closely related to muscle imbalance and is usually
associated with shoulder pathology [18]. However, it is
unclear if SD is the cause or the result of shoulder
pathology.
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The significance of scapular stabilization exercise has
drawn considerable attention from research scientists
and clinicians, and some studies have not revealed that
scapular stabilization exercise is effective in improving
shoulder function [19-22] (Table 1). The purpose of
scapular stabilization exercise is to restore the position,
direction, muscle movement control, and movement
pattern of the scapula to stabilize the scapula and im-
prove shoulder joint function. Current stabilization exer-
cise focuses on overall stretching and strengthening of
periscapular muscles to improve muscle imbalance and
muscle activation. However, different types of SD have
different manifestations of muscle imbalance. Thus,
there is a lack of targeted scapular stabilization exercise
based on the type of SD.

In the present study design, we developed a random-
ized controlled trial to evaluate the effect of scapular
stabilization exercise based on the type of SD in patients
with periarthritis of the shoulder. We hypothesized that
scapular stabilization exercise based on the type of SD
would improve shoulder function and correct SD better
than traditional rehabilitation training.

Methods

Study design

This is a prospective, multicenter, randomized con-
trolled, parallel-group superiority trial, designed follow-
ing the SPIRIT 2013 statement. The CONSORT flow
chart is presented in Fig. 1. Figure 2 shows the schedule
of enrolment, intervention, assessments, and study visits
for the study groups. This study will be performed at
Shanghai Jiao Tong University Affiliated Sixth People’s
Hospital, the Lingang Branch of Shanghai Sixth People’s
Hospital, Shanghai 8th People’s Hospital, Shanghai
Xuhui District Dahua Hospital, and Shanghai Fengxian
District Central Hospital from March 2021 to January
2023. Study participation will be promoted through ad-
vertisements. Participants will undergo screenings to
confirm that they meet the inclusion criteria and exclu-
sion criteria and will be provided written informed con-
sent to participate. The purpose and content of the
study of the study will be clarified by the first researcher
to the subjects, and written informed consent will be ob-
tained from them at the time of enrolment. In the con-
sent form, the participants will be asked if they agree to
use their data in case they withdraw from the study.
Moreover, the research team will get their permission to
share relevant data with other academic experts. This
experiment does not involve collecting biological speci-
mens. The study was approved by Ethics Committee of
Shanghai Sixth People’s Hospital (2021-031) and regis-
tered in the Chinese Clinical Trials Registry
(ChiCTR2100044332). Evaluators and data collectors
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Table 1 Characteristics of studies about the efficacy of scapular stabilization exercise
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Study Participants Interventions (scapular stabilization Outcome measures Conclusions

exercise)
Struyf 22 patients Manual mobilization of scapula; stretching Shoulder disability questionnaire, verbal ~Scapular stabilization exercise is
et al. with shoulder  exercises for levator scapulae, rhomboid and  numerical rating scale, visual analogue  effective in reducing pain and
(2013)  impingement  pectoralis minor; scapular motor control scale, visual observation for tilting & disability for patients with
[20] syndrome training (including training of the trapezius ~ winging, forward head posture, shoulder impingement syndrome.

and SA muscles). pectoralis minor muscle length,

scapular upward rotation.

Baskurt 40 shoulder Scapular PNF exercise, scapular clock Visual analogue scale, shoulder range Scapular stabilization exercises are
et al. impingement  exercise, standing weight shift, double arm of motion, trapezius and serratus superior to conventional
(2011)  patients balancing, scapular depression, wall push-up, anterior muscle strength, joint position  program.
[19] wall slide exercise. test, Western Ontario Rotator cuff index.
Turgut 30 subacromial Wall slides with squat, wall push-ups plus ip-  Three-dimensional kinematics, the Scapular stabilization exercise
etal. impingement  silateral leg extension, lawnmower with diag- Turkish version of the Shoulder Pain therapy is an effective tool for
(2017)  syndrome onal squat, resisted scapular retraction with  and Disability Index (SPADI). controlling pain and improving
[21] patients contralateral 1-leg squat, and robbery with disability status.

squat.
Hotta 50 patients The neuromuscular exercises were towel Resting position and scapular Motor control and muscular
et al. with shoulder  slide, PNF scapular, inferior glide, and kinematics, muscular strength, numeric  strengthening training improve
(2018)  impingement  scapular clock. The strengthening exercises  pain rating scale, Shoulder Pain and function among subjects with
[22] were diagonal D1, push-up plus, full can, Disability Index (SPADI). shoulder impingement syndrome.

prone horizontal abduction with external ro-
tation from 90° to 135°, side-lying external
rotation with abduction at 0°, diagonal D2
eccentric, scapular punch, and horizontal
rowing.

