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Abstract 

Background: Hemiplegic shoulder pain (HSP) is one of the most common complications of stroke. This work aimed 
to evaluate and analyze the clinical and radiological features of painful shoulder in hemiplegic stroke patients with 
evaluating the diagnostic role of shoulder ultrasound and shoulder MR imaging in assessment of the causes of shoul‑
der pain.

Methods: 210 stroke patients with shoulder affection within 3 years of stroke development were enrolled. Clinical 
assessment including Medical Research Council scoring, The Brunnström motor recovery and Ashworth Scale. Shoul‑
der ultrasound and MR imaging were done for 74 patients with painful hemiplegic shoulder.

Results: The prevalence of HSP was 35.2% with statistically significantly higher proportion of shorter disease dura‑
tion, lower muscle power, lower BMR stage with higher proportion of bicipital tendinitis and complex regional pain 
syndrome in major versus moderate dependence (P < 0.001, P < 0.001, P < 0.001, P = 0.011 and P = 0.001 respectively). 
On multivariate analysis only short disease duration was statistically significant independent predictor. Participants 
with disease duration ≤ 2 months have 21.9 times higher odds to exhibit major rather than moderate dependence. 
By imaging there was high prevalence of joint effusion (47.3%), bicipital tendinitis (44.6%), bursitis (31%) and adhesive 
capsulitis (29.7%) in painful hemiplegic shoulder with a very good agreement between MRI and US in diagnosis.

Conclusion: HSP has a high prevalence in stroke patient with increased morbidity due to various factors and US can 
be used as an alternative or a complementary to MRI for diagnosis of hemiplegic shoulder pain.
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Background
Stroke is a focal neurological deficit representing the 
second cause of death and the third cause of disability 
all over the world [1, 2]. Several medical complications 
of stroke are detected such as deep venous thrombosis, 
infections and hemiplegic shoulder pain (HSP). These 
complications hinder rehabilitation program with 
increased mortality and morbidity rate [3].

HSP is one of the most common complications of 
stroke with incidence ranged from 11 to 40% in many 

studies [4] and commonly interferes with patient’s quality 
of life and usually forces patient to compensate by using 
the unaffected parts in their activities [5]. Majority of 
HSP develop in first 2 weeks up to 6 months and about 
65% of those will continue to experience the problem 
several months’ after that [6].

The end results of structural injury and bad posturing 
of the hemiplegic shoulder with subsequent surrounding 
tissue damages are reduction in arm function, difficulty 
with rehabilitation and impaired quality of life [6, 7]. Eti-
ologies of HSP are multifactorial including either cen-
tral etiology (central post stroke pain), local mechanical 
causes (rotator cuff tears, shoulder subluxation, bicipi-
tal tendonitis, weakness, muscle imbalance and altered 
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scapula position) or neurological factors (weakness, spas-
ticity and altered sensation) [7, 8].

Clinical diagnosis of HSP mainly depending on detect-
ing the source of the pain including changes in pain sen-
sitivity to stimulus, pain arising from joint malalignment, 
muscle stiffness or shoulder-hand syndrome [9].

Magnetic resonance (MR) and ultrasound imaging 
(US) are considered as valuable diagnostic imaging tools 
that used for the evaluation of shoulder disorders. US 
is a less expensive and non-invasive imaging tool with-
out ionizing radiation that permits both anatomical and 
functional assessments of the joint [10]. MR is considered 
as a reference standard for the evaluation of shoulder dis-
orders that can provide both anatomical and structural 
information about the gleno-humeral joint and rotator 
cuff muscles [11].

Many studies compared the diagnostic accuracy of 
ultrasound and MRI in assessment of hemiplegic shoul-
der pain [10, 11]. In other hand up to the authors’ knowl-
edge there were no previous researches correlating the 
clinical and radiological features of hemiplegic shoulder 
pain.

This work aimed to evaluate and analyze the clinical 
and radiological features of painful shoulder in hemiple-
gic stroke patients with evaluating the diagnostic role of 
shoulder ultrasound and shoulder MR imaging in assess-
ment of the causes of shoulder pain.

Methods
This was a cross sectional study performed in period 
from January 2021 to October 2021 on 210 shoulder 
affection stroke patients attended outpatient clinic neu-
rology and rehabilitation departments. The study was 
approved by the Institutional Review Board (IRB), Fac-
ulty of Medicine.

All patients recruited in our research gave informed 
written consent. The demographic and clinical data 
including age, sex, hemiplegic side (right or left), stroke 
type (ischemic or hemorrhagic), stroke duration in 
month, presence or absence of shoulder pain, grade of 
muscle weakness, Barthel index (BI), sensory disturbance 
for light touch, Brunnström motor recovery (BMR), 
Ashworth scale, visual analogue scale (VAS), pattern of 
shoulder affection and stroke risk factors. All patients 
were evaluated by expert rheumatologist and neurologist.

Inclusion criteria was stroke patient with shoulder 
involvement including both sex and age (from 30 to 
80 years) while patients with cognitive dysfunction, rheu-
matic diseases or suffered from any chronic pain prior to 
stroke were excluded.

Two hundred and ten stroke patients with shoul-
der affection within 3  years of stroke development 
were enrolled. Shoulder pain was defined as pain in the 

shoulder area required analgesia for 2 or more consecu-
tive days and its intensity would be graded on VAS [4].

Demographic data of the patients in this study included 
right or left handed, duration of stroke, range of motion 
(ROM) of shoulder joints, level of spasticity in the hemi-
plegic upper extremities and history of use of anti-spas-
tic agents. The level of spasticity in the affected upper 
extremities was measured using the Ashworth scale.

