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Background: Subacromial-subdeltoid (SASD) bursa and long head of the biceps

tendon (LHBT) sheath corticosteroid injection are commonly used to treat shoulder pain

associated with arthritic shoulder conditions, but effectiveness in the stroke population

is unclear. This study aimed to investigate the clinical effectiveness of ultrasound-guided

SASD bursa combined with LHBT sheath corticosteroid injection for hemiplegic shoulder

pain (HSP) compared with SASD bursa injection alone.

Methods: 60 patients with HSP were randomly allocated to the dual-target group (n

= 30) and single-target group (n = 30). The single-target group received SASD bursa

corticosteroid injection alone, and the dual-target group received SASD bursa and LHBT

sheath corticosteroid injection. The primary endpoint was pain intensity measured on a

visual analog scale (VAS). The secondary endpoint was passive range of motion (PROM)

of the shoulder, Upper Extremity Fugl-Meyer assessment (UEFMA) score, and Modified

Barthel Index (MBI) score. PROM and pain intensity VAS were assessed at baseline and

weeks 1, 4, and 12 post-treatment. UEFMA and MBI were recorded at baseline and

weeks 4 and 12 post-treatment.

Results: A total of 141 patients with HSP were screened, and 60 patients were

included. Significant differences in the VAS, PROM, UEFMA and MBI were observed

at all follow-ups in both groups. The dual-target group showed a significant difference in

VAS score compared with the single-target group (3.3 vs. 3.7, p = 0.01) at week 4 and

week 12 (2.5 vs. 3.2, p < 0.001). Moreover, the dual-target group showed statistically

significant differences in flexion (p < 0.001) at week 12, extension rotation (p < 0.001) at

week 12, and abduction at week 1 (p= 0.003) andweeks 4 and 12 (p< 0.001) compared

with the single-target group. There were significant differences in FMA and MBI scores in

the two groups before and after treatment (p < 0.001), with a more significant increase

in the dual-target group compared with the single-target group (p < 0.001) at week 12.
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Conclusion: The combination of SASD bursa and LHBT sheath corticosteroid injection

is superior to SASD bursa injection alone in reducing shoulder pain and improving

functional activities in patients with HSP.

Clinical Trial Registration: www.chictr.org.cn, Unique identifier: ChiCTR2100047125.

Keywords: hemiplegic shoulder pain, subacromial-subdeltoid bursa corticosteroid injection, biceps tendon sheath

corticosteroid injection, combined therapy, ultrasound-guided

INTRODUCTION

Hemiplegic shoulder pain (HSP) (1–4) which is a common
complication after stroke may affect the rehabilitation process
and decrease activities of daily living (ADL). Evidence from a
systematic review suggests that the prevalence of HSP varies from
22 (2, 5) to 47% (6). It has been reported that HSP can develop
as early as 2 weeks poststroke but typically occurs 2–4 months
post-stroke. HSP (7) leads to shoulder pain and restriction of
motion (8), which is the main reason for poor recovery of arm
function (9), depression (6, 10), and disturbed sleep. Moreover,
shoulder pain has also been associated with prolonged hospital
stays, higher healthcare bills (11, 12), and persistent disability and
∼29% of patients continue to have pain or functional limitations
for up to 1 year. The main aims of treatment are to reduce
pain, restore shouldermobility, improve functional activities, and
prevent progressive degenerative changes. However, although
more and more treatment methods are widely used in the
treatment of HSP (13), such as Botulinum toxin type A (14, 15),
electrical stimulation (16, 17), and suprascapular nerve block
(SSNB) (18, 19), there is no consensus about which treatment
method is the best way to manage HSP. As identifying the exact
etiology of shoulder pain can be difficult, themanagement of HSP
is challenging.

The causes of HSP are multifactorial. In addition to loss
of motor control, central sensitization (20) and spasticity (14),
soft tissue lesions such as rotator cuff tears, bicipital tendinitis,
subacromial subdeltoid (SASD) bursitis, and muscle imbalance
may also play a key role (21). SASD bursitis, which is important
among the factors involved in the occurrence of HSP (21, 22),
is the most common cause of pain and functional disability in
this population. It is known to all that SASD bursa corticosteroid
injection is commonly used in the management of shoulder pain
(23). In fact, corticosteroid injection has been demonstrated to be
an effective method for HSP and provides a faster improvement
in shoulder PROM by reducing local tissue inflammation and
pain (24–26). In a randomized, triple-blind, placebo-controlled
trial, which investigated the efficacy of subacromial corticosteroid
injection on poststroke shoulder pain, significant improvements
in pain, disability, and active range of motion lasting as long as
8 weeks were observed in patients treated with corticosteroid
injection, but not in those who received injection with lidocaine
only (24). However, there is no significant difference in activities
of daily living between the two groups in this study. Some
researchers believe that injection technology and complex
causes of shoulder pain after stroke are the main reasons for
limited functional improvement which gains from an SASD
corticosteroid injection alone.

