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ABSTRACT

Introduction: Hemiplegic shoulder pain (HSP) is reported in up to 40% of people with
stroke and has been associated with spasticity and glenohumeral subluxation. The frequency
of HSP has reduced in the last two decades which is most likely due to improved therapy
and nursing care. The aim of this systematic literature review was to explore the risk and
associated factors for HSP for studies published between 2005 and 2020.

Methods: A systematic online search was conducted of CINAHL, AMED, MEDLINE and the
Cochrane library databases using four key terms (risk factors, hemiplegia, shoulder pain and
stroke). The search was supplemented by hand searching of relevant journals and citation
tracking of the retrieved papers. All primary studies published in English language fulfilling
the review’s inclusion criteria were included. Five reviewers extracted the data and inde-
pendently appraised the methodological quality of the selected studies. Any discrepancies
were resolved following discussions.

Results: Of the 50 articles that were identified, 21 studies met the criteria. The common risk
factors for HSP were: poor motor function (odds ratio (OR) 0.58-3.19; 95% confidence inter-
val (Cl), 1.1-7.7); glenohumeral subluxation (OR 2.48-3.5, 95% ClI 1.38-9.37) and reduced
range of movement at the shoulder (OR 0.14-4.46, 95% Cl 0.99-64).

Conclusion: Despite methodological flaws, complete loss of motor function in the affected
arm and glenohumeral subluxation has been recognized as frequently reported risk factors
for HSP. Further rigorously designed cohort studies are required to explore the risk factors
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for HSP.

Introduction

Stroke is one of the largest causes of disability in
the western world [1]. Upper limb impairment is a
common feature [2] and shoulder problems are the
most important component of upper extremity com-
plications [3]. The shoulder is a highly mobile and
less stable joint [4] that is vulnerable to a range of
post-stroke secondary musculoskeletal complications
such as pain, subluxation and restricted joint range
of movement [5].

Hemiplegic shoulder pain (HSP) is one of the
common medical complications after a stroke [6, 7]
with the reported incidence of 1.6 to 40% [8]. HSP
is difficult to define and is often used to describe a
collection of complex problems and diagnoses [9].
Early occurrence of HSP can have adverse effects on
rehabilitation [10] and later, on health-related qual-
ity of life [11]. Several causes of HSP have been
identified and can be broadly classified into neuro-
logical (paralysis, spasticity, altered sensation and
neuropathic ~ pain) and mechanical factors

(glenohumeral subluxation, rotator cuff injury,
muscle imbalance and altered scapula position) [10].

Given the implications of HSP on rehabilitation,
recent systematic reviews have focused on the effect-
iveness of varied treatment approaches including
physiotherapy, massage therapy, strapping, slings
and other supports to minimize glenohumeral sub-
luxation, and local interventions such as nerve
blocks and botulinum toxin type A (BTx-A) intra-
muscular  injections  for  spasticity  [12].
Unfortunately, optimal treatment modalities for
various types of HSP remain unclear in the litera-
ture [10] and, in practice, linking causation with the
most effective intervention/s remains problem-
atic [13].

A Dbetter understanding of the multifactorial risk
and associated factors for HSP will allow improved
management and could potentially aid establishment
of early preventative measures for hemiplegic shoul-
der pain [10]. Two recently published systematic

reviews have explored the risk factors for hemiplegic
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shoulder pain [8, 14]. One review [8] focused on
incidence and prevalence, however, did not include
risk factors in the search terms. Holmes et al. [14]
included studies if (a) they were prospective cohort
studies, (b) they measured any potential risk factor
within the first month after stroke, and (c) they
measured pain as a key outcome within 1 year after
stroke. Also, both reviews included studies from the
date of inception.

In the last two decades, the incidence rate of HSP
has reduced [11] in comparison to 16 to 72% in a
review published in 2001 [15]. A recent systematic
review [8] confirms this decline in incidence rate
and one of the potential reason could be due to
improved nursing and therapy care. According to a
recent UK wide survey of therapists, routine screen-
ing for HSP was undertaken by 59 (89%) respond-
ents [16]. Education (positioning, appropriate
handling of the affected limb) was provided by 51
(77%) respondents. Therefore, the aim of this sys-
tematic literature review was to explore the risk and
associated factors for HSP in people with stroke for
studies published from 2005-2020.

Methods
Search strategy

The structure of the review follows the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [17]. A systematic literature
search was performed using the search platforms
Medscape, OT Seeker, OVID online, PEDro, and
Science Direct. The databases searched included
AMED, MEDLINE, CINAHL and Cochrane library
and the grey literature was searched using
Google Scholar.

The four key terms included: risk factors, hemiple-
gia, shoulder pain and stroke. A search string was
constructed combining the key terms: ‘stroke or cere-
brovascular accident or CVA or CVE or hemiplegia’
and ‘shoulder or glenohumeral or upper extremity or
upper limb or arm’ AND ‘risk’ or factor or determin-
ant or cause or predictor or pathogenesis or predis-
pose or associate or ‘correlat’ or ‘etiolog’ or incidence
or attribute AND range of movement or ROM or
spasticity or flexibility or loss of muscle strength or
muscle atrophy or severity of stroke or shoulder sub-
luxation’ AND ‘shoulder pain or frozen shoulder or
glenohumeral joint pain or rotator cuff pain or
GHJpain’. Truncations specific to the databases were
also used to widen the search and to ensure that all
forms of searched words were hit by the search
engine. Finally, reference lists of relevant articles
were scanned to identify further relevant studies that
had not been identified by the initial search.

Articles were selected based on the following
inclusion criteria: (1) Studies published between
2005 and 2020, (2) published in the English lan-
guage, (3) cohort (prospective, retrospective), case-
control and cross-sectional studies, (4) all stroke
types, (5) any care settings. Studies which had par-
ticipants below the age of 18 and non-stroke condi-
tions were excluded. Case reports and case series
were also excluded as these types of studies might
have a high potential for bias.

Study selection process

Five researchers were involved in the study selection
process. The title and abstract of each study were
read independently by all the researchers to deter-
mine relevance. Relevant full papers were then inde-
pendently scrutinized to check for the eligibility
criteria and to confirm final inclusion of the articles
into the review. Any discrepancies were discussed
until consensus was reached and where appropriate
an independent scrutiniser was involved and only
the articles deemed relevant by all the research
group  members included  for  the
review purpose.

were

Quality assessment

To select the quality appraisal tool, each reviewer
independently critiqued a randomly selected article
(not included in the final review) using widely rec-
ognised tools such as Critical Appraisal skills pro-
gramme (CASP) [18], the Scottish intercollegiate
Guidelines Network (SIGN) [19] and the Joanna
Briggs Institute Critical Appraisal tool [20]. The
Joanna Briggs institute critical appraisal tool was
finally selected after group discussion. The meth-
odological quality of each of the selected studies was
independently appraised by each reviewer. Any dis-
crepancies consensus
was reached.

were  discussed  until

Results

The database search returned 195 studies with a title
that related to shoulder pain in people with stroke.
There were no articles returned from the Cochrane
database and Google Scholar. A further 12 potential
articles were identified by searching the reference
lists of articles. Of these, 50 potential studies were
obtained and scrutinized of which 21 [11, 21-40]
met the selection criteria. Figure 1 summarizes the
results of the search strategy, including the reasons
for exclusion of studies from the review.
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Articles identified by the electronic
databases search (n=195)

Elimination of duplicates and

A4

A 4

Title not related to research
question (n=58)

Manual searching of
relevant journals.
Articles identified |

Articles scrutinised at
abstract level (n=137)

Elimination of irrelevant
articles by abstract scrutiny

(n=99).

