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AbSTRAcT
Purpose. The purpose of the study was to determine the most restrictive range of motion of the shoulder joint before treatment, 
as well as to examine which range of motion makes the treatment most difficult during physical therapy.
Methods. Overall, 35 patients of a physical therapy and rehabilitation clinic who met the inclusion criteria were involved 
in the study. Active range of motion was measured and recorded by physiotherapists using a universal goniometer in standard 
positions. Functional range of motion was evaluated with the constant-Murley Score (cMS) sub-parameters. The participants 
were given standard physical therapy routinely performed in the clinic, 3 sessions per week for 5 weeks. At the end of the 
treatment, the range of motion assessments were repeated.
Results. Pre-treatment percentages were 43.24% for external rotation, 43.78% for internal rotation, 51.70% for abduction, 
67.73% for flexion, 85.52% for extension. Post-treatment percentages were 62.50% for internal rotation, 72.54% for external 
rotation, 77.89% for abduction, 89.73% for f lexion, 99.49% for extension. After treatment, the mean values of cMS sub-
parameters were 9.71 ± 0.86 for flexion, 9.60 ± 0.95 for abduction, 8.57 ± 1.91 for external rotation, and 6.91 ± 2.13 for 
internal rotation. Pre- and post-treatment differences were observed to be statistically significant for the variables in the cMS 
(p < 0.05).
Conclusions. The study showed that early recovery of rotational movements, especially the internal rotation movement, at 
the beginning of the treatment positively affected the treatment process.
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Introduction

Shoulder problems were reported to be in the third 
place among musculoskeletal disorders; their prevalence 
in the general population is 6–26% and turns out much 
higher when assessed by occupational risk factors [1]. 
The most mobile joint of the human body is the shoulder 
joint; its mechanism helps adjust the position of the 
hand in front of the body [2]. because of the synergis-
tic movement structure of the shoulder joint, loss of 
any range of motion will also affect movements in other 
planes [3]. Pathological tables arise owing to the equi-
librium loss between mobility and functional stability. 
The most common pathologies that cause limitation 
of shoulder movement are frozen shoulder, rotator cuff 

rupture, and subacromial impingement syndrome, 
also known as impingement syndrome. Intrinsic and 
extrinsic mechanisms are indicated to take part in the 
aetiology. Vascular and mechanical factors, which com-
plement each other, play a role in their pathophysiology 
[4–7].

Frieman et al. [8] reported that there were no stand-
ardization of the medical or conservative treatment 
program to improve shoulder movement limitations. 
It has been reported that in the immobilized extremity, 
there was a loss of motion range and muscle strength, 
especially related to pain factor [5]. It is known that 
the limitations of rotational movements in scapular 
posterior and anterior plane activities significantly 
affect the functionality of the patients [5, 7, 9]. There 
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is reduction or dysfunction of the humeral head trans-
lation in translatoric joint play, and the main cause of 
movement limitation is capsule thickening accompa-
nied by muscle strength imbalances [10, 11].

Shoulder joint is considerably challenging in the 
rehabilitation period for clinicians. It is the primary 
goal of healthcare professionals to bring patients to 
their functional capacities as soon as possible within 
the scope of the rehabilitation. Knowing the toughest 
steps in this direction is also the most helpful factor 
in creating the most effective treatment. In the light 
of this information, the purpose of this study was to 
determine the range of motion which is the most re-
strictive of the shoulder joint before treatment, as well 
as to examine which range of motion makes the treat-
ment most difficult during and after physical therapy.

Material and methods

Participants

Overall, 50 volunteers who met the inclusion cri-
teria in the examination performed by a physician 
and who had limited shoulder movements were eval-
uated in the rehabilitation department. Individuals 
were excluded from the study whose movement limi-
tations were found insufficient to be included in the 
study (n = 9), who had limitations after mastectomy 
(n = 1), who had cardiac surgery history (n = 1), who 
could not participate in the exercises because of hy-
pertension (n = 3), and who could not maintain con-
tinuity (n = 1). Eventually, the study was conducted 
among 35 participants. Individuals with rheumatic 
tables such as resulting from osteoarthritis or rheu-
matoid arthritis, with recurrent dislocations of shoulder 
joint, with infection table around the shoulder, with 
ischemic heart disease, with shoulder or neck surgery 
history, with malignancy, dementia, or cardiac pace-
maker, with pain developed with radiculopathy and 
limitations related to muscle strength losses, with limi-
tations of movements that became evident with neu-

rological disorders, with limitations of movement af-
ter myocardial infarction, with movement loss that 
arouse after operations, or with complete rupture were 
not included in the study. Those with active range of 
motion if reasons of exclusion were eliminated, who 
had limitation of shoulder joint movement in any di-
rection were included. Demographic information of 
the participants was obtained.

