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Abstract

Background: Hemiplegic shoulder pain is common in stroke patients and can influence rehabilitation outcome. The underlying pathology can be
various: in addition to impaired motor control and altered peripheral and central nervous activity, soft tissue lesions may also play an important
role. It remains unclear how these pathologies may interact or correlate with each other.

Methods: This retrospective study collected data from 26 stroke patients who received sonography examination due to shoulder pain. Severity of
soft tissue lesion over the shoulder joint was graded on the basis of the sonographic findings. The information regarding cognition, sensory
function, spasticity (measured by the Modified Ashworth Scale) and the Brunnstrom stage of motor recovery was collected though medical chart
review. This study examined the association between sonographic findings and the clinical findings.

Result: This study showed that sonographic grading of painful hemiplegic shoulder is not statistically associated with impaired cognition and
sensory function. (p value = 0.0587 and 0.9776, respectively) In addition, there is no correlation between sonographic grading and motor
recovery in patients with hemiplegic shoulder pain. (Spearman'’s correlation coefficient = —0.0053, p value = 0.9796) Neither is there any
statistically significant correlation between sonographic grading and the degree of spasticity. (Spearman's correlation coefficient = —0.0311, p
value = 0.8801).

Conclusion: The results of this study suggests that the mechanism through which soft tissue lesions causes hemiplegic shoulder pain may be
independent of the mechanisms through which changes of muscle tone and nervous activity causes shoulder pain.

Copyright © 2017, the Chinese Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Shoulder pain is a common clinical consequence of stroke.
Previous studies have reported an incidence of shoulder pain
after stroke ranging from 9% to 73%.' Shoulder pain can
occur as early as 2 weeks after stroke, but typically occurs
2—3 months after stroke.” The median pain score is most se-
vere at 4 months following stroke.” The degree of pain can be

Conflicts of interest: The author declares that she has no conflicts of interest
related to the subject matter or materials discussed in this article.

* Corresponding author. Dr. Pei-Hsin Lin, Rehabilitation and Technical Aid
Center, Taipei Veterans General Hospital, 201, Section 2, Shi-Pai Road, Taipei
112, Taiwan, ROC.

E-mail address: phlin2 @vghtpe.gov.tw. (P.-H. Lin)

https://doi.org/10.1016/j.jcma.2017.07.018

moderate to severe, and may intensify at night. It has been
reported that shoulder pain is associated with depression,
disturbed sleep, and a reduced quality of life.” Hemiplegic
shoulder pain is also associated with prolonged length of
hospital stay and poor recovery of arm function during the first
12 weeks of illness.’

Due to the various possible underlying pathogeneses
involved in the development of hemiplegic shoulder pain, the
precise etiology is difficult to assess. Kalichman et al.” per-
formed a systematic review regarding associated factors and
underlying pathology of hemiplegic shoulder pain. They pro-
posed a systemization for pathologies underlying hemiplegic
shoulder pain, which includes impaired motor control (change
of muscle tone), altered peripheral and central nervous activ-
ity, and soft tissue lesions. These underlying pathologies may
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occur separately or simultaneously. In addition, each pathol-
ogy may initiate the development of another. It remains un-
clear how these pathologies may interact or correlate with each
other.

Therefore, in order to clarify the associations between the
factors that might cause hemiplegic shoulder pain the evalu-
ation of soft tissue lesions is key. The standard imaging mo-
dalities for evaluating soft tissue lesions of shoulder region are
arthrography and magnetic resonance imaging.”” However,
both types of examinations take a long time and cost a large
amount of money. In addition, neither of these two imaging
modalities is indicated for stroke patients due to limited and
intolerable positioning. Sonography on the other hand is a
noninvasive method for evaluating soft tissue lesions that is a
quick procedure which provides real-time and dynamic eval-
uation of multi-planar structures and movements.

Therefore, the goal of this study was to examine the
sonographic findings of painful hemiplegic shoulder in stroke
patients. This study also investigated the association between
sonographic findings and clinical findings including cognition,
sensory function, spasticity, and motor recovery.

2. Methods
2.1. Study population

This study retrospectively collected data from stroke pa-
tients who received sonographic evaluation of their shoulder
joint due to shoulder pain between January 2015 and
December 2015. Patients with a diagnosis of a new-onset
stroke within the previous 6 months were included. Patients
were excluded if radiographic examination revealed any hu-
meral fracture or shoulder dislocation.

