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ABSTRACT

Introduction: Frozen shoulder, also known as adhesive capsulitis, is a chronic inflammatory
condition of the synovium and surrounding soft tissues characterized by pain, stiffness, and restricted
movement of the glenohumeral joint. The condition is associated with fibrosis due to increased
collagen production, fibroplasia, and myofibroblast activity. Frozen shoulder affects approximately 2—
5% of the general population. Scapular stabilizing muscles play a crucial role in-maintaining proper
scapular alignment and shoulder function in patients with frozen shoulder.

Aim of the Study: The aim of this study was to evaluate the impact of scapular stabilizer exercises in
improving shoulder range of motion (ROM), reducing disability, and decreasing scapular winging in
patients with frozen shoulder.

Materials and Methods: Eighty participants were allocated into two groups at random: experimental
(n = 40) and control (n = 40) groups. Prior to the study, informed consent were obtained. While the
control group only received conventional physiotherapy, the experimental group was also given
scapular stabilizer exercises. For six weeks, 45-minute interventions were administered three times a
week. Shoulder range of motion, pain, disability, and scapular winging were among the outcome
measures. Descriptive statistics, independent t-tests, and paired t-tests were used to examine the data.
Results: The results demonstrated that scapular stabilizer exercises combined with conventional
physiotherapy produced significant improvements in shoulder ROM (P < 0.05), reduced pain and
disability, and decreased scapular winging after six weeks of intervention in both groups, with greater
improvement observed in the experimental group.

Conclusion: In patients with frozen shoulder, scapular stabilizer exercises along with conventional
physiotherapy significantly enhance range of motion and lessen pain, disability, and scapular winging.
Keywords: Frozen shoulder, scapular stabilizer exercises, scapular winging, range of motion,
disability, pain, rehabilitation
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INTRODUCTION

Frozen shoulder, also known as adhesive capsulitis, was first described by Ernest Amory Codman in
19341, 1t is characterized by the gradual onset of shoulder pain, stiffness, and restricted range of
motion (ROM) of the glenohumeral joint. Frozen shoulder is associated with chronic inflammation
and fibrosis of the synovial membrane and surrounding soft tissues, resulting from increased collagen
deposition, fibroplasia, and myofibroblast proliferation. The condition affects approximately 2—5% of
the general population and is more common in women, particularly between 40 and 60 years of age> .
Frozen shoulder is classified into primary (idiopathic) and secondary types, with secondary frozen
shoulder commonly associated with systemic conditions such as diabetes mellitus, affecting nearly 10—
36% of patients*.

Patients with frozen shoulder commonly experience pain that worsens at night and interferes with
daily activities. Shoulder abduction is often restricted due to supraspinatus weakness and tightness of
the long head of the biceps tendon. Both active and passive ROM are significantly reduced, often by
nearly 30 degrees®®. Clinically, frozen shoulder progresses through three stages: the freezing stage,
frozen stage, and thawing stage, which may persist for up to 30 months’.

Diagnosis is primarily based on clinical examination and patient history. However, imaging modalities
such as magnetic resonance imaging (MRI) may be used to assess structural changes and exclude other
causes of shoulder pain and stiffness®. A characteristic finding during examination is a firm and
leathery end feel at the end range of movement®.

In this study, shoulder ROM, including flexion, abduction, and internal and external rotation, was
measured using a Digital HALO goniometer. Pain, disability, and functional limitations were
evaluated using the Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire. Scapular
winging was assessed using the Lateral Scapular Slide Test (LSST)™.

The primary goals in the management of frozen shoulder are pain reduction, restoration of ROM, and
improvement of functional activities. Physiotherapy interventions commonly include stretching
exercises, strengthening exercises, electrotherapy modalities, and joint mobilization techniques®®.
Scapular stabilization exercises are effective in restoring normal scapular control, improving muscle
strength, and reducing scapular winging. These exercises also contribute to improved shoulder
abduction and external rotation. Although previous studies have investigated scapular alterations in
patients with frozen shoulder, most treatment protocols have focused mainly on pain relief and ROM
improvement, with less emphasis on scapular stabilization exercises?*3,

Therefore, this study aimed to evaluate the effectiveness of scapular stabilization exercises combined
with conventional physiotherapy compared to conventional physiotherapy alone in patients with
frozen shoulder. The study hypothesized that scapular stabilization exercises would strengthen and
balance the scapular stabilizing muscles, reduce scapular winging, improve shoulder ROM, and
enhance overall functional recovery in individuals with frozen shoulder.

