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Sonography of Affected and Unaffected
Shoulders in Hemiplegic Patients: Analysis of
the Relationship Between Sonographic Imaging
Data and Clinical Variables

Hyong Keun Cho, M.D., Hyoung Seop Kim, M.D., Seung Ho Joo, M.D."

Department of Physical Medicine and Rehabilitation, 'Department of Diagnostic Radiology,
National Health Insurance Corporation Ilsan Hospital, Goyang 410-719, Korea

Objective To explore the relationship between a number of clinically relevant variables and sonographic imaging
data in respect to the level of impairment experienced in the affected and unaffected shoulders of hemiplegic
stroke patients.

Method Fifty-one hemiplegic stroke patients (32 males, 19 females; 29 right-sided hemiplegics, 22 left-sided
hemiplegics) participated in this study. A musculoskeletal radiologist conducted a sonographic exam on both
the affected and unaffected shoulders of all patients and two physicians classified the severity of the injury on a
six-point rating scale. Clinical variables including age, sex, duration of injury, spasticity and muscle power of the
hemiplegic side, and level of functional activity of the shoulder were assessed.

Results The sonographic rating scores of hemiplegic shoulders were positively correlated with age (p<0.01)
and negatively correlated with level of muscle spasticity (p<0.05). The sonographic rating scores of unaffected
shoulders were positively correlated with duration of injury (p<0.01). Affected shoulders received sonographic
rating scores that reflected significantly more impairment than those of unaffected shoulders (p<0.001), and pre-
morbid handedness did not affect the relationship between impairment rating and shoulder injury status.
Conclusion Hemiplegic stroke influences not only affected shoulders, but also unaffected sides. Proper
management of spasticity, enhancement of motor recovery, and avoidance of unaffected shoulder overuse should
be considered to prevent shoulder problems following strokes which result in hemiplegia.
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Sonography of Shoulders in Hemiplegic Stroke Patients

INTRODUCTION

The diagnostic modalities used in the evaluation of
shoulder disabilities include X-ray, shoulder-joint ar-
thrography, ultrasonography, computerized tomography
(CT), magnetic resonance imaging (MRI), and magnetic
resonance (MR) arthrography.'

Radiological methods are the most appropriate tools in
the evaluation of shoulder pain, particularly when exam-
ining bony structures and joint subluxation is suspected.
However, these methods cannot be used to examine soft
tissue lesions. Shoulder joint arthroscopy, an invasive
method, is appropriate for diagnosis of rotator cuff tears.
CT scans depict detailed images of bone and, when com-
bined with arthrography, show intra-articular pathology.”
The primary, noninvasive methods used to diagnose
rotator cuff pathology are sonography and MRI.> MRI is
superior to other diagnostic methods in diagnosing soft
tissue lesions, as well as bone marrow lesions.>* How-
ever, MRI is relatively expensive, time-consuming, and
inappropriate for the examination of both shoulders at
once, which is particularly important when evaluating
hemiplegic stroke patients due to their limited range of
motion and their need for comfortable positioning in the
scanner.’

Ultrasonography is a useful diagnostic tool for the as-
sessment of rotator cuff and non-rotator cuff disorders
of the shoulder.”® Ultrasonography is a noninvasive and
inexpensive imaging modality that does not expose pa-
tients to radiation, and this method allows for the evalua-
tion of structural status of the tissue, as well as the exami-
nation of dynamic movement of the affected area. Thus,
ultrasonography is an imaging tool which allows for both
anatomical and functional assessments of hemiplegic
patients.”’

Shoulder pain is a common complication following
hemiplegic stroke. This pain may interfere with func-
tional improvement, the patient’s quality of life, and it
may impede the process of rehabilitation.® Many factors
are thought to contribute to hemiplegic shoulder pain.
The clinical management of hemiplegic shoulder pain
usually involves the administration of oral analgesics,
intra-articular injections, and therapeutic exercises.*”
Further understanding of rotator cuff tendon impairment
in stroke patients may help clinicians in assigning more
complete therapeutic plans to hemiplegic patients.’