2.2. Sonographic examination

Shoulder sonographic examinations were performed using
a 4.4—13.0 MHz linear transducer (Acuson X300 Ultrasound
System, premium edition, Siemens) by three physicians
certified by the Taiwan Society of Ultrasound in Medicine.
The sonography examination followed a sequence of steps
described by previous studies to ensure a complete and thor-
ough evaluation.'™'" The assessed soft tissues included the
long head of the biceps brachii tendon, supraspinatus tendon,
subscapularis tendon, infraspinatus tendon, and subacromial-
subdeltoid (SA-SD) bursa. Patients underwent the sonogra-
phy examinations while sitting in their wheelchairs.

The severity of soft tissue lesions over the shoulder joint
can be classified by a grading system proposed in previous
studies on the basis of the sonographic findings. The grading
system is described as follows: grade 1, normal or effusion of
the biceps tendon sheath; grade 2, tendinosis of the supra-
spinatus; grade 3, SA-SD bursitis; grade 4, a partial-thickness
tear of the rotator cuff; and grade 5, a full-thickness tear of the
rotator cuff. The cases with two or more abnormal sono-
graphic findings were graded on the basis of the most severe
finding.'>"’

2.3. Physical examination

This study collected information regarding clinical findings
including cognition and sensation, as well as the spasticity and
motor recovery of the affected upper limb. The data were
collected through medical chart review. The study variables
were measured. Cognitive function was evaluated by assessing
judgment, orientation, memory, abstract thinking, and calcu-
lating ability. Any impairment of such dimensions of cognition
was defined as impaired cognitive function. Sensory function
included pinprick sensation, light touch sensation, and pro-
prioception over the hemiplegic side. Any impairment of such
dimensions was defined as impaired sensory function. Spas-
ticity was evaluated using the Modified Ashworth Scale, an
ordinal scale ranging from O to 4, in which 0 refers to no in-
crease in muscle tone; 1 refers to slight increase in muscle
tone; 2 and 3 refer to more and considerable increase in
muscle tone, and 4 refers to rigid in flexion or extension.’
Brunnstrom stage was used to evaluate stroke recovery. It
consists of seven stages: stage 1, flaccidity with no movement
of the affected muscles; stage 2, passive movement and
spasticity occur; stage 3, active movement and spasticity
occur; stage 4, spasticity decreases and significant motor
control emerges; stage 5, spasticity wanes and complex
movement develops; stage 6, coordination reappears and
spasticity is no longer present; and stage 7, normal function
returns and full control of muscle movement is restored.

2.4. Data analysis

This study investigated the correlation between sono-
graphic grading and clinical findings including cognitive
function, sensory function, motor recovery (measured by
Brunnstrom stage), and spasticity (measured by the Modified
Ashworth Scale). The correlations between sonographic
grading and cognitive function as well as sensory function
were analyzed using the Wilcoxon (Mann—Whitney) rank-
sum test. The correlations between sonographic grading and
Brunnstrom stage as well as the Modified Ashworth Scale
were analyzed using the Spearman's rank correlation test.
Statistical significance was defined as P < 0.05. Statistical
analyses were performed using STATA software (STATA IC
14.2, College Station, TX, USA).

3. Results

A total of 26 patients were included; their mean age was
66.52 years (range: 38.5—90.9 years). Among the patients, 18
were male and 8 were female. Twenty patients had cerebral
infarction and 6 had cerebral hemorrhage. Ten patients had
right hemiplegia and 16 had left hemiplegia. Shoulder so-
nography was performed at a mean of 78.15 days after stroke.
The characteristics of the study population are shown in
Table 1.

All of the 26 patients included in this study presented with
at least one abnormal sonographic finding. In addition, more
than two-thirds of the patients (N = 18) had more than one
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Table 1 Table 3
Characteristics of the study population. The correlation between sonographic grading and clinical findings.
Number Percentage Sonographic grading 1 2 3 4 5 P
Age Cognition 0.0587
Mean + SD 66.52 + 14.67 Intact 0 2 10 1 1
Range 38.5—90.96 Impaired 1 0 4 5 2
Gender Sensory function 0.9776
Female 30.77% Intact 0 2 6 4 1
Male 18 69.23% Impaired 1 0 8 2 2
Type of stroke Modified Ashworth Scale 0.8801
Ischemic 20 76.92% 0 0 1 4 2 1
Hemorrhagic 6 23.08% 1 1 0 7 3
Hemiplegic side 2 0 1 3 1 1
Right 10 38.46% Brunnstrom stage 0.9796
Left 16 61.54% 2 1 0 3 2 0
Duration of stroke (day) 3 0 1 4 2 2
Mean + SD 78.15 + 48.21 4 0 1 4 1 1
Range 3—179 5 0 0 3 1 0
Total 1 2 14 6 3

abnormal sonographic finding. The sonography examinations
showed that SA-SD bursitis is the most common finding in
hemiplegic shoulder pain; it was seen in 73.08% of the pa-
tients (N = 19). Biceps tendinitis was also commonly seen; it
occurred in 69.23% of the patients (N = 18). Table 2 sum-
marizes the sonographic findings.