(n=0) :

studies (n=38)

criteria applied

—” Potential identified

Inclusion or exclusion

Focus on treatment (n=73)
Not relevant (n=26)

Reasons for exclusion:
—» (n=29)

Articles re
(n=19)

aining

Articles rejected at abstract
level (n=10)

l

Articles identified
through scanning of the
reference list (n=12).
Only 2 were eligible

Articles not adhering to the
inclusion criteria
(n=19)

)

for review
(n=21)

Total articles included

Figure 1. Flow chart depicting the inclusion of studies for the review.

Description of the studies

The research designs varied considerably across the
studies. Seven studies used a cohort design [11, 22,
23, 25, 33, 34, 36], six used a case-control design
[21, 24, 30-32, 37], another six used a cross-sec-
tional design [26, 27, 29, 35, 38, 40], and two others
used a retrospective design [28, 39].

Participants

Although all 21 studies included patients with
stroke, several studies did not specify the type of
stroke (infarction or haemorrhage). The time since
onset of stroke varied from one week to 82 weeks.
The time of follow up across the included cohort
studies ranged from four to 70 weeks. The age of
the patients ranged from 18 to 102 years across the
studies and the mean age varied considerably:
between 50-59 years in six studies, 60 and 65 years
in 9 studies, 66-70 in three studies and 71-74 years
in three studies. All studies had strict inclusion cri-
teria, but the criteria varied considerably across the
studies. Sample size varied considerably with the
largest sample consisting of 416 patients [22] and
smallest consisting of nine [32].

Methodological quality

The methodological quality of the studies varied
considerably and some of the studies had serious
methodological flaws (Table 1). Six out of 21 studies
had a sample size ranging from 100-400, but the
remaining had a sample size ranging from 9 to 72
and none of the studies provided justification for
this. Furthermore, several studies did not state clear
participant recruitment criteria, did not justify the
rationale for their study design and did not admin-
ister appropriate statistical tests; only six studies
reported odds ratio [11, 23, 28, 34, 36, 37] and three
[21, 22, 25] used logistic regression analysis to iden-
tify risk factors. Although most studies specified the
outcome measures used, only two [31, 36] reported
using blinding assessment procedures.

Outcome measures

A wide range of outcome measures were used in the
studies reviewed. Upper limb motor recovery was
assessed by Brunnstrom’s motor arm score [23, 24,
26, 27, 29, 33, 36, 37, 39], upper limb motor func-
tion (question 5) from the National Institute of
Health Stroke Scale (NIHSS) [11, 22, 36].
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Assessment methods used to assess GHS included
radiographic measures [26, 30, 36], and clinical pal-
pation method [21-23, 28, 29, 33, 34, 37]. Passive
range of movement (PROM) at the shoulder was
assessed using goniometery in two studies [25, 28,
34], while other studies did not specify. Soft tissues
in the shoulder were evaluated using sonography
[27, 29, 33, 36, 39], and magnetic resonance imaging
[30]. The Modified Ashworth Scale (MAS) was used
to assess muscle tone [23, 24, 26, 29, 32-39]. To
quantify movement of the shoulder, arm and thorax,
an electromagnetic tracking device was used in one
study [24] and a computer-based kinematic tech-
nique was used in another study [32].

Similarly, a wide range of assessment methods
were used to identify HSP. The majority of the stud-
ies used vertical visual analogue scale (VAS), how-
ever, eight of these used 0-10 scale [25, 29, 31, 37,
40], while three studies used 0-100 scale [11, 22, 26,
34]. Other assessment approaches included numer-
ical rating scale (NRS) [32, 36], pain on rest and
during passive movement recorded as present or
absent [21, 29, 30, 37], and three studies did not
specify [23, 27, 39].

Study results

A variety of risk and associated factors were identi-
fied in the included studies (Table 2). The most fre-
quent risk factors for HSP were poor arm motor
function [11, 22, 28, 36, 37], glenohumeral sublux-
ation [21, 23, 36], reduced passive range of move-
ment at the shoulder flexion [28], and shoulder
abduction [34].

In one of the largest longitudinal studies of 226
patients, absence of arm motor function was
strongly associated with the risk of HSP (odds ratio
(OR) 3.19; 95% confidence interval (CI), 1.77-6.9)
[11]. Similar findings were reported by another lon-
gitudinal study of 51 patients that found poor arm
motor function as indicated by a poor NIHSS item
5 score (OR = 3.0; 95% CI, 1.1 to 7.7) was a risk
factor for HSP [36]. The findings support those of
other prospective [22], case-control [37], and retro-
spective [28] studies that found that poor initial
motor function was an independent factor associ-
ated with HSP.

Of the studies that identified a link between GHS
and HSP, one of the largest prospective studies of
327 patients reported an odds ratio (OR) of 2.48
(95% confidence intervals, 1.38-4.46) suggesting
GHS as a potential risk factor for HSP [23]. Similar
findings were reported by a longitudinal study that
reported an OR = 3.5; 95% CI = 1.4-9.3 at baseline
and OR = 2.6; 95%CI = 1.0-6.6 at follow-up [36].
Similarly, a case-controlled study of 107 stroke
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patients reported that that HSP was significantly
higher in the subluxed group and that GHS was
independently associated with HSP at follow-up (R>
= 0.458; p < 0.001) [21]. The findings support those
of several other longitudinal [22], cross-sectional
[38], studies which found an association between
GHS and HSP. However, two studies [26, 37]
reported GHS was not independently associated
with HSP.

Reduced ROM was reported as a risk factor for
HSP. Decreased passive abduction at 4 months (OR
4.46; 95% CI 0.99-20.10) was reported as a signifi-
cant risk factor in a prospective study [32].
Similarly, in a retrospective study [28], reduced pas-
sive shoulder flexion ROM was found as a risk fac-
tor (OR = 0.14, 95% CI 3 to 64) for HSP.

The other risk factors were soft tissue injuries
(bicipital tendonitis and rotator cuff tears) [36], pre-
morbid shoulder pain [11], left-sided hemiparesis
[34], frequency of pain [34], longer duration of dis-
ease [37], late initiation of rehabilitation [37], adhe-
sive capsulitis [36], complex regional pain syndrome
(CRPS) [26], positive baseline objective assessments
(passive external rotation, hand behind neck, the
modified Neer test) [11], increased light touch and
vibration threshold [25]. In addition, other factors
associated with HSP were: spasticity [29, 33, 38] dia-
betes mellitus [40], self-perceived ill health [22, 25]
reduced external rotation ROM at shoulder [29, 32],
loss of proprioception [29], and higher pain thresh-
olds [35, 38].

