
INTRODUCTION

Hemiplegic shoulder pain (HSP) is a common compli-
cation after stroke with a reported prevalence of 29%–65% 
[1,2]. HSP inhibits recovery and rehabilitation and im-

pairs the quality of life of stroke survivors. Although the 
etiology of HSP is not well known, it has been suggested 
that multiple factors contribute to HSP, such as adhesive 
capsulitis, rotator cuff disorder, myofascial pain, complex 
regional pain syndrome, and shoulder hand syndrome 
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[3-5].
Physiatrists have applied use a wide variety of ap-

proaches against HSP, including correct positioning, 
physical therapy, neuromuscular electrical stimulation, 
modalities (hot pack, infrared, and interferential current 
therapy), oral medication, and local injection [5,6]. HSP 
in the first 6 months after stroke has a favorable outcome 
in 80% of patients [7]. However, a large number of pa-
tients suffer from intractable hemiplegic shoulder pain 
(iHSP), which is defined as non-remitting post-stroke 
shoulder pain ≥3 months refractory to conventional 
therapies [8,9]. In addition, individuals with iHSP have 
limited treatment options. 

Botulinum toxin type A (BTX) has been widely used 
to treat many conditions including spasticity, dystonia, 
myoclonus, muscle spasm, myofascial pain syndrome, 
paroxysmal autonomic instability with dystonia, and 
autonomic overactivity syndromes [10,11]. BTX was re-
cently introduced as a novel treatment option for a vari-
ety of pain syndromes including shoulder pain [12-14]. A 
recent systematic review concluded that BTX injections 
had a better effect on shoulder pain than conventional 
therapies (steroid or placebo injection) [15]. Most stud-
ies applied BTX injections at the glenohumeral joint, 
subacromial bursa, pectoralis major, subscapularis, and 
other muscles. Interestingly, BTX injections into the 
subscapularis have shown therapeutic effects in the case 
of HSP [12,16,17]. Yelnik et al. [12] reported that BTX in-
jections into the subscapularis muscle for spastic HSP 
result in better improvements in shoulder pain, range of 
motion (ROM) and spasticity compared to the placebo 
group.

Nevertheless, studies on the therapeutic effect of BTX 
injection into the subscapularis muscle for iHSP are lack-
ing. Therefore, the aim of this study was to determine the 
efficacy of BTX injections into the subscapularis muscle 
in the patients with iHSP.

MATERIALS AND METHODS

Subjects and methods
For the purpose of this study, we defined iHSP by refin-

ing Singh et al. [8]’s criteria for refractory shoulder pain 
and Roosink et al. [9]’s criteria for persistent post-stroke 
shoulder pain. Eligible patients met all of the following 
inclusion criteria: (1) hemiplegic shoulder pain was de-

fined as shoulder pain confined to the shoulder and/or 
C5 dermatome of the affected side during rest and/or ac-
tive and/or passive motion after stroke onset; (2) non-re-
mitting shoulder pain ≥3 months; (3) pain score ≥4.5 on 
a 0–10 numerical rating scale; and (4) inadequate or no 
response to conventional treatment including intra-ar-
ticular corticosteroid injection (≥3 injections). Exclusion 
criteria were (1) previous history of BTX injection into the 
subscapularis muscle; (2) clinical examination finding 
indicating that acromioclavicular disease or rotator cuff 
disease was the primary source of the shoulder pain; (3) 
complex regional pain syndrome diagnosed according to 
clinical diagnostic criteria proposed by Harden et al. [18]; 
(4) central post-stroke pain diagnosed according to the 
grading system proposed by Klit et al. [19]; (5) shoulder 
joint malignancy, prosthetic shoulder joint, or planned 
shoulder joint surgery in the next 6 months; (6) known 
allergy to BTX; and (7) unstable and serious medical con-
dition or psychiatric disorder. Demographic and clini-
cal data including age, sex, interval between stroke and 
injection, cause of stroke, and Brunnstrom stage of the 
affected upper arm were recorded. Conventional therapy 
factors that might affect the iHSP, such as modality, med-
ication, and physical therapy, were recorded. This study 
was conducted in accordance with the Declaration of 
Helsinki and approved by National Rehabilitation Center 
Institutional Review Board.

Study protocol
A retrospective chart review was performed of 6 pa-

tients with iHSP treated in a rehabilitation hospital in 
Korea between September 2013 and August 2015.

Intervention
BTX (Botox; Allergan Inc., Irvine, KY, USA) injection 

into the subscapularis muscle was performed as previ-
ously described. An ultrasonography-guided lateral 
approach or conventional medial approach was made 
according to the patients’ anatomical differences [20,21]. 
The needle was used as a stimulation electrode to detect 
the motor point at which minimal stimulation induces 
maximal internal rotation. BTX dosage was selected by 
various patient characteristics such as body weight and 
spasticity severity. Thus, 60–80 units of BTX were ad-
ministered in each injection. Physical therapy (capsular 
stretching, distraction, passive range of motion [PROM] 
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exercise), modality (hot pack, infrared, interferential cur-
rent therapy), and neuromuscular electrical stimulation 
of the shoulder muscles, such as the posterior fibers of 
the deltoid and supraspinatus muscles, were adminis-
tered to all participants as before the injection.