Among the 26 patients, 12 had impaired cognitive function
(46.15%); 13 had impaired sensory function (50%); and 18
had spasticity over the affected upper limb with a Modified
Ashworth Scale score of 1 in 12 patients (46.15%) and 2 in 6
patients (23.08%). The Brunnstrom stage of the study popu-
lation ranged from stage 2 to stage 5. The details of the clinical
findings are shown in Table 2.

The correlations between sonographic grading and clinical
findings are summarized in Table 3. Although patients with
impaired cognition had a higher grade of sonographic severity
of hemiplegic shoulder pain, there was no statistically

Table 2

Sonographic and clinical findings of the study population.

Variables Number Percentage
Sonographic finding

Biceps tendon lesion 18 69.23%
Supraspinatus tendon lesion 7 26.92%
SA-SD Bursitis 19 73.08%
Partial-thickness rotator cuff tear 6 23.08%
Full-thickness rotator cuff tear 3 11.54%
Cognition

Intact 14 53.85%
Impaired 12 46.15%
Sensory function

Intact 13 50%
Impaired 13 50%
Modified Ashworth Scale

0 8 30.77%
1 12 46.15%
2 6 23.08%
Brunnstrom stage

2 6 23.08%
3 9 34.62%
4 7 26.92%
5 4 15.38%

significant difference (P = 0.0587). Neither was there any
statistically significant difference of the sonographic grading
between the patients with and without intact sensory function
(P = 0.9776). This study also examined the relationship be-
tween sonographic grading and the degree of spasticity as well
as the relationship between sonographic grading and motor
recovery. The results showed that there was no significant
correlation between sonographic grading and the degree of
spasticity as measured by the Modified Ashworth Scale
(P = 0.8801; Spearman's correlation coefficient = —0.0311).
Neither was there any significant correlation between sono-
graphic grading and motor recovery, as measured by Brunn-
strom stage (p = 0.9796; Spearman's correlation
coefficient = —0.0053).

4. Discussion

The pathogenesis underlying hemiplegic shoulder pain
after stroke remains unclear, but clinicians need to identify the
precise etiology of hemiplegic shoulder pain in order to ach-
ieve a satisfactory treatment outcome for patients. This study
reviewed medical chart records from 26 patients diagnosed to
have stroke within the previous 6 months. These patients
received a sonographic examination due to shoulder pain. This
study examined the relationship between sonographic findings
and clinical findings for such variables as cognitive function,
sensory function, spasticity, and motor recovery. The results
showed that there was no statistically significant correlation
between sonographic findings and clinical findings.

Impaired motor control and soft tissue lesions are two
major causes of hemiplegic shoulder pain. Whether these two
causes are associated with each other and, if so, how they are
associated remains unclear. Previous studies have provided
mixed results. Lee et al. recruited a total of 71 stroke patients
and found that there was no correlation in patients with
hemiplegic shoulder pain between Brunnstrom stage of motor
recovery and the grades of sonographic findings.'> A longi-
tudinal study by Pong et al. that included 104 patients reported
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significant correlation between hemiplegic shoulder pain and
abnormalities only during the chronic stage of stroke (defined
as 6 months after discharge), but not during the acute stage of
stroke.'* Another study by Mohamed et al. reported that the
sonographic grading of shoulder lesions was not correlated
with Brunnstrom stage of motor recovery.'” The present study
supported the finding of previous studies that no significant
correlation exists between sonographic grading of severity and
Brunnstrom stage of motor recovery. This may suggest that
motor recovery is not associated with soft tissue lesions; it
may also imply that patients with different stages of motor
recovery may present with different levels of severity or
different types of soft tissues lesions. For example, a study in
which sonography examinations were performed on 57
hemiplegic patients found that patients with poor motor
function (defined by Brunnstrom stage of 1—3) have a
significantly higher proportion of abnormal sonographic
findings only in the supraspinatus tendon, not in the biceps
tendon, subscapularis tendon, or SA-SD bursa.'® Further
studies on the association between motor recovery and each
specific type of soft tissue lesion are needed.

