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Abstract:
Objective: This study aimed to explore ultrasound (US) imaging in hemiplegic and non-hemiplegic shoulders in patients 

after stroke and to study factors associated with hemiplegic shoulder pain (HSP) and abnormal US findings on the 

hemiplegic side.

Material and Methods: A cross-sectional study was conducted to explore shoulder US imaging in hemiplegic and non-

hemiplegic shoulders in a total of 60 patients after stroke and to study factors associated with HSP and abnormal US 

findings in the hemiplegic side of stroke patients who attended an outpatient rehabilitation clinic.

Results: Sixty patients after stroke were enrolled in the study (40 men and 20 women). Their mean age was 58.7 years. 

The prevalence of shoulder pain was 63.3% (38/60). Among those with shoulder pain, 81.6% (31/38) reported pain on 

the hemiplegic side. Fifty-five patients (91.7%) had shoulder US abnormalities on the hemiplegic side whereas 45 patients 

(75.0%) had shoulder US abnormalities on the non-hemiplegic side. The three most common shoulder US abnormalities 

on the hemiplegic side were biceps peritendon effusion (66.7%), supraspinatus tendinosis (45.0 %), and positive dynamic 

supraspinatus impingement (26.7%). The three most common shoulder US abnormalities on the non-hemiplegic were 

supraspinatus tendinosis (36.7%), biceps peritendon effusion (33.3%), and subdeltoid-subacromial bursitis (18.3%). 

Conclusion: Shoulder pain and US abnormalities were prevalent in patients with hemiplegic stroke. Biceps peritendon 

effusion was the most common abnormality in shoulder US imaging on the hemiplegic side.
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Introduction 
Stroke refers to syndromes that affect the blood 

vessels in the brain that cause of temporary or permanent 

brain damage. These lead to neurological deficits, which 

are a leading cause of death and disability worldwide1. 

Weakness of the upper limbs induces shoulder problems 

such as shoulder subluxation, shoulder pain, shoulder 

stiffness, and shoulder hand syndrome2. Shoulder pain is 

one of the most common musculoskeletal complications 

after stroke3. Previous studies reported the prevalence of 

hemiplegic shoulder pain (HSP) in the range of 24% to 

85%4-9. The pathogenesis of HSP is not well established7, 

but multifactorial causes such as impairments in motor 

control, changes in peripheral and central nervous system 

activity, such as central pain sensitization, together with 

soft tissue injuries may play a role either separately or 

simultaneously10. Although conflicting results between 

studies exist, factors which were commonly found to be 

associated with HSP are diabetes, shoulder stiffness, 

poor Brunnstrom motor recovery stage, age, spasticity, 

sensory disturbance, shoulder subluxation,  and left-sided 

hemiparesis5,7,9,11-14.

To diagnose shoulder pain, history, physical 

examination, and various provocative tests are used. 

Dromerick et al. found that only 37% of patients with 

hemiplegic reported shoulder pain while physical symptoms 

such as biceps peritendon tenderness, supraspinatus 

tenderness, and positive Neer sign were found in up to 54% 

of patients6. Adey-Wakeling et al. found that the number of 

self-reported cases of HSP was lower than the detection 

of abnormal shoulder range of motion by examination4.

Common shoulder investigation methods are plain 

film, Computerized Tomography (CT) scan, Magnetic 

Resonance Imaging (MRI), and ultrasound (US). US is 

a noninvasive medical approach which is less expensive 

and less time consuming than MRI or arthroscopy15,16. 

US can detect soft tissue lesions such as tendinopathy, 

synovitis, tenosynovitis, effusion, and bursitis, and it has the 

advantage of allowing dynamic examination of the shoulder. 

US is recommended as the primary diagnostic method in the 

screening of shoulder pain because it has good diagnostic 

accuracy and it is almost equally as effective as MRI in 

detecting soft tissue lesions such as partial tears of the 

rotator cuff tendon16,17. Ultrasonographic techniques have 

the potential to provide objective measurements of common 

shoulder pathologies after stroke18-19. The prevalence of 

abnormal shoulder US imaging in patients after stroke 

was previously reported to be 67-81%14,15. Common US 

findings of HSP are biceps peritendon effusion, subacromial-

subdeltoid bursitis, and rotator cuff tendinopathy14,15,18,19.

As far as we know, there were no previously published 

studies that investigated the US of both hemiplegic 

and non-hemiplegic shoulders combined with physical 

examinations and provocative tests in patients after stroke. 

We hypothesized that the prevalence of hemiplegic shoulder 

pain is higher than that of non-hemiplegic shoulder pain 

and that the most common shoulder US abnormalities differ 

between hemiplegic and non-hemiplegic shoulders due to 

varying pathologies. The aims of this study were to explore 

US imaging in hemiplegic and non-hemiplegic shoulders in 

patients after stroke and to study factors associated with 

HSP and abnormal US findings on the hemiplegic side. 

Material and Methods
Study design and setting

This cross-sectional study was conducted in the 

outpatient rehabilitation clinic of Srinagarind Hospital from 

September 2020 to August 2022. 