Discussion

The aim of this systematic literature review was to
explore the risk and associated factors for HSP for
studies published between 2005 and 2020. The most
frequently reported risk factors were poor arm
motor function, glenohumeral subluxation, and
reduced passive range of movement. The other asso-
ciated factors were adhesive capsulitis, soft tissue
injuries, spasticity, higher pain thresholds and self-
perceived ill-health.

Five studies reported that patients with poor or
reduced arm motor function had a significantly
greater risk of developing HSP on the stroke
affected side [11, 22, 28, 36, 37]. However, the time
points when this was measured varied considerably
across the studies. Irrespective of that, the loss of
motor function could alter the kinetics and kinemat-
ics around the shoulder complex. The suboptimal
performance of scapula kinesis and the reduced con-
trol of forces around the humeral head on the glen-
oid has the potential to lead to harmful effects on
anatomical structures around the shoulder [41].
Post-stroke loss of motor function can lead to



196 P. KUMAR ET AL.

(panuijuod)

paseanul ‘¢ (6000=4d ‘9L'0=4)
ploysaiyl yonoy ybi| paseasdu|
"2 (L0000 =4d 'LE0=Y) 1aV 'L
uoissaibai d13s16o| 510108} Ysiy
(€000 =4d y10q)
syuedpied dsH-uou pue
s]0J1u0> 0} paledwod uondNpge
anissed buunp syuaned 4sH ul
paseaIddp Sem UOIRAI|D JapInoys
(5Z°0=d) dSH noyum
syuafied 03 pasedwod usym jou
g (0'0 = d) swuediyed [013u0d
0} pasedwod 4sH yum ajdoad
ul (UoIX3l} pue uondNpge buunp
‘1531 1e) ejndeds a3y} Jo uonelol
|eJd1e| IO :S103DB) PIIRIDOSSY

(500 >d '6£'L-90°TID
%56 ‘00'7:40) 08L <
(sAep) 19suo axou1s Jaye uoneing
(soo>d
‘v v—8€° LD %56 ‘87'T:HO) SHO
Jojoey sty
(%61) swuaned 79 :dSH

(%€°L€) LTE/TTL 'SHD
yijeay || paAIadiad-yjas ‘yonoy
b1 Jo4 9dURgINISIP AIOSUIS ‘SHD
(L00°0 > d) :uonenossy
‘(1000 =d) duljdseq e
uol1duNy J0JoWw Wie Jo uoldnpal
10 5507 'z dn-moJ|0} 1y (€00 =d)
(S way SSHIN) dulaseq je
uolldunj Jojow wJe jo uoldnpal
10 5507 (2) *(800°0 =d) (SSHIN)
auljaseq 1e snieis yijeay |esauab
mo7 (1) :L dn-mojjo} 1y :(siskjeue

uoissalbai d1si607) :s1030ey Ysiy

(sisAjeue uoissaibas ajdinpy)

uonenjeaj
218195 Auuay
J1313Woluob-\ oY

(0L-0) SYA-uled

UoNEA3|D JAIDY
pue anIssed
"SJllewauly J3pINoys
10} 1P Buppdeny
J1subewoidzd Uy
abeys

Jojow s WwoJsuunIg
SYW

SYA :uled

Xapu| |syueg
uoleujwex3

91elS [elUdlN eyl
wiod g

'sabeys s,wolisuunig
SYW

paydads 1ou :ujed

‘uonedied :uonexnigng

SSHIN

3[eds

JUSWISSISSY JOJOW
uonedjed :SHDH

"(001-0) SVA :uled

uopedjed :uonexniqns

SYA U0 G <apls
pa1daye ay) uo ured
1ap[noys jo A101s1y

pue YAD yim syusijed

Apnis siy1 Joy

$159} AAIRIIUNWWIOD
pue aAHubOod
‘leaisAyd paJinbal
3y} ||e wuopad

03 3|qy "3011s Y}
01 Joud sjurejdwod
1ap[noys jo Ai01s1y

ou ‘{035 15114 :UoIsnu|

wsajqoud duierydAsd
Aue 1o

elpuawWRp ‘swajqold
uonedIUNWWOod
‘SUOI}IPUOD [edIpawW
9J9A3S :UOISN|IX]
‘ulw g 104 Us 0}
9|qe ‘puewwod dais
-9U0 MOJ|0} ‘sIeak 8|

"pabe ‘jo11s :uoisnjpuj

palels jou :uoIsnPX3
‘1D Aq pawiijuod

9)011S 1S| :uoisnpuj|

jusuwuedwt sAaubod
9J9A3S OU () ‘eiseyde

SIIM 7§ 10}
syam g A19n3

V/N

SHIOM Py

Juawissasse dn
-MOJ|0} puZ ‘SY93M 9

paydads 10N

o€l
dnoib dSH-uoN
syeaM | dnolb 4sH

SHHIOM 7| UBSW

G0E = U Passassy
Juawissasse dn
-MO||0} 1511f) SHIOM 9|

sik 19 =abe ueayy

LL=4'SL=W) TSL=N

sIk 6y =abe ‘0L =N
|0J1u0>

AyyesH ‘6 =4 's=1
sik /G =abe ueayy

(L=4'L=W) vl
dSH Inoysm
€=y

‘0L =7 ‘s1edk g5 = abe
ues (€=4'0L=W)
€L =U dSH Yyim
[t=

6=H 'S€T=|

L =[el9le|lq
‘wl=Y4'91L=1
‘(s1edh €6-1T
abues) sik zg=abe
ueaw ‘yg| =+

‘€6L=W ‘LIE=N

L =pauyspun
8C=H 'LtCc=|

sik ¢/ =abe ueaw
90L=4‘0SL=wW
957 = U dSH-UoN
9=H '99=|

sik 7/ = abe

uesw ‘9z =4 ‘S =W

LL=UdSH 9Ly =N

SC=Y40€=1
8T =4'Lt=W
sieak g/:abe

uealy ‘ss =dnoib
paxn|gns-uoN

dSH 11paid 1eyy
510108} 9y} dJ0|dxs 0]

‘uolow Japnoys
pue uopusod
Hunsal ejndeds
‘uted Jap|noys
9)0415-150d USIMISQ
diysuone|as
s|qussod e Ayuspl o]

'$10108) pajeIOsse
AJ3uapl pue ax0is
Jaye uonexn|gns
pue uted Japjnoys
JO UBLNII0

3y} dUIWINRP 0]

90435 IS
-154i} yum sjuaned
ur uted Japjnoys
Jo siopipaud

ay) aebisanul o]

1i0yo) aAadsoid

(sl

(8007) piejueipey
pue piejueipey

spubjiayioN oyl
Apnis |0J3u0d-958)
[#2] (8007) ‘e 18 U3sSaIN

yoxybupg
Apnis
110yod 3AIdsold

[€2] (8007)
‘e 19 |nyjulodeuryiang

uapams
Apnis
10Y0d dAI3dso.d
[cad

(£007) “Ie 32 uaibpur]

