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ABS TRACT Objective: This study was performed to evaluate the shoul-
der ultrasound (US) findings of the hemiplegic patients without shoulder 
pain and to evaluate the relationship between the sonographic findings and 
the motor stage, activities of daily living (ADL), and functional status. Ma-
terial and Methods: This cross-sectional study included a total of 22 he-
miplegic patients and 18 healthy controls. The demographic data of all 
participants, and, Brunnstrom recovery scale (BRS), functional ambulation 
scale (FAC) scores, Barthel index, and muscle tone, were analyzed. Shoul-
der cartilage, deep joint space of the acromioclavicular joint (ACJ), and ult-
rasound shoulder pathology rating scale (USPRS) scores of healthy controls 
and hemiplegic patients were evaluated by the US. Results: The demog-
raphic data of the patient and healthy control groups were comparable. The 
total USPRS score and the scores of each component were significantly hig-
her in the hemiplegic shoulder compared to healthy controls (p<0.01). The 
mean score of cartilage thickness and the width of the ACJ on the hemiple-
gic side were statistically significantly different from the measurements of 
the healthy controls (p<0.017). There was a significant and moderate nega-
tive correlation between the USPRS scores and Barthel index, BRS, and 
FAC (p=0.009, rho=-0.546; p=0.023, rho=-0.482; p=0.016, rho=-0.516 res-
pectively). Conclusion: The US was a simple, non-invasive, and accessible 
method by which to evaluate soft tissue changes in the shoulder girdle. Its 
findings were correlated with ADL, functional status, and motor recovery 
stage in hemiplegic patients with painless shoulders 
 
Keywords: US; hemiplegia; painless shoulder;  

 activities of daily living; motor stage 

ÖZET Amaç: Bu çalışma, omuz ağrısı olmayan hemiplejik hastaların omuz 
ultrason (US) bulgularını değerlendirmek ve bunların motor evre, günlük 
yaşam aktiviteleri (GYA) ve fonksiyonel durum ile ilişkisini değerlendirmek 
amacıyla yapıldı. Gereç ve Yöntemler: Bu kesitsel çalışmaya, toplam 22 
hemiplejik hasta ve 18 sağlıklı kontrol dâhil edildi. Tüm katılımcıların de-
mografik verileri ile hemiplejik hastaların Brunnstrom motor evrelemesi 
[Brunnstrom recovery scale (BRS)], fonksiyonal ambulasyon skalası (FAS), 
Barthel indeksi ve kas tonusu analiz edildi. Sağlıklı kontroller ile hemiple-
jik hastaların omuz kıkırdak kalınlığı, akromiyoklaviküler eklem (AKE) 
derinliği ve omuz patolojisi derecelendirme ölçeği [ultrasound shoulder 
pathology rating scale (USPRS)] US ile değerlendirildi. Bulgular: Hasta 
ve sağlıklı kontrol gruplarının demografik verileri benzerdi. Hemiplejik 
omuzda total USPRS skoru ile ölçeğin her bir bileşenin skorları sağlıklı kon-
trollere göre anlamlı derecede yüksekti (p<0,01). Hemiplejik taraftaki 
kıkırdak kalınlığı ile AKE derinliğinin ortalama değeri, sağlıklı kontrollerin 
ölçümlerinden istatistiksel olarak farklıydı (p<0,017). USPRS skorları ile 
Barthel indeksi, BRS ve FAS arasında anlamlı ve orta düzeyde negatif bir 
korelasyon vardı (sırasıyla p=0,009, rho=-0,546; p=0,023, rho=-0,482; 
p=0,016, rho=-0,516). Sonuç: US, omuz kuşağındaki yumuşak doku 
değişikliklerini değerlendirmek için basit, noninvaziv ve erişilebilir bir yön-
temdir. Ağrısız omuzu olan hemiplejik hastalarda US bulguları GYA, 
fonksiyonel durum ve motor iyileşme evreleri ile korele idi. 
 