Following a stroke, immobility and weakness often
force patients to compensate for affected body parts by
using the unaffected parts in their daily activities." In this
study, we hypothesized that stroke resulting in hemiple-
gia would result in damage to not only tendons in affect-
ed shoulders but also to those on unaffected sides, due
to compensatory overuse. Patients may not recognize
unaffected shoulder pain due to the greater impact of the
hemiplegically-affected shoulder problems. Additionally,
these patients may not be able to describe their pain due
to aphasia or other forms of cognitive dysfunction which
commonly follow stroke. In this study, we performed
ultrasonography to observe structural and functional
changes in the tendons of both the affected and unaf-
fected shoulders of hemiplegic stroke patients.

The purposes of this study were to examine sono-
graphic imaging ratings of both affected and unaffected
shoulders, as well as to explore the relationships between
sonographic imaging data and a number of clinical vari-
ables in hemiplegic stroke patients.

MATERIALS AND METHODS

Patients and clinical assessment

Hemiplegic patients who were admitted to the inpatient
rehabilitation department from March 2010 to December
2010 were included in this study. All patients who either
refracted from pain on range of motion check of the
shoulders or verbally complained of shoulder pain with
limitation of range motion of either or both shoulders
(less than 180 degrees of shoulder flexion or extension,
less than 90 degrees of shoulder external or internal rota-
tion) were eligible for this study. Patients were excluded
if they had a history of previous surgical management or
a limited range of motion so far as to hinder ultrasono-
graphic evaluation.

Fifty-one hemiplegic stroke patients (32 males and 19
females; mean age, 60 years; age range, 23-81 years) were
enrolled. Twenty two patients had left-sided hemiplegia,
and 29 had right-sided hemiplegia. Twenty six partici-
pants had suffered cerebral infarction, and 25 cerebral
hemorrhage.

All clinical data were obtained from initial admission
assessment by consensus of senior and junior trainees of
physical medicine and rehabilitation.

Assessment of clinical variables included age, sex,
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Fig. 1. The scores of sonographic data. (A) Tendinosis of the supraspinatus tendon (grade 1): The long axis view shows
slightly decreased echogenicity of the swollen tendon (arrow). (B) Mild bursitis of the subacromail-subdeltoid bursa
(SASD) (grade 2): The long axis view shows small amounts of fluid collection (arrows) in the subacromail-subdeltoid
bursa. (C) Severe bursitis of SASD bursa (grade 3): The long axis view shows a large amount of fluid collection (arrow)
with internal echogenic spots (arrow heads) in the SASD bursa. (D) Articular side partial tear of the supraspinatus ten-
don (grade 4): The long axis view shows a focal hypoechogenic area (arrow) of the articular side of the supraspinatus
tendon. (E) Complete rupture of the supraspinatus and infraspinatus tendons (grade 5): The short axis view shows ab-
sence of tendon (arrows) at the greater tubercle of the humeral head.
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handedness, duration of injury, range of motion in the
shoulder joints, level of spasticity in the hemiplegic up-
per extremities, history of use of antispastic agents, level
of functional activity of the shoulders, and the nature of
the stroke experienced. The level of spasticity in the af-
fected upper extremities was measured using a modified
Ashworth scale. Muscle power of the shoulder girdle was
examined in each direction, while performing the mo-
tions of flexion, extension, adduction and abduction, us-
ing the Medical Research Council (MRC) scoring system;
these muscle power scores were then summed to give a
composite muscle power score. Levels of functional ac-
tivity were classified as follows: grade 0, bedridden state;
grade 1, has the ability to roll to one’s side; grade 2, sits
alone; grade 3, stands independently; grade 4, walks with
assistance; grade 5, walks without assistance.

This study was approved by our Institutional Review
Board. All patients and their care givers proved written
informed consent.

Ultrasonography and imaging analysis

Each ultrasonographic examination was performed by
aradiologist with three years of experience in musculosk-
eletal sonography who was unaware of the clinical details
of the patients while interpretations were performed to
reflect the consensus of one radiologist and one phys-
iatrist. Sonography was performed using a 12-17 MHz
high-resolution electronic linear-array transducer (iU22
ultrasound system, Philips Healthcare) with optimized
settings and automatic variable frequency adjustment
depending on the focal depth. The ultrasonographic
evaluation included the subacromial-subdeltoid bursa
and the rotator cuffs, which are routinely imaged in both
short and long axis planes.

All patients underwent shoulder sonography in a seated
position in a wheelchair. Both shoulders were examined
in all patients using the scanning techniques described

above.*'""?