MATERIALS AND METHODOLOGY

Methods

All participants were informed about the purpose and procedures of the study, and written informed
consent was obtained prior to participation.The research was conducted at RPIIT College and Civil
Hospital, Panipat and Karnal, over a duration of one year.

Subject Selection Criteria

A total of 80 patients diagnosed with frozen shoulder were recruited for the study. Participants were
randomly allocated into two groups:

Group A: 40 participants

Group B: 40 participants
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Inclusion Criteria

Exclusion Criteria:

Male and female participants

Previous surgery on the affected shoulder

Age between 40 and 60 years

Any musculoskeletal disorder involving the
affected shoulder

Patients in the frozen stage (4-12 months) or
thawing stage (12—24 months) of frozen shoulder
confirmed through physical examination

Elbow injury or surgery on the affected side

Limited active range of motion (ROM) of the
shoulder joint, including abduction, flexion,
internal rotation, and external rotation

Pulmonary disease or History of cardiac surgery

Study Design and Intervention

The study followed a pre-test and post-test experimental design.

Group A received scapular stabilizer exercises along with conventional physiotherapy.

Group B received conventional physiotherapy alone.

Each treatment session lasted for 45 minutes and was conducted three times per week for six weeks.
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CONSORT FLOW CHART:

Assessed for eligibility (n=100)

v

Randomized (n=80)

Allocated to Group A

(n=40)

Intervention

Scapular stabilizer
exercises along with
conventional
physiotherapy.

Analyzed (n=40)

Excluded from analysis

INTERVENTION PROCEDURE

Scapular Stabilizer Exercises:

Scapular Retraction with Thera-Band*?
Participants were instructed to maintain a relaxed head and neck posture while squeezing the shoulder
blades backward against the resistance provided by a Thera-Band.

12 did not meet the
inclusion criteria.
8 declined to participate.

Allocated to Group B

(n=40)

\4

Intervention

Conventional
Physiotherapy.

Analyzed (n=40)

Excluded from analysis
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Modified Prone Cobra Exercise*

Participants were positioned prone on a treatment bench with their arms resting beside the body and
fingers pointing toward the toes. They were instructed to extend the trunk and lift the chest
approximately 10 cm off the bench while maintaining scapular retraction.

Physioball Scapular Exercise!®

Participants were instructed to place one hand on a physioball positioned against a wall. They were
asked to gently retract and depress the shoulders, then roll the hand upward and downward over the
ball while maintaining proper shoulder alignment.

Wall Push-Upst®
Participants stood facing a wall with their hands placed at chest level and shoulder-width apart. They
were instructed to move their feet backward until the heels lifted slightly off the ground. The upper
body was then lowered toward the wall by bending the elbows, followed by pushing back to the
starting position. The exercise was performed for 10 repetitions in 3 sets.
All scapular stabilization exercises were performed with a 10-second hold, repeated 10 times for 3
sets.
Conventional Therapy!’
Both groups received conventional physiotherapy, which included:

o Finger ladder exercises

o Shoulder wheel exercises

« Wand exercises

e Thera-Band exercises

o Ultrasound therapy applied at 1 MHz frequency, continuous mode, and intensity of 0.8 W/cm?

for 8 minutes

Outcome Measures
Lateral Scapular Slide Test (LSST)'®
The Lateral Scapular Slide Test, described by Kibler, was used to assess static scapular positioning
clinically. Measurements were taken between the inferior angle of the scapula and the nearest thoracic
spinous process in three different arm positions:

1. Neutral shoulder position

2. Shoulder abducted to 45° with the hand placed on the hip

3. Shoulder abducted to 90°
According to Kibler, the affected side demonstrates a greater scapular distance compared to the
unaffected side. A bilateral difference greater than 1.5 cm (15 mm) was considered indicative of
scapular asymmetry.