(1000 > d '85¥'0 = ,H) dSH yum (uomsod Bunys) 31935 ou (g) -abewep 6L=y'ce=1 90115 JO sypuow ¢
pajenosse Ajpuspuadapul sem SHO 1531 UO pue (uorejol 1ap|noys snoiaaid 97=4'9C=W UIYIM dSH
110108} Ysiy |eUIIX3/[BUISIUI ou (7) ‘(skep 0g>) abieydsip sieaf |/ :9be pue SHO U3AIMI3] A3y
(L00°0 =d) dnoib paxnigns ul /UoldNPQY/UOIX3}}) ENJABUEREY Buimoj|oy (sdnoib yyoq) ueaw ‘gg =dnoib diysuone|as Apnis |0J3u0d-958)
19ybiy Apuesyiubis 4sH Jo sduspidU| JUSWISAOW UQ :uled pue 1s11y (L) uoisnpu] SHIIM G—F SY9IM G'7 US| paxn|gns ‘Z0L =N oY1 =1ebisaAul of [LZ] (£007) “|e 13 1Peg
siskjeue [eansnels saInseaw awodInQ eI UoISNPX3 dn-mojjo4 90415 JO sjuedpineqd wie ydieassy Anunod/ubissp
Buipnppu sbuipuly pauodas Aoy Juoisnuj 19SUO0 ddUIS dWl| Kpnis/sioyiny

‘uonedijgnd jo J3pI0 dY3 Ul SAIPNIS papnpul Jo Alewwns ‘g djqel



PHYSICAL THERAPY REVIEWS 197

(panuijuod)

sabels
K19A0221 J030W Wossuunig (S)
uopelol
|eUIBIXD pUE [RUIIIUI JBPINOYS (f)
‘SHD (€)
Aonseds ()
uopdacoudoud jo ssoq (1)
(50°0 > d) :s1030e} pIIRIDOSSY

(96 01 €F
1D %56 790 =40) 21035 Wall Wiy
1addn 91eds JUsWISSassy 4010 (7)
(79 01 € 1D %S6 ‘¥1°'0 =4O) UoIX3|}

1ap[noys anissed pasnpay (1)
110108} YSiy
(€81°0=d) sebeis wosnsuunig
9y} pue sbuipuly d1ydesbouos jo
9peJb Y] UIIM]I] UOIIR[D1I0D ON
‘(£000=1d)
dSH Inoyum asoyy 03 pasedwod
13yb1y a19m dSH yum syuedpiued
ul sbuipuiy d1iydesbouos

|ewuouqy :s1032ej pajerossy

‘uted dlwejey} Jo dWoIpuAs

yono} ybi pue pud
-uid ‘uondaxoridoid
SYN ‘sabeis £1an0d91
Jojow s,wolisuunig
Kydeibouos sapjnoys
uonedjed :SHO

WOY aAIssed

/1531 1 (WD-0L SYA :Uled

9]eJS JUDWISSISSY
1010\

eisabjeue

10 5,1Qv-dSH
uoljedjed-sHo
uolesuas

‘lensip 1o Ja13woluobh

e—NOY dAIssed

13p|noys ayx

Jo Aydesbouog
K19n0231 J030W

Jo sabejs woisuunig

paydads JoN—uled

“quawiiedwi aaNubod
‘f1364ns 1ap|noys
‘J]9p|noys uazouy ‘uted
Jap|noys Jo saunful
4nd Jojejol jo Kioisiy
:uoisnjdx3

9)0431S [eJ33E|IUN

pue 3s| :uoisnppu|

ENJIERNII

sjuaNeq :uoIsnpu|

‘sydesboipes

uo udas se
uonedo|sip Jap|noys
Yum ‘yAd uey Jsyio
elbs|diway :uoisnppx3
oS

YUM sjudpied :uoisnpauj

(dnoub D)
SyeaM
(dnoib

4Nd) SHIM t'y

(dnoib o)
HPIM QT
(dnoib 4\d) SHeam ¢

V/N SHIIM €

(™M Y9-T'T
‘abuel)
V/N SoIM LTl

uesw ;g=4‘SL=W
¢z =u:dnosb 4D
EL=y'le=1
‘0L=H ‘vt=1'sik
09 abe ueaw ‘g =4
BL=W) YE=N
dnosb 4Nd dyl

LS=N

L = [esleq ‘6L =Y
'SE=TWL=H'Lv=I
sIk ¢g—abe uesw
‘T4 '6E=W 'L19=N
dnoib dSH-uoN
7=/eidle|q
‘Sl=49L=17

9=H 'Lr=]'sik

6 abe ueaw ‘|| =4
TT=W'EE=N

dnoib dsH ‘Y6 =N

vE=Y '8E=1
EC=H'6v =1
9T=4"'9w=Ww

‘(s1h8/~€7) s1eak 09
‘abe ueaw—aby

(=N

E=1'lv=Y4 ‘0C=H
€S=1'th=4"lE=W
‘sik 09 abe uesw

Jap|noys d163|diway
Jo sbuipuyy [earsAyd
9y} pue dsH
U9IMI3Q UOI1e[D110d
91eb61159AUl 0]

uoneyjigeyas
uanedul buunp
dSH 1ipaid 1eyy

$1010B} SUIWIIBP O]

sabeys A19n0d31
Jol0W 3y}
pue dsH ‘sbuipuyy
>1ydesbouos
3y} usamiaq
diysuonejal

9y} 21enjeAd o]

upmin|
Apnis
|BUOIIS-5501))

[62] (0L07) "|e 3@ Bueny

plpasny
Apn1s aA11>9ds0.19Y

[82] (0L07)
‘e 19 nasseylauualg

DaIOY
Apnis |eUOIID3S-5501)
[£2] (6007) '[e 10 931

uawabuidwi ‘Aypnseds ‘SHO SYIN 90135 910j3q ewnel} '€/ =dSH Inoyum S9WO0IN0 [eUOIdUNY
pue dSH U93M1aQ UOI1e[31i0d ON uiod § pue ujed Jap|noys (dSH Inoyum) 19=7'€S=Y ‘67=H YHM UO[3R[3110>
(1000=4d) | 'sabeis s,woiisuunig J0 A103s1y :uoisn|dx3 SPIM 9T ‘68=/'€5=4"'19=W sy Ayuapl Aaying
9dA1 sdyD pue (10°0 =d) snnsded ‘sydesboipes dy :SHO '9)043S [eJle[IUN ueaw {(dSH yum) ‘sIk 79 abe uesaw pue ‘4SH jo sasned Apnis [eUOIDRS-5501)
SAISAYPY :S1030B) PIIRIDOSSY ‘(sautod 001) SYA :uled pue 1| :uoisnpu| V/N SY9IM /L UBS ‘YLl =dSH yum'/gL =N ay) a1ebiisanul o] [92] (6007) ‘|e 19 Yeeg
(L0000 =d 's8£°0 = 1yd)
aby (9) {(L000°0=d 's9v'0 =/yd)
19pJOSIp UoIEdIUNWWOD)
(S) (1000 =4d ‘652°0 =1yd)
uoissaidaq () ‘(L0000 =d
‘979'0 = 1yd) uoneyjigeyal
10} uoleAinow paseana( (€)
(1000=4d ‘2£z°0=1yd AIxuy (7)
(100°0 > d'+88°0 = 1yd)Anjiqesip ploysaiyl uoneiqip
1av (1) ploysaiyy yonol 1ybr
1510108} PaIRIOSSY 3eds
zoo=d JUDWISSISSY upi|
‘€1°0 =) PIOYSaIY} uoneiqin K1osusg weybumop Apnis
sisA|eue [ed1siels S9INSEIW SWO0dINQ eLIILD UOISNPX] dn-mojjo4 0AIS JO syuedpiyed wie ydieasay A1uno>/ubisap
Buipnpui sbuipuly paviodas A3y Juoisnpul 195U0 ddUIS dWI] Kpnis/sioyiny