In patients with limited motion in the hemi-
plegic shoulder joint, affected shoulder pain, or cognitive
dysfunction, the shoulder girdle was examined placed in
position similar to that used in the dynamic examination;
however, passive movement was induced for these pa-
tients with the help of an assistant. None of the patients
had shoulder joint limitations that did not allow for a
proper six-point rating scale evaluation.

To better define the relationships between ultraso-

nographic findings and the clinical variables assessed,
ultrasonographic imaging data were reclassified into six
grades based on the presence of a rotator cuff tear and
fluid collection in the subacromial-subdeltoid bursa or
the wall of the shoulder. This rating system has received
support from previously published research.”"*"* On this
rating scale, a grade of 0 represents no abnormal finding
around the rotator cuff; a grade of 1 represents tendino-
sis of the intratendinous hypoechoic areas with a loss of
fibrillar echoes, reflecting a disorganized structure of the
collagen bundles of the supraspinatus tendon™' (Fig.
1-A); a grade of 2 represents a subacromial-subdeltoid
bursa thickness of 1.5 mm to 2.0 mm (Fig. 1-B); a grade of
3 reflects a subacromial-subdeltoid bursa thickness over
2 mm" (Fig. 1-C); a grade of 4 indicates a partial or full-
thickness tear of the supraspinatus tendon (Fig. 1-D); and
a grade of 5 suggests multiple ruptures of the tendons of
the rotator cuff (Fig. 1-E).*" If there were more than two
abnormal ultrasonographic ratings for any case, the case
was classified based on the most severe rating score.’

Statistical analysis

Statistical analysis was conducted using SPSS for Win-
dows, version 14.0 (SPSS Inc., Chicago, USA). To examine
the relationship between ultrasonographic rating scores
and clinical variables, Spearman’s correlation coeffi-
cients were calculated. To compare the ultrasonographic
rating scores of affected hemiplegic shoulders and un-
affected shoulders, Wilcoxon rank-tests were used. To
compare ultrasonographic rating scores based on sex,
hemiplegic affected side, and the nature of the stroke, a
Mann-Whitney U-test was used. Null hypotheses of no
difference were rejected if p-values were less than 0.05.

RESULTS

The general characteristics of the study participants are
summarized in Table 1.

The ultrasonographic rating scores of hemiplegic shoul-
ders were positively correlated with age (0.35, p<0.01)
and negatively correlated with level of spasticity in the
hemiplegic upper extremities (-0.326, p<0.05) (Table 2).
The ultrasonographic ratings scores of unaffected shoul-
ders were positively correlated with duration of injury
(0.363, p<0.01) (Table 2). However, ultrasonographic rat-
ings of both affected and unaffected shoulders were not
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Table 1. General Patient Characteristics (Total Number=51)

Clinical variables
Age (year; meantstandard deviation) 59.5+13.1
Sex (male : female) 32:19
Hypertension 35
Diabetes mellitus 14
Hemiplegic side (right : left) 29:22
Nature of stroke (infarction : hemorrhage) 28:23
Number of patients taking antispasticity agents 2
Handedness (right : left) 49:2
Injury duration (from onset to sonogram; months) 5.5+5.4
Mini-mental status examination score (meanz*standard deviation) 19.5+11.0
Grade of upper extremity spasticity (median; range) 1(0-3)
Composite muscle power scores of affected shoulder (median; range) 8(0-16)
Functional level (median; range) 3(1-4)

Table 2. Correlational Analyses for Clinical Variables and Sonographic Rating Scores of Both Shoulders

Spearman’s rho coefficient

Spasticity Affected shoulder -0.326*
Unaffected shoulder -0.287
Age Affected shoulder 0.358"
Unaffected shoulder 0.025
Level of functioning Affected shoulder -0.183
Unaffected shoulder -0.186
Composite muscle power score of shoulder Affected shoulder -0.145
Unaffected shoulder -0.186
Injury duration Affected shoulder 0.162
Unaffected shoulder 0.342"

*Correlation was significant at 0.05 level, 'Correlation was significant at 0.01 level

Table 3. Comparison of Sonographic Rating Scores of Both Shoulders by Sex, Hemiplegic Affected-side, and the Na-
ture of Stroke