Procedures

Two different evaluation methods were used in our 
study. Goniometric measurements were applied to 
evaluate the range of active motion in the patients’ mo-
tion planes. Active range of motion (AROM) (flexion, 
extension, abduction, internal rotation, external ro-
tation) was measured and recorded by physiotherapists 
using a universal goniometer in standard positions 
[12]. Shoulder joint ranges of flexion and abduction 
motion were assessed in the neutral supine position 
with arms resting near the body. In the supine posi-
tion, internal rotation and external rotation meas-
urements were obtained with the arm at 90° abduc-
tion and elbow at 90° flexion supination forearm 
position. At the time of rotation assessment, scapular 
stabilization was performed by fixing the acromion 
with help. Attention was given so that the arm did not 
enter adduction and the elbow did not enter flexion. 
The positioning of the participants who could not make 
active shoulder 90° abduction was carried out by the 
therapist. Shoulder joint extension angle was evalu-
ated in the prone position, the arms beside the body, 
with no compensation.

constant-Murley Score (cMS) was used to evaluate 
the patients’ upper extremity functionality. The func-
tional range of motion was detected with the cMS 
functional range of motion sub-parameters [13], i.e. 
forward flexion, lateral elevation (abduction), external 
and internal rotation. In the cMS evaluation, all move-
ments were carried out while the participants were 
in the neutral standing position; the subjects were 

Table 1. The constant-Murley Score functional range of motion sub-parameters

Flexion, abduction External rotation Internal rotation Scoring

0–30° Hand behind head, elbow forward Lateral thigh 0
31–60° Hand behind head, elbow back buttock 2
61–90° Hand to top of head, elbow forward Lumbosacral junction 4
91–120° Hand to top of head, elbow back Waist (L3) 6
121–150° Full elevation T12 vertebra 8
151–180° Interscapular (T7) 10

compiled from: http://www.orthopaedicscore.com/scorepages/constant_shoulder_score.html
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shown the required action and asked to perform it 
themselves bilaterally. Limitations of the movement of 
the affected side were evaluated with cMS (Table 1).

During the evaluation of the rotational movements, 
the participants were asked to touch their hand to 
a designated spot. For each movement performed, scor-
ing was performed in accordance with the values in the 
scoring table. In the assessment of the range of motion, 
the sum for each sub-parameter is 10 points, and it is 
evaluated over the total of 40 points [14]. The par-
ticipants were given the standard physical therapy 
routinely applied in the clinic, in continuous mode with 
hot pack for 30 min/session, transcutaneous electri-
cal nerve stimulation (TENS) for 30 min/session, and 
ultrasound for 8 min/session 1.5 W/cm2, full contact 
technique, as 3 sessions per week and for 5 weeks. At 
the beginning of the treatment, the patients were taught 
shoulder exercises, which were performed under the 
supervision of physiotherapist. At the end of each 
session, cold pack was applied for 15 min [15]. The 
home exercise program was taught in detail and pre-
scribed to each participant, accompanied by an exer-
cise brochure. At the end of the treatment, the range 
of motion evaluations were repeated.

Data analysis

In the biostatistical analysis of the study, the ex-
amined variables were defined as mean ± standard 
deviation (  ± SD), frequency and percentage values. 
Treatment efficiency was determined with the Wil-
coxon test in intra-group analysis after the treatment. 
The limit of significance was assumed as p < 0.05 in 
the interpretations. The percentage of recovery level 
was calculated with the formula of AROM × 100 / 
normal AROM for each range of motion in order to 
determine the recovery levels of the standard range 
of motion in the participants with mean shoulder 
joint AROM values. The percentage of AROM before 
and after treatment was determined. (Normal AROM 
values were assumed as: 180° for flexion, 180° for 

abduction, 90° for internal rotation, 90° for external 
rotation, 45° for extension). The IbM SPSS statistics 
version 22 software was used for biostatistical analysis.

Ethical approval
The research related to human use has been com-

plied with all the relevant national regulations and 
institutional policies, has followed the tenets of the 
Declaration of Helsinki, and has been approved by the 
Istanbul Medipol University Health Research Ethics 
board (number 10840098).