‘panunuo) °z a|qeL



198 P. KUMAR ET AL.

(panuijuod)

(¥) (01°02-66'0 1D %S6 ‘9'¥ HO
‘50" = d) syuow ¢ Je uordNpqe
anissed paseannaq (g) ‘(rL'ze-9v'L
1D %S6 ‘58'9 HO ‘70" = d)
fouanbayy ured (¢) {(50'L5-26°L 1D
%6 ‘L¥'0L—YO ‘10°0 = d) 13suo
oAs e sisalediway papis-ya (1

(uoissaiBbai d1s1607) :s1019e) ysiy

(oseyd s1uouay)d)

(€00=d ‘57°0=14) Ayredouipuay
snjeuldsesdns (S) {(so0=d
“yz°0=4) Ayredoulpuay [eydiig
(¥) “(zo0=d ‘8z:0=4) Adnseds
J9p|noys (€) {(aseyd a1uoay) pue
aseyd aundy) (100 >d ‘50 — 01
ST0— = J) uoneywl| WOY
J3pInoys () (L0 =d ‘0£'0— = J)
[9A3] UONdUNy JoJoW IAPINOYS (1)

:s101dej pajeldossy

(S00>d 'v80—

= J)) uonejos Jeindeds premdn
yum diysuoneas asisnu| (g)
(€000 =4d)

Uo1e10J [BUISIXS PIdNPIY (L)

:s10)dej pajeldossy

(9£%°0 = 0y4 €000 > d) sinsded

OAIS9YpPY :S10)oe) pajeldossy

uonjed|ed-SHO
‘uolpuny Jojow

10} 9|edG JUSWISSassy
10101 ‘SYW
J919Wolu0H

—INOY 3AIssed

wwooL 01 0—SYA

Aydeibouos
uolyedjed-SHO (yono}
1461 pue “puduid
‘uonndacondoud)
uolesuas

‘WOHY J9p|noys

'SYW ‘sabeis £1an0d31

10j0W s,WosuUUNIg ‘SYA

sanbiuyaal cnewsupy
paseq-193ndwo)
"3easgns

uoipun4 puey

1dds

SYW
JUsWaAOW U0

pue 1531 1e uied-SYdN

$10Ssasse pullg
uonedjed-SHo

14N

anssi} Yos-
Xapul

AMjiqow peswanly
Xapu| |oyueg

SYA

pajeis jou :uoisnjdxX3
195UO OIS ISYe
syuow  dSH pue
195U0 30415 18 IN Ul
uofpuNy uondUNYSAp

Jojow-A10SUds -uoisnpuy

siaplosip
Jejnosnwoinau

Aue

pue ‘19p|noys uszoy
‘A1964ns 1apjnoys 1o
‘saunful Japjnoys jo
10151y () Juswiredw
anIUbod :uoisn|dX3
eiba|diway

Jesa1ejiun ul bupnsal

aY013s 1s1y tuoIsn|dU|

"Juasuod apiroid

0} 3|geun

() ‘ured 13pjnoys jo
K103s1y (L) :uoisnpx3
‘Aunelb jsuiebe quu
paaye ay) anow

0} 3|qe (£) ‘ons
113y3 buimojjoy dsH
JO 13sU0 (7) ‘aohs jo

sisoubeip (1) :uoisnjpuj

Juasuod apiroid

0} 9|qeun ‘ujed
dlweley) ‘aseasip
ploiAy) pue aseasip
YSIP [EJIAISD ‘Bwines)
ap|noys ‘wa yum
SJualed :uoisnpdxj

9)0J3S 1s4l} :uoisn|du|

SHHIM 0/ SHPIM 9|

S)yoam | —abe)s
s1uoIy)
S}Pam £'9 abels andy

abieydsip Jaye
syjuow 9

V/N SHIIM 8T

V/N sdnoib yjoq syeam+

sIk gg—abe

uesw ‘=47l =W

‘91 =u ‘dSH-uoN

EL=y'6c=1

€=H '6€=1

sIk £ abe

uesw ‘/L=4'Sc=W
‘Th =U ‘dSH '8 =N

(s1e3h £/8—0€ abue)

09 abe ueapy

0£E=4'9=W
9L=N

sIkyG—abe ueapy
S=4'L=W
71 =s|olu0d AyyesH
sikgG—abe ueayy
v=4's=w
6=dsH
9=Y'0L=T7'¢=H
‘el = ‘sak gg—abe
uesw ‘0L=4‘9=W
9L =U "dSH-UoN
LL=Y4 vL=1
‘Y=H Llt=1"sik
79—abe uesw ‘y =4
lZ=W ST =Uu"dSH
'sieak 9 abe

"191e| Jeak |
uted Jap|noys
pipaid jons

1348 syjuow ¢
1€ SI01DB) SSISSE O

"041S JO
sabeys Jjuoiyd pue
ande yyoq buunp
saunful anssiy 1Jos

asAjeue 0y ‘sbuipuly

[ed1sAyd pue dsH
U39M]3( UOI1R[3410D
9y} 91eblisanul o)

suialed Juswanow
|esawiny
pue Jejndeds
pue ujed usamiaq
sdiysuoneja.