Outcome measures
Pain severity was measured on an 11-point pain inten-

sity numeric rating scale (PI-NRS), where 0 is no pain and 
10 is the worst possible pain. Pain-free PROM of abduc-
tion and external rotation were assessed. Spasticity of 
shoulder internal rotator was measured using the modi-
fied Ashworth scale (MAS) rated on a scale of 0 (normal) 
to 4 (extreme). These measurements were carried out at 
baseline and at 1, 2, 4, and, if possible, 8 weeks after the 
intervention.

Statistical analysis
Statistical analyses were performed using SPSS software 

ver. 17.0 (SPSS Inc., Chicago, IL, USA). A non-parametric 

statistical test was used because of the small sample size 
in the study group. Freidman tests were used to compare 
measurements at baseline and follow-up after treatment. 
Correlations between PI-NRS and pain-free PROM or 
MAS of the affected shoulder were investigated using the 
Spearman test. The level of statistical significance was set 
at p<0.05.

RESULTS

Patients with iHSP included 5 men and 1 woman with 
a mean age of 55.6±11.1 years (Table 1). The Brunnstrom 
stage of the affected proximal upper limb was 3 in all 
subjects. The median PI-NRS was 8.0 (interquartile 
range, 6.0–9.3) in patients before the BTX injection. BTX 
injections were done at 8.0 (interquartile range, 6.8–11.3) 
months after stroke onset.

All patients were assessed at baseline and followed up 
at weeks 1, 2, and 4 after the BTX injection. Two of these 
patients were also followed up at week 8. The detailed 

Table 1. Characteristics of patients suffering from intractable hemiplegic shoulder pain

Patient
no.

Sex/
age 
(yr)

Stroke 
cause

Brunnstrom 
stage of 
upper 

extremity

Time 
between 

stroke and 
BTX 

injection 
(mo)

NRS for 
shoulder 

pain before 
BTX 

injection

Spasticity of the 
internal rotator 
of the affected 

shoulder before 
BTX injection 
(MAS grade)

Therapy for 
hemiplegic 

shoulder 
pain before 

BTX injection

1 M/57 Rt. MCA 
   infarction

3 7 8 3 IR/ICT, NMES on 
   supraspinatus, deltoid, 
   physical therapy

2 F/39 Rt. MCA 
   infarction

3 18 6 3 IR/ICT, NMES on 
   supraspinatus, deltoid, 
   physical therapy

3 M/64 Rt. BG ICH 3 6 8 3 IR/ICT, NMES on deltoid, 
   physical therapy

4 M/71 Rt. MCA 
   infarction

3 8 10 3 IR/ICT, NMES on 
   supraspinatus, deltoid, 
   physical therapy

5 M/51 Lt. MCA 
   infarction

3 9 6 2 IR/ICT, NMES on 
   supraspinatus, deltoid, 
   physical therapy

6 M/53 Rt. MCA 
   and ACA 
   infarction

3 8 9 3 IR/ICT, NMES on 
   supraspinatus, deltoid, 
   physical therapy

M, male; F, female; BTX, botulinum toxin type A; NRS, numeric rating scale; MAS, modified Ashworth scale; ACA, an-
terior cerebral artery; MCA, middle cerebral artery; BG, basal ganglia; ICH, intracerebral hemorrhage; IR/ICT, infra-
red/interferential current therapy; NMES, neuromuscular electrical stimulation.
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clinical courses of the PI-NRS, pain-free PROM of the 
shoulder, and MAS for the shoulder internal rotator were 
shown in Figs. 1, 2, and 3, respectively.

As shown in Figs. 1–3, PI-NRS and MAS for the shoulder 
internal rotator were decreased and pain-free PROM for 
the shoulder were increased after BTX injection into the 
subscapularis muscle. Statistically significant differences 
were found between baseline and follow-up measure-
ments after 1, 2, and 4 weeks in PI-NRS (p=0.004), pain-
free PROM of shoulder abduction (p=0.003), external 
rotation (p=0.005), and MAS for the shoulder internal 
rotator (p=0.005) using the Freidman test. Post-hoc test-
ing showed no statistically significant differences in mea-
surements.

There were significant correlations between PI-NRS for 
iHSP and pain-free PROM for shoulder abduction (r=–1.0, 
p<0.001), external rotation (r=–1.0, p<0.001), and MAS for 
the shoulder internal rotator (r=1.0, p<0.001) using the 
Spearman test. 