HALO Digital Goniometer?!8
Shoulder range of motion (ROM), including flexion, abduction, internal rotation, and external rotation,
was assessed using a HALO Digital Goniometer. Measurements were performed with participants in
the supine position according to the procedure described by Norkin and White, taking into account
anatomical landmarks and thoracic extension during shoulder flexion.
Disabilities of the Arm, Shoulder and Hand (DASH) Questionnaire®®
The DASH questionnaire was used to evaluate upper extremity disability and symptoms. It consists of
30 items assessing the patient’s functional status and symptoms related to the arm, shoulder, and hand.
e Twenty-one items evaluate difficulty in performing daily activities.
« Five items assess pain, weakness, stiffness, and activity-related discomfort.
o Four items assess the impact on social activities, work, sleep, and psychological well-being.

STATISTICAL ANALYSIS

SPSS (Windows version 29.0) was used for analyzing the data. The mean and standard deviation for
demographic and outcome variables were calculated using descriptive statistics. A paired t-test was
used to determine the significant difference within variables, and an Independent test was used to
determine significant differences between the variables such as range of motion (Halo Digital
goniometer), Disability and pain (DASH questionnaire), and winging of the scapula (LSST). The
significance value was set to p<0.05.
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RESULTS

Table 1 found that the mean age was 49.02 in experimental and control groups, and the mean age was
49. The u value is 800.00 and P>0.05, indicating that participants' distributions were homogeneous.
Table/fig 2 was to find the gender distribution within the group. It found that in both groups, female is
more common than male in percentage

Group Mean SD U-value P value
Experimental 49.02 4.02 800.00 1.00
Group

Control Group 49 3.78

Table 1: Comparison of age distribution within the group.

Variable Experimental group Control group
Gender Female Male Female Male
Percent 65% 35% 57.5% 42.5%

Table 2: Comparison of gender distribution within the group

Experimental group | Mean Mean Diff t P Inference
Pre |SD Post | SD Mean | SD Valu | Valu
e e

Range | Flexion 95.5 | 11.08 | 133 12.06 | -38.37 | 4.29 -56.5 | 0.00 | Significant

of
Motion | Abductio | 92.6 | 16.67 | 132.1 | 16.00 | -39.50 | 3.16 -79.0 | 0.00 | Significant

n
Internal 18.2 | 4.01 | 49.1 6.59 | -30.87 | 5.04 -38.6 | 0.00 | Significant
Rotation
External 21.1 | 6.35 | 54.0 |568 |-32.87 | 4.51 -46.0 | 0.00 | Significant
Rotation
DASH 722 (742 370 |540 |3525 |5.05 44.0 | 0.00 | Significant
Lateral | LSST 1.82 | 0.14 | .87 0.24 |0095 0.22 27.0 | 0.00 | Significant

Scapul | Neutral
aSlide | LSST45 |1.96 |0.17 |1.02 |0.14 |0.94 0.23 25.7 | 0.00 | Significant
Test degree
LSST90 |2.70 | 0.32 |1.11 |0.17 | 1.59 0.30 33.1 | 0.00 | Significant
Degree
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Table 3: Comparison of pre and post-test of ROM, DASH, and LSST within the experimental group