Patient recruitment

Assed for eligibility according to
inclusion and exclusion criteria

and signed informed consent

Eligible patients(n=90)

-

| Randomization |

\ 4

v

Baseline assessment

:

Scapular stabilization exercise group(n=45)

Traditional rehabilitation training group(n=45)

Fig. 1 Study flowchart
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STUDY PERIOD

Enrolment | Allocation

Post-allocation Close-out

TIMEPOINT -t 0

2w 4w 6w 3m

ENROLMENT:

Eligibility screen X

Informed consent X

Bassline assessment X

Allocation X

INTERVENTIONS:

[Scapular stabilization
exercise]

[Traditional rehabilitation
training]

ASSESSMENTS:

[Constant-Murley Score]

[Visual analog scale]

[Range of motion]

[The type of scapular
dyskinesis]

[The Lateral Scapular Slide
Test]

[The Scapular Index]

[Pectoralis Minor length]

X | X [ X [ X | X | X | X|X

[Patients’ satisfaction with
. y

Ider fi 7

X | X [ X [ X | X | X | X|X
X | X [ X [ X | X | X | X|X

J)

[Adverse events]

X | X[ X[ X | X[ X | X|X|X
X | X[ X[ X | X | X|X|X|X

X

Fig. 2 Schedule of enrollment, intervention, study visits, and assessments for both study groups

will be blinded as to the groups and treatment
allocation.

Treatment groups will receive different treatment pro-
grams as follows:

e Group 1: Scapular stabilization exercise based on the
type of SD for once a day, for up to 6 weeks.

e Group 2: Traditional rehabilitation training for once
a day, for up to 6 weeks.

Inclusion criteria
e Males and females aged 20 to 60 years old.

e Unilateral shoulder pain, with or without limited
shoulder movement.

Patients who meet the diagnostic criteria with
broadly defined periarthritis of the shoulder,
including rotator cuff injuries, biceps tendonitis,
supraspinatus tendonitis, shoulder impingement
syndrome, and shoulder instability.

A maximum pain score of equal or less than 5/10 on
a numerical rating scale (NRS)

Patients volunteered to participate in the study and
signed informed consent.

Exclusion criteria

Rotator cuff tendon torn in all layers, fracture,
dislocation, nerve injury, and other diseases that
cause shoulder pain.

History of trauma or shoulder surgery.
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e DPatients with scoliosis or acute cervical spondylosis.

e The flexion or abduction angle of the shoulder less
than 90°.

e DPatients that body surface markers are not obvious,
which will affect the assessment, such as obesity
(body mass index greater than 28).

e Other diseases that unfit or unable to complete the
treatment plan, such as active infections, active
inflammatory diseases, tumors, neurological
disorders and changes in cognitive function (such as
stroke, epilepsy, Parkinson’s disease, and peripheral
neuropathy), systemic diseases involving joints (such
as rheumatoid arthritis), and severe osteoporosis.

e Datients who refuse to accept the treatment.

Exit criteria

e DPatients who are unable to adhere to the study
protocol and study requirements;

e Datients who have severe adverse reactions after
intervention and cannot successfully complete the
treatment;

e Any new illness that affects their inclusion;

e The patient is lost to follow-up;

Interventions

Patients recruited to the trail will undergo a 3-day wash-
out period before entering the treatment. If the patient
is unable to adhere to the study protocol and study re-
quirements during the washout period, the patient will
withdraw from the study. All patients will be treated by
the same therapist, who is not blinded to the treatment
groups as the therapist will adjust exercise intensity. Pa-
tients will exercise at home once a day for 6 weeks and
cone for further consultation every 2 weeks. In addition,
physical therapy and anti-inflammatory drugs can be ap-
propriately used according to the condition of the pa-
tient. To maintain the adherence of the patients to the
intervention, the researcher team will regularly contact
patients during the intervention via telephone or the
WeChat between visits and online clocking software is
used to ensure patient compliance.