Muscle power of the shoulder girdle was examined in 
each direction when performing the motions of abduc-
tion, adduction, flexion and extension using the Medi-
cal Research Council scoring system [12], the score was 
summed to give a composite muscle power score: grade 
5 (muscle contracts normally against full resistance), 
grade 4 (muscle strength is reduced but muscle contrac-
tion can still move joint against resistance), grade 3 (mus-
cle strength is further reduced such that the joint can be 
moved only against gravity with the examiner’s resistance 
completely removed) grade 2 (muscle can move only if 
the resistance of gravity is removed), grade 1 (only a trace 
or flicker of movement is seen or felt in the muscle or fas-
ciculation’s are observed in the muscle) and grade 0 (no 
movement is observed).

The Brunnström motor recovery (BMR) stages, gleno-
humeral subluxation, passive ROM of the hemiplegic 
shoulder and shoulder pain also was evaluated for all 
patients. The BMR stages in the upper extremity were: 
stage I (flaccid limbs without any voluntary movement), 
stage II (spasticity with weak flexor synergy), stage III 
(voluntary movement of the limbs, but the action was 
within a flexor synergy pattern), stage IV (selective acti-
vation of muscles outside the flexor synergy), stage V 
(decrease in muscle spasticity with selective muscle 
activation which was mostly selective and independent 
of limb flexor synergy) and stage VI (well-coordinated 
movements) [13].

Barthel Index score (BI) is an ordinal scale consisting 
of ten tasks (total score from 0 to 100) used to assess per-
formance in the activities of daily living (ADL) with low 
scores need greater nursing dependency [14].

Ashworth Scale evaluates the resistance for passive 
movement around the joint with different degree of 
velocity with scores from 0 to 4 (0 indicate no increase in 
tone while 4 indicate limb rigid in flexion or extension) 
[15].

VAS Scale is a scale used for measurement of pain 
intensity in different diseases including rheumatoid 
arthritis comprised of vertical or horizontal line usually 
100 mm in length [16, 17].

Imaging techniques
MRI and ultrasound of the affected shoulder were done 
for all patients presented with shoulder pain. The nature 
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of the studies was explained to all patients and or their 
caregivers. Shoulder ultrasound and MR imaging were 
done for 74 patients who suffered from shoulder pain. 
Imaging was done by single radiologist with more than 
10-year experience in musculoskeletal imaging. US 
examination was performed first then shoulders MRI for 
all 74 patients on separate cession for each examination.

Shoulder US examination was done for all 74 patients 
using TOSHIBA ultrasound machine (Xario 200, Canon 
Medical System, Toshiba, Japan) with linear phased array 
transducer ranging from 7 to 14 MHz. by using technique 
previously described by Mack et  al. [18] and Middleton 
[19] in which the patient with exposed shoulder was sit 
on a rotating chair. This technique allows easy assessment 
of both ventral and dorsal parts of the shoulder and facili-
tates any need for change position during examination. 
US imaging was done in both longitudinal and transverse 
axis planes for rotator cuff, subacromial/subdeltoid bursa 
and biceps tendon groove.

Shoulder MR imaging were done for all 74 patients 
using Siemens 1.5 T MR machine (Magnetom aera, Sie-
mens health care, Germany) with a surface array shoulder 
coil. On the MR table the patient laid in supine position, 
the examined shoulder was in horizontal position and the 
patient’s arm by his side. The protocol of MR shoulder 
included:

Fat-suppressed proton sequences in coronal oblique, 
sagittal oblique and axial planes with repetition time 
(TR) 1500  ms, echo-time (TE) 25  ms, field of view 
(FOV) 120 mm and slice thickness 4 mm.
T2 weighted FSE imaging in sagittal oblique and 
coronal oblique planes with TR 1800 ms, TE 100 ms, 
FOV 120 mm and slice thickness 4 mm.
T1 weighted FSE imaging in axial and coronal oblique 
planes with TR 400 ms, TE 20 ms, FOV 120 mm and 
slice thickness 4 mm.

Image analysis
In both US and MR images all the following were evalu-
ated: presence of glenohumeral joint effusion, rotator 
cuff disorders, sub-acromion/sub-deltoid bursal fluid, 
acromio-clavicular joint capsular hypertrophy (Figs.  1, 
2), long head of biceps tendinitis, effusion or tear (Figs. 3, 
4) and signs of adhesive capsulitis (including thickening 
of the glenohumeral joint capsule, thickening of coraco-
humeral ligament, thickening of axillary pouch, oblit-
eration of sub-coracoid fat triangle, increase the MR T2 
signal of the rotator cuff joint capsule in MR images or 
restriction of abduction and external rotation of the 
shoulder on dynamic US imaging) (Fig. 5) [20, 21].

Rotator cuff disorders including diagnoses of rotator 
cuff muscles complete tear, partial tear, tendinitis or atro-
phy. US signs used for diagnosis of rotator cuff full thick-
ness tear included presence of hypo-echoic full-thickness 
defect within the tendon. US signs used for diagnosis of 
rotator cuff partial thickness tear were presence of mul-
tiple hypo-echoic areas within the tendon (> 3  mm in 
size) that was not reach tendon margins. US signs used 
for diagnosis of rotator cuff tendinitis was heterogeneous 
echo-pattern with increase tendon thickness more 8 mm 
[22].

Tendon effusion diagnosed by US as presence of com-
pressible, freely mobile and anechoic fluid with no 
vascularity on color Doppler around the tendon [22]. 
Sub-acromion/sub-deltoid bursal fluid diagnosed by US 
as presence of linear anechoic fluid collection more than 
2  mm in thickness present between the deltoid muscle 
and the tendons of supraspinatus and infraspinatus mus-
cles [10].