 
Anah tar Ke li me ler: US; hemipleji; ağrısız omuz;  

               günlük yaşam aktiviteleri; motor evreleme
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Stroke is a clinical syndrome that presents with 
the sudden onset of a focal neurological deficit sec-
ondary to a vascular lesion.1 Upper or lower limb 

paralysis is the main clinical feature of stroke. It is an 
important cause of mortality in the adult population in 
developed countries. On the other hand, it is the 2nd or 
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3rd most common cause of mortality in the vast ma-
jority of countries. Most patients who survive a stroke 
experience neurological sequelae and stroke-related 
complications. Pain caused by shoulder complica-
tions is one of the conditions that impair the quality 
of life and participation in rehabilitation. The most 
common causes of these pathologies include loss of 
motor control, the severity of paralysis, development of 
an abnormal movement pattern, glenohumeral sublux-
ation, changes in muscle tone, and secondary changes 
that occur in the surrounding soft tissue, respectively.2 

The standard imaging modalities for evaluating 
soft tissue lesions of the shoulder region are arthrogra-
phy and magnetic resonance imaging (MRI).3 However, 
both types of examinations take a long time and cost a 
large amount of money. In addition, neither of these 2 
imaging modalities is indicated for stroke patients due 
to limited and intolerable positioning. So the use of ul-
trasound (US) has recently increased in recent years 
since it is broad availability, cost-effectiveness, real-
time imaging, direct multiplanar assessment, immedi ate 
side-to-side comparison, short examination time, and 
lack of ionizing radiation. Furthermore, it closely rivals 
shoulder MRI in accurately diagnosing full-thickness 
rotator cuff tears and is preferred to MRI by patients 
with shoul der pain.4 However, the requirement for ex-
perience and being an operator-dependent modality is 
also an important disadvantage. 

There are some studies in the literature evaluat-
ing the shoulder by the US in hemiplegic patients. Lin 
et al. stated that the mechanism through which soft 
tissue lesions cause hemiplegic shoulder pain may be 
independent of the mechanisms through which 
changes in muscle tone and nervous activity cause 
shoulder pain.5 Lee et al. reported that there was no 
correlation between the stages of motor recovery and 
the grades of US findings.6 But, the aforementioned 
studies have evaluated only the painful shoulder. 
However, most of the hemiplegic patients with the 
post-stroke painless shoulder but impaired arm motor 
function and/or low general status developed shoul-
der pain within 1 year and their quality of life was af-
fected.7 However, to our knowledge, there are no 
studies, which evaluated asymptomatic subjects with 
hemiplegia. So, it could be of interest to investigate 
whether hemiplegia has an additive effect on age-re-

lated tendon degeneration and whether US evaluation 
of the shoulder in the pre-symptomatic stage could 
be a useful tool for discovering subjects at risk. 

This study aimed to screen the US findings of 
hemiplegic patients without shoulder pain and com-
pare the shoulder US findings of the hemiplegic side 
and the non-hemiplegic side with each other as well 
as with the shoulder US findings of healthy controls 
and to determine whether these findings are corre-
lated with motor recovery stage, quality of life, and 
functional status. 

 MATERIAL AND METHODS 

PARTICIPANTS 
Between May 2021 and August 2021, 26 consecutive 
patients with hemiplegic shoulders caused by a cere-
brovascular accident and 18 healthy controls were 
evaluated in this study. All the subjects were aged be-
tween 19 and 56 years. Patients were recruited from 
the physical medicine and rehabilitation clinics of the 
university, while healthy controls were university 
staff or their family members. Patients with a stroke 
for the first time, resulting in unilateral hemiplegia, 
and who had not experienced pain on both shoulders 
in 6 months before stroke onset, and the patients fol-
lowing rehabilitation in the hospital were included. 
The exclusion criteria were a previous shoulder 
trauma or surgery, evident or previously diagnosed 
major pathologies, and the presence of other muscu-
loskeletal, neurological, or psychiatric impairments. 
Furthermore, subjects who performed repetitive 
movements of the upper arm or carried heavy loads 
for professional reasons were also excluded.  Partic-
ipants were asked if they had had any musculoskele-
tal disorders in the last 12 months that had prevented 
normal activity and if they had had shoulder pain at 
least once a month in the past year or during at least 
7 consecutive days in the past year, or if they felt con-
tinuous pain. A negative response was considered as 
an “asymptomatic shoulder”; otherwise, a positive re-
sponse was considered as “symptomatic shoulder.” 