Participants

Inclusion criteria were: age of at least 18 years, a 

history of either ischemic or hemorrhagic stroke of duration 

greater than three months, the ability to cooperate, and the 

ability to sit for more than 30 minutes. Exclusion criteria 
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were a history of bilateral hemiparesis, history of shoulder 

pain or injury to either shoulder prior to the clinical onset of 

stroke, and a history of prior shoulder surgery on either side. 

Ethics approval

This study was approved by the Khon Kaen 

University Ethics Committee for Human Research (Ref. 

HE631471). Each participant provided written, informed 

consent prior to participation.

Procedures

All patients underwent clinical assessment and 

US examination of both shoulders. Stroke-associated 

data, including duration, type, side of weakness, level 

of dependence in activities of daily living, spasticity, and 

numbness of upper extremities, were evaluated. In case 

of shoulder pain, the pain site, duration, and severity were 

evaluated. Bilateral shoulder physical examinations were 

done to explore the point of maximal tenderness, passive 

range of motion, and muscle strength. The Brunnstrom 

stages of motor recovery, pinprick sensation, spasticity and 

shoulder subluxation were evaluated on the hemiplegic side.  

The provocative tests of both shoulders consisted of the 

Empty Can Test, Yergason’s Test, resisted internal rotation, 

resisted external rotation, Neer Impingement Sign, and 

O’Brien’s Active Compression Test for the acromioclavicular 

joint20,21.

US of both shoulders was performed by a specialist 

in rehabilitation medicine with more than ten years of 

experience in the musculoskeletal US. The US specialist 

was blind to the patient’s baseline characteristics and 

physical examination data. Shoulder US was examined in a 

standard procedure with a portable ultrasound system (GE 

Logiq-e, GE Healthcare, Wisconsin, USA), using a 9-14 

Hz linear transducer22. The definitions of ultrasonographic 

pathology were established based on international guidelines 

of The Outcomes Measures in Rheumatology (OMERACT 

7) and The European Society of Musculoskeletal Radiology 

(ESSR)23,24.

Sample size estimation 

We estimated the sample size using the standard 

formula for prevalence studies,                  , where P is the 

expected prevalence of 0.8125 based on a previous study25, 

Z is the test statistic corresponding to a 95% confidence 

interval and d is the required precision of 0.1. This gave a 

sample size estimate of n=60 participants.

Outcome measures

The primary outcome was the proportion of abnormal 

US findings in both the hemiplegic and non-hemiplegic 

sides. Ultrasound abnormalities and characteristics found 

in the biceps tendon, supraspinatus tendon, subdeltoid-

subacromial bursa, subscapularis tendon, infraspinatus 

tendon, acromioclavicular joint, and glenohumeral joint were 

documented. The secondary outcome was the proportion of 

patients with hemiplegic shoulder pain (HSP), where HSP 

was defined as the patient reporting pain confined to the 

shoulder and/or C5 dermatome of the contralesional side 

with onset after stroke and present during rest, or during 

active or passive motion25. We also determined whether 

several factors age, sex, diabetes, side and type of stroke, 

stroke duration, activities in daily living (ADL) dependency, 

Brunnstrom stage, shoulder subluxation, spasticity, limited 

shoulder abduction, impaired pinprick sensation, presence 

of at least one positive shoulder provocation test and 

supraspinatus or biceps tendon pathology by US were 

associated with HSP or abnormal US findings in the 

hemiplegic shoulder.

Statistical analysis

Continuous data were presented as mean and 

standard deviation (S.D.) when the data were normally 

distributed. Median and interquartile range (IQR) were 
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presented when the data were not normally distributed. 
McNemar’s test was used to compare the proportion of US 
abnormalities between the hemiplegic and non-hemiplegic 
sides. A chi-squared or Fisher’s exact test was performed 
to determine the association between the factors defined 
above and HSP and between these factors and shoulder 
US abnormalities. Any significant factors (p-value≤0.25) 
from univariate analysis were included in the multiple logistic 
regression model26-27. The predictive model was constructed 
using backward elimination28. Statistical analysis was done 
using Stata (Stata Statistical Software: Release 10, TX: 
StataCorp LLC.)

Results
Of the 60 patients enrolled in this study, 40 (66.7%) 

were male. The age of the patients was 58.7 years±10.3 

years (mean±S.D.). The duration of stroke was 25.7 

months±29.7 months. Ischemic stroke was the most 

common type (63.3%), and most patients had a left-sided 

weakness (63.3%). More than half of the patients had 

hemiplegic shoulder subluxation (57%) (Table 1). 