An important–but easily overlooked–structure is the long
head of the biceps tendon (LHBT), which has been reported
as an important pain generator and a common location of
anterior shoulder pain (27–30). Previous studies have shown that
biceps tendon disorders are associated with rotator cuff tears,
subacromial bursitis, and dynamic shoulder instability. Stroke is a
common neurologic disorder causing severe paralysis, which can
alter the normal protective movement patterns of the shoulder
joints and also lead to severe muscle weakness and rotator cuff
tears. In patients with HSP, LHBT tendinitis or effusion (31) are
the most common causes of shoulder pain, accounting for 49%
of cases (32). Moreover, according to MRI results, SASD bursitis
and bicipital tendinitis may coexist in patients with HSP. Several
studies showed that corticosteroid injection into the LHBT
sheath was a safe procedure that reduced pain and improved
shoulder function in patients with LHBT tendinitis (33–35).

Although studies have shown that corticosteroid injections
into SASD bursa and the LHBT sheath are safe and useful for
non-stroke patients with shoulder pain (36), the combination
of the SASD bursa and LHBT sheath corticosteroid injection in
the treatment of HSP has not yet been investigated. It would be
reasonable to evaluate the efficacy of a combination of different
treatment methods to result in improvement of their effects in
the management of HSP. Therefore, the assumption is that the
combination of SASD bursa and LHBT sheath corticosteroid
injection might provide better results in pain and shoulder
function when compared with SASD bursa alone. The main
purpose of this study was to explore the clinical effectiveness of
a combination of SASD bursa and LHBT sheath corticosteroid
injection for HSP.

METHODS

The study design was a parallel-group, randomized controlled
trial. A total of 60 participants signed informed consent before
participation and were randomized to the dual-target group
(n = 30) or the single-target group (n = 30). All patients
in both groups received physical therapy for shoulder and
upper limb rehabilitation training. The trial was registered
in the Chinese Clinical Trial Registry with the registration
number ChiCTR2100047125.

Setting
All methods were carried out following the approved ethical
guidelines. The study protocol was approved by Fu Xing Hospital
Ethics Committee (Approval Notice Number 2021FXHEC-
KY032).
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Participants and Eligibility Criteria
Inclusion Criteria
(1) Post-stroke duration ≥ 1-month, but < 12-months; (2)
aged 18 to 75 years; (3) ultrasonographic findings: subacromial
bursa thickness >2mm and/or effusion thickness >2mm (37)
and LHBT thickening, tenosynovitis/hypertrophy of the synovial
sheath, and fluid surrounding the tendon in the groove (38,
39); (4) Neer test and bicipital groove compression test (+);
(5) score on the visual analog scale (VAS) of shoulder pain
≥3; (6) a minimum score of 20 points for the Mini-Mental
State Examination to ensure that patients could make their own
decisions to participate in the research and report changes in
pain; (7) patients received SASD bursa and/or LHBT sheath
corticosteroid injection.

Exclusion Criteria
(1) Severe aphasia or cognitive impairment precluding accurate
clinical assessment of VAS score; (2) severe spasticity using
the Modified Ashworth Scale (grades 3 and 4); (3) patients
had received corticosteroid injection for shoulder pain in
the past month; (4) hypersensitivity to injection agents; (5)
hemiplegic shoulder pain caused by thalamic damage; (6) a
modified Ashworth scale (MAS) score of 3 or more points
for spasticity in subscapularis muscle, biceps brachii, pectoralis
major, and pectoralis minor; and (7) The presence of another
obvious explanation for the pain (fracture, ligament injury, and
adhesive capsulitis).

Randomization, Treatment Allocation, and
Blinding
We have estimated that our sample size was 60, and we set
15 blocks with 4 patients in a block. For every block, the
randomization number was allocated to 2 bigger numbers
and 2 smaller numbers, and patients allocated to the smaller
number would receive SASD bursa and LHBT sheath injection,
otherwise, they would receive SASD bursa injection alone. The
randomization number was generated using a computer, and
the investigator who assigned the randomization number is
blinded to the study, he only knew the allocation number and
told the physicians whether the number was bigger or smaller.
Considering that LHBT sheath physiological saline injection is
invasive, the single-target group who is allocated to receive SASD
bursa injection alone did not receive LHBT sheath physiological
saline injection in order to meet the ethical requirements. As a
result, the physicians and patients were not blinded to the study,
and outcome assessors and trial statisticians were blinded to the
treatment for the duration of the study.

Intervention
When patients were eligible for inclusion, baseline characteristics
would be collected. Three days after hospitalization, eligible
patients received treatment according to the randomization
consequence. Under ultrasound guidance, all injection
treatments were performed by the same operator who is
an experienced and board-certified physician. Both groups
received routine rehabilitation treatment. After treatment, all
patients received a standard course of exercise therapy (capsular

stretching, ability of daily living exercise, increasing active and
passive motion, and so on) and physiotherapy (neuromuscular
electrical stimulation and ultrashort wave therapy), 24 h after
injection during the 4 weeks. During this period, participants
were asked to do their exercises 5 days per week (20–30min per
time) by a physical therapist blinded to the study.