CLINICAL EvALuATION 
The clinical evaluation included age, gender, body 
mass index (BMI), duration of hemiplegia, length of 
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hospital and intensive care stay, occupational status, 
medical treatment, type of cerebrovascular disease, 
motor recovery stage, ambulation, activities of daily 
living (ADL), and muscle tone of hemiplegic pa-
tients. The Brunnstrom recovery scale (BRS) was 
used for evaluating motor recovery stages, the func-
tional ambulation scale (FAC) for evaluating ambu-
lation, the Barthel index for evaluating ADL, and the 
Ashworth scale for evaluating spasticity.8 

uLTRASONOGRAPHIC EvALuATION 
In this study, the shoulder US was performed through 
the posterior side following a protocol to ensure the 
orientation of the operator. The probe was held at its 
base by placing either the edge of the hand or the lit-
tle finger on the patient to reduce stress and allow ad-
equate motor control. A MyLab60 Xvision (Esaote 
Biomedica, Genova, Italy) equipped with a linear trans-
ducer with a frequency of 6-18 MHz was used for the 
evaluations. The selection of the probe frequency was 
based on the patient’s body structure. While lower fre-
quencies were preferred for obese patients, higher fre-
quencies were preferred for slim patients. Furthermore, 
it was ensured that the BMI, age and gender distribu-
tions were matched between the groups. We examined 
only the dominant shoulder in 18 healthy controls and 
bilateral sides in 26 patients with hemiplegia. The pare-
sis of the stroke patients was on the dominant side.  

To obtain the most accurate assessment of 
pathology, evaluating a combination of US abnor-
malities has been recommended as opposed to relying 
on a single sentinel sign. So 3 US parameters 
(USPRS, the width of acromioclavicular-joint, and 
cartilage thickness) were chosen. To evaluate inter-
and intraobserver variability, measurements were ini-
tially made always by the same first examiner (KS, 5 
years experience in the US in musculoskeletal, with 
national certification). Next, another examiner (SS, 3 
years experience in the US in muskoloskeletal, with 
national certification), previously informed about the 
nature of the study, took the same measurements 
from another image obtained with no knowledge of 
the previous results. Finally, the same first examiner 
repeated the measurements according to the criteria 
established above. All measurements were indepen-
dently recorded and photographed. 

uSPRS 
The ultrasound shoulder pathology rating scale 
(USPRS) was used for periarticular soft tissue as-
sessment. USPRS is a quantitative scale that allows 
for an objective evaluation of the shoulder compo-
nents involved in shoulder pathology considering 3 
static and 2 dynamics, a total of 5 US findings. The 
static findings include greater tuberosity cortical sur-
face irregularity, supraspinatus tendinopathy, and 
bicipital tendinopathy, while the dynamic findings in-
clude supraspinatus impingement and subscapu-
laris/biceps/coracoid impingement.9 Commonly used 
pathological US findings determine the type and 
severity of pathology. Each US finding was rated 
using a numerical scale depending on the extent of 
the current pathology. The total USPRS score was 
calculated as the sum of all the scores for the relevant 
shoulder. The maximum possible score for a shoulder 
was 20, and the minimum was 0. 

THE wIDTH Of THE ACROMIOCLAvICuLAR JOINT 
The acromioclavicular joint (ACJ) was evaluated by 
placing the high-frequency linear probe coronally to 
the joint level to make it possible to evaluate 2 artic-
ular extremities of the scapula acromion and the clav-
icle. The superior acromioclavicular ligament was 
visualized as a band arch-like echoic structure across 
the bones.10 There are 6 measurements to assess the 
biometrics of the ACJ.11 But the maximum distance 
between the joint capsule and the deep joint space 
through the superior plane is a reproducible mea-
surement with the best confidence interval among 
these measurements. So, the width of ACJ was con-
sidered (Figure 1). 

SHOuLDER CARTILAGE THICKNESS 
The thickness of the shoulder cartilage was evaluated 
in the crass position on the coronal view. The patient 
was asked to place the arm in retroversion/adduction. 
The cartilage thickness was measured after the del-
toid, supraspinatus, cartilage, and humeral head were 
identified.12 

ETHICS 
This study was approved by Pamukkale University 
Non-Invasive Clinical Research Ethics Committee 
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(date: December 28, 2021, no: E-60116787-020-
151346). All participants were informed about the 
purpose of the study before participation. Their writ-
ten informed consent was obtained. The study was 
conducted by the principles of the Helsinki Declara-
tion. 