Most patients (63.3%, 38/60) had shoulder pain. 
Among those with shoulder pain, 81.6% (31/38) reported 
pain on the hemiplegic side, 2.6% (1/38) on the non-
hemiplegic side, and 15.8% (6/38) on both sides. The 
median duration of hemiplegic shoulder pain was 12 
weeks and non-hemiplegic shoulder pain 10 weeks. The 
most common point of pain was the anterior shoulder 
(18.3%) and the point of maximal tenderness was also the 
anterior area (13%). The three most common abnormal 
shoulder provocative tests on the hemiplegic side were 
Neer impingement sign (35.0%), empty can test (11.7%), 
and pain on resisted internal rotation and external rotation 
(6.7% each) (Table 2).

The most common US abnormalities in the hemiplegic 

shoulder were biceps peritendon effusion (66.7%, Figure 

1), supraspinatus tendinosis (45.0%), and positive dynamic 

supraspinatus impingement (26.7%). Participants who had 

full rupture of the supraspinatus tendon or severe shoulder 

subluxation could not be tested for dynamic supraspinatus 

impingement. The most common US abnormalities in the 

non-hemiplegic shoulder were supraspinatus tendinosis 

(36.7%, Figure 2), biceps peritendon effusion (33.3%), 

Figure 1 Illustration of biceps peritendon effusion with probe positioned in the short axis 
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Table 1 Baseline characteristics of the participants (n=60)

Variables n (%), or mean±S.D.

Gender, Men 40 (66.7)
Age (years) 58.7±10.3
BMI (kg/m2) 23.9±3.0
Underlying disease
   Diabetes mellitus 15 (25.0)
   Hypertension 35 (58.3)
   Dyslipidemia 17 (28.3)
Type of stroke
Ischemic 38 (63.3)
   Hemorrhagic 22 (36.7)
   Duration of stroke (months) median (p25-p75) 14 (5-36)
Hemiplegic side
   Right 22 (36.7)
   Left 38 (63.3)
Spasticity of upper extremity 43 (71.7)
Numbness of upper extremity 23 (38.3)
Activities of daily living
   Independent 30 (50.0)
   Partially dependent 29 (48.3)
   Totally dependent 1 (1.7)
Brunnstrom stage of motor recovery (hand) 3.0±1.4
   Stage 1 8 (13.3)
   Stage 2 17 (28.3)
   Stage 3 19 (31.7)
   Stage 4 3 (5.0)
   Stage 5 10 (16.7)
   Stage 6 3 (5.0)
Brunnstrom stage of motor recovery (arm) 3.1±1.4
   Stage 1 5 (8.3)
   Stage 2 18 (30.0)
   Stage 3 18 (30.0)
   Stage 4 6 (10.0)
   Stage 5 10 (16.7)
   Stage 6 3 (5.0)
Hemiplegic shoulder subluxation 34 (56.7)
   Shoulder pain 38 (63.3)
   hemiplegic side 31 (81.6)
   non-hemiplegic side 1 (2.6)
   both sides 6 (15.8)

BMI=body mass index, S.D.=standard deviation, n=number of participants

and subdeltoid-subacromial bursitis (18.3%). Compared 

to the non-hemiplegic shoulder, the hemiplegic shoulder 

had significantly more cases of biceps peritendon effusion 

(p-value<0.001) (Table 3).  

Thirty-five of 37 patients (94.6%) with hemiplegic 

shoulder pain had US abnormality in at least one of the 

structures examined. In addition, 87.0% (20/23) of patients 

with no HSP had US abnormalities. Five of seven (71.4%) 

patients after stroke with non-hemiplegic shoulder pain 

had US abnormality. Furthermore, US abnormalities were 

found in 40/53 (75.5%) of patients with asymptomatic non-

hemiplegic shoulder pain.
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Table 2 Pain characteristics and clinical examination of the shoulders

Variables Hemiplegic side Non hemiplegic side

Duration of shoulder pain (weeks), median (IQR) 12 (4, 24) 10 (3.3, 17)
Severity of shoulder pain during ADL (NRS), mean±S.D. 2.7±3.2 0.4±1.5
Severity of shoulder pain during rest (NRS), mean±S.D. 1.3±2.3 0.1±0.5
Area of tenderness, n (%)
   Anterior 11 (18.3) 2 (3.3)
   Posterior 5 (8.3) 1 (1.7)
   Medial 1 (1.7) 0 (0.0)
   Lateral 10 (16.7) 0 (0.0)
Point of maximal tenderness, n (%)
   Anterior 8 (13.3) 1 (1.7)
   Posterior 5 (8.3) 0 (0.0)
   Medial 0 (0.0) 1 (1.7)
   Lateral 5 (8.3) 1 (1.7)
Passive range of motion (degrees), mean±S.D.
   Flexion 154.0±29.8 172.8±26.8
   Extension 51.2±15.0 57.8±8.2
   Abduction 145.1±38.9 178.7±7.9
   Internal rotation 65.9±23.6 82.1±16.8
   External rotation 73.8±23.6 85.2±17.2
Shoulder provocative tests, n (%)
   Empty can test 7 (11.7) 1 (1.7)
   Yergason’s test 1 (1.7) 0 (0.0)
   Resisted internal rotation 4 (6.7) 1 (1.7)
   Resisted external rotation 4 (6.7) 0 (0.0)
   Neer Impingement Sign 21 (35.0) 2 (3.3)
   O’Brien active compression test for acromioclavicular joint 1 (1.7) 2 (3.3)