LHBT Sheath Injection
Injection drugs were prepared in advance: 1ml of compound
betamethasone injection (CBI)+ 1ml of 2% lignocaine injection.
During the treatment, patients sat upright with their forearm in a
supination position and shoulder in neutral position (Figure 1A).
The upper limb of the affected side was kept with the palm facing
upwards and close to the side of the body, and the forearm was
kept bent at 90◦ after rotation. The affected shoulder joint was
completely exposed, and a transducer was placed along the short
axis of the LHBT between the lesser and greater tuberosities.
After disinfection and cleaning, the physician selected a specific
puncture needle and syringe (5ml) and inserted the needle from
the lateral to the medial direction to reach the biceps tendon
sheath by piercing the coracohumeral ligament (Figure 1B). For
patients with tendon sheath effusion, the effusion was drained
first, and then 2ml of the prepared medicine was carefully
injected into the LHBT sheath once no blood was detected.

SASD Bursa Injection
Injection drugs were prepared in advance: 1ml of compound
betamethasone injection (CBI)+ 2ml of 2% lignocaine injection
+ 1ml of normal saline. During the treatment, patients’ hands
were positioned on the buttock to induce internal rotation and
hyperextension of the shoulder, and the elbow was bent (40)
(modified Crass position) (Figure 1C). The affected shoulder
joint was completely exposed, and a transducer was placed
along the long axis of the supraspinatus tendon beneath the
acromion in the modified Crass position. The physician selected

FIGURE 1 | Patient’s position and ultrasonography image of SASD bursa and

LHBT sheath injection. The patient was positioned to obtain views of the long

head of the biceps tendon (A) and subacromial-subdeltoid bursa (C) during

the ultrasound-guided injection. The white tape indicates the position of the

transducer. Ultrasound images showing the needles inserted into the proximal

bicipital tendon sheath (B) and subacromial-subdeltoid bursa (D) (↓, needle;

DEL, deltoid; SASD, subacromial-subdeltoid; SS, supraspinatus tendon;

LHBT, the long head of the biceps tendon).
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a puncture needle and inserted it using a lateral to medial
approach, following disinfection and cleaning. With the aid
of high-resolution ultrasound, the needle was introduced to
reach the SASD bursa located between the deltoid muscle and
supraspinatus tendon (41) (Figure 1D). For patients with SASD
bursa effusion, the effusion was drained, and 4ml of the prepared
medicine was accurately injected into the SASD bursa once no
blood was detected. The needle was withdrawn immediately after
the injection, and a sterile dressing was applied at the injection
point. The site was kept dry for 24 h after injection. Patients who
experienced discomfort after injection were treated with local
cold therapy, and patients without discomfort had their dressing
removed after 24 h.

Outcomes
Participants were assessed at baseline and then in weeks 1,
4, and 12 after injection. Demographic data were collected,
including age, sex, etiology, onset date of stroke, and lesion
site. The primary endpoint was pain relief, measured by VAS.
A previous study has shown that patients require a 1.4-
cm reduction in the VAS pain score to achieve a minimal
clinically important difference (42). In addition, the treatment
was considered to have yielded good results when the patient’s
VAS score was <3.33 cm (i.e., mild pain) or when the score
was less than half of the initial score (43). The secondary
endpoints were disability and ADL, measured by the pain-free
passive range of motion (PROM) of the shoulder, the upper
extremity Fugl-Meyer Assessment (FMA,) and Modified Barthel
Index (MBI). The pain-free PROM of the affected shoulder
was measured using handheld goniometry. These measurements
included abduction in the frontal plane, forward flexion, internal
rotation, and external rotation. Measurement sensitivity was
set at 5◦. The recovery of motor function was assessed using
FMA (32 items, 0–2 points for each item; score range: 0–
66), where higher scores indicate better function. ADL was
evaluated using the MBI, composed of 10 items (personal
hygiene, bathing, feeding, toileting, up/down stairs, dressing,
defecation, voiding, ambulation, and chair/bed transfer) on a
scale of 0 to 100, with higher scores indicating higher levels
of independence. PROM and pain intensity were evaluated
before treatment and at weeks 1, 4, and 12 of follow-up visits.
FMA and MBI were recorded at baseline, week 4 and week
12 post.

Sample Size and Statistical Analysis
This research is powered for the primary outcome measure of
VAS score. We used PASS 15 software to calculate the sample
size, which was based on a statistically and clinically significant
difference in the VAS score at 1 week between the two groups.
Based on the results of previous studies, we assumed that the
VAS score would be 4.5 ± 1.8 in the single-target group and 3.1
± 1.7 in the dual-target group at 1 week after injection. There
would be a difference between groups of 1.4 points in the mean
VAS pain score at 1 week two-sided-side 0.05 level of significance
and a sample size of 56 patients (