9y} a10(dx3 0]

*A19A031 Joj0W UO
edwi sy a1enjeas
0} pue dSH 10}
si010e} buisodsipaid
a|qssod Ayuapt o]

uapams
Apnis
Hoyods m>:uwamo._n_
[¥€]

(107) “Ie 38 uaibpun

UbMID|
Apnis
Hoyod w>:uwamo._n_
[€€] (2L0T) '|e 3o Buogd

vsn
Apnis [013U03-35€)

[z€] (1102)
Bueq pue ympieH

A3y
Apnis |013u0d-358)
[L€] (11L02) "|e 33 edwod

UedLL =4
‘TL=W T =dsH dSH yum
sydeisboipes 4y :SHO uonow aaissed INOYUM 9)doad ui sbuipuly
1ap[noys ay £q pai1abbuy 4SH sIk |9 =abe (14W) Buibew |1zvig
(100°0 > d) sninsded aAISaypy 4O |4 uonow aaissed ‘1D YHM pawiuod sdnoib yjoq Ued\ ‘0z=4'st=W 9dueUOS3I dRRUbRW |013U03-358)
1510308} pajeOSSy Uo paulelsns dSH :uled VAD 18414 :uoisnpu V/N 10} SX99M 89 UBS\ St =dSH Yum 9y} d1enjeas o) [0€] (0LOT) ‘|e 19 eione|
(100> d ‘59°0-+€'0 =4) dSH
JO S3I0DS SYA pue S3|qelLIeA dA0QR [=Y491=17
U99M1] UOIIR[34I0D IRIDPON SI9pIOSIp S=H'8L=]
saun(ul anssiy Yos (9) Jejndsnwoinau sk g9 abe
sisA|eue [ed1siels S9INSEIW SWO0dINQ eLISID UOISN|PX] dn-mojjo4 041S JO syuedpiyeq wie ydieasay Anunod/ubisap
Buipnpui sbuipuly paviodas A3y Juoisnpul 195U0 ddUIS dWI] Kpnis/sioyiny

‘panunuo) °z a|qeL



PHYSICAL THERAPY REVIEWS 199

(panuijuod)

1ap|noys piqiowaid (¢) (€000 =d
‘6'9-LL°L ‘1D %56 ‘6L°E€ YO
-uof3duny Jo3ow n Jo NUISAY (1)
1510308} Ysiy
(€200>d 801
S00'L 1D %S6 ‘L¥0'L =¥0)
95eISIP JO uoneInp 196U0T (1)
(€200 =0dy16°0 0LE0=/D
%56 '785°0 = Y0) (594015 1V4)
uoInduNy Jojow [eniul 1ood (€)
(£10" = d €7's=(sS =N "1)TX]
uoleyljigeyal o} ueys e (7)
(200" = d ‘65€'6=(SS =N ‘1)T¥X]
90435 J3Yye uonezijigqoww (1)
110108} YSIy
8'9-L'L =/D%S6 ‘L'T=40)
siinsded>
SNISAYPY (£) ‘€'6-1'L = D%S6
‘'€ =40) SHO (9)
‘6'EL-€'L =1D%S6 ‘TY =40 dIN
Jo asuodsal oN (S) ‘(0L00=d
‘SL-€L =D %56 ‘L'E=YO) Jed1
/sIsoulpuad) uopual snjeuidsesdns
(¥) (€200=d Fo-L'L=D
%56 ‘£'T=40) uoIsnyjs uopusl
sdadiq o peay buoj (€) ‘(yL00=d
‘6'9-T'L=1D %56 ‘6'T=40)
91035 G WdY SSHIN 4ood (2)
‘#20'0=4d ‘T9-L'L =D %S6
!9'7 = 40) 91035 wle |4 100d (1)
110108} YsIy

(100'0 > d) 3pis pardaye

3y 1noybnoayy uted duoiy) (v)
(tooo>d

yoea) suolbai asay} yioq

ui eyyyediadAy jo sares JaybIH (€)
(Lo'0 > d) B3| pue (1000 > d)
19p|noys pa1daye syl yioq

3YL(L) sIs31 2AI(GO

SSHIN-uonuny
lojow 3N ‘(00L-0
‘abues 21035) SYA

awolpuAs puey

-1ap|noys
‘uonedjed-sHo

ISAPELEIN
16n4 ‘109 *1Sv4

‘SYW ‘WId ‘L4 ‘WOYd
buninp pue 1531 1y :uled

SYW ‘SSHIN
'9102s Wiie 1A

-16n4 ‘abeys A1anodai

Jol0W S,WoIsuunIg

Jap[noys

Jo Aydesbouos

sydeiboipes

|e493e]ig-SHO

JusWAAOW

anissed buunp

10 1591 1€ (3[RdS
jutod Q1) SYN :uted

a1eUUONSAND YNQ

"sasA|eue 1oy papnpul
319m 3Andadsosd Ajniy
219m ey elep Alup

*Apnis 1obue e Jo Jied

‘eibajdiwiay |eidle|q
10 90435 JUS1IN3I
yum syuaned pue
syuaned snopsuodun
uoIsnpPxy ‘-1
abels s,wossuunig
‘skep oz > VAD

:uoisnpuj

"uonIpuod [edIpaW
3|qeisun ue ‘swajqoid
anubod ‘ayoas
|eia1e|iq Jo Burndas
‘041s 210j3q

£13bins Japjnoys

1o ured Japjnoys

Jo A103s1y :uoisnppx3
‘W Aq pawtjuod
sisoubelp ‘yyuow |
ulyum sjuaned

90435 3INDY :UOISNPU|

suonpuod JuelydAsd
(¥) “In ui sabueyd
10JO0WOSeA (§)
‘suolbal pa1sal Yy} ul
SuoIsa| upjs () ‘exons
Uey} J3Y1O SUOIHPUOD
|edIpaw (1) :uoisnpx3
3n ur Ayredounau

Jo duasqe

(¥) ‘oons ay1 01
Joud uted Japjnoys jo

syL=u
SYPIM 7S 86L=N
pue 951 =N suljsseq
syaam gl }9IM |

$HH99M 6 uesW

—dnoib 4sH

(Sfoam 97-1)

$HHPaM 9| :syuaned SHPIM T/
||e o} ueay uespy

SJ0SSISSEe pul|q
Aq panpuod
DIIM SIUDWISSISSY
(¢1) sPem oz

pue (L1) s¥aamz| (01) XMy

vOL =Y ‘TTL =17 T0L
—4 ‘YeL—IN ‘s1eak 7/

:9be ueaw ‘9z =N

dn-moj|oy

1e y€ =U pue
uoIssIwpe 1e 67 =N
‘dSH ‘S=H "'yor =/
Sl=4or=1
‘(s1e3k G8-6€ ‘Obuel)
sk 19 :9be uespy

'ST=1'0E=W'SS=N

OL=H '‘se=|
ww=Y'1t=181=4
'ST=W sk g9—aby

€=U 'dSH-UON

OL=H'lr=]
lz=Y4'0c=1"0t=4
'v7 =W sik 99—aby

LS =U ‘dSH

Gl = U S|01U0)