IQR=interquartile range, ADL=activities in daily living, NRS=numeric rating scale, S.D.=standard deviation, n=number of participants

Figure 2 Illustration of supraspinatus tendinosis with probe positioned in the short axis
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Table 3 Characteristics of ultrasonography results 

Characteristics Hemiplegic side, n (%) Non hemiplegic side, n (%) p-value

Biceps long head tendon 
   Effusion 40 (66.7) 20 (33.3) <0.001
Supraspinatus tendon abnormality 32 (53.3) 30 (50.0) 0.85
   Tendinosis 27 (45.0) 22 (36.7)
   Partial rupture 1 (1.7) 1 (1.7)
   Full rupture 2 (3.3) 1 (1.7)
   Calcification 2 (3.3) 7 (11.7)
Dynamic supraspinatus impingement
   Positive 16 (26.7) 8 (13.3) 0.12
   Not testable 3 (5.0) 1 (1.7)
Subdeltoid-subacromial bursa
   Bursitis 15 (25.0) 11 (18.3) 0.45
Subscapularis tendon abnormality* 3 (5.0) 5 (8.3) 0.73
   Calcification 3 (5.0) 1 (1.7)
   Tendinosis 0 (0.0) 3 (5.0)
   Partial rupture 0 (0.0) 1 (1.7)
Infraspinatus tendon abnormality* 3 (5.0) 5 (8.3) 0.73
   Partial rupture 2 (3.3) 3 (5.0)
   Calcification 1 (1.7) 0 (0.0)
   Tendinosis 0 (0.0) 2 (3.3)
Acromioclavicular joint abnormality* 2 (3.3) 0 (0.0) 0.25
   Synovial hypertrophy 0 (0.0) 0 (0.0)
   Effusion 2 (3.3) 0 (0.0)
Glenohumeral joint abnormality*
   Calcification 1 (1.7) 4 (6.7) 0.25

*Fisher’s exact test, n=number of participants

Regarding factors associated with HSP, there were 

modest degrees of evidence that dependence or partial 

dependence in ADL, shoulder subluxation, and limited 

shoulder abduction of <90 degrees were associated with 

HSP (p-value=0.063, 0.10 and 0.055, respectively). Patients 

with HSP were more likely to have a stoke in less than 6 

months (p-value=0.038), have at least one positive shoulder 

provocative test (p-value=0.028) and show supraspinatus 

tendon pathology by the US (p-value=0.034). Age, sex, type 

of stroke, poor Brunnstrom stage of arm motor recovery 

(less than 3), spasticity, and side of hemiparesis were not 

associated with HSP. Multivariable analysis showed that 

shoulder subluxation adjusted odds ratio (OR
adj

)=3.6 [95% 

CI: 1.1-12.0] and stroke duration <6 months (OR
adj

=6.1 [95% 

CI: 1.3-27.3]) were predictive factors for HSP (Table 4). 

HSP, age, limited shoulder abduction of <90 

degrees, poor Brunnstrom stage of arm motor recovery 

(<3), spasticity, impaired sensation, or at least one positive 

shoulder provocative test were not significantly associated 

with abnormal US findings. Additionally, univariate analysis 

revealed that only dependence or partial dependence in 

activities of daily living (ADL) showed a p-value of less 

than 0.25. Consequently, we did not proceed with the 

multivariable logistic regression analysis (Table 5). 
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Table 4 Factors associated with hemiplegic shoulder pain and predictive factors for hemiplegic shoulder pain

Factors HSP 
(n=37), n (%)

No HSP
(n=23), n (%)

p-value Crude OR 
(95% CI)

p-value Adjusted OR 
(95% CI)

p-value

Age ≥60 years 17 (45.9) 14 (60.9) 0.26 0.5 (0.2–1.6) 0.26
Women 13 (35.1) 7 (30.4) 0.71 1.2 (0.4–3.8) 0.71
Diabetes mellitus 8 (21.6) 7 (30.4) 0.44 0.6 (0.2–2.1) 0.45
Left-sided weakness 24 (64.9) 14 (60.9) 0.76 1.2 (0.4–3.4) 0.76
Ischemic stroke 25 (67.6) 13 (56.5) 0.39 0.6 (0.2 –1.8) 0.39
Stroke duration < 6 months 14 (37.8) 3 (13.0) 0.038 4.1 (1.0-16.2) 0.047 6.1 (1.3–27.3) 0.019
Dependent/Partially dependent 
in ADL

22 (59.5) 8 (34.8) 0.063 2.75 (0.9–8.1) 0.066

Brunnstrom stage arm <3 27 (73.0) 14 (60.9) 0.33 0.6 (0.2–1.7) 0.33
Motor power of deltoid MRC <3 23 (62.2) 11 (47.8) 0.28 1.8 (0.6–5.1) 0.28
Shoulder subluxation 24 (64.9) 10 (43.5) 0.10 2.4 (0.8–7.0) 0.11 3.6 (1.1–12.0) 0.035
Spasticity* 27 (73.0) 19 (82.6) 0.53 1.8 (0.5–6.5) 0.39
Limited shoulder abduction <90 
degrees