Statistical analysis
Data were entered and analyzed using IBM-SPSS soft-
ware (IBM Corp. Released 2017. IBM SPSS Statistics 
for Windows, Version 25.0. Armonk, NY: IBM Corp.). 
Qualitative data were expressed as N (%). Chi-square 
test or Fisher’s exact test according to sample size of cells 
(expected counts) was used for comparing qualitative 
data. Quantitative data were initially tested for normal-
ity using Shapiro–Wilk’s test with data being normally 
distributed if P > 0.050. Presence of significant outliers 
(extreme values) was tested for by inspecting boxplots. 
Quantitative data were not normally distributed, so data 
were expressed as median and interquartile range (IQR) 
and compared between two groups using Mann–Whit-
ney U test. The cutoff point of a test to discriminate dis-
eased cases from non-diseased cases was evaluated using 
Receiver Operating Characteristic (ROC) curve analysis. 
Binary logistic regression analysis was used to predict 
the likelihood of occurrence of major versus moderate 
dependence. Crude odds ratio was initially calculated for 
each predictor and then a model was run to get the odds 
ratios of independent predictors. For any of the used 
tests, results were considered as statistically significant 
if P value ≤ 0.050 and appropriate charts were used to 
graphically present the results whenever needed.

Results
The demographic and clinical data including age, sex, 
hemiplegic side (right or left), stroke type (ischemic or 
hemorrhagic), stroke duration in month, presence or 
absence of shoulder pain, grade of muscle weakness, BI, 
sensory disturbance for light touch, BMR, Ashworth 
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scale, VAS, pattern of shoulder affection and stroke risk 
factors are collected and analyzed.

Table 1 showed statistically significantly higher propor-
tions of female sex, left-sided hemiplegia, hemorrhagic 
stroke, adhesive capsulitis, supraspinatous calcifica-
tion, and diabetes mellitus (DM) in those with shoulder 
pain versus those without. It also showed shorter dis-
ease duration, lower BIS, and lower BMR stage in those 
with shoulder pain versus those without. The following 

parameters were observed in those with shoulder pain 
only: Sensory disturbance for light touch, shoulder sub-
luxation, shoulder joint effusion, bicipital Tendinitis, 
acromio-clavicular joint capsular hypertrophy, Rotator 
Cuff disorders and CRPS. Also, those with shoulder have 
median VAS score of 2.

Table  2 showed statistically significantly higher pro-
portions of female sex, shorter disease duration (Fig. 6), 
lower muscle power (Fig.  7), lower BMR stage (Fig.  8), 

Fig. 1 Shows MRI and US images of different patients with rotator cuff disorders. A Coronal oblique fat‑suppressed proton image of the left 
shoulder shows left supraspinatus partial thickness tendon tear (black arrow), sub‑acromion/sub‑deltoid bursal fluid (white arrows), A‑C joint 
capsular hypertrophy (thick white arrow) and gleno‑humeral joint effusion (asterisks). B Coronal oblique fat‑suppressed proton image of the 
left shoulder of the same patient in A shows fluid filled intramuscular gap (asterisks) is seen in the teres minor muscle (white arrows) diagnostic 
of intramuscular teres minor tear. C Axial fat suppressed proton image of left shoulder in another patient than A and B shows partial thickness 
subscapularis tendon tear (black arrow) and gleno‑humeral joint effusion (asterisks). D US image of another patient than A and C shows 
hypo‑echoic full‑thickness defect within the left supraspinatus tendon (black arrow) diagnostic of supraspinatus full thickness tear
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and higher proportion of bicipital tendinitis and CRPS 
in major versus moderate dependence. The following 
parameters were observed in those with major shoulder 
pain only: adhesive capsulitis, supraspinatus calcification 
and right-sided hemiplegia.

Table 3 showed the results of binary logistic regression 
analysis which was run to ascertain the effects of dis-
ease duration, muscle power score, sex, nature of stroke 
(ischemic vs hemorrhagic), sensory disturbance, bicipital 
tendinitis and complex regional syndrome. On the like-
lihood that participants with stroke will exhibit major 
dependence rather than moderate dependence.

On univariate analysis all 7 predictor variables were 
statistically significant. Multivariate analysis was run 
incorporating 6 of these variables. Muscle power was 
excluded due to very few cases in major group (only one 
case with power more than 3). The model was statistically 

significant (χ2[6] = 41.760, P less than 0.001). The model 
correctly classified 86.5% of cases with sensitivity and 
specificity of 85.7% and 88%, respectively. Of the 6 pre-
dictor variables only short disease duration was statisti-
cally significant independent predictor. Participants with 
disease duration ≤ 2 months have 21.9 times higher odds 
to exhibit major rather than moderate dependence.

Shoulder ultrasound and MR imaging were done for 
74 hemiplegic patients who suffered from shoulder pain. 
From 74 patients MR imaging was normal in 19 patients 
(25.6%) and was abnormal in 55 patients (74.3%) while 
US was normal in 21 patients (28.3%) and was abnormal 
in 53 patients (71.6%). The most detected imaging finding 
were shoulder joint effusion (47.3%) followed by bicipital 
Tendinitis (44.6%) and then sub acromial sub deltoid/sub 
acromial bursitis (31.1%).

Adhesive capsulitis was diagnosed in 22 patients by 
MRI and in 20 patients by US (two patients were missed 
by US). Subacromial/subdeltoid bursitis was diagnosed in 
23 patients by MRI and in 19 patients by US (four patients 
were missed by US). Bicipital tendinitis, effusion or tear 
was diagnosed in 33 patients by MRI and in 31 patients 
by US (two patients were missed by US). Shoulder sub-
luxation was diagnosed in 10 patients by MRI and in 8 
patients by US (two patients were missed by US). Gleno-
humeral joint effusion was diagnosed in 35 patients by 
MRI and in 31 patients by US (four patients were missed 
by US). Acromio-clavicular joint capsular hypertrophy 
was diagnosed in 6 patients by both MRI and US. Rotator 
cuff disorders were diagnosed in 19 patients by MRI and 
in 15 patients by US. Four patients were missed by US as 
the pathologies were small and hidden by the acromion 
shadow (Table 4).