AyyeaH

oL=¢
Y=1'S=H'6=I
sIk gg—abe

uesw ‘g=4'9=p
"yl = U ‘dSH-UON

‘3youd [ed1ulpd

9y} Jo anndadsiad

|eo1bojoiwapida
ue dpinoid o]

eiba|diway yum

syuaned ul gsH yum

pa3eldosse siolde}

9y} pue Jo dUIPUI
9y} 91ebiisanul o)

dWi} J9A0
10108} YSU 3S3Y} Ul
sabueyd a1ebiisanul
0} pue 3y011s
e J9}e syuow 9
154y Y3 Bulnp dsH
Ysm pajeldosse
S10108} YS1

auyeseq Ayuapl o

'9pIS pa1daye AINuUd
3y} Jo dnsudRIRYD
1o Jap|noys

9y 01 dYy1ads

ase A3yl Jaylaym

110yod aAIadsold
[L1]
(5107) Buiyem-Lopy

Aaying
|043U03-358)
[L€]
(#102) ‘|e 39 1awyeeley

D20y
Apnis

110y0d dAI3ds0ld

[9€] (¥107) "|e 32 wiy

ur spjoysa.y} uted-yeay 1aybiH () SYW Aioxsiy ou (g) ‘jons sYam g IlL=y's=1 ‘panyiauapt 41 pue
(500 > d) dJ1eUUONSAND 3y} Jaye syjuow 9 dnoib 4SH-uoN y=H ‘tL =/ sik ‘dSH ul syuauodwiod Japis|
abewep aqoj |e1aued (1) uied 19N 1se3| 1€ (7) ‘oS SYIIM 7§ 19—abe uesw ‘G =4 dlyiedoinau Apnis [eUOIIDS-5501)
:51010€} pajeldossy SYA [eJa1ejlun (1) :uoisnpu V/N dnoib dsH ‘LL=W'9L=u‘dSH  3|qissod ay) ai0|dx> O] [5€] (€107) "|e 13 Bijdz
cr-oL LL=Y¢'s=1
%56 ‘SO0'L 4O !£0° = d) 3by L=H'SL=I
sisA|eue [ed1siels S9INSEIW SWO0dINQ eLISID UOISN|PX] dn-mojjo4 041S JO syuedpiyeq wie ydieasay Anunod/ubisap
Buipnpui sbuipuly paviodas A3y Juoisnpul 195U0 ddUIS dWI] Kpnis/sioyiny

‘panunuo) °z a|qeL



200 P. KUMAR ET AL.

"SNP S919geId = N P3N PUIYSg pueH = NGH ‘JUSWSSISSY Y0415 JDISBIAPIN NOPAYD = YSIND ‘9]edS 3X0J1S Y}[edH JO 93n1iIsu| [euoieN = SSHIN ‘A10ludAul uoissaidap 29g = |ag ‘1593 Buluaaids
eiseyde Aeydpuald = [Sy4 ‘JUSWIAO|N Jo abuey dAISSed = |NOYd ‘Ol1eY SPPO = YO ‘S|BAISIU| 3dUIPLUOD) = | ‘ainseaw duapuadapul jeuondund =4 ‘1591 wue Aeydual{ =y ‘Anwanxg 1addn=3n ‘s|qedidde 10N =y/N ‘[1Puno)
24easay [edIpaly = DY ‘ojeasqns uled xapu| A)|jigesiq pue uled Jap|noys = |dds ‘9|eds bunes uied dusWNN = SY4N ‘JUSIDIYS0D UOIIR|D1I0D S, uewIRdS = 0yJ ‘punoselljn =SM ‘JUaIY30d uolssalibas paisnipe ‘zy ‘asenbs-lyy) =
7X {U0I1R[9110D U0SIedd = I ‘3|edS anbojeuy [ensIA = SYA ‘9]edS YHOMYSY PaJIPO = SYIN ‘UoIIdUN) J0J0W J00d = 4\d ‘UOIIdUN4 J0JoWw Poon = {IAD ‘pauyapun = an “ibeyuowseq =H ‘uomdleju] =| ‘Ya1="1 Wby =y ‘sjews{ =4
D =W “oudisod-Joudluy = 4y ‘uonexn|gns [esawnyoud|n =SsHo ‘uied Japjnoys d16djdiwaH = dSH ‘buibew) 3ddueuosay dnaubep = |y ‘Aydesbowoy pandwod =] ‘UIPPIR JRINISEACIGRIDD) = YAD dquInu=U :IION

(Loo0>d ‘zLy
/1€ ‘onel Aypigeqoud) WQ pue dSH
:s10)>ej pajedossy

SI010B} J9Y10 pue dSH
usamiaq diysuoneas yuediyubis oN

(0£°0=14"$5'0=4) Awdnseds (g)

(99'0=14) SHO (2)

(¢y'0=4) ploysaiyy uted-jeay (1)
.10}k pajedossy

(S£'8-¥5°0 ‘D %S6) €1°C Jo onel

SPPO ue pajelisuowsp dIsp quul|

Jaddn (v) (LTOL-LO'L ‘D %S6)

7T € = Y0 ‘SIUBWSSIsse dAa[go

(sg4) sebns
poojq bunse4 ‘(0L-0)
SYA-uled

J9p|noys jo
Aydeibouos
abe1g wolsuunig SYW

ubis sndINS-SHOH
a41euuonssnd ¥Na

SYW

ai1eUUONSIND

uted |95\
SYA

UoI1e10) [RUIDIXD
anissed (g)

'swa)qold aANub0d

punojoid

pue ejbadiway

JO S95NEd JAY10 Yum

SJualed :uoisn|dxj
VAD YUMm syuslied

"uonedo[sIp Jap|noys
10 2inypeyy [eIBWNY

Aue :uoisnpx3 "axyo.s
19SUO-M3U B :uoIsn|au|

SsuoiMpuod duelydAsd
(¥) N ui sabueyd
1010WOSeA (§)
‘suolbai pa1sal Ay} ul
SUOIS3| Upis () ‘@jons
uey} J3Y3O SUOIHIPUOD
|ed1paw (1) :uoisnpx3
3n ul Ayzedoinau
JERIENRENTI
|eJa3ejiun :uoisnjdu|

6 =N dSH

SY9IM 7S 0} sIk |9 =abe uespy
syoam g A1an3 paynads 10N
9=H '0t=I

oL=49L=17

(s1eak 16-6€)

sIk 19 =abe ueapy

V/N SHesm 1oL
8=40L=W

's1edf €| F 95

abe ueaw

‘sjoiu0d Ayyeay

gL =u :g dnoip

sIk 96 uesay 8L =N

dnoin dNd

LL=Y'S=T¥Y=H

‘zL =/ 'sik L.9—abe

uedw ‘s=4"‘LL=W

V/N syeam gg :dnoib 4sH

LL=1'SL=WTSL=N

8=4'8L=W9C=N

91 =u :dnoib dSH

‘dSH yum

‘ejwapidiiadAy pue

WQ jo diysuonejas
oY1 =1ebnsaul of

041 YUm
9)doad ur dSH jo
sbuipuly d1ydesbouos
9y} dulwexd o]

(dND) ured
dlyyedoinau

|eAIUd Paysl|geIsd
Yyum eyy o1 dsH
Yum sienpliaipul jo
9|youd Aiosuas pue

jed1uip syl asedwod o

*dSH yo4s 1sod

uply
Apnis [eUOI}I3S-S501)
[ov]
(8107) piejueipey
pue piejuelpey

upmin|
|euo1das
-$5040 9A1129d50439Y
[6€] (8L0T) un

Javis|
Apnis |euoIS-5501)
[8€] (9102) '|e 3@ Bz

duljaseq aAIMSod (€) (1000 > 159} NgH anissed (7) 9 = umouyun JO sjueuwWIRIP plpaIsny

'S£°07-91°€) 60°'8—40) uted 153) 193N paylpow 0Z=H ‘00z =1 pue ‘Auanbay Apmis
sisA|eue [ed1siels S9INSEIW SWO0dINQ eLISID UOISN|PX] dn-mojjo4 041S JO syuedpiyeq wie ydieasay Anunod/ubisap
Buipnpui sbuipuly paviodas A3y Juoisnpul 195U0 ddUIS dWI] Kpnis/sioyiny

‘panunuo) °z a|qeL



shoulder instability and immobility, which can cause
pain directly or place the capsule at risk of trauma,
subsequently leading to pain [42].

