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Background: Althoughmany hemiplegic shoulder patients have been suffering from limited range ofmotion, it is
not fully established whether the pathologic biomechanics are same in hemiplegic shoulder pain and adhesive
capsulitis. Therefore we aimed to investigate biomechanical properties of glenohumeral joint capsules of hemi-
plegic shoulder pain with limited range of motions.
Methods: Participantswere 14 patientswith hemiplegic shoulder pain, 10 controls, and 42 adhesive capsulitis pa-
tients matched with the hemiplegic shoulder pain group for sex, age, and range of motion. Demographic data,
clinical variables, and sonographic findings were comparable between hemiplegic shoulder pain and adhesive
capsulitis groups. We compared capsular capacity, maximal pressure, and capsular stiffness of glenohumeral
joint capsule among the 3 groups.
Findings:Hemiplegic shoulder pain and adhesive capsulitis groups had smaller capsular capacity and highermax-
imal pressure than controls. The capsular stiffness of hemiplegic shoulder pain groupwashigher than that of con-
trols (P = 0.001) but lower than that of adhesive capsulitis group (P b 0.001).
Interpretation: The stiffness of glenohumeral joint capsules in hemiplegic shoulder pain and adhesive capsulitis
patients was substantially higher than that in controls, suggesting that hemiplegic shoulder pain patients had
stiffer capsules as adhesive capsulitis patients did although the severities were different. This finding implicates
that hemiplegic shoulder pain may share common pathologic properties of tighter capsules with adhesive
capsulitis. However, there may be additional mechanisms contributing to range of motion limitation in hemiple-
gic shoulder pain because capsular stiffness in those patients was not as severe as that in adhesive capsulitis pa-
tients with similar range of motion limitation.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Hemiplegic shoulder pain (HSP) is one of themost common compli-
cations in stroke patients (Lo et al., 2003; Roy et al., 1994; Van
Ouwenaller et al., 1986): its prevalence in this population is 38% to
84% (Joynt, 1992; McKenna, 2001). HSP is reported to be strongly relat-
ed to the increase in hospitalization of these patients and their progno-
sis with respect to upper-extremity function (Lindgren et al., 2007; Roy
et al., 1994). Many HSP patients have limited range of motion (ROM) in
multiple directions (Bohannon et al., 1986; Lo et al., 2003), and they are
commonly treated with injections, exercises, or other therapies
(Partridge et al., 1990; Snels et al., 2000). A highly effective treatment

option has not yet been developed, perhaps because the pathological
mechanism has not been clearly identified.

Several causes may contribute to HSP: complex regional pain syn-
drome type 1 (Lo et al., 2003), rotator cuff tear (Cailliet, 1980;
Najenson et al., 1971), shoulder subluxation (Roy et al., 1994), and ad-
hesive capsulitis (AC) (Lo et al., 2003; Rizk et al., 1994). AC has been re-
ported as one of the most important factors contributing to HSP
(Hakuno et al., 1984; Lo et al., 2003). It is of note that HSP had a signif-
icant association with limited range of external rotation, which is
thought to be distinctive of AC in the general population (Bohannon
et al., 1986; Zorowitz et al., 1996). However, no published research indi-
cateswhether the pathological condition of the joint capsule is the same
in HSP and AC.

Although the pathology of AC is known as fibrous dysplasia accom-
panied with inflammation of the glenohumeral joint (GHJ) capsule
(Hand et al., 2007; Noel et al., 2000; Uhthoff and Boileau, 2007), patho-
logical diagnosis of this relatively benign disease is impractical. A recent
development in a real-time pressure–volume monitoring technique for
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intraarticular hydraulic distension (IHD) (Chung et al., 2009; Kim et al.,
2009, 2011; Lee et al., 2008) circumvents this problem by providing in-
formation about biomechanical properties of GHJ capsules. Researchers
who used this technique have documented significantly increased
capsular stiffness in AC (Chung et al., 2009), close associations between
limited ROMand capsular stiffness (Lee et al., 2008), and superior short-
term outcomes of capsular preservation compared to conventional
capsule-rupturing IHD (Kim et al., 2011).

Since the introduction of the monitoring technique in clinical set-
tings, many AC and a fewHSP patients have been treated, and quantita-
tive data characterizing the biomechanical properties of their GHJ
capsules are now available. Comparing these biomechanical data be-
tween control (CON) subjects without limited ROM, AC subjects with
limited ROM, and HSP patients may elucidate the underlying mecha-
nisms of HSP with multidirectional ROM limitations. To our knowledge,
such a study has not yet been reported.

We aimed to characterize the GHJ capsular properties, specifically
capsular capacity, maximal pressure, and capsular stiffness, of patients
with HSP by comparing the pressure–volume (PV) profiles of HSP,
CON, and AC subjects.

2. Methods

2.1. Subject selection

We screened medical records of all patients who underwent IHD
procedures for the first time to treat limited ROM of the shoulder in at
least 2 directions from December 2006 to March 2012 at a special out-
patient clinic dedicated to IHD (N = 606). Limited ROM was defined
as b80° abduction, b130° flexion, or b30° external rotation as deter-
mined by goniometric measurement or reaching C7 or higher (external
rotation) and L1 or lower (internal rotation) vertebrae in scratch test
(Chung et al., 2009; Kim et al., 2011; Lee et al., 2008). Patients with
any structural or systemic disorders that might result in pain or limited
ROM, such as full-thickness rotator cuff tear, history of major trauma or
surgery in the shoulder, inflammatory joint disease, or osteoarthritis,
were excluded. The remaining patients (N = 592) had ROM limitations
in 2 or more directions and considered to have features of AC. Among
them, 14 had HSP, all of whom were included in the HSP group.