Informed consent
Informed consent has been obtained from all indi-

viduals included in this study.

Results

In the study, 23 (65.7%) participants were female 
and 12 (34.3%) were male. The right side was affected 
in 20 (57.1%) patients and the left side in 15 (42.9%). 
The subjects, with a mean age of 52.23 ± 7.99 years, 
were observed to have had complaints for 5.01 ± 3.02 
months; their mean body mass index equalled 28.24 
± 3.41. Ten participants (28.6%) had frozen shoulder, 
12 (34.3%) had subacromial impingement syndrome, 
and 13 (37.1%) had rotator cuff pathology. The pre- 
and post-treatment AROM goniometric mean results 
are shown in Table 2. The pre- and post-treatment 
differences were observed to be statistically significant 
(p < 0.05) for all variables as a result of comparing 
the mean measurement of the AROM of the partici-
pants’ affected shoulder joints.

When the difference between the pre- and post-
treatment means of AROM of the shoulder joint was 
examined, the most significant mean increase in the 
range of motion was found in abduction (47.14°), then 
in flexion (39.60°), external rotation (26.37°), inter-
nal rotation (16.91°), and extension (6.29°). Table 3 
shows the percentage of recovery level of the shoulder 
joint AROM.

Table 2. Pre- and post-treatment AROM goniometric mean results (  ± SD)

Movement Pre-treatment AROM Post-treatment AROM Differences p

Flexion 121.91 ± 17.76 161.51 ± 12.72 39.60 ± 20.31 < 0.05
Abduction 93.06 ± 23.18 140.20 ± 19.68 47.14 ± 23.89 < 0.05
Internal rotation 39.40 ± 17.91 56.31 ± 15.23 16.91 ± 14.51 < 0.05
External rotation 38.91 ± 15.80 65.29 ± 15.52 26.37 ± 15.94 < 0.05
Extension 38.49 ± 7.37 44.77 ± 6.49 6.29 ± 5.82 < 0.05

AROM – active range of motion
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According to these percentages, while the most 
limited range of motion was the external rotation be-
fore treatment, the internal rotation movement was the 
most limited range of motion after treatment. The re-
sults for cMS sub-parameters are shown in Table 4.

Pre- and post-treatment differences were observed 
to be statistically significant for the variables in the 
cMS functional AROM sub-parameters (p < 0.05). 
As shown with the mean results of cMS sub-param-
eters of functional range of motion, while the maxi-
mum pre- and post-treatment range of motion referred 
to flexion, the most restricted motion was internal 
rotation.

Discussion

In accordance with the goniometric evaluation re-
sults, while the AROM with the greatest limitation 
before treatment referred to external rotation, the mo-
tion with greatest limitation after treatment was in-
ternal rotation. The cMS functional range of motion 
sub-parameter results showed that the most restric-
tive pre- and post-treatment AROM concerned inter-
nal rotation. In the literature, it has been reported 
that posterior capsule thickening is the leading cause 
of internal rotation limitation [4, 16, 17]. Thomas et al. 
[3] found that the thickening of the posterior capsule 

was higher at the dominant side than at the non-dom-
inant side in healthy subjects. They also noted that 
there was a negative correlation between posterior 
capsule thickening and internal rotation movement 
and a positive correlation between posterior capsule 
thickening and external rotation movement. At the 
same time, posterior capsule thickening and gleno-
humeral abduction at 60°–90°–120° showed positive 
correlation with superior translation of the scapula. 
It was also mentioned that approximation of joint seg-
ments increased compressive forces in the subacro-
mial tissue [3].

Humerus head has been shown to be the major fac-
tor causing limitation of movement in the shoulder 
arm complex in many pathologies, such as anterior-
superior translation, impingement, rotator cuff rup-
tures and instability. It has been reported that the 
limitations of the range of motion may develop as a re-
sult of ligament dysfunctions, such as hypertrophy of 
the coracoacromial ligament, or owing to traction osteo-
phyte formed in the acromion [6]. The limitation of 
movement changed the kinematics of the glenohumer-
al joint, and some changes in the muscle activations 
over time with scapular kinematics were also observed. 
Serratus anterior muscle weakness, increase in up-
per trapezius activation, and pectoralis minor short-
ening have been proved to be the main factors caus-
ing limitation of movement [9]. Hung et al. [11] stated 
in their clinical study that muscle spasm affected the 
shoulder joint range of motion and that posterior del-
toid, infraspinatus, and teres minor muscle spasm 
caused limitation of internal rotation. According to 
Poser and casonato [18], even though the main factor 
causing internal rotation limitation is the presence of 
posterior capsule thickening, muscle contractures are 
also effective. In their case study they showed that 20° 
internal rotation could be obtained with a single session 
of massage therapy on infraspinatus and teres minor 
muscles. They mentioned that the cause of joint limi-
tation could not be distinguished by definite lines – 
whether they originated from posterior capsule or in-
fraspinatus and teres minor muscle [18].