STATISTICAL ANALYSES 
G*Power version 3.1 (Heinrich-Heine-Unıversity, 
Germany) software was used to compute the mini-
mum sample size based on 85% power and a 2-sided 
significance level of 0.05.13 We targeted a sample size 
based on discerning differences in the width of the 
ACJ space among groups.14 The sample size capable 
of detecting a change in the difference between the 
groups was estimated using the mean and expected 
standard deviation of change in the width of the joint 
space data obtained from a previous study (The width 
of the ACJ space for Group 1: 4.1 +/- 0.9 mm vs. 
Group 2: 4.1 +/- 0.9 mm). The required sample size 
was estimated to be 18 patients per group.   

IBM SPSS version 22.0 software (IBM Corp., 
Armonk, NY, USA) was used for statistical analyses 
of the study data. Demographic characteristics were 
presented using descriptive statistics. The Kol-
mogorov-Smirnov test was used to test whether the 
set of data comes from a normal distribution. Non-
parametric tests were used for statistical analyses of 

non-normally distributed data. The significance of the 
differences for continuous variables was analyzed 
using the Kruskal-Wallis variance analysis, while the 
chi-square test was used to analyze categorical vari-
ables at baseline. Spearman’s correlation analysis 
was used to evaluate the correlation between non-
parametric variables. A correlation coefficient (rho) 
of 0.8 was interpreted as excellent agreement. Inter- 
and intra-observer variability and agreement were 
evaluated by the one-sample t-test for dependent sam-
ples and the intra-class correlation coefficient. Intra-
class correlation coefficient (ICC) values less than 
0.5 were considered indicative of poor reliability, val-
ues between 0.5 and 0.75 moderate reliability, values 
between 0.75 and 0.9 good reliability, and values 
greater than 0.90 excellent reliability.15 The post-hoc 
Bonferroni correction (Mann-Whitney U test) and the 
Kruskal-Wallis variance analysis were used for in-
tergroup comparisons. A p-value less than 0.0167 
was considered statistically significant in the post-
hoc Bonferroni correction analyses, while a p-value 
less than 0.05 was considered statistically significant 
in all other analyses. 

 RESuLTS 
A total of 26 patients with hemiplegia were evaluated 
for eligibility. Of these patients, 4 patients were ex-
cluded from the study. Of them, 1 had rheumatoid 
arthritis, 1 had thalamic pain, and 2 had complex re-
gional pain syndrome. The demographic data of the 
remaining 22 hemiplegic patients and 18 healthy con-
trols were comparable. The mean disease duration of 
the patients was 15 months, with a mean length of 
hospital stay of 3.9 weeks (Table 1). The inter-oper-
ator agreement was moderate to excellent for the 
mean scoring of USPRS and the measurement of car-
tilage thickness and the width of the ACJ (ICC: 
0.821, 0.999, and 0.622 respectively); however, the 
intra-operator agreement was low to moderate (ICC: 
0.432, 0.521, and 0.673 respectively). 

None of the hemiplegic shoulders was sono-
graphically normal, while 13 (59.1%), and 14 
(77.7%) unaffected/contralateral shoulders and con-
trol shoulders had normal sonographic images, re-
spectively. The most frequent pathologies in the 
hemiplegic shoulders were the following: tendi-

FIGURE 1: ultrasonographic image of the width of the ACJ in the longitudi-
nal plane in a healthy control. 1. Acromion; 2. Clavicle; 3. Joint capsule of the 
ACJ and superior acromioclavicular ligament; 4. Articular disc; a-b, the ma-
ximum distance between the joint capsule and deep joint space. 
ACJ: Acromioclavicular joint.
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nosis/tendinopathy of supraspinatus (1.86±0.45), 
greater tuberosity cortical surface of the humeral head 
(1.5±0.50), and tendinosis/tendinopathy of biceps 
(1.30±0.7). The mean thickness of cartilage and the 
mean width of ACE were 0.05±0.03 and 1.01±0.27, 
respectively. The total USPRS score and the scores of 
each component and the width of ACJ were signifi-
cantly higher on the hemiplegic side compared to the 
non-hemiplegic side and healthy controls (p<0.01). 
Only greater tuberosity cortical surface mean sub-
score of the USPRS was significantly higher on the 

non-hemiplegic side compared to healthy controls 
(p<0.017). The mean score of cartilage thickness of 
the hemiplegic side and the non-hemiplegic side was 
statistically significantly different from the measure-
ments of the healthy controls (p<0.017). The width 
of ACJ was significantly higher in the hemiplegic 
side shoulder compared to healthy controls (p<0.01) 
(Table 2). 