Scapular stabilization exercise based on the type of SD

In this trial, scapular stabilization exercise is designed
based on the manifestation of muscle imbalance for each
type of SD. For some muscles, there is a consensus that
these muscles need to be strengthened such as the
MT&LT, SA, and RM. Their activation is important for
scapular stabilization because these muscles maintain
the optimal scapular position during elevation of the
arm: upward rotation, external rotation, and posterior
tilt [16]. For other muscles such as the PM, LS, UT, and
TM, they need to be inhibited. If PM is too tight, it will

Page 5 of 11

lead to an increase in scapular anterior tilting and in-
ternal rotation and a decrease in scapular upward rota-
tion, resulting in a reduction of the subacromial space
[23]. Therefore, it is necessary to strengthen the weak
muscles and stretch the tense ones.

All the scapular stabilization exercises in this trial
are selected according to the literature regarding
scapular muscle dysfunction and new insights derived
from recent research [11, 21, 24-30], combined with
muscle anatomy and function and clinical experience.
Participants in the scapular stabilization exercise
group will follow a supervised 6-week exercise pro-
gram consisting of strengthening exercises (MT&LT,
SA, and RM) and stretching exercises (PM, LS, UT,
TM). Appropriate exercises will be given to patients
according to the type of SD, and the details of exer-
cises are shown in the Table 2:

Type-1: PM stretching + SA strengthening + MT&LT
strengthening

Type-2: TM stretching + SA strengthening + MT&LT
strengthening + RM strengthening

Type-3: PM stretching + UT stretching + LS stretching
+ MT&LT strengthening

Traditional rehabilitation training

In the traditional rehabilitation training group, pa-
tients will receive the following traditional rehabilita-
tion exercises for periarthritis of the shoulder:
pendulum exercise, wall climbing exercise, external
rotation exercise (Table 3).

Outcome assessments
All outcome assessments will be evaluated by well-
trained personnel who are blind to the treatment alloca-
tion. Assessments will be performed at baseline, 2-, 4-,
and 6-week treatment, and at the 6-week follow-up after
the end of treatment.

Primary outcome measures

Constant-Murley Score (CMS) is a widely used scale in
the assessment of shoulder function. The successful ap-
plication of CMS has proven its validity, reliability, and
responsiveness for the detection of shoulder pathologies
[31]. The minimal clinically important difference
(MCID) considered for the score is 17 points [32]. The
CMS includes four aspects related to shoulder path-
ology: pain, activities of daily living (ADL), range of mo-
tion (ROM), and muscle strength. Pain and ADL are
answered by the patient; ROM and strength are done by
doctors [33]. The score ranges from 0 to 100 points, and
higher scores mean better function.
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Table 2 Scapular stabilization exercise
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Exercise Description

Intensity and frequency Figure

PM stretching  a. Subject is standing, the affected arm positioned at wall
with elbow flexion into 90° subject performs stretching
with leaning forward.

b. Subject stands at table and places hands on the edge
of the table for support, then performs stretching with

squat slowly.

TM stretching  Subject is standing, slowly performs flexion of the
shoulder

UT stretching ~ Subject is sitting, with the affected hand pressed under
the buttock; subject tips head to the healthy side, and
then rotates to the affected side; subject performs

stretching with slowly lowering head.

LS stretching ~ Subject is sitting, with the affected hand pressed under
the buttock; subject tips head to the healthy side, and
then rotates to the healthy side; subject performs

stretching with slowly lowering head.

SA Stage 1: active exercise
strengthening  Subject is standing, with shoulder flexion into 90°%; subject

slowly performs scapular protraction (A) and retraction (B).

Stage 2: resisted exercise

Subject is standing, holding the elastic band, with
shoulder in 90°of forward flexion; subject slowly performs
scapular protraction (A) and retraction (B).