(Group A)
Control Group Mean Mean Diff T P Inference
Value | Value
Pre SD | Post | SD Mean | SD
Range | Flexion 92.0 | 890 | 123.1 |10.04 | -30.1 |4.00 | -47.6 | 0.00 | Significant
of
Motion | Abduction | 90.2 | 9.67 | 119.6 | 9.29 | -293 |3.95 |-47.0 | 0.00 | Significant
Internal 183 |3.27 | 432 |6.25 |-248 |6.04 |-26.0 | 0.00 | Significant
Rotation
External 19.2 | 4.74 {392 |797 |-20.0 |4.66 |-27.0 | 0.00 | Significant
Rotation
DASH 70.1 | 6.04 | 48.6 |5.65 |21.5 4.11 |33.0 | 0.00 | Significant
LSST LSST 1.80 | 0.17 | 1.67 |0.18 | 0.12 0.20 | 3.7 0.00 | Significant
Neu
LSST45 [ 194 028 | 1.77 [0.26 |0.17 024 |45 0.00 | Significant
LSST90 |2.68 |0.28 |2.27 |035 |04l 0.27 |94 0.00 | Significant
Table 4: Comparison of pre and post-test of ROM, DASH, Lateral scapular slide test within the
control group (Group B)
Variable Group Mean Std Mean | Std t value | P Inference
deviation | diff dev value
diff
Flexion Experiment 95.50 11.08 2.50 2.18 | 1.11 0.26 Not
pre Significant
Control 93.00 8.90
Flexion Experiment 133.87 | 12.06 10.75 |2.01 |4.33 0.00 Significant
ost
. Control 123.12 | 10.04
Abduction | Experiment | 92.62 16.67 2.37 7.00 -1 0.77 0.43 Not
pre Significant
Control 90.25 9.67
Abduction | Experiment 132.12 | 16.00 12.50 | 6.71 | 4.27 0.00 Significant
ost
P Control 119.62 | 9.29
IR pre Experimental | 18.25 4.01 -0.12 | 0.73 |-0.15 | 0.87 Not
Significant
Control 18.37 3.27
IR post Experiment | 49.12 6.59 5.87 0.33 | 4.08 0.00 Significant
Control 43.25 6.25
ER pre Experiment 21.12 6.35 1.87 1.61 | 1.49 0.13 Not
Significant
Control 19.25 4.74
ER post Experiment | 54.00 5.68 14.75 |2.28 |9.52 0.00 Significant
Control 39.25 7.97
DASH pre | Experiment 72.25 7.42 2.12 1.37 | 1.40 0.16 Not
Significant
Control 70.12 6.04
DASH Experiment | 37.00 5.40 -11.62 | -0.25 | -9.39 | 0.00 Significant
ost
P Control 48.62 5.65
LSST Experiment 1.82 0.14 0.02 -0.03 | 0.63 0.52 Not
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neutral Control 1.80 0.17 Significant

pre

LSST Experiment | 0.87 0.24 -0.08 |0.06 |-16.96 | 0.00 Significant

neutral

post control 1.67 0.18

LSST 45- | Experiment 1.96 0.17 0.02 -0.10 | 0.37 0.70 Not

degree pre Significant
Control 1.94 0.28

LSST 45- | Experiment 1.02 0.14 -0.74 | -0.11 | -15.66 | 0.00 Significant

d

pzfs;tr e Control 1.77 0.26

LSST 90- | Experiment | 2.70 0.32 0.01 0.04 |0.25 0.79 Not

degree pre Control 768 028 Significant

LSST 90- | Experiment 1.11 0.17 -1.15 | -0.18 | -18.37 | 0.00 Significant

d

bost | Control 227|035

Table 5: Comparison of pre and post-test of ROM, DASH, LSST between the experiment and control
group.

Table 3 Shows that Group A (Experimental group) improved significantly in ROM, DASH, and LSST.
Also showed significant improvement in ROM, DASH, and LSST in Group B (Control group) (Table
4). Analysis of paired 't-tests within the group revealed statistically significant improvements in all
three parameters for Group A (Experimental group); ROM- flexion (133+12.06), abduction
(132.1+16.00), internal rotation (49.1+6.59), external rotation (54.0+5.68), DASH (37.0+5.40) and
LSST- Neutral (0.87+0.24), 45 degrees (1.02+0.14), 90 degrees (1.11+0.17), then Group B ROM-
flexion (123.1£10.04), abduction (119+9.29), internal rotation (43.2+£6.25), external rotation
(39£7.97), DASH (48.6+£5.65) and LSST- Neutral (1.67+0.18), 45 degree (1.77+0.26), 90 degree
(2.27£0.35). The p-value was found significant using a paired t-test after 6 weeks of intervention. The
calculated p-value is less than the threshold for statistical significance, which is 0.00 (p>0.05).
Therefore, there is a statistically significant improvement in ROM and reduced disability, pain, and
scapula winging after 6 weeks of scapular stabilizer exercise combined with conventional therapy in
patients with frozen shoulders. Hence, the null hypothesis was rejected, and the alternate hypothesis
was accepted.

In Table 5, the Analysis of independence tests between the groups shows statistically no significance
in all the ROM, DASH, and LSST parameters pre-values for both Group A and Group B. P value
>0.05. Hence, the null hypothesis was accepted, and the alternate hypothesis was rejected. And
showed significant improvement in all the ROM, DASH, and LSST variables post values in both
Group A and Group B. P value is <0.05. Hence, the null hypothesis was rejected, and the alternate
hypothesis was accepted.