There was a significant and moderate negative 
correlation between the USPRS scores and Barthel 
index, BRS, and FAC (p=0.009, rho=-0.546; 

Patients with hemiplegia  n=22 Healthy controls n=18 p value 
Characteristics 
Mean±SD or n (%)  
Gender  

-Male 11 (50) 12 (67) 0.358 
-female 11 (50) 6 (33)  

Age (year) 56.4±14.3 48.7 (11.2) 0.074 
BMI (kg/m2) 26.4±3.9 26.4 (3.7) 0.919 
Disease duration (months) 15±15 -  
walking aids 18 (82) -  
Length of  intensive care stay (weeks) 3.9±3.9 -  
Occupational status  

-Student or unemployed 9 (41) 3 (16) 0.063 
-Employed, full- or part-time 4 (18) 9 (50)  
-Retired 9 (41) 6 (34)  

Medical treatment  
-SSRI 1 (4.5) -  
-Anticonvulsant 6 (27) -  
-Anti-spasticity agents 6 (27) -  
-Anticoagulant 20 (91) -  

form of CvD  
-Ischemic 21 (95.5) -  
-Hemorrhagic 1 (4.5) -  

Tonus  
-Spasticity 14 (63) -  
-flaccid 8 (37) -  

Barthel index 57.9±27.9 -  
fAC  

-0 2 (4.8) -  
-1 4 (9.5) -  
-2 1 (2.4) -  
-3 7 (16.7) -  
-4 4 (9.5) -  
-5 4 (9.5) -  

TABLE 1:  Demographic, clinical characteristics and medical treatments of hemiplegic patients and healthy controls.

Chi-square and the Mann-whitney u tests were used; *p<0.05: Statistically significant; CvD: Cerebrovascular disease; SSRI: Selective serotonin re-uptake inhibitors; fAC: func-
tional ambulation scale; SD: Standard deviation; ; BMI: Body mass index.
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p=0.023, rho=-0.482; p=0.016, rho=-0.516 respec-
tively). Moreover, there was a moderate positive cor-
relation between the Barthel index and cartilage 
thickness (p=0.019, rho=0.497) (Table 3). 

 DISCuSSION 
Shoulder pain is one of the 4 most common medical 
complications following stroke, with a reported inci-
dence of between 30 and 65% depending upon the 
population studied.16 In the literature, shoulder 
pathologies which are risk factors for shoulder pain in 
hemiplegic patients, have been reported to negatively 
affect functional capacity and rehabilitation poten-
tial.17 However, there are a limited number of studies 
in the literature reviewing the US findings of shoul-
der pathologies and their relationship with ADL in 
hemiplegic patients without shoulder pain. The re-
sults of our study showed that the total USPRS score, 

the mean thickness of cartilage, and the width of ACJ 
were significantly different from that of healthy con-
trols. But only cartilage thickness of the non-hemi-
plegic side was different from that of healthy controls 
among US findings. 

There are a limited number of studies evaluating 
different imaging modalities for the painless shoul-
der in hemiplegic patients. In a published study, 
arthrography was performed for the painful and pain-
less shoulders in hemiplegic patients. The results of 
this study showed a rotator cuff lesion in the painless 
shoulder.18 Another study evaluated the painless 
shoulder in hemiplegic patients using MRI. This 
study most frequently found ACJ degeneration, in-
creased intra-articular fluid, and impingement of the 
supraspinatus muscle.18 Similarly, the present study 
showed that periarticular soft tissues, the width of 
ACJ, and the cartilage thickness were significantly 