I has also been reported that posterior capsule thick-
ening increases the impingement formation and the 
risk of rotator cuff pathologies formation by affecting 
abnormal scapular mobility, generally anterior scap-
ular tilt and rotational and humeral translation with 
anterior positioning of humeral head [4, 9, 17]. Most 
of the studies on shoulder joint movement limitations 
are focused on overhead shooting sports branches and 
imply that dominant shoulder range of external rota-
tion is higher than the range of internal rotation [16, 17]. 

Table 3. Percentage of recovery level of the shoulder joint 
AROM (  ± SD)

Movement
Pre-treatment 

PAROMbT
Post-treatment 

PAROMAT
p

Flexion 67.73 89.73 < 0.05
Abduction 51.70 77.89 < 0.05
Internal rotation 43.78 62.57 < 0.05
External rotation 43.24 72.54 < 0.05
Extension 85.52 99.49 < 0.05

AROM – active range of motion, PAROMbT – percentage 
of active range of motion before treatment, PAROMAT – 
percentage of active range of motion after treatment

Table 4. The mean results of cMS sub-parameters  
(  ± SD)

Sub-parameter
Pre- 

treatment
Post- 

treatment
p

Elevation-flexion 7.20 ± 1.76 9.71 ± 0.86 < 0.05
Elevation-abduction 6.80 ± 1.95 9.60 ± 0.95 < 0.05
External rotation 3.94 ± 2.72 8.57 ± 1.91 < 0.05
İnternal rotation 3.49 ± 2.19 6.91 ± 2.13 < 0.05

cMS – constant-Murley Score
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There are studies indicating that the glenohumeral 
joint posterior capsule thickening and the limitations 
of internal rotation are not only due to posterior cap-
sule thickening. They report that this condition de-
velops under capsule tension with overhead recurrent 
activities as well as osseous adaptation [16]. However, 
carcia et al. [19] found in their clinical study that the 
glenohumeral range of internal rotation was higher at 
the non-dominant side when goniometric measure-
ments were taken at the side-lying position in healthy 
participants. In a limited number of studies investi-
gating the possibility of the same mechanism also 
occurring in the populations outside of the overhead 
shooters or basketball players, researchers have re-
ported that the tension stress on the glenohumeral 
joint posterior capsule may cause capsule thickening 
by creating fibroblast structural change, by reducing 
the extracellular matrix compliance. The main factors 
of this mechanism were shown in cadaver studies. In 
a cadaver study by Harryman et al. [20], the head of 
the humerus performed anterior and superior trans-
lation after the posterior capsule of the glenohumeral 
joint was sutured. This translatoric movement is pre-
dicted to create a limitation in the shoulder joint. More-
over, Dashottar and borstad [21], moved the joint 
capsule to the natural contracture by 20% and 40% by 
coagulating the collagen tissue with a radiofrequency 
thermal energy probe. The pressure affecting subac-
romial area and humeral head translation changes 
during arm elevation were calculated. Limitation of 
movement and increase in the pressure on the sub-
acromial area were observed with humeral head an-
terior and superior translation.

In the light of this information and the results of 
our study, we suggest that anterior glide and posterior 
glide of humeral head in the internal rotation of the 
glenohumeral joint have an effect on the internal ro-
tation, being the last range of motion to be improved. 
A hypothesis came to our minds saying that the chang-
ing capsule structure causes posterior thickening 
and the humeral head to be anteriorly positioned and 
irritates the structures in the anterior compartment 
of the joint. We maintain that the intra-articular area 
will reach the end of the internal rotation range owing 
to the anteriorly positioned humeral head. The limi-
tation of internal rotation is the loss of motion in the 
beginning of the range, not at its end. For this reason, it 
is possible that internal rotation motion loss was ob-
served.