Spasticity refers to a velocity-dependent increase in muscle
tone that is associated with a hyperactive stretch reflex. The
literature shows that hemiplegic shoulder pain is more likely to
occur in patients with spasticity than in patients with flac-
cidity."” Spasticity over the shoulder girdle muscles, especially
the subscapularis, leads to muscle imbalance and limits
external rotation, and may be associated with hemiplegic
shoulder pain.'®'? Very few studies have investigated the as-
sociation between spasticity and sonographic grading of
severity of shoulder lesions. The study by Mohamed et al.,
which included 80 patients with hemiplegic shoulder pain,
showed that the sonographic grading of the shoulder lesion is
not correlated with the degree of spasticity.'” This study
showed a consistent finding that the Spearman's correlation
coefficient between sonographic grading and the degree of
spasticity (measured by the Modified Ashworth Scale) was
—0.0311 (P = 0.8801). Therefore, this study showed no sta-
tistically significant correlation between sonographic grading
and the degree of spasticity. This result may suggest that the
mechanism through which spasticity causes hemiplegic
shoulder pain is independent of the mechanism through which
soft tissue lesions cause hemiplegic shoulder pain.

Kalichman et al. considered altered peripheral and central
nervous activity as one of the major causes of hemiplegic
shoulder pain. This category of causes includes peripheral
entrapment, shoulder-hand syndrome, central post-stroke pain,
and spinal and supra-spinal central sensitization, as well as
neglect and sensory impairment.” This study examined the
association between sensory function and sonographic grading
of severity of hemiplegic shoulder pain, which has not been
reported in the literature. The sensory functions assessed in
this study included light touch sensation, pinprick sensation,
and proprioception. Any impairment was defined as impaired
sensory function. This study did not find any statistically

significant association between sensory function and sono-
graphic grading of a soft tissue lesion in painful hemiplegic
shoulder. This result may be due to the heterogeneous di-
mensions of sensory function. For example, previous studies
showed that hemiplegic shoulder pain is associated with loss
of proprioception, but is not associated with light touch and
pinprick sensation.”’ As the present study is a retrospective
study via medical chart review, the information regarding
proprioception in some patients was missing and, therefore,
the present study did not examine the association between
each specific dimension of sensory function and sonographic
grading.

This study showed that patients with impaired cognition
function are more likely to have a more severe soft tissue
lesion in the shoulder joint, but a statistically significant dif-
ference was not reached (P = 0.0587). This might be due to
insufficient patient number as only 26 patients were included.
The reasons why patients with impaired cognition function are
more likely to present with soft tissue lesions in the shoulder
joint may be due to iatrogenic causes such as improper care
given by the health care personnel or excessive exercises
regarding the affected limbs. Health care personnel or family
may, through improper passive or assisted active exercise and
improper handling or lifting, cause shoulder pain for patients.”
Patients with impaired cognitive function may have problems
in timely communication of their pain to health care personnel
or family, which results in soft tissue lesions. Therefore, in-
struction and awareness by health care personnel, especially
caregivers, is very important for stroke patients with impaired
cognition.

One major limitation of this study is that the patients
included might have had a soft tissue lesion over the shoulder
joint before the stroke occurred. Patients may have had
degenerative soft tissue lesions over the shoulder joint, espe-
cially if they were elderly. Shoulder pain may also have
developed during a fall or a near fall accident or from traction
injury when stroke occurred. Another limitation is that this
study did not measure the individual muscle function or
detailed sensory impairment of hemiplegic limbs. Therefore, it
is impossible to exclude neuropathic pain, cervical radicul-
opathy, or shoulder-hand syndrome in that limb. In this regard,
no definitive statement can be made about isolated influence of
the aforementioned issues associated with hemiplegic shoulder
pain.

In conclusion, this study showed that hemiplegic shoulder
pain is not statistically significantly associated with impaired
cognition or sensory function. In addition, there is no corre-
lation between sonographic grading and motor recovery in
patients with hemiplegic shoulder pain. Also, neither is there
any statistically significant correlation between sonographic
grading and the degree of spasticity. This might suggest that
the mechanism through which soft tissue lesions cause
hemiplegic shoulder pain is independent of the mechanisms
through which changes of muscle tone and nervous activity
cause shoulder pain.



P.-H. Lin / Journal of the Chinese Medical Association 81 (2018) 657—661

References

10.