By using MRI as a reference standard US showed high 
sensitivity and specificity in diagnosis of adhesive capsu-
litis, bicipital tendinitis, effusion or tear, and acromio-cla-
vicular joint capsular hypertrophy. US showed moderate 
sensitivity and high specificity in diagnosis of Subacro-
mial/Subdeltoid bursitis, Gleno-humeral joint effusion, 
and Rotator Cuff disorders. US showed moderate sensi-
tivity and specificity in diagnosis of shoulder subluxation 
(Table 5).

Cohen’s κ was run to determine if there was agree-
ment between the two radiological modalities (US & 
MRI) judgment on presence or absence of 10 param-
eters assessed in the 74 patients. There was moderate 
agreement (k = 0.41–0.60) between the two modali-
ties’ judgments for Shoulder subluxation, good agree-
ment (k = 0.61–0.80) for Supraspinatus complete tear, 
Supraspinatus partial tear, Supraspinatus tendinopathy, 
and Supraspinatus atrophy. There was very good agree-
ment (k = 0.81–1.00) for other parameters, adhesive 
capsulitis, Subacromial subdeltoid bursitis, bicipital 

Fig. 2 Shows MRI and US images of two different patients with 
rotator cuff disorders. A Coronal oblique fat‑suppressed proton image 
of the left shoulder shows increase supraspinatus tendon thickness 
with high signal areas inside diagnostic of left supraspinatus 
tendinitis (black arrow). B US image of another patient than A shows 
increase supraspinatus tendon thickness with hypoechoic areas 
inside (asterisks) diagnostic of supraspinatus tendinitis with multiple 
hyperehoic supraspinatus tendon calcification (white arrows)
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tendinitis, effusion or tear and gleno-humeral joint 
effusion, and perfect agreement for acromio-clavicular 
joint capsular hypertrophy (Table 6).

Discussion
Hemiplegic shoulder pain is the fourth medical compli-
cation after a stroke alongside post stroke depression, 
falls, and infection especially in urinary tract [23]. The 

prevalence of hemiplegic shoulder pain in our study was 
35.2% while was varying in different studies between 16 
and 84% the discrepancy in prevelences between differ-
ent studies can be attributed to many reasons as pain 
is a subjective and more difficult to be evaluated and 
expressed especially in stroke patients with cognitive 
impairment, aphasia or dysarthria also using different 

Fig. 3 Shows MRI and US images of two different patients with long head of biceps tendinitis/effusion. A Axial fat‑suppressed proton image of the 
left shoulder shows fluid signal within bicipital groove (white arrow) with thickened hypo‑intense biceps tendon inside and gleno‑humeral joint 
effusion (asterisks). B US image of another patient than A shows biceps tendinitis and bicipital groove effusion (white arrow)

Fig. 4 Shows MRI and US images of 65 years old patient with long head of biceps tendon complete tear and retraction. A Axial fat suppressed 
proton image shows empty bicipital groove (no tendon inside) (black arrow). B Coronal oblique fat‑suppressed proton image of the right shoulder 
shows downward retracted long head of biceps tendon (black arrow). C US image of the same patient shows empty bicipital groove (no tendon 
inside) (white arrow)
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ways for pain definition in different studies (using ques-
tionnaires or pain with passive movement) [24–26].

The current study revealed that females had higher 
stroke incidence than males this was agreed with Girijala 
et al. [27] they found that stroke incidence was common 
in females than males also shoulder pain had a higher 
statistically significant in females than males (P = 0.019). 
Female sex considers one of the most important pre-
dictors for development of post stroke shoulder pain in 
addition to old age and sensory deficit [28]. Westerlind 
et al. found that gender did not significantly contribute to 

the final development of post stroke shoulder pain [29], 
but disagreed with Wang et  al. they found stroke was 
higher incidence in men than women and this was partly 
explained by several different risk factors between males 
and females [30].

This study revealed that prevalence of left sided hemi-
plegia was higher than right sided and those patients 
with left sided were more prone to develop shoulder 
pain (P < 0.001). This was agreed with Lindgren et  al. 
they found that left sided hemiparesis considered one of 
the most important factors to develop shoulder pain in 

Fig. 5 shows right shoulder MRI of 45 years old male patient with adhesive capsulitis; A Axial fat‑suppressed proton image, B Coronal oblique 
fat‑suppressed proton image and C Sagittal oblique T2 images show thickened inferior gleno‑humeral ligament (white arrow in A), bicipital 
tendinitis and effusion (black arrow in A), increase thickness of axillary pouch capsule (curved white arrows in B), thickened coraco‑humeral 
ligament (white arrow in C) and obliteration of sub‑coracoid fat triangle (asterisk in C). MRI images also show supraspinatus tendinitis (thick white 
arrow in B), Hill sachs lesion (thin white arrow in B), subacromial bursitis (black arrow in B) and gleno‑humeral joint effusion (asterisks in A and B). 
D Axial US image of right shoulder of the another patient with adhesive capsulitis shows rotator cuff interval containing long head of biceps (LHB), 
thickened coraco‑humeral ligament (asterisk) and thickened superior gleno‑humeral ligament (curved white arrow)
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addition to decrease passive shoulder range of abduction 
and pain frequency [31].