Group 1 (n=22) Group 2 (n=22) Group 3 (n=18) Mann-Whitney U test with  
US findings mean±SD Hemiplegic side Non-hemiplegic side Healthy control p value Bonferroni correction 
-Biceps tendinosis/tendinopathy 1.3±0.7 0.27±0.45 0.17±0.39 <0.001* Group 1>Group 2, p<0.001 

Group 2=Group 3, p=0.863 
Group 1>Group 3, p<0.001 

-Supraspinatus endinosis/tendinopathy 1.86±0.45 0.83±0.50 0.17±0.39 <0.001* Group 1>Group 2, p<0.001 
Group 2=Group 3, p=0.175 
Group 1>Group 3, p<0.001 

-Greater tuberosity cortical surface 1.5±0.5 0.67±0.59 0.58±0.24 <0.001* Group 1>Group 2, p<0.001 
Group 2>Group 3, p=0.011 
Group 1>Group 3, p<0.001 

-Dynamic supraspinatus impingement 0.95±0.90 0.78±0.29 0 <0.001* Group 1>Group 2, p<0.001 
Group 2=Group 3, p=0.412 
Group 1>Group 3, p<0.001 

-Dynamic subscapularis/biceps/ 0.81±0 0.73±0 0.058±0.024 <0.001* Group 1>Group 2, p<0.001 
coracoid impingement Group 2=Group 3, p=0.712 

Group 1>Group 3, p<0.001 
Total uSPRS score 5.8±3.3 2.2±2.1 0.64±1.2 <0.001* Group 1>Group 2, p<0.001 

Group 2=Group 3, p=0.019 
Group 1>Group 3, p<0.001 

Cartilage thickness, mm 0.05±0.03 0.08±0.1 0.39±0.37 <0.001* Group 1=Group 2, p=0.634 
Group 2<Group 3, p=0.012 
Group 1<Group 3, p=0.006 

ACJ width, mm 1.01±0.27 0.89±0.27 0.79±0.24 0.045* Group 1=Group 2, p=0.383 
Group 2=Group 3, p=0.090 
Group 1>Group 3, p=0.0038 

TABLE 2:  Comparison of shoulder uS findings of the hemiplegic and non-hemiplegic side and shoulder uS findings of 
healthy controls.

*p<0.05: Statistically significant; ACJ: Acromioclavicular joint; uSPRS: ultrasound shoulder pathology rating scale; mm: Milimeter; SD: Standard deviation.
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different in hemiplegic sides than that in healthy con-
trols. Therefore, shoulder pathologies can be ob-
served in hemiplegic patients even if they do not have 
shoulder pain. However, the relationship between 
these pathologies and shoulder pain is uncertain. A 
study found no relationship between shoulder pain 
and subluxation and impingement in patients with 
hemiplegia.19 Another study found a similar inci-
dence of subluxation for painful and painless shoul-
ders in hemiplegic patients.20 However, in a study in 
which the imaging modality was not used, it was ob-
served that the majority of hemiplegic patients with 
poor functional status and impaired arm function de-
veloped shoulder pain after 1 year of follow-up, al-
though they did not initially have shoulder pain.7 So 
even if patients with hemiplegia have no shoulder 
pain, shoulder imaging, evaluating ADL and func-
tional status was critical since they allow for making 
awareness for following up on hemiplegic shoulder 
pain.  

Risk factors for shoulder pain in hemiplegic pa-
tients have been described in the literature. Espe-
cially, mechanical factors of the joint itself (rotator 
cuff lesions) and neurological disorders (lack of sen-
sation, initial flaccid paralysis, hemispatial neglect, 
and spasticity) are among the most well-known risk 
factors.21 Pong et al. found more soft tissue disorders 
in the US in those with a low BRS recovery stage 
than in those with a high BRS recovery stage.22 Lee 
et al. did not find a relationship between US findings 
and motor recovery.6 Huang et al. reported that hemi-
plegia patients with good poor function had fewer US 
findings and less length of stay in hospital when com-
pared to hemiplegia patients with bad poor function.23 

Another study showed that the likelihood of experi-
encing shoulder pain increased as the duration of 
hemiplegia increased.22 The results of our study 
showed a negative correlation between the total 
USPRS score and Barthel index, motor recovery 
stage, and FAC. But no association was found be-
tween this measurement and disease duration and 
length of hospital stay. Moreover, cartilage thickness 
has a moderate positive correlation with the Barthel 
index. There may be 2 possible reasons for our differ-
ent results from the literature. First, other studies have 
included patients with shoulder pain. Second, the US is 
an operator-dependent modality with high sensitivity 
and low specificity. Therefore, there is a need for many 
studies to verify this relationship. 