DISCUSSION

Frozen shoulder, also known as adhesive capsulitis, is a common and painful condition of the shoulder
joint characterized by structural changes that restrict both active and passive movements of the
shoulder. Assessment of shoulder joint range of motion is commonly performed using a goniometer,
while upper extremity disability and functional limitations are evaluated using the Disabilities of the
Arm, Shoulder and Hand (DASH) questionnaire. Scapular movement and scapulohumeral rhythm play
a vital role in shoulder rehabilitation. Previous studies on patients with frozen shoulder have
demonstrated altered scapular kinematics, including increased scapular upward rotation and reduced
external rotation.

The present experimental study was conducted on 80 participants diagnosed with frozen shoulder, who
were randomly divided into two groups consisting of 40 participants each. The findings of the study
revealed that the mean age of participants in the experimental group was approximately 50 years,
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while the mean age in the control group was 49 years. Similar findings were reported by Soha F.
Khallaf et al. (2018), who observed a mean participant age of 47.3 years.

In the experimental group, females constituted 65% of the participants, whereas males accounted for
35%. In the control group, 57.5% of participants were female and 42.5% were male. These findings
are consistent with previous literature, including studies by Arshad et al., which reported that frozen
shoulder commonly affects individuals between 30 and 70 years of age, with a higher prevalence
among females compared to males.

Statistical analysis was performed using the Mann—Whitney U test to determine the homogeneity
between the two groups. The mean age of participants in the experimental group was 49.02 + 4.028
years, while the control group had a mean age of 49 + 3.789 years. The obtained U value was 800.00
with a p-value greater than 0.05, indicating that both groups were comparable and homogenous at
baseline.

The results of the present study demonstrated a statistically significant improvement in the
experimental group receiving scapular stabilizer exercises along with conventional physiotherapy
compared to the control group receiving conventional physiotherapy alone. Significant improvements
were observed in shoulder range of motion (ROM). In shoulder flexion, the mean pre-treatment value
increased from 95.5 + 11.08 to 133 + 12.06 post-treatment (p = 0.00). Shoulder abduction improved
from 92.6 + 16.67 pre-treatment to 132.1 + 16.00 post-treatment (p = 0.00). Internal rotation increased
from 18.2 + 4.01 to 49.1 £ 6.59 (p = 0.00), while external rotation improved from 21.1 + 6.35 to 54.0
+ 5.68 (p = 0.00). Similar findings were reported by Moezy A et al. (2014), who found statistically
significant improvements in shoulder abduction, flexion, and external rotation following a six-week
intervention program.

The study also demonstrated significant improvement in functional disability as measured by the
DASH questionnaire. The mean DASH score decreased from 72.2 + 7.42 before treatment to 37.0 =
5.40 after treatment, with a p-value of 0.00, indicating a substantial reduction in disability and
improvement in functional activities. Comparable findings were reported by Hee-Yeon Yoon et al.
(2012), who observed significant improvement in DASH scores following intervention.

Furthermore, significant improvements were observed in scapular winging as measured by the Lateral
Scapular Slide Test (LSST). In the neutral position, the mean LSST value improved from 1.82 + 0.14
pre-treatment to 0.87 £ 0.24 post-treatment (p = 0.00). At 45° shoulder abduction, the mean value
decreased from 1.96 + 0.17 to 1.02 + 0.14 (p = 0.00). Similarly, at 90° shoulder abduction, the mean
value improved from 2.70 + 0.32 to 1.11 + 0.17 (p = 0.00). These findings are consistent with the
study conducted by Shankar et al. (2016), which reported statistically significant improvements in
LSST measurements following therapeutic intervention.

Shankar et al. (2016) reported that scapular stabilization exercises facilitate activation of important
periscapular muscles, including the serratus anterior, lower trapezius, and rhomboid muscles. These
exercises help restore the altered force couple mechanism caused by scapular malalignment?® and
improve scapular stability.