MT&LT
strengthening

Stage 1: active exercise

Exercise starts with the individual in the side-lying pos-
ition with the shoulder in neutral position and elbow
flexed to 90°(A). Perform external rotation of the shoulder
with a towel between the elbow and trunk(B). Avoid
compensatory movements.

Stage 2: resisted exercise

The dumbbell as resistance for this exercise, other details
are the same as the active exercise.

Intensity: It depends on the subjective feeling of the a.

patient—the patient feels slightly tired and slightly

shortness of breath (RPE range 11 to 15).
Stretching exercise: Each is repeated for 3 times.
Strengthening exercise: Each active exercise is
progressed from 10 reps*3 sets to 15 reps*3 sets. If
subject easily completed 15 reps*3 sets of active
exercise, they will go on to resisted exercise. Heavier
resistance will be given when the patient can easily
complete the lower resistance.
Frequency: once a day, for 6 weeks.
Time:
Stretching exercise: stretch for 5 abdominal breaths at
one time, with a 1-min interval between times.
Strengthening exercise: the duration of muscle
contraction is around 5 seconds, with a 1-min interval be-
tween sets.
Active exercise
(A) (B)
Resisted exercise:

(A) (B)

Active exercise:

(A)
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Table 2 Scapular stabilization exercise (Continued)
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Exercise Description Intensity and frequency Figure
(B)
Resisted exercise:
(A)
-
(B)
RM Stage 1: active exercise Active exercise:

strengthening  Sitting, take a deep breath and extend the shoulders back
and pull the elbows back, bringing the scapula as close
to the spine as possible, hold for 5 seconds, then slowly
return to the starting position while exhaling.
Stage 2: resisted exercise
Subject is sitting, both hands holding the elastic band
fixed in front of the body, other details are the same as
the above active exercise.

Resisted exercise:

NOTE. “a” means the more difficult exercise for patients with better shoulder function; “b” means the simpler exercise for patients with poor shoulder function.

Choose one of the two exercises according to the patient’s actual ability: teach the patient the exercise “b” if he/she is unable to do the exercise “a

ugy

Resisted exercises are done with elastic bands (Thera-Band) and dumbbells with different resistance.
Abbreviations: reps repetitions, PM pectoralis minor, TM teres major, LS levator scapulae, UT upper trapezius, MT&LT middle&lower trapezius, SA serratus anterior,

RPE rating of perceived exertion

Secondary outcome measures

The secondary outcome measures include pain degree,
ROM, type of SD, scapula position, and patients’ satis-
faction with shoulder joint function. The Lateral Scapu-
lar Slide Test (LSST), the Scapular Index (SI), and the
Pectoralis Minor Index (PMI) are used to assess scapula
position.

Pain intensity at rest, during movement, and sleeping
at night are assessed using the numerical rating scale
(NRS), with 0 being “No pain,” and 10 being “The worst
pain” [34]. The NRS has been shown to be a reliable and
valid instrument for the assessment of pain intensity [35,
36]. For the ROM assessment, the electronic goniometer
is used to measure active flexion and abduction move-
ments and passive flexion and abduction movements.

Previous studies have revealed the electronic goniometer
have good validity and reliability [37].

The type of SD is assessed by the comprehensive
method combined visual observation and palpation [38].
Subjects are evaluated at rest position in a warm and
comfortable environment. Raters make the initial assess-
ment by visual observation, and then put hands on the
subject’s bilateral scapula for further identification. This
method shows satisfactory inter-reliability [35]. The sub-
jects are assessed by three raters with previous experi-
ence with assessments of SD, and raters are allowed
discussions to derive a unanimous decision. Subjects
whose scapular pattern could not be identified by raters
or assessment results are inconsistent among raters will

be excluded.
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Table 3 Traditional rehabilitation training
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Exercise  Description Intensity and Frequency
Wall Slowly climb up the wall with hands, and then Intensity: It depends on the subjective feeling of
climbing  slowly return down to the original position. the patient—the patient feels slightly tired and
exercise slightly shortness of breath (RPE range 11 to 15).
Each exercise starts with 10 reps*3 sets, and
increases 5 reps a week.
Frequency: once a day, for 6 weeks.
Time: The overall exercise time is 20-30 min.
Pendulum  The healthy arm is placed on the table to
exercise support the body, while the affected arm slowly
swings back and forth, side to side, and in circles.
External Standing or sitting, hold a stick in hands and
rotation bend elbows, then push and pull the stick to
exercise both sides with the healthy hand, so as to do

internal rotate and external rotate.