Sonography of shoulder lesion Variables p-value
Sonographic rating of affected shoulder Male : Female 0.79
Sonographic rating of affected shoulder Right : Left 0.62
Sonographic rating of affected shoulder Infarction : Hemorrhage 0.40
Sonographic rating of unaffected shoulder Right : Left 0.77

related to level of functioning or to the composite muscle  plegia, and the nature of the stroke did not influence the

power score for the shoulder girdle. relationship between the status (affected or unaffected)
Hemiplegic shoulders (median grade=2) were signifi- of the shoulder and ultrasonographic rating score (Table

cantly more impaired than unaffected shoulders (median  3; p>0.05, Mann-Whitney U-test).

grade=1; p<0.001, Wilcoxon rank-test) based on the ultra-

sonographic ratings scores. However, sex, side of hemi-
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DISCUSSION

The prevalence of hemiplegic shoulder pain following
stroke ranges from 20% to 84% of patients. Shoulder pain
hinders recovery of function in the upper extremities and
increases the duration of hospital stays for patients.**'°
Shoulder pain following stroke has many causes, such as
rotator cuff disease, adhesive capsulitis of the shoulder
joint, shoulder joint subluxation, spasticity in the upper
extremities, changes in pain sensitivity, complex regional
pain syndrome, and centralized post-stroke pain.>'’
Although numerous studies have suggested possible
mechanisms underlying the development of hemiplegic
shoulder pain, the pathophysiology of this disability is
still poorly understood.*® It is important for physicians
to define the cause and mechanism underlying the de-
velopment of hemiplegic shoulder pain in order to help
patients achieve a positive rehabilitation outcome.’ After
hemiplegic stroke, abnormal neuromuscular features
induce compensatory adaptations, which may influence
the structures and functions of unaffected and affected
extremities in hemiplegics. In this study, we hypothesized
that hemiplegic stroke affects on not only the shoulder
affected by the hemiplegia, but also the unaffected shoul-
der.

In our study, ultrasonographic rating scores of affected
shoulders were positively correlated with patient age and
negatively correlated with level of spasticity in the hemi-
plegic upper extremities. These findings suggest that
elderly individuals’ rotator cuff tendons may be more
prone to injury than those of younger individuals, due to
progressive degeneration in aged tendons occurring prior
to stroke. In comparison, as the unaffected shoulder was
not statistically significantly correlated with age, we can
assume that the patient group did not have any premor-
bid shoulder injuries, and that patients are more prone to
postmorbid rotator cuff injuries with increasing age due
to greater magnitudes of weaknesses caused by stroke.
Additionally, it was determined that enhanced muscle
tone in the upper extremities following stroke may have
a protective role against injury of rotator cuff tendons.
During the flaccid stage immediately after a stroke, lack
of muscle tone or muscle paralysis often results in im-
pairment of dynamic control and supportive functions of
the rotator cuff. This stage is often followed by abnormal
scapulohumeral rhythm, which induces subluxation

and increased glenohumeral friction in the hemiplegic
shoulder. As a result, the stretch force, caused by abnor-
mal scapulohumeral rhythm, to the flaccid shoulder can
cause substantial muscle and tendon injury in the rotator
cuff.”"

Previous research suggests that increased spasticity in
the upper extremities produces abnormal movement
patterns in hemiplegic shoulders, one possible cause of

hemiplegic shoulder pain.**"

Spasticity in the shoulder
muscles may cause pain not only by interfering with
normal scapulohumeral movement, but also by increas-
ing the likelihood of contractures. Once contractures
have developed, stretching movements in the contracted
joints could cause a cycle of pain and reflexive protective
spasms.” In this study, ultrasonographic rating scores of
affected shoulders were negatively correlated with spas-
ticity levels. This finding suggests that as spasticity devel-
ops, muscular activity of the supraspinatus tendon may
reduce inferior shoulder subluxation, provoking injury in
the rotator cuff tendon due to prolonged overstretching
by gravity or direct damage during the flaccid stage.**
These results also suggest that early recovery of muscle
tone in hemiplegic shoulders decreases shoulder sub-
luxation. Thus prevention of rotator cuff tendon injury
should be of particular concern during the prolonged
flaccid stage.