As regard type of stroke this study found that patients 
with ischemic stroke were statistically significant higher 
when compared with hemorrhagic stroke (P < 0.001) this 
was concordant with many studies [28, 32].

The current study revealed that sensory disturbance for 
light touch was statistically significant higher in patients 
with shoulder pain versus patients without shoulder 
pain (P < 0.001) many studies reported that sensory dis-
turbance was one of the most important risk factor for 
development of hemiplegic shoulder pain [6, 33–35].

Table 1 Comparisons between those with and without shoulder pain

Bold indicates that p value ≤ 0.050

Data are N (%) for categorical (nominal) variables, and median (25th–75th percentile) for ordinal and quantitative data. Test of significance is Chi‑square test or Fisher’s 
exact test (FET) for categorical (nominal) variables, and Mann–Whitney U‑test for ordinal and quantitative data

IHD ischemic heart disease, AF atrial fibrillation, VAS visual analog scale, CRS complex regional pain syndrome

Characteristic Without pain
N = 136

With pain
N = 74

Test of significance

Categorical (nominal) χ2 P value

Sex 5.530 0.019
 Female 69 (50.7%) 50 (67.6%)

 Male 67 (49.3%) 24 (32.4%)

Hemiplegic side 45.113  < 0.001
 Right 86 (63.2%) 11 (14.9%)

 Left 50 (36.8%) 63 (85.1%)

Nature of stroke 13.517  < 0.001
 Ischemic 126 (92.6%) 55 (74.3%)

 Hemorrhagic 10 (7.4%) 19 (25.7%)

Sensory disturbance for light touch 0 (0%) 26 (35.1%) FET  < 0.001
Adhesive capsulitis 1 (0.7%) 21 (28.4%) 39.047  < 0.001
Supraspinatus calcification 1 (0.7%) 11 (14.9%) FET  < 0.001
Sub‑acromial sub‑deltoid bursitis 0 (0%) 23 (31.1%) FET  < 0.001
Bicipital tendinitis 0 (0%) 33 (44.6%) FET  < 0.001
Shoulder subluxation 0 (0%) 10 (13.5%) FET  < 0.001
Shoulder joint effusion 0 (0%) 35 (47.3%) FET  < 0.001
Acromio‑clavicular joint capsular hypertrophy 0 (0%) 6 (8.1%) FET 0.001
Rotator cuff disorders 0 (0%) 19 (25.7%) FET  < 0.001
Complex regional pain syndrome (CRPS) 0 (0%) 22 (29.7%) FET  < 0.001
Presence of risk factors for stroke 129 (94.9%) 71 (95.9%) FET 1.000

 Diabetes 71 (52.2%) 53 (71.6%) 7.471 0.006
 Hypertension 82 (60.3%) 47 (63.5%) 0.210 0.647

 IHD 59 (43.4%) 29 (39.2%) 0.346 0.556

 AF 22 (16.2%) 6 (8.1%) 2.700 0.100

 Smoking 13 (9.6%) 3 (4.1%) 2.063 0.151

 Dyslipidemia 60 (44.1%) 30 (40.5%) 0.250 0.617

Ordinal/Quantitative Z value P value

Age (years) 63 (60–67) 61.5 (59–66) − 1.855 0.064

Disease duration (months) 12 (3–18) 2 (0.5–6) − 7.5080  < 0.001
Barthel Index score (BIS) 57 (40–75) 40 (5–65) − 3.659  < 0.001
Number of risk factors for stroke 2 (1–3) 2 (2–3) − 0.287 0.774

Muscle power score (0–5) 3 (2–3) 3 (0–4) − 0.403 0.687

Brunnström motor recovery (BMR) stage 3 (2–4) 2 (2–3) − 2.567 0.010
ASHWORTH SCALE 1 (0–2) 1 (0–2) − 0.947 0.344

VAS scale 0 (0–0) 2 (2–3) − 14.081  < 0.001
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As regard risk factors for stroke only diabetes mellitus 
(DM) showed statistically significant effect as risk factor 
for development of HSP (P = 0.006) this was concord-
ant with Thomas et al. [36] also with Klit et al. [37] they 
found that DM patients were twice more likely to develop 
post-stroke shoulder pain versus stroke patients without 
DM and was attributed to the numerous complications 

of DM including musculoskeletal particular shoulder 
pain but other risk factors of stroke like hypertension, 
ischemic heart disease (IHD), atrial fibrillation (AF), 
smoking nor dyslipidemia did not exhibit any statistically 
difference between patients with HSP and without pain.

This research exhibit that shoulder pain was evi-
dent in the first 6  months from stroke onset in which 

Table 2 Comparisons between those with major dependence (BIS = 0–55) and moderate dependence (BIS = 60–90)

Bold indicates that p value ≤ 0.050

Data are N (%) for categorical (nominal) variables, and median (25th–75th percentile) for ordinal and quantitative data. Test of significance is Chi‑square test or Fisher’s 
exact test (FET) for categorical (nominal) variables, and Mann–Whitney U‑test for ordinal and quantitative data

IHD ischemic heart disease, AF atrial fibrillation, VAS visual analog scale, CRS complex regional pain syndrome

Characteristic Dependence group Test of significance

Major (N = 49) Moderate (N = 25)

Categorical (nominal) χ2 P value

Sex 4.652 0.031
 Female 29 (59.2%) 21 (84%)

 Male 20 (40.8%) 4 (16%)

Hemiplegic side FET 0.012
 Right 11 (22.4%) 0 (0%)

 Left 38 (77.6%) 25 (100%)

Nature of stroke 6.181 0.013
 Ischemic 32 (65.3%) 23 (92%)

 Hemorrhagic 17 (34.7%) 2 (8%)