In the literature, there are limited number of 
studies that evaluated the thickness of the cartilage 
and ACJ with the US in patients with hemiplegia. 
Tunç et al. reported that the cartilage thickness on the 
nonparetic side was thicker when compared to the 
paretic side due to mobilization. They also stated that 
it correlated with duration and functional status.24 
Yalçın et al. concluded that metacarpal cartilage was 
thinner on the paretic side when compared with the 
non-paretic side. But they did not find a correlation 
between cartilage thickness and functional status and 
disease duration.25 Similarly, cartilage thickness was 
thinner on the hemiplegic side compared to the 
healthy control in our study. In addition, shoulder car-
tilage thickness was not associated with clinical fea-
tures (disease duration, length of stay, motor 
recovery, FAC) except for the Barthel index. The dis-
crepancies between the results of studies might be at-
tributed to the differences between the usage and 

Total USPRS Cartilage thickness ACJ width 
r p value r p value r p value 

-Disease duration  -0.033 0.830 0.084 0.711 0.213 0.293 
-BRS -0.482 0.023* 0.218 0.330 0.081 0.720 
-Barthel index -0.546 0.009* 0.497 0.019* -0.113 0.617 
-Length of hospital stay 0.381 0.080 0.05 0.982 0.196 0.382 
-fAC -0.516 0.016* 0.392 0.066 -0.10 0.966 

TABLE 3:  Correlation of clinical characteristics and quality of life with uS findings in hemiplegic patients.

*p<0.05: Statistically significant; uSPRS: ultrasound shoulder pathology rating scale; BRS: Brunnstrom recovery scale;  
ACJ: Acromioclavicular joint; fAC: functional ambulation scale.
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weight-bearing features of different extremities. 
There were also different results obtained in studies 
on findings of the US of ACJ in hemiplegia patients. 
For instance, synovial hypertrophy and degenerative 
changes in the ACJ were reported in 67% and 64.3% 
rates by MRI, it was detected in 79.8% by MRI and 
26.5% by the US in a different study.2,26 Moreover, 
synovial hypertrophy was recorded in 35.7% of hemi-
plegic asymptomatic shoulders with a mean age of 
64 and reported no significant difference in hemi-
plegic painful shoulders.27 A published study reported 
that ACJ degeneration was found to be the most com-
mon pathologic finding (70.3%) but it was not di-
rectly related to hemiplegic shoulder pain in patients 
with hemiplegia.27 Similarly, the width of ACJ was 
affected compared to the healthy control in the pre-
sent study. However, it was not associated or corre-
lated with clinical features. Therefore, there is a need 
for many studies compiling the relationship between 
shoulder cartilage thickness and ACJ depth with clin-
ical characteristic. 

There were four potantial limitations in our 
study. First, historical self-report information may be 
affected by recall bias when elicited from respon-
dents. However, we excluded in our analysis the sub-
jects who presented at least one symptomatic 
shoulder because impairment on one shoulder could 
be a risk factor for the contralateral side. Second, the 
original work was an observational cross-sectional 

study; therefore, the sample was assessed at one time 
point, so no surgical confirmation or clinical follow-
up for the abnormalities was found. We could not de-
termine whether the shoulders we examined will 
remain asymptomatic and how long the abnormality 
was present. Third, the sample size of the study was 
relatively small. 

 CONCLuSION 
The US was a simple, non-invasive, and accessible 
method by which to evaluate soft tissue changes in 
the shoulder girdle. Its findings were correlated with 
ADL, functional status, and motor recovery stage in 
hemiplegic patients with painless shoulders. There-
fore, imaging of the shoulder on the hemiplegic side 
following stroke is critical since the physicians can 
begin early treatment, educate the caregiver on ap-
propriately transferring or positioning, and modify 
the rehabilitation program to prevent further shoul-
der injury that may impede the upper extremity neu-
rological and functional recovery during the optimum 
period.  
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