11 (29.7) 2 (8.7) 0.055 4.4 (0.9–22.3) 0.070

Impaired pinprick sensation 18 (48.6) 13 (56.5) 0.55 0.7 (0.3–2.1) 0.55
At least 1 positive shoulder 
provocative test

28 (75.7) 11 (47.8) 0.028 3.3 (1.1–10.3) 0.031

Supraspinatous tendon 
pathology by US

24 (64.9) 8 (34.8) 0.034 3.2 (1.1–9.7) 0.037

Biceps tendon pathology by US 25 (67.6) 15 (65.2) 0.85 1.1 (0.4–3.3) 0.85

*Fisher’s exact test, HSP=hemiplegic shoulder pain, ADL=activities in daily living, US=Ultrasound, CI=confidence interval, MRC=Medical 
Research Council, OR=odds ratio, n=number of participant

Table 5 Factors associated with abnormal US findings in the hemiplegic shoulder

Factors Abnormal US 
findings 
(n=55), n (%)

Normal US 
findings 
(n=5), n (%)

p-value Crude OR 
(95% CI)

p-value

Age ≥60 years 28 (50.9) 3 (60.0) 1.00 0.7 (0.1– 4.5) 0.70
Women 18 (32.7) 2 (40.0) 1.00 0.7 (0.1–4.8) 0.74
Diabetes mellitus 13 (23.6) 2 (40.0) 0.59 0.5 (0.1–3.1) 0.43
Left-sided weakness 34 (61.8) 4 (80.0) 0.64 0.4 (0.0–3.9) 0.43
Ischemic  stroke 36 (65.5) 2 (40.0) 0.35 0.4 (0.1–2.3) 0.28
Stroke duration <6 months* 38 (69.1) 5 (100.0) 0.31 5.0 (0.3–95.5) 0.29
Dependent/partially dependent in ADL 29 (52.7) 1 (20.0) 0.35 4.5 (0.5–42.5) 0.19
Shoulder pain 35 (63.6) 2 (40.0) 0.36 2.6 (0.4–17.1) 0.31
Brunnstrom stage arm <3 37 (67.3) 4 (80.0) 1.00 1.9 (0.2–18.7) 0.56
Motor power of deltoid MRC <3 31 (56.4) 3 (60.0) 1.00 0.9 (0.1–5.6) 0.88
Shoulder subluxation 30 (54.5) 4 (80.0) 0.38 0.3 (0.0–2.9) 0.30
Spasticity* 48 (87.3) 5 (100.0) 0.33 3.8 (0.2–73.9) 0.37
Limited shoulder abduction <90 degrees* 13 (23.6) 0 (0) 0.58 3.5 (0.2–67.4) 0.41
Impaired Pinprick sensation 28 (50.9) 3 (60.0) 1.00 0.7 (0.1–4.5) 0.70
At least 1 positive shoulder provocative 
test

36 (65.5) 3 (60.0) 1.00 1.3 (0.2–8.2) 0.81

All analysis was done with Fisher’s exact test, *=analysis was done with chi square test and logistic regression analysis, DL=activities in 
daily living, US=Ultrasound, 95% CI=confidence interval, MRC=Medical Research Council 
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Discussion
Our study aimed to explore US imaging in hemiplegic 

and non-hemiplegic shoulders in patients after stroke and 

to study factors associated with hemiplegic shoulder pain 

(HSP) and abnormal US findings on the hemiplegic side. 

We found the prevalence of HSP was 63.3% and of non-

hemiplegic shoulder pain 11.7%. Similar to previous studies, 

we found that the anterior shoulder was the most commonly 

reported location of pain. Tenderness on palpation was 

also found mostly in the anterior region and the most 

commonly found abnormal provocative test was the Neer 

Impingement Test29. 

We found modest degrees of evidence that reduced 

shoulder passive ROM in abduction and the need for 

assistance in ADL were associated with HSP. However, 

we did not observe statistical evidence of associations 

with poor motor function, poor motor recovery determined 

by Brunnstrom stage of the arm being <3, or an absence 

of upper limb motor function and HSP4,12,14,30. Additionally, 

similar to previous studies, we found that supraspinatus 

tendon pathology identified by US was significantly 

associated with HSP in patients with chronic stroke30. It 

was found that supraspinatus tendinosis or tendon tear was 

associated with HSP in the subacute and chronic stages30. In 

our study, in contrast to some previous studies, we did not 

find any association between left-sided weakness, sensory 

impairment or spasticity and HSP7,11,13,31. Multivariable 

analysis showed that shoulder subluxation and a duration 

of stroke <6 months were significant predictive factors of 

HSP, which is in line with previous studies32-34. The shorter 

duration after stroke and HSP may be explained by the 

documented usual occurrence of HSP 2-3 months after 

the onset of stroke35. In addition, shoulder subluxation 

may occur at an early stage after a stroke. Designing 

rehabilitation programs that aim to prevent shoulder 

subluxation is essential to mitigate the occurrence of HSP.