Sensory disturbance for light touch 24 (49%) 2 (8%) 12.198  < 0.001
Adhesive capsulitis 21 (42.9%) 0 (0%) FET  < 0.001
Supraspinatus calcification 11 (22.4%) 0 (0%) FET 0.012
Subacromial subdeltoid bursitis 11 (22.4%) 12 (48%) 5.045 0.025
Bicipital tendinitis 27 (55.1%) 6 (24%) 6.481 0.011
Shoulder subluxation 6 (12.2%) 4 (16%) FET 0.725

Shoulder joint effusion 22 (44.9%) 13 (52%) 0.335 0.563

Acromio‑clavicular joint capsular hypertrophy 5 (10.2%) 1 (4%) FET 0.657

Rotator cuff disorders 10 (20.4%) 9 (36%) 2.109 0.146

Complex regional pain syndrome (CRPS) 21 (42.9%) 1 (4%) 11.964 0.001
Presence of risk factors for stroke 49 (100%) 22 (88%) FET 0.035

 Diabetes 36 (73.5%) 17 (68%) 0.244 0.622

 Hypertension 33 (67.3%) 14 (56%) 0.920 0.338

 IHD 22 (44.9%) 7 (28%) 1.983 0.159

 AF 3 (6.1%) 3 (12%) FET 0.400

 Smoking 2 (4.1%) 1 (4%) FET 1.000

 Dyslipidemia 21 (42.9%) 9 (36%) 0.323 0.570

Ordinal/Quantitative Z value P value

Age (years) 62 (59–66) 61 (59–65) − 1.303 0.192

Disease duration (months) 0.5 (0.5–2) 5 (4–6.5) − 5.221  < 0.001
Number of risk factors for stroke 2 (2–3) 2 (1–3) − 1.181 0.238

Muscle power score (0–5) 2 (0–3) 4 (4–4) − 6.697  < 0.001
Brunnström motor recovery (BMR) stage 2 (1–2) 4 (3–4) − 6.805  < 0.001
Ashworth Scale 1 (0–3) 1 (1–1) − 0.315 0.753

VAS scale 2 (2–3) 2 (2–3) − 0.043 0.965
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the shorter duration of the disease was highly statisti-
cally significant when comparing patients with HSP 
versus patients without HSP (P < 0.001), Poduri [38] 
found that shoulder pain can occur early post stroke 
in first 2  weeks but the typical onset was 2–3  months 
after stroke onset. many factors may contribute to early 
development of HSP including neurological factors 
(initial flaccid paralysis, impaired sensation and hemi-
spatial neglect) and factors attributed to shoulder joint 
(subluxation of the humeral head or rotator cuff injury) 
[39–42].

In this study during assessment of daily living activi-
ties using Barthel index score we found that patients 
with HSP had lower score performance when compared 
with those without hemiplegic shoulder pain this was 

highly statistically significant lower (P < 0.001). This was 
consistent with Roy et al. [43] they found that patients 
with HSP had impaired arm function with poor perfor-
mance on BI score and showed also a longer hospital 
stay period in acute stroke.

The current study revealed that stroke patients with 
shoulder pain had statistically significant lower recovery 
stages when comparing stroke patients without shoul-
der pain (P = 0.010) this was in agreement with Yetisgin 
[44] who found patients with shoulder pain had lower 
Brunnstrom hand stage when comparing patients with-
out shoulder pain.

This study exhibited that there was no statistically sig-
nificant difference between hemiplegic patients with and 
without shoulder pain as regard age, number of risk fac-
tors for stroke, muscle power score and Ashworth scale 
while VAS scale was statistically significant in patients 
with HSP.

When we compared patients with major dependence 
and those with moderate dependence on BI score we 
found that majority of patients with shoulder pain had 
major dependent with higher statistical significant in 
females than males (P = 0.031).

In current research we found that there were statisti-
cally significantly higher proportion of shorter disease 
duration, lower muscle power, lower BMR stage and 
higher proportion of bicipital tendinitis and CRPS in 
major vs. moderate dependence (P < 0.001, P < 0.001, 
P < 0.001, P = 0.011 and P = 0.001 respectively).

As regard predictors of the likehood of major versus 
moderate dependence we found the short disease dura-
tion was statistically significant independent predictors 
on multivariate analysis (P < 0.001) while binary logistic 
regression analysis on disease duration, muscle power 

Fig. 6 Disease duration (months)

Fig. 7 Muscle power score (0–5)

Fig. 8 The Brunnström motor recovery (BMR) stages
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score, sex, nature of stroke (ischemic vs hemorrhagic), 
sensory disturbance, bicipital tendinitis and complex 
regional syndrome were statistically significant (P < 0.001, 
P < 0.001, P = 0.037, P = 0.002, P = 0.002, P = 0.013 and 
P = 0.006 respectively) on univariate analysis.

In this study shoulder ultrasound and MR imaging were 
done for 74 patients who suffered from shoulder pain. 
From 74 patients MR imaging was normal in 19 patients 
(25.6%) and was abnormal in 55 patients (74.3%) while 
US was normal in 21 patients (28.3%) and was abnormal 

Table 3 Predictors of the likelihood of major vs. moderate dependence

Bold indicates that p value ≤ 0.050

COR crude odds ratio, OR odds ratio, CI confidence interval

Predictor Univariate Multivariate
P value COR (95% CI) P value OR (95% CI)

Disease duration (months)  < 0.001  < 0.001
 > 2 months Reference Reference

 ≤ 2 months 39.7 (8.1–195.4) 21.9 (3.9–123.5)

Muscle power score  < 0.001 – –

 > 3 Reference

 ≤ 3 252 (26.5–2392.1)