Similarly, Irem Duzgun et al. (2019) suggested that, following improvement in scapular mobility,
strengthening exercises targeting the middle trapezius, lower trapezius, and serratus anterior muscles
should be incorporated to enhance scapular stability and shoulder function. In a systematic review
conducted by Celik, scapular stabilization exercises were found to be more effective in reducing pain
and improving shoulder range of motion compared to glenohumeral exercises alone in patients with
frozen shoulder®.

Previous studies investigating scapular alterations in individuals with restricted shoulder mobility have
primarily focused on pain management and restoration of range of motion. However, Lin JJ et al.
emphasized that overactivity of the upper trapezius muscle may lead to compensatory scapular
movements in patients with frozen shoulder due to reduced glenohumeral mobility. Therefore,
strengthening of the lower trapezius muscle is considered essential for effective rehabilitation of the
affected shoulder?®2*,

Jyothi N et al. (2015) stated that the normal ratio between glenohumeral and scapulothoracic
movement is approximately 2:1. Early scapular elevation primarily depends on the coordinated action
of the serratus anterior, levator scapulae, rhomboids, and lower fibers of the trapezius muscle?. The
rhomboids, levator scapulae, and lower trapezius muscles work together to counterbalance the upward
pull generated by the serratus anterior and rotator cuff muscles, thereby stabilizing the scapula during
shoulder movement. This stabilization allows the scapula to function effectively as the rotational base
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during shoulder abduction up to approximately 100 degrees. Beyond this range, upward rotation of the
scapula and activation of the lower fibers of the serratus anterior become increasingly important%20:24,
The upper fibers of the trapezius contribute minimally to scapular rotation and mainly oppose the
downward pull of the deltoid muscle. In addition to producing upward scapular rotation, the serratus
anterior plays a crucial role in scapular stabilization and initiation of shoulder abduction?.

In frozen shoulder, capsular tightness leads to restricted glenohumeral joint mobility. As a result,
external rotation of the humeral head becomes limited, and during shoulder elevation the humeral head
tends to move posteriorly beneath the acromion. Consequently, the scapula reaches its maximum range
of motion earlier than the humerus during arm elevation, leading to altered scapulohumeral rhythm
and compensatory scapular movements.

Jyothi N et al. (2015) reported that since all SITS (rotator cuff) muscles originate from the scapula, the
function of the rotator cuff during shoulder elevation is indirectly dependent on proper scapular
stabilization. They further explained that full and efficient movement of the rotator cuff at the
glenohumeral joint can be achieved only when the scapulothoracic joint is adequately stabiliz?.

Lan Tang et al. (2021) demonstrated that scapular stability exercises based on scapular dyskinesis
(SD) are more effective than conventional rehabilitation programs in the management of shoulder
periarthritis. Their findings highlight the importance of reducing muscle imbalance to improve
shoulder function, decrease pain, and reduce disability while preserving normal scapular force
coupling mechanisms?L.

Michael et al. (2000) stated that altered function of scapular stabilizing muscles is often associated
with overuse injuries and poor shoulder girdle biomechanics. Such dysfunction may result in scapular
malalignment, disturbed scapulohumeral rhythm, and weakness of scapulothoracic muscles, ultimately
contributing to overall shoulder dysfunction. The muscles most commonly affected include the lower
scapular Etabilizers, such as the serratus anterior, rhomboids, and the middle and lower fibers of the
trapezius®.

LIMITATION AND RECOMMENDATION

The present study suggests the need for follow-up assessments to evaluate the long-term effects of the
intervention. Therefore, further research is recommended to compare the effectiveness of scapular
stabilizer exercises combined with conventional therapy versus conventional therapy alone. It is also
advised that future studies include a larger sample size and a longer duration of intervention to obtain
more robust and generalizable results

CONCLUSION

The effectiveness of scapular stabilizer exercise combined with conventional therapy is superior to
conventional therapy alone in increasing ROM, lowering disability and pain, and decreasing scapular
winging. Results showed significant improvement in ROM flexion, abduction, and internal and
external rotation (P<0.05). Significant improvement in DASH (P<0.05). Significant improvement
LSST in three different positions (P<0.05).

In this study, participants in the scapular stabilizer exercise with the conventional therapy showed
more significant improvement than the conventional therapy group alone. This indicates that Scapular
stabilizer exercise with conventional therapy can be a practical therapeutic approach for Frozen
shoulder.
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