11.

. Langhorne P, Stott DJ, Robertson L, MacDonald J, Jones L, McAlpine C,

et al. Medical complications after stroke: a multicenter study. Stroke 2000;
31:1223-9.

. Bohannon RW, Andrews AW. Shoulder subluxation and pain in stroke

patients. Am J Occup Ther 1990;44:507—9.

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

tation. J Stroke Cerebrovasc Dis 1993;3:261—6.

. 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.el.

. Kalichman L, Ratmansky M. Underlying pathology and associated factors

of hemiplegic shoulder pain. Am J Phys Med Rehabil 2011;90:768—80.

. Chae J, Mascarenhas D, Yu DT, Kirsteins A, Elovic EP, Flanagan SR,

et al. Poststroke shoulder pain: its relationship to motor impairment, ac-
tivity limitation, and quality of life. Arch Phys Med Rehabil 2007;88:
298—-301.

. Roy CW, Sands MR, Hill LD. Shoulder pain in acutely admitted hemi-

plegics. Clin Rehabil 1994;8:334—40.

. Goldman AB, Ghelman B. The double-contrast shoulder arthrogram. A

review of 158 studies. Radiology 1978;127:655—63.

. Bachmann GF, Melzer C, Heinrichs CM, Mohring B, Rominger MB.

Diagnosis of rotator cuff lesions: comparison of US and MRI on 38 joint
specimens. Eur Radiol 1997;7:192—7.

Moosikasuwan JB, Miller TT, Burke BJ. Rotator cuff tears: clinical,
radiographic, and US findings. Radiographics 2005;25:1591—607.
Teefey SA, Middleton WD, Yamaguchi K. Shoulder sonography. State of
the art. Radiol Clin North Am 1999;37:767—85. ix.

12.

13.

14.

15.

16.

17.

18.

20.

661

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.

Cho HK, Kim HS, Joo SH. Sonography of affected and unaffected
shoulders in hemiplegic patients: analysis of the relationship between
sonographic imaging data and clinical variables. Ann Rehabil Med 2012;
36:828—35.

Pong YP, Wang LY, Huang YC, Leong CP, Liaw MY, Chen HY. Sonog-
raphy and physical findings in stroke patients with hemiplegic shoulders: a
longitudinal study. J Rehabil Med 2012;44:553—7.

Mohamed RE, Amin MA, Aboelsafa AA. Ultrasonographic and clinical
study of post-stroke painful hemiplegic shoulder. Egypt J Radiol Nucl
Med 2014:45:1163—70.

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.

Van Ouwenaller C, Laplace PM, Chantraine A. Painful shoulder in
hemiplegia. Arch Phys Med Rehabil 1986;67:23—6.

Zorowitz RD, Hughes MB, Idank D, Ikai T, Johnston MV. Shoulder pain
and subluxation after stroke: correlation or coincidence? Am J Occup Ther
1996:50:194—201.

. Murie-Fernandez M, Carmona Iragui M, Gnanakumar V, Meyer M,

Foley N, Teasell R. Painful hemiplegic shoulder in stroke patients: causes
and management. Neurologia 2012;27:234—44.

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.


http://refhub.elsevier.com/S1726-4901(17)30342-8/sref1
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref1
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref1
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref1
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref2
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref2
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref2
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref3
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref3
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref3
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref4
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref4
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref4
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref4
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref4
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref5
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref5
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref5
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref6
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref6
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref6
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref6
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref6
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref7
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref7
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref7
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref8
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref8
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref8
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref9
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref9
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref9
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref9
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref10
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref10
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref10
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref11
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref11
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref11
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref12
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref12
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref12
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref12
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref13
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref13
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref13
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref13
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref13
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref14
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref14
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref14
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref14
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref15
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref15
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref15
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref15
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref16
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref16
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref16
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref16
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref17
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref17
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref17
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref18
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref18
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref18
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref18
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref19
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref19
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref19
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref19
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref20
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref20
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref20
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref20
http://refhub.elsevier.com/S1726-4901(17)30342-8/sref20

	Sonographic findings of painful hemiplegic shoulder after stroke
	1. Introduction
	2. Methods
	2.1. Study population
	2.2. Sonographic examination
	2.3. Physical examination
	2.4. Data analysis

	3. Results
	4. Discussion
	References