In accordance with the goniometric evaluation re-
sults of the shoulder joint before treatment in the pre-
sented study, the most limited range of motion con-

cerned external rotation. James cyriax defined the 
glenohumeral joint capsule pattern as external rota-
tion range limitation being greater than abduction, and 
abduction being greater than internal rotation [22]. 
However, Rundquist and Ludewig [23] obtained dif-
ferent results than cyriax in participants with idio-
pathic shoulder movement restriction. They showed 
that internal rotation limitation was greater than ab-
duction and abduction was greater than external 
limitation by 56%, and that the internal rotation lim-
itation with the abduction of the affected extremity 
was the highest, with 92%. In a cadaveric study of ro-
tator muscle imbalance, which leads to internal im-
pingement formation and superior labrum degenera-
tion, it was indicated that the maximum range of 
external rotation motion increased with a decrease 
in subscapularis muscle strength, and glenohumeral 
contact pressure also increased. This condition has 
been indicated to be involved in the development of 
many shoulder pathologies and to provide the basis 
for the formation of anterior subluxations [24].

In the light of all the information listed above, in 
accordance with clinical observation, posterior glide 
and anterior glide of humeral head are performed in 
the external rotation motion. When we make some as-
sumptions about the limitations of range of external 
rotation motion, we can say that the joint posterior 
compartment will not allow the limitation caused by 
pathology, the deficiency due to increased tension stress 
on the external rotator muscles, the posterior glide in 
the external rotation movement of the humerus head. 
It is possible that the glenohumeral joint exhibits ago-
nist, antagonist movement limitation of both internal 
rotation and external rotation. In the glenohumeral 
joint, rotational movements are needed to allow the 
elevations to reach the full. The loss in rotational move-
ments will affect the range of elevation. The limitation 
level will vary according to the size of the pathology. 
Loss of scapula-humeral rhythm developing with mus-
cle imbalance will be another factor affecting the pa-
thology process [7].

In accordance with the study outputs, as a result 
of the comparison of active measured averages of af-
fected shoulder joint ranges of motion before and after 
treatment, it was observed that the physiotherapeutic 
interventions that we applied in the study content 
improved the joint range of motion. It has been reported 
that physiotherapeutic interventions should be included 
from the starting point of treatment in order to restore 
muscle strength imbalance caused by the pathology 
table in the restricted shoulder joint, to restore pain-
less, stable, normal function of the shoulder joint. In 
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a study investigating the efficiency of physiotherapy 
practices in subacromial impingement syndrome, it 
was reported that exercise therapy was the most effec-
tive treatment modality to overcome the loss of function-
al range in long and short term. Joint mobilization com-
bined with exercise has also been shown more effective 
than therapeutic exercise only [25]. In research inves-
tigating the efficiency of physiotherapeutic practices 
in individuals with adhesive capsulitis, therapeutic 
exercises and joint mobilization have shown a power-
ful effect in gaining joint range of motion and function 
development. However, studies present no conclusion 
about the standardization of physiotherapeutic prac-
tices and exercise programs [26].

In clinical research on recovering the loss of shoul-
der joint range of internal rotation, an attempt to im-
prove the limitation was taken with different stretch-
ing exercises applied to the posterior capsule of the 
shoulder joint. Researches indicated that both tech-
niques that they performed were effective [27, 28]. 
Moore et al. [29] observed rapid improvement in bas-
ketball players with internal rotation deficit in the 
glenohumeral joint when they applied muscle energy 
techniques to increase the angle of glenohumeral hori-
zontal adduction and internal rotation. The findings 
of our study show that early recovery of rotational 
movements, especially internal rotation, from the be-
ginning of the treatment positively affects the treat-
ment process. According to our clinical study results, 
physiotherapy practices effectively improve shoulder 
movement limitation and functional range of motion 
in a short time.

We observed that the range of motion with the high-
est limitation was external rotation before treatment 
and internal rotation after treatment. The cMS sub-
parameter results proved that the most restricted move-
ment was internal rotation both before and after 
treatment. Our findings suggest that early recovery 
of restricted internal rotation movement with poste-
rior capsule stretching exercises from the beginning 
of treatment will positively affect the treatment pro-
cess. The efficacy of massage application or muscle 
energy techniques to overcome the existing internal 
rotation limitation should be investigated.

As for the limitations of our study, it would prob-
ably be more accurate to examine the limitations of 
movement due to a single pathology as this would 
give more detailed results. It is thought that the long-
term effects of short-term outcomes of rehabilitation 
practices should be examined in larger populations.
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