GHS was a potential risk factor for HSP as
reported by three studies [21, 23, 36]. GHS appears
to be caused by a lack of adequate support of the
shoulder while the patient is in the upright position
[43]. A previous systematic review reported that
complete loss of motor function/severity of arm par-
alysis and apparent absence of supraspinatus con-
traction are potential risk factors for GHS [44]. The
most important function of supraspinatus is to sta-
bilize the humeral head in the glenoid cavity [45].
Tissue damage in the shoulder region may be
related to the increase in joint space due to GHS
causing passive overstretching and resultant injury
and pain [22]. There is some evidence from
randomized controlled trials to support the effect-
iveness of therapeutic interventions including elec-
trical stimulation/functional electrical stimulation of
supraspinatus muscle that can reduce/prevent/delay
GHS [46]. Two studies had a sound methodology
using a prospective design [23, 36], a large sample
size [23], appropriate statistical tests [21, 23, 36] and
followed patients between 26-64weeks [23, 36].
However, the assessors were not blind, and the out-
come measures were not clearly described.

Limited passive range of movement (flexion/
abduction) was another reported risk factor for HSP
but only two studies reported odds ratio [28, 34].
Patients with severe impairment and activity limita-
tions in the upper limb early after stroke are signifi-
cantly associated with poorer upper limb outcomes
[47]. Over time, the central nervous system as well
as muscle tissue of the arm adapt to this state of
inactivity, often resulting in hypertonia [48, 49] and
contractures [50] resulting in reduced passive range
of movement.

Soft tissue abnormalities (biceps tendon effusion
and supraspinatus tendinosis/tear) as assessed using
ultrasonography were associated risk factors for HSP
[33, 36]. The tendon of the supraspinatus runs
under the acromion [45] and is susceptible to com-
pression. Degenerative changes are common in rota-
tor cuff muscles and the prevalence of rotator cuff
tears increases in people with stroke [51]. A recent
study reported that patients with stroke (n=>55)
with muscle strength <3 on the Medical Research
Council grading scale were more likely to have
shoulder pain and rotator cuff tears [50]. In add-
ition, Haung et al. [52] found that GHS lateral dis-
tance, measured by physical examination, was a
predictor for supraspinatus tendonitis. Ultrasound,
in addition to diagnosing soft-tissue injuries has the
potential to assess GHS by measuring the acromion-
greater tuberosity distance, as it may be more
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sensitive than physical examination [53] and thus
can facilitate management of HSP.

Adhesive capsulitis was another risk factor for
HSP. The reported incidence of adhesive capsulitis
in people with HSP is up to 57% [54, 55]. A painful
hemiplegic shoulder can develop adhesive capsulitis
due to immobilization, disuse atrophy, contracture,
or varying degrees of disability [26]. A recent study
on patients with stroke (n=23) reported that rota-
tor cuff tears and adhesive capsulitis might be linked
to CRPS [56], while others have found a link
between loss of motor control and CRPS [26].
These finding suggests that, to address the multi-
factorial nature of HSP, attention should be focused
on maintaining shoulder ROM and improving
muscle strength.

Poor handling was earlier considered as a contri-
buting factor to HSP in patients who needed help
with transfers [15]. In a recent online survey of UK
therapists (n=66), it was reported that positioning
(n=62, 94%), education (n=51, 77%) regarding
appropriate handling to staff, carers/family members
was one of the key interventions for HSP [16]. This
SLR did not identify poor handling as a potential
factor to the HSP suggesting improved awareness
among staff and family members regarding appro-
priate handling.

Overall methodological quality of the studies also
needs to be considered, when determining the out-
come. A major limitation of the studies reviewed
was a lack of description of the methods used to
justify sample size. In addition, most of the studies
do not report appropriate statistical analysis under-
taken to investigate the risk factors. Furthermore, a
wide variety of outcome measures were used in the
studies reviewed for various clinical outcomes.
While most studies assess HSP by visual analogue
[25, 29, 31, 37, 40] or numerical rating scale [32,
36], some do not specify the method used to assess
pain [23, 27, 39]. Measuring pain in people with
stroke is a challenge because of its inherently sub-
jective nature. Visual analogue scales are generally
reported to have high reliability and validity, how-
ever, the validity of their use in stroke patients has
been questioned [57, 58]. A structured process is
therefore required that will facilitate people with
HSP to comprehensively describe the nature and
impact of their problem. Accurate clinical assess-
ment is vital as this will help improve patient-clin-
ician communication and help establishing targeted
management plans [59].

Limitations of this review

The current literature review included all primary
data collection studies with all types of study design
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that were relevant to the aims of the review. The
heterogeneity of the studies has made comparability
between studies very challenging. The articles pub-
lished in a language other than English were not
included, language bias  therefore  cannot
be excluded.

Implications for practice

People with stroke with persistent motor impair-
ment should be educated regarding positioning and
appropriate handling of the affected arm. Patients
with little voluntary function may benefit from
neuromuscular electrical stimulation. A recent
randomized controlled trial (RCT) reported
improvement in pain but not in joint range of
motion, arm function and activities of daily living
after application of electrical stimulation in 36
patients with stroke [60]. Also, given the role of
rotator cuff muscles (supraspinatus, infraspinatus,
teres minor) in shoulder stability, early rehabilita-
tion programmes should target these muscles to
both prevent and reduce secondary complications
such as HSP. Evidence from people with shoulder
pain in the general population suggests that using
concentric and eccentric exercises to rotator cuff
muscles are effective in reducing shoulder pain
[61, 62].

Implications for future research

This systematic literature review has highlighted an
apparent paucity in appropriately designed clinical
studies on risk factors for HSP. Further rigorously
designed research studies using longitudinal cohort
design, conducted at multiple rehabilitation centres
and over a longer period of time are required. Pain
may change over time and therefore their prevalence
could be different according to the stage of recovery
following stroke. In addition, studies should con-
sider using appropriate statistical tests such as logis-
tic regression analysis/odds ratio to identify
potential risk factors for HSP. By doing a robust
holistic assessment on symptoms and impact of
HSP, other biopsychosocial issues associated with
HSP may also be identified that would otherwise
be missed.

Conclusion

Despite Hemiplegic shoulder pain being a recog-
nised complication post-stroke, only 21 articles, with
heterogeneous designs were identified which investi-
gated the risk factors for HSP, indicating a lack of
high-quality research in this area. Despite methodo-
logical flaws, complete loss of motor function in the

affected arm and glenohumeral subluxation has
been recognized as frequently reported risk factors
for HSP. Further rigorously designed epidemiology
studies (cohort design) are required to explore the
risk and associated factors for HSP.
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