Abnormal shoulder US imaging was higher on the 

hemiplegic side (91.7%) compared with the non-hemiplegic 

side (75.0%). The percentage of abnormal US findings 

in our study was consistent with previous studies which 

found abnormal US in the hemiplegic-sided shoulder of 

81.3% to 100% although the percentage of abnormal US 

findings in the non-affected side in our study (75.0%) 

was somewhat higher than in previously published articles 

(20.7%–55.6%)8,36. The two most common US abnormalities 

of the hemiplegic shoulder found in this study were biceps 

peritendon effusion (66.7%) and supraspinatus  tendinosis 

(45.0%) which is in accordance with previous studies36,37. 

The presence of biceps peritendon effusion on the 

hemiplegic side was significantly higher compared to the 

non-hemiplegic side (p-value<0.001). Our results agreed 

with previous studies that the hemiplegic shoulder had 

a significantly higher number of structural abnormalities 

determined by the US compared to the non-hemiplegic 

shoulder8,31. The finding of biceps peritendon effusion is 

not specific but may point to shoulder pathology. Biceps 

peritendon effusion was more common in older patients or 

patients with shoulder pathology such as adhesive capsulitis, 

subacromial impingement, subdeltoid bursitis, rotator cuff 

tear, biceps tendinitis, and calcific tendinitis38. Additionally, 

since both the biceps and supraspinatus tendons are 

considered vertical stabilizers of the glenohumeral joint, the 

muscles around the shoulder become weaker after stroke, 

stretching of the joint capsule and the musculotendinous 

structures occur, and this may be the source of pain and 

abnormal US findings6. We found that a quarter (25%) of 

patients had subdeltoid-subacromial bursitis. This was 

lower than in the study of Lin et al. which found that 73.1% 

of patients with stroke HSP had subacromial subdeltoid 

bursitis39 but was in line with multiple previous studies which 

found that subacromial subdeltoid bursitis was in the range 

of 21.0% to 43.8%7,40. 
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We found no significant association between sex, 

duration after stroke, the presence of HSP, spasticity, 

impaired sensory function, stage of motor recovery and 

US abnormality, which is similar to previous findings36,40. 

Additionally, the results of the positive shoulder provocative 

test were not associated with the US results. The shoulder 

provocative test for the diagnosis of shoulder problems 

may have low diagnostic value for detecting abnormalities 

in the hemiplegic shoulder and this points to physical 

examination alone not leading to accurate diagnosis. US 

is one option to determine the cause of shoulder pain and 

it is useful for detecting pre-symptomatic pathologies. A 

recent systematic review and meta-analysis found that 

US-guided shoulder interventions, such as suprascapular 

nerve blocks, botulinum toxin injections, and corticosteroid 

injections, play a role in relieving HSP41. In medical practice, 

US imaging, together with clinical assessment, should be 

considered to accurately determine the causes of shoulder 

pain so that proper treatment can be planned accordingly. 

Our study had some limitations. Firstly, a single 

center study limits its generalizability. Secondly, the cross-

sectional design limits the determination of the temporal 

relationship between stroke and the development of US 

abnormalities, i.e., whether patients had shoulder pathology 

prior to stroke or whether patients with abnormal US findings 

will subsequently develop shoulder pain. Future prospective 

longitudinal studies should be considered. Thirdly, we 

could not confirm the diagnosis of adhesive capsulitis by 

physical examination alone since patients after stroke may 

have limited ROM due to spasticity or soft tissue around 

the shoulder joint contracture, and not just because of 

adhesive capsulitis. The abnormalities detected were solely 

diagnosed from the US which may have lower sensitivity or 

limitations in the diagnosis of some specific conditions such 

as adhesive capsulitis. Fourthly, the shoulder provocative 

tests have limitations when performed on the hemiplegic 

side due to neurological deficits, especially in the lower 

Brunnstrom stage, which can affect the interpretation of 

our results. Finally, it should be noted that an abnormal 

US finding is not a definitive diagnosis for shoulder pain in 

each patient. The final diagnosis should be individualized 

to the patient’s clinical and overall US findings.

Conclusion 
Shoulder US abnormalities in patients with 

hemiplegic stroke were prevalent. Biceps peritendon effusion 

was the most common abnormal shoulder US finding on 

the hemiplegic side. 

Funding sources
This study received funding from the Faculty of 

Medicine, Khon Kaen University (Grant number IN64134).

Conflict of interest 
The authors declare that they have no conflict of 

interest. 

References
 1. Krishnamurthi RV, Ikeda T, Feigin VL. Global, regional 

and country-speci f ic burden of ischaemic stroke, 

intracerebralhaemorrhage and subarachnoid haemorrhage: a 

systematic  analysis of the global burden of disease study 2017. 