In a study by Lee et al.,’ the ultrasonographic rat-
ing scale was compared with the Brunnstrom stages
scale. This study reported that there was no relation-
ship between ultrasonographic ratings and the stage of
motor recovery measured by Brunnstrom stages scale.
Brunnstrom classified the pattern of motor recovery
after brain injury into six stages according to spasticity
level.”* Subjects enrolled in the study by Lee et al. were
assigned a Brunnstrom stage of less than 3, suggesting
that each participant in the study experienced prominent
spasticity. We suspect that the Brunnstrom stage scale
for spasticity level has limited utility with respect to ul-
trasonographic ratings of shoulder functioning in stroke
patients. Spasticity level change of Brunnstrom classifi-
cation is ambiguous and reflects motor functions of not
only the upper extremities, but also the lower extremities,
which are not linked to shoulder functioning.

In our study, ultrasonographic rating scale scores for
unaffected shoulders were positively correlated with
duration of injury. Hemiplegics have a tendency to use
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their unaffected shoulders before achieving adequate
motor recovery in their affected sides, which results in
prolonged overuse of the unaffected shoulder. Moreover,
immediately following stroke, the affected side tends to
be hypotonic and in a lowered or “slouched” state com-
pared to the relatively hypertonic and elevated state of
the unaffected side. The slouching of the affected side
leads to an imbalanced hemiplegic body posture, which
can induce rotator cuff tendon injury.

Even though 45 patients (95.7%) enrolled in this study
were right-handed, there were no significant differ-
ences between ultrasonographic ratings in pre-morbid
dominant and non-dominant shoulders. If degenerative
changes in the dominant shoulder tendons occurred
prior to stroke, then the ultrasonographic rating scores
of the dominant unaffected sides might be assigned with
ultrasonographic ratings reflecting greater impairment
than those of the non-dominant unaffected sides. How-
ever, no significant differences in ultrasonographic rat-
ings between pre-morbid dominant and non-dominant
shoulders were found.

Sonography is a useful and readily available method for
evaluating shoulder pain and disability. This technique
offers the option of dynamic examination, in addition
to static evaluation, allowing clinicians to focus on the

precise area of maximum discomfort.”**

In spite of the
strengths of sonographyj, its utility greatly depends on the
skill and experience of the operator. This method is lim-
ited in its ability to assess problems in the articular por-
tions of rotator cuffs, the entire glenohumeral joint, and
the anterior glenoid labrum.**

Several limitations of the current study design should
be considered. The duration of injury was relatively het-
erogeneous among the patients of this study. Thus, it will
be beneficial to enroll a more homogeneous group of pa-
tients in future studies in order to replicate and validate
our results. A longitudinal evaluation of ultrasonographic
rating scores was lacking in this study; we should inves-
tigate the structure and functioning of both the affected
and unaffected shoulders of these patients in a follow-
up study. Most stroke events occur in old age and rotator
cuff tendons in the elderly also become degenerative.
Thus, comparison of rotator cuff tendons between the
hemiplegic side and intact side can be influenced by the
degenerative state of the rotator cuff tendons before the
onset of stroke. Another limitation is the fact that only
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one, not two, radiologist had performed the studies, and
thus it was not possible to confirm interrater and intra-
rater reliability.

Also, the patients’ current levels of cognitive function-
ing were not taken into consideration when examining
the data. A patient with better cognitive function, who
does not have aphasia, can complain of his or her symp-
toms and utilize an intact upper limb more frequently to
perform activity of daily living. These conditions affect
both shoulder rotator cuff tendons. In future studies, it
will be beneficial to include level of cognitive function-
ing as one of the clinical variables. Finally, our study
was a cross-sectional study, and though we were able to
predict that the time since onset influenced the unaf-
fected shoulder, we can only assume that it was caused
by overuse. Thus a prospective study on determining the
cause of rotator cuff injury at the unaffected shoulder is
needed.

In conclusion, hemiplegic stroke results in injury to not
only the affected shoulder, but also to the shoulder on
the unaffected side. Greater spasticity of the affected limb
can be regarded as a preventive factor of rotator cuff ten-
don from injury and degenerative change. It is suggested
that proper management of spasticity through minimal
antispastic measures for optimal performance and func-
tion without resulting in decrease in muscle tone so far as
to cause subluxation combined with avoidance of over-
use of the unaffected shoulder will be helpful for patients
in the prevention of shoulder injuries following hemiple-
gic stroke.
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