Pain medications (nonsteroidal anti-inflammatory 
drugs, oral opioids, acetaminophen, anticonvulsant, 
tricyclic anti-depressants) were taken by patients prior 
to the BTX injection. Two of 6 patients (33.3%) reduced 
their medication doses and 4 of 6 patients (66.7%) con-
tinued taking the same dose after the BTX injection. Fur-
thermore, some of the subjects reported improvements 
in sleep, mood, and participation in a rehabilitation pro-
gram. There were no significant adverse effects, particu-
larly significant motor weaknesses, preventing participa-
tion in a rehabilitation program or basic activities of daily 

living.

DISCUSSION

The main finding of this study was that BTX injection 
into the subscapularis muscle improved shoulder pain, 
ROM, and spasticity in patients with iHSP. The improved 
shoulder pain was correlated with improved pain-free 
PROM of the shoulder and spasticity of the shoulder in-
ternal rotator.

The subscapularis muscle is one of the primary internal 
rotators of the shoulder and plays a key role in synergic 
patterns [22]. Interestingly, restricted shoulder ROM is 
reportedly an important element in a vicious cycle lead-
ing to persistent HSP (>6 months) [9]. In this study, all 
of the subjects with iHSP were in Brunnstrom stage 3 
and exhibited typical synergic movements, postures, 
restricted shoulder ROM, and spasticity. Therefore, we 
suspected that the main source of iHSP was spasticity of 
the shoulder internal rotator. Together, BTX injection into 
the subscapularis might decrease the spasticity of the 
strong shoulder internal rotator, leading to restoration of 
restricted ROM for shoulder external rotation and finally 
alleviating iHSP by breaking its vicious cycle. This was 
supported by the high correlation between ROM or spas-
ticity and pain in our results.

Until now, subscapularis nerve block, transection of 
the subscapularis tendon, and BTX injection into the 
subscapularis muscle have been attempted to treat spas-
ticity of the subscapularis and its sequelae [12,16,23,24]. 
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These interventions showed significant improvement 
in shoulder PROM of abduction/external rotation and 
pain, except in one study by de Boer et al. [16]. They re-
ported that BTX injection into the subscapularis muscle 
had no effects on shoulder PROM and pain. This differ-
ence from our result might be due to the participants’ 
characteristics. The current participants suffered from 
more severe pain and spasticity (mean PI-NRS, 8.0; mean 
MAS, 3.0; and Brunnstrom stage 3) than previous study’s 
participants (mean PI-NRS, 4.6; mean MAS, 2.0; and 
Brunnstrom stage 2). Therefore, the BTX injection might 
have failed to show efficacy due to less severe pain and 
spasticity.

Another postulated mechanism of our result was the 
anti-nociceptive effect of BTX. BTX has a direct analgesic 
effect by inhibiting neuropeptide release at nociceptive 
nerve endings, although the pathogenic mechanism of 
spasticity-associated pain and its alleviating effect have 
not yet been fully established [25]. As seen in patient #3, 
who showed improved iHSP without any PROM change, 
effects other than PROM improvement might play a role 
in pain improvement. This analgesic effect was also re-
ported in spasticity-associated pain [14,26]. Therefore, 
the anti-nociceptive effects of BTX not obtainable by 
other interventions help improve iHSP.

It should be noted that our study’s results could not be 
explained by the consequence of BTX injection alone. 
According to a previous study, the anti-spastic effect after 
BTX injection occurs within 3 days, peaks at 2 weeks, and 
is reversed after 2 weeks [27-29]. However, in this study, 
improvements in shoulder pain and shoulder mobility 
persisted beyond 2 weeks. Thus, not only the BTX injec-
tion, but also the continuously applied physical therapy 
consisting of correct positioning to improving shoulder 
mobility, played a crucial role. Therefore, intervention 
should be continuous and multidimensional to focus on 
maintaining and restoring pain free PROM for shoulder 
motion to alleviate iHSP.

The main limitations of the present study were its 
small sample size, lack of a control group, and retrospec-
tive nature of the data analysis. Therefore, its statistical 
power is too low to allow us to reach evident conclusions. 
Moreover, the follow-up durations were relatively short 
to identify the long-term effect of BTX injection into sub-
scapularis muscles. BTX injection acts by diffusion from 
the injection site to the adjacent areas, and the estimated 

diffusion area is 4.5 cm2 [30]. For this reason, not only the 
subscapularis muscle but also the adjacent soft tissue in-
fluenced by the BTX injection might have contributed to 
the results of this study. Therefore, injections into other 
soft tissues could be considered in future studies.

In this study, after BTX injection into the subscapularis 
muscle, there were significant decreases in shoulder pain 
and spasticity. PROM limitations of the shoulder were 
also improved in patients with iHSP. Therefore, this result 
could suggest that BTX injection into the subscapularis 
muscle could be used as a novel additional treatment 
option for iHSP. Furthermore, future large randomized, 
controlled, and prospective studies are needed to con-
firm the beneficial effects of BTX injection in patients 
with iHSP.
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