Neuroepidemiology 2020:54(Suppl 2):171-9. 

2.  Patcharawiwatpong P. Common problem of upper extremities 

in stroke pateint. Asean J Rehabil Med 2002;12:44–62. 

3. McLean DE. Medical complications experienced by a cohort 

of stroke survivors during inpatient, tertiary-level stroke 

rehabilitation. Arch Phys Med Rehabil 2004;85:466-9. 

4. Adey-Wakeling Z, Arima H, Crotty M, Leyden J, Kleinig T, 

Anderson CS, et  al. Incidence and associations of hemiplegic 

shoulder pain poststroke: prospective population-based study. 

Arch Phys Med Rehabil 2015;96:241-7. 

5. Aras MD, Gokkaya NK, Comert D, Kaya A, Cakci A.  Shoulder 

pain in hemiplegia: results from a national rehabilitation hospital 

in Turkey. Am J Phys Med Rehabil 2004;83:713-9. 



Journal of Health Science and Medical Research                                                   J Health Sci Med Res 2025;43(4):e2025115111

Kridrum N, et al.Shoulder Ultrasound in Stroke Patient 

6. Dromerick AW, Edwards DF, Kumar A. Hemiplegic shoulder 

pain syndrome: frequency and characteristics during inpatient 

stroke rehabilitation. Arch Phys Med Rehabil 2008;89:1589-93. 

7. Huang YC, Liang PJ, Pong YP, Leong CP, Tseng CH. Physical 

findings and sonography of hemiplegic shoulder in patients after 

acute stroke during rehabilitation. J Rehabil Med 2010;42:21-6. 

8. Idowu BM, Ayoola OO, Adetiloye VA, Komolafe MA. Sonographic 

evaluation of structural changes in post-stroke hemiplegic 

shoulders. Pol J Radiol 2017;82:141-8. 

9. Pong YP, Wang LY, Huang YC, Leong CP, Liaw MY, Chen 

HY. Sonography and physical findings in stroke patients with 

hemiplegic shoulders: a longitudinal study. J Rehabil Med 

2012;44:553-7. 

10. Zhang Q, Chen D, Shen Y, Bian M, Wang P, Li J. Incidence 

and prevalence of poststroke shoulder pain among different 

regions of the world: a systematic review and meta-analysis. 

Front Neurol 2021;12:724281. 

11. Hao N, Zhang M, Li Y, Guo Y. Risk factors for shoulder pain 

after stroke: a clinical study. Pak J Med Sci 2022;38:145-9.

12. Karaahmet OZ, Eksioglu E, Gurcay E, Karsli PB, Tamkan U, 

Bal A, et al. Hemiplegic shoulder pain: associated factors and 

rehabilitation outcomes of hemiplegic patients with and without 

shoulder pain. Top Stroke Rehabil 2014;21:237-45. 

13. Lindgren I, Lexell J, Jönsson AC, Brogårdh C. Left-sided 

hemiparesis, pain frequency, and decreased passive shoulder 

range of abduction are predictors of long-lasting post stroke 

shoulder pain. PMR 2012;4:561-8. 

14. Lindgren I, Brogårdh C. Post stroke shoulder pain and its 

association with upper extremity sensorimotor function, daily 

hand activities, perceived participation, and life satisfaction. 

PMR 2014;6:781-9. 

15. Bachmann GF, Melzer C, Heinrichs CM, Möhring B, Rominger 

MB. Diagnosis of rotator cuff lesions: comparison of US and 

MRI on 38 joint specimens. Eur Radiol 1997;7:192-7. 

16. Vlychou M, Dailiana Z, Fotiadou A, Papanagiotou M, Fezoulidis 

IV, Malizos K. Symptomatic partial rotator cuff tears: diagnostic 

performance of ultrasound and magnetic resonance imaging 

with surgical correlation. Acta Radiol 2009;50:101-5.

17. Lenza M, Buchbinder R, Takwoingi Y, Johnston RV, Hanchard 

NC, Faloppa F. Magnetic resonance imaging, magnetic 

resonance arthrography and ultrasonography for assessing 

rotator cuff tears in people with shoulder pain for whom 

surgery is being considered. Cochrane Database Syst Rev 

2013;2013:CD009020. 

18. Tao W, Fu Y, Hai-Xin S, Yan D, Jian-Hua L.The application of 

sonography in shoulder pain evaluation and injection treatment 

after stroke: a systematic review. J Phys Ther Sci 2015;27:3007-

10. 

19. Lin TY, Shen PC, Chang KV, Wu WT, Özçakar L. Shoulder 

ultrasound imaging in the post-stroke population: a systematic 

review and meta-analysis. J Rehabil Med 2023;21:55:jrm13432. 

20. Brose SW, Boninger ML, Fullerton B, McCann T, Collinger JL, 

Impink BG, et al. Shoulder ultrasound abnormalities, physical 

examination findings, and pain in manual wheelchair users with 

spinal cord injury. Arch Phys Med Rehabil 2008;89:2086-93.