AC patients without neurologic problems were selected by
propensity-score matching. A logistic regression model was created to
derive a propensity score with sex, age, and ROMs of abduction, forward
flexion, and external rotation as independent variables. Each HSP patient
was matched with 3 AC patients. The matching process was supported
by Medical Research Collaborating Center of Seoul National University
Hospital.

Finally, we retrieved clinical and biomechanical data of 10 non-AC
subjects without limited ROM; these subjects made up the CON group.
These subjects had volunteered to participate in our previous prospec-
tive study (Chung et al., 2009). The CON group comprised 3 shoulders
with partial tears of the supraspinatus tendon, 1 with mild shoulder
pain and subtle shoulder laxity, 1 with calcific tendinitis, 3 with cervical
radiculopathy, and 2 healthy shoulders. Written, informed consent was
obtained from each CON subject.

The institutional review board of Seoul National University Hospital
approved the use of patient data.

2.2. Patients' demographic and clinical parameters

Sex, age, height, and the involved side were not significantly differ-
ent among groups (Table 1). The mean weight of the CON group was
different from that of the other 2 groups, because both shoulders of a
volunteer weighing 99 kg were included in the CON-group data. Symp-
tom duration, ROMs, and sum of ROM were comparable between the
HSP and AC groups, and this was as expected because subjects in the
AC group were selected by matching the age, sex, and ranges of motion

of each HSP subject. However, the CON group had significantly larger
ROMs than the HSP group (P b 0.0001, 0.0001, 0.0005, and 0.0001, re-
spectively) and AC group (all P b 0.0001).

The prevalence of rotator cuff partial tear, calcific nodules, and
subacromial subdeltoid bursa swelling was comparable among the 3
groups (Table 1). However, the prevalence of long biceps tendon sheath
swellingwashigher in theAC group than in theCONgroup (P = 0.003).
Otherwise, no statistically significant differences were found.

For theHSP group,we additionally reviewed the chart retrospectively
to obtain clinical information. The time after stroke was 15 months
(range 2–96). Of the 14 patients, 8 (57%) had left hemiplegia and 6
(43%) had right hemiplegia. Among them, 3 patients had grade 1 shoul-
der subluxation by de Bats Subluxation Scale (Chantraine et al., 1999).
There was no patient who had shoulder–hand syndrome, which is diag-
nosed, in our department, when a patient complains aching pain, skin
sensitivity, and swelling on his or her hand and increased uptake around
the hand in a triphasic bone scan shows. Muscle power of shoulder ab-
ductor was measured by manual muscle test following the Medical Re-
search Council scale (Paternostro-Sluga et al., 2008). We found that 3
patients had almost normalmuscle power, 8 patients had grade 3muscle
power, 1 had grade 4 and 1 had grade 2; there was no record on muscle
power for 1 patient.

2.3. Routine evaluation prior to IHD

Patient eligibility for the invasive IHD procedure was assessed by
means of routine clinical and sonographic evaluations. Passive ROM
was measured using a goniometer while the patient sat on a stool. Ab-
duction and forward flexion of the GHJweremeasuredwhen the exam-
iner elevated the patient's upper arm in the coronal and sagittal planes
of the trunk, respectively. To eliminate the contribution of scapular
movement, the subject was asked to relax as much as possible while
the examiner pressed down on the clavicle and scapula with one
hand. External rotation was measured with the shoulder adducted
and elbow flexed to 90°. Because there is no practical way to measure
internal rotation with a goniometer, we used a scratch test. External
and internal ranges of rotation were recorded as the lowest and highest
anatomical structure reached by themiddle and first finger, respective-
ly. After evaluation of ROM, a sonographic study of the affected shoulder
was performed (Accuvix V20, Medison; Seoul, Korea). We documented
long biceps tendon sheath swelling, rotator cuff tear, calcification,
subacromial subdeltoid bursa swelling, and any other noteworthy
findings.

Table 1
Demographic and clinical variables, and sonographic findings.

CON
(n = 10)

HSP
(n = 14)

AC
(n = 42)

P

Demographic variables
Sex ratio, male:female 6:4 7:7 16:26 .737
Age, mean (SD), years 53.6 (12.8) 59.3 (14.3) 63.2 (9.5) .137
Height, mean (SD), cm 168.1 (9.8) 164.5 (10.0) 161.1 (7.4) .090
Weight, mean (SD), kg 74.9 (16.0) 59.8 (10.8) 60.1 (10.9) .019
Involved side, right (%) 9 (90) 6 (42.9) 23 (54.8) .061
Symptom duration, months NA 5.3 (3.8) 8.8 (8.9) .249

Sonographic findings
LBT sheath swelling, n (%) 1 (10.0) 7 (50.0) 27 (64.3) .007
Rotator cuff partial tear, n (%) 4 (40.0) 5 (35.7) 19 (45.2) .878
Calcification, n (%) 2 (20.0) 2 (14.3) 9 (21.4) .905
SASD bursa swelling, n (%) 1 (10.0) 3 (21.4) 12 (28.6) .545

Range of motions
Abduction, mean (SD), ° 105.1 (15.6) 57.3 (15.0) 62.1 (15.9) b .0001
Forward flexion, mean (SD), ° 161.4 (11.8) 95.4 (17.1) 94.5 (22.0) b .0001
External rotation, mean (SD), ° 58.0 (19.8) 27.1 (14.8) 30.3 (13.1) b .001
Sum of ROM, mean (SD), ° 324.5 (40.3) 179.8 (32.7) 187.0 (35.1) b .0001

CON, control; HSP, hemiplegic shoulder pain; AC, adhesive capsulitis; SD, standard devia-
tion; NA, not applicable; LBT, long biceps tendon; SASD, subacromial subdeltoid; ROM,
range of motion.
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