Sex 0.037 0.134

 Female Reference Reference

 Male 3.6 (1.1–12.2) 3.4 (0.69–16.4)

Nature of stroke 0.002 0.362

 Ischemic Reference Reference

 Hemorrhagic 6.1 (1.3–29.1) 2.7 (0.32–21.8)

Sensory disturbance 0.002 0.468

 No Reference Reference

 Yes 11 (2.3–51.9) 2.2 (0.25–19.8)

Bicipital tendinitis 0.013 0.526

 No Reference Reference

 Yes 3.9 (1.3–11.4) 1.7 (0.35–7.7)

Complex regional pain syndrome 0.006 0.654

 No Reference Reference

 Yes 18 (2.3–143.9) 2 (0.1–39.4)

Table 4 Number of true positive, false negative, true negative and false positive cases by ultrasound versus MRI

TP true positive; FN false negative; TN true negative; FP false positive; A-C acromio‑clavicular

TP FN TN FP

US MR US MR US MR US MR

Adhesive capsulitis 20 (27%) 22 (29.7) 2 0 49 52 3 0

Subacromial/Subdeltoid bursitis 19 (25.6%) 23 (31%) 4 0 50 51 1 0

Bicipital tendinitis 31 (41.8%) 33 (44.6%) 2 0 40 41 1 0

Shoulder subluxation 8 (10.8%) 10 (13.5%) 2 0 55 64 9 0

Gleno‑humeral joint effusion 31 (41.8%) 35 (47.3%) 4 0 39 39 0 0

A‑C joint capsular hypertrophy 6 (8%) 6 (8%) 0 0 68 68 0 0

Rotator cuff disorders

 Full thickness tear 3 4 1 0 68 70 2 0

 Partial thickness tear 4 5 1 0 67 69 2 0

 Tendinitis 5 6 1 0 65 68 3 0

 Atrophy 3 4 1 0 69 70 1 0

 Total 15 (20.2%) 19 (25.6%) 4 0 47 55 8 0
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in 53 patients (71.6%). The two missed cases by US were 
diagnosed by MRI as minimal subacromial/subdeltoid 
bursitis and early adhesive capsulitis.

In the current study the prevalence of gleno-humeral 
joint effusion, bicipital tendinitis, effusion or tear, sub-
acromial/subdeltoid bursitis, adhesive capsulitis, rotator 
cuff disorders, shoulder subluxation, and acromio-clav-
icular joint capsular hypertrophy in painful hemiplegic 
shoulder were 47.3%, 44.6%, 31%, 29.7, 25.6%, 13.5% and 
8% respectively.

Many studies stated that there was high prevalence of 
bicipital tendinitis, gleno-humeral joint effusion and sub-
acromial/sub-deltoid bursitis in patients with hemiplegic 
shoulder pain [45, 46]. These were matched with current 
study as we concluded that there was high prevalence of 

gleno-humeral joint effusion, bicipital tendinitis and sub-
acromial/sub-deltoid bursitis in 74 hemiplegic patients 
with shoulder pain.

In the current study the incidence of adhesive capsuli-
tis was relatively high (29.7%) and this was in agreement 
with the study of Tavora et al. they concluded that adhe-
sive capsulitis of gleno-humeral joint was significantly 
higher in hemiplegic shoulder than in other shoulder dis-
orders [47].

In the current study MRI diagnosed 22 patients with 
adhesive capsulitis while US diagnosed 20 patients with 
US sensitivity 90.9%, specificity 94.2% and accuracy 
93.2%. The two missed cases by US were diagnosed as 
early adhesive capsulitis by MRI. This was in agreement 
with the study of Choi and Kim as they reported that 

Table 5 Shoulder ultrasound sensitivity, specificity, PPV, NPV and accuracy in relation to shoulder MRI

A-C acromio‑clavicular; PPV positive predictive value; NPV negative predictive value

Sensitivity Specificity PPV NPV Accuracy

Adhesive capsulitis 90.9% 94.2% 86.9% 94.2% 93.2%

Subacromial/Subdeltoid bursitis 82.6% 98% 95% 92.5% 93.2%

Bicipital tendinitis 93.9% 97.5% 96.8% 95.2% 95.9%

shoulder subluxation 80% 85.9% 52.9% 96.4% 85.1%

Gleno‑humeral joint effusion 88.5% 100% 100% 90.6% 94.5%

A‑C joint capsular hypertrophy 100% 100% 100% 100% 100%

Rotator cuff disorders

 Full thickness tear 75% 97.1% 50% 98.5% 95.9%

 Partial thickness tear 80% 97.1% 66.6% 98.5% 98.6%

 Tendinitis 83.3% 95.5% 62.5% 98.4% 94.5%

 Atrophy 75% 98.5% 75% 98.5% 97.2%

 Total 78.9% 85.4% 65.2% 92.1% 83.7%

Table 6 Agreement between US & MRI

Bold indicates that p value ≤ 0.050

US ultrasound, MRI magnetic resonance imaging, SE standard error, CI confidence interval

Parameter Kappa SE 95% CI P value Strength

Upper Lower

Supraspinatus complete tear 0.645 0.190 0.273 1.017  < 0.001 Good

Supraspinatus partial tear 0.706 0.161 0.390 1.022  < 0.001 Good

Supraspinatus tendinopathy 0.685 0.147 0.397 0.973  < 0.001 Good

Supraspinatus atrophy 0.736 0.179 0.385 1.087  < 0.001 Good

Adhesive capsulitis 0.840 0.069 0.705 0.975  < 0.001 Very good

Subacromial subdeltoid bursitis 0.836 0.070 0.699 0.973  < 0.001 Very good

Bicipital tendinitis 0.918 0.047 0.826 1.010  < 0.001 Very good

Shoulder subluxation 0.509 0.125 0.264 0.754  < 0.001 Moderate

Gleno‑humeral joint effusion 0.891 0.053 0.787 0.995  < 0.001 Very good

Acromio‑clavicular joint capsular hyper‑
trophy

1.000 0.000 1.000 1.000  < 0.001 Perfect
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MRI could diagnose the increasing of axillary recess cap-
sular thickening and the increasing of T2 signal intensity 
that occurs in early stage of adhesive capsulitis [21].