21. Biederwolf NE. A proposed evidence-based shoulder special 

testing examination algorithm: clinical utility based on a 

systematic review of the literature. Int J Sports Phys Ther 

2013;8:427-40. 

22. Sirasaporn P. Musculoskeletal ultrasound diagnosis for normal 

shoulder. Asean J Rehabil Med 2017;27:77-81. 

23. Wakefield RJ, Balint PV, Szkudlarek M, Filippucci E, Backhaus 

M, D’Agostino MA, et al. Musculoskeletal ultrasound including 

definitions for  ultrasonographic pathology. J Rheumatol 

2005;32:2485–7.

24. Klauser AS, Tagliafico A, Allen GM, Boutry N, Campbell R, 

Court-Payen M, et al. Clinical indications for musculoskeletal 

ultrasound: a delphi- based consensus paper of the european 

society of musculoskeletal radiology. Eur Radiol 2012;22:1140–8.

25. Mohamed RE, Amin MA, Aboelsafa AA. Ultrasonographic and 

clinical study of post-stroke painful hemiplegic shoulder. EJNRM 

2014;45:1163-70. 

26. Zhang Z. Model building strategy for logistic regression: 

purposeful selection. Ann Transl Med 2016;4:111. doi: 10.21037/

atm.2016.02.15. 

27. Mickey RM, Greenland S. The impact of confounder selection 

criteria on effect estimation. Am J Epidemiol 1989;129:125-37.

28. Chowdhury MZI, Turin TC. Variable selection strategies and its 

importance in clinical prediction modelling. Fam Med Community 

Health 2020;8:e000262.

29. Roosink M, Renzenbrink GJ, Buitenweg JR, Van Dongen RT, 

Geurts AC, IJzerman MJ. Persistent shoulder pain in the first 

6 months after stroke: results of a prospective cohort study. 

Arch Phys Med Rehabil 2011;92:1139-45. 



Kridrum N, et al.Shoulder Ultrasound in Stroke Patient 

Journal of Health Science and Medical Research                                                    J Health Sci Med Res 2025;43(4):e2025115112

30. Kim YH, Jung SJ, Yang EJ, Paik NJ. Clinical and sonographic 

risk factors for hemiplegic shoulder pain: a longitudinal 

observational study. J Rehabil Med 2014;46:81-87. 

31. Torres-Parada M, Vivas J, Balboa-Barreiro V, Marey-López J. 

Post-stroke shoulder pain subtypes classifying criteria: towards 

a more specific assessment and improved physical therapeutic 

care. Braz J Phys Ther 2020;24:124-34. 

32. Paci M, Nannetti L, Taiti P, Baccini M, Rinaldi L. Shoulder 

subluxation after stroke: relationships with pain and motor 

recovery. Physiother Res Int 2007;12:95-104. 

33. Suethanapornkul S, Kuptniratsaikul PS, Kuptniratsaikul V, 

Uthensut P, Dajpratha P, Wongwisethkarn J. Post stroke 

shoulder subluxation and shoulder pain: a cohort multicenter 

study. J Med Assoc Thai 2008;91:1885-92. 

34. El-Sonbaty HAE, Abou Elmaaty AA, Zarad CA,  El-Bahnasawy 

AS. Clinical and radiological assessment of hemiplegic shoulder 

pain in stroke patients. Egypt J Neurol Psychiatry Neurosurg 

2022;58:41.    

35. Poduri KR. Shoulder pain in stroke patients and its effects on 

rehabilitation. J Stroke Cerebrovasc Dis 1993;3:261-6. 

36. Lee IS, Shin YB, Moon TY, Jeong YJ, Song JW, Kim DH. 

Sonography of patients with hemiplegic shoulder pain after 

stroke: correlation with motor recovery stage. AJR Am J 

Roentgenol 2009;192:W40-4. 

37. Pong YP, Wang LY, Wang L, Leong CP, Huang YC, Chen 

YK. Sonography of the shoulder in hemiplegic patients 

undergoing rehabilitation after a recent stroke. J Clin Ultrasound 

2009;37:199-205. 

38. Chang KV, Wu WT, Özçakar L. Association of Bicipital 

Peritendinous Effusion with Subacromial Impingement: A 

Dynamic Ultrasonographic Study of 337 Shoulders. Sci Rep 

2016;6:38943.

39. Lin PH. Sonographic findings of painful hemiplegic shoulder 

after stroke. J Chin Med Assoc 2018;81:657-61. 

40. Ali F, Hamdy M, Abdel-Magied RA, et al. Musculoskeletal 

ultrasonographic findings of the affected and unaffected 

shoulders in hemiplegic patients. ERAR 2016;43:14-20.

41. Chiu YH, Chang KV, Wu WT, Hsu PC, Özçakar L. Comparative 

effectiveness of injection therapies for hemiplegic shoulder pain 

in stroke: a systematic review and network meta-analysis. 

Pharmaceuticals (Basel) 2021;14:788. 