LSST is a quantitative method for assessing inferior
angle displacement and recognizing scapular symmetry
[39]. The distance from the inferior angle of the scapula
to the corresponding thoracic spinous process is mea-
sured in three positions: the first position is of the arm
relaxed at the sides; the second is hands placed on the
lateral iliac crest; and the third is 90° of shoulder abduc-
tion and in full internal rotation. A difference of more
than 1.5 cm between two sides is considered asymmetric.

SI is calculated by measuring the distance from the
sternal notch (SN) to the coracoid process (CP) and the
horizontal distance from the posterolateral angle of the
acromion (PLA) to the corresponding thoracic spine
(TS) with a soft tape measure, using the equation: [(SN
to CP/PLA to TS) x 100] [40]. The current study sup-
ports SI to measure scapular position because it is corre-
lated with scapular internal rotation [37]. An increase in
internal rotation at rest should result in a decreased SN
to CP distance and an increased TS to PLA distance,
which leads to a smaller SI.

Pectoralis minor length (PML) is divided by the
participant’s height and multiplied by 100 to calculate
PMI [23]. PMI allows measurements to be normalized
to participant’s heights to provide resting PML. This
method has been proven to have good validity and
reliability [41, 42]. PML is defined as the distance be-
tween the coracoid process and the inferior medial
aspect of the fourth rib adjacent to the sternocostal
junction [23]. The assessment is performed using a
flexible tape measure, with the participant standing in
a relaxed posture with both arms in a neutral pos-
ition. To avoid the influence of breathing on the
measurement results, it is measured immediately after
exhalation. It is reported that pectoralis minor

tightness can cause increased scapular anterior tilting,
internal rotation, and downward rotation [23, 41, 43].

Patients’ satisfaction with shoulder function is also
measured with NRS, with 0 meaning “Extremely unsatis-
fied with shoulder function,” and 10 meaning “Very sat-
isfied with shoulder function.”

Follow-up

Follow-up will occur 6 weeks after completion of the
treatment program. This time point was selected to as-
sess sustained long-term effectiveness of the
intervention.

Sample size calculation

The study is designed to achieve 95% power overall at
the 0.05 significance level to detect change on the CMS
between groups after 6 weeks. According to G*Power 3.1
software, we use repeated measurement analysis of vari-
ance (ANOVA) (Effect size = 0.25, Number of measure-
ments = 4) to calculate the sample size. Considering a
dropout rate of 20%, a sample size of 90 (45 per group)
will be needed in this trial.

The statistical hypotheses are:

HO: mean CMS scale (scapular stabilization exercise) =
mean CMS scale (traditional rehabilitation training).
HA: mean CMS scale (scapular stabilization exercise) =
mean CMS scale (traditional rehabilitation training).

Randomization and allocation concealment

Consented eligible participants will be randomly allo-
cated to one of the two groups in a ratio of 1:1. Patients’
allocations will be according to a computer-generated
randomization table. Generation of the allocation
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sequence, enrollment of participants, and assignment of
participants to interventions will be done by the main
researcher of the trial. When the subject is enrolled into
the study, the subject will be assigned a study number
sequentially. If the subject drops out of the study, the
assigned study number will not be reused. The block
size will not be known until the end of the study for al-
location concealment. The random numbers will be
sealed in envelopes by an individual other than the trial
researchers. The envelopes will be randomly selected by
the patients, and they would be assigned to the interven-
tion or control groups according to the contents of the
envelope.

Blinding

The therapist and patients will not be blinded because of
the nature of the intervention, but it is feasible to make
the researchers, outcome evaluators, and statisticians
blinded to the group/treatment assignment. Further-
more, the outcome evaluation will be done by well-
trained personnel in order to minimize bias. After the
completion of data analysis, the statistician will present
un-blinded data to the researchers.