In the current study MRI diagnosed 23 case of subac-
romial/subdeltoid bursitis while US diagnosed 19 cases 
with high US sensitivity (82.6%) and specificity (98%). The 
four missed cases by US were diagnosed as minimal sub-
acromial/subdeltoid bursitis by MRI. This was in agree-
ment with the study of El-Shewi et al. they reported that 
US is less accurate in diagnosis minimal subacromial/
subdeltoid bursitis [48]. This study was also in agreement 
with the study of Zaiton et al. they reported that US had 
high sensitivity and specificity for diagnosis of subacro-
mial/subdeltoid bursitis (81% and 98%, respectively) [46].

In the current study US diagnosed 31 cases of gleno-
humeral joint effusion while MRI diagnosed 35 cases 
with high US sensitivity (88.5%) and specificity (100%). 
The four missed cases by US were diagnosed as minimal 
effusion by MRI. This was in agreement with the studies 
of Melanie et al. and Mc Nally et al. they reported that US 
able to discriminate between synovial fluid and the hypo-
echoic thickened synovium by compression test [49, 50].

In this study there were very good US and MRI agree-
ment for diagnosis of adhesive capsulitis, Subacromial 
subdeltoid bursitis, bicipital tendinitis, effusion or tear 
and gleno-humeral joint effusion. This was in agreement 
with the study of Choi and Kim they reported that there 
was a good correlation between ability of MRI and US for 
accurate measurements of axillary recess capsule thick-
ness in patient with adhesive capsulitis [21]. Also this 
study results were in agreement with study of Zaiton 
et  al. they reported that there was excellent agreement 
between US and MRI in diagnosis of subacromial/sub-
deltoid bursitis, diagnosis of bicipital tendinitis, effusion 
or tear and diagnosis of gleno-humeral joint effusion [46].

In the current study US diagnosed 8 cases of shoulder 
subluxation while MRI diagnosed 10 cases with 80% US 
sensitivity, 85.9% US specificity and a moderate US and 
MRI agreement for diagnosis of shoulder subluxation 
(kappa = 0.509). This was matched with the study of the 
Simao et al. they reported that US sensitivity for diagno-
sis of gleno-humeral joint instability ranged from 20 to 
100% and specificity ranged from 25 to 90% [51].

In this study US showed lower sensitivity and specific-
ity than MRI for diagnosis of rotator cuff disorders with a 
good US and MRI agreement. This was explained in the 
study of Lenza et al. they concluded that small supraspi-
natus tendon thickness tears could be missed by US [52].

Our results were matched with the study of El-Shewi 
et  al. they reported the same US sensitivity with our 
study (83%) for diagnosis of rotator cuff tendinitis and 
the study of Strobel et  al. concluded that US had lower 

accuracy than MRI in diagnosis of rotator cuff atrophy. 
[48, 52, 53].

Ii this study US showed the same sensitivity, specific-
ity and accuracy (100%) as MRI in diagnosis of acro-
mio-clavicular joint capsular hypertrophy with perfect 
agreement (100%) between US and MRI. This was in 
agreement with the studies of El-Shewi et al. and Melanie 
et al. as they concluded that dynamic US can directly vis-
ualized degenerative changes of acromio-clavicular joint 
[48, 49].

This study concluded that shoulder US had high 
accuracy in diagnosis of acromio-clavicular joint cap-
sular hypertrophy, bicipital tendinitis, effusion or tear, 
Gleno-humeral joint effusion, adhesive capsulitis, and 
Subacromial/Subdeltoid bursitis. US had moderate accu-
racy in diagnosis of rotator Cuff disorder and shoulder 
subluxation.

This study concluded that there were perfect agree-
ment between shoulder US and MRI for diagnosis of 
acromio-clavicular joint capsular hypertrophy, very good 
agreement in diagnosis of adhesive capsulitis, subacro-
mial/subdeltoid bursitis, bicipital tendon disorders and 
gleno-humeral joint effusion, good agreement for diag-
nosis of rotator cuff disorders and moderate agreement 
for diagnosis of shoulder subluxation.

US can be used as an alternative or a complementary to 
MRI for diagnosis of hemiplegic shoulder disorders. The 
choice between both techniques depends on the clinical 
condition of the patients, availability of the techniques 
and the operator US skills. The advantage of US over MRI 
it is cheaper, not time-consuming, and more applicable 
for obese patients, critically ill patients and patients who 
have contraindication for MRI. Also US permit both ana-
tomical and functional assessments of the joint by evalu-
ation of both tissue structure and the dynamic movement 
of the affected hemiplegic shoulder.

The first limitation of this study was the absence of 
assessment of depression for the patients enrolled in the 
study. The second limitation was absence of the correla-
tion between the site and size of the brain insult and their 
relation with hemiplegic shoulder pain as in this research 
we studied the local mechanical causes of HSP. Further 
studies are required to assess the central causes of HSP.

Conclusion
HSP has a high prevalence in stroke patients with 
increased morbidity due to various factors that com-
monly interferes with patient’s quality of life and rehabili-
tation program if not identified and treated early. US can 
be used as an alternative or a complementary to MRI for 
diagnosis of hemiplegic shoulder pain.
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