Date management and monitoring

All staff members will be trained to ensure data quality.
The researchers will record data in case report forms
(CRFs) and any changes to a CRF will be signed and
dated. Data administrators will enter data into the com-
puter. Data of the subjects will be stored at the security
site. The collected data will be identified by a coded ID
number. Data collected during the research will be con-
fidential and only accessed by the researchers. The cor-
responding author will also have access to the dataset.
The original data will be kept in the research center and
will be accessible upon reasonable request. Moreover,
the anonymous data will be shared with other re-
searchers. The results of the trial will be disseminated
through journal publication regardless of the magnitude
of the effects.

The Ethics Committee of Shanghai Sixth People’s Hos-
pital will be fully aware of the trials from the first draft
of the protocol to the end of the research process and
will monitor the accuracy of the trials. The research
team will organize a conference to discuss problems en-
countered and propose solutions every month. The Data
Monitoring Committee was not involved in the current
trial considering the low-risk intervention.

Safety monitoring

Patients will be informed of the potential risks and bene-
fits of the trial and sign an informed consent form be-
fore participating in the research to protect their rights
and interests.
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Intervention involved in the study protocol is exercise
therapy, so serious adverse events are rare. When poten-
tial adverse events occur in a patient, the researchers will
record the severity, duration, treatment measures, and
event outcomes. The doctor will determine the causal
relationship between the treatment and the adverse
event and decide whether the patient is suitable for con-
tinued participation in the study. Also, relevant informa-
tion will be reported to the ethics committee.

The following are the criteria for terminating a patient
from the study: (1) a serious adverse event happened that
the researchers believes that the patient is not suitable for
continued participation or the patient has requested to be
withdrawn from the study; (2) the patient is found to have
serious diseases during the study; (3) the patient has re-
ceived other treatments that may affect the outcomes.

Statistical analysis

In this trial, we will implement the intention-to-treat ana-
lysis and statistical analysis will be carried out by a re-
searcher not involved in the evaluation and treatment.
Data will be recorded in the CRFs. Data analysis will be
done using the SPSS version 26.0 statistical software. In
order to incorporate the data of the participants into data
analysis regardless of the protocol adherence, all the ana-
lyses will be performed in accordance with the intention-
to-treat principle. Data will be expressed as frequencies
and percentages for categorical variables, mean, and (%)
standard deviation for continuous variables. Intergroup
comparison of the type of SD will be calculated using chi-
squared test. Intergroup comparison of pain, ROM, scap-
ula position (LSST, SI, PMI), and patients’ satisfaction
with shoulder function will be calculated using repeated
measurement ANOVA. Intergroup comparison of time
points will be calculated using Least Significant Difference.
Statistical significance is defined as a P value of < 0.05.

Discussion

With the change of people’s life style and work style, the
incidence of periarthritis of the shoulder is increasing
year by year. Early studies have revealed that patients
with periarthritis of the shoulder usually have SD, and
there is a close relationship between SD and scapular
muscle imbalance [11, 18]. Current evidence suggests
that scapular control is an important component of
scapular rehabilitation and scapular stabilization exercise
is effective in reducing pain and improving function
[44]. Scapular stabilization exercise that includes stretch-
ing and strengthening emphasis scapular position and
kinematics, allowing the scapula to perform the role of
energy transfer, serving as the basis for muscle activation
and as a link in the kinetic chain [45]. However, there is
a lack of targeted scapular stabilization exercise based
on the type of SD.



Tang et al. Trials (2021) 22:713

To the best of our knowledge, the present study design
will be the first randomized clinical trial comparing the
efficacy of scapular stabilization exercise based on the
type of SD versus traditional rehabilitation training for
the treatment of periarthritis of the shoulder. The nov-
elty of this study is maintaining the force couple of
scapulae altered due to muscle imbalance and designing
targeted exercise based on the type of SD, thereby im-
proving shoulder function, reduce pain and disability for
patients with periarthritis of the shoulder. The study will
provide data and guidance whether targeted scapular
stabilization exercise will show a significant improve-
ment in patients with periarthritis of the shoulder. It is
expected that findings from the study will be incorpo-
rated into periarthritis of the shoulder treatment guide-
lines and be translated into future services for patients
with periarthritis of the shoulder.

Trial status

The trial is currently underway. It is planned for the
study to complete by January 1, 2023. Any protocol
amendments will be updated in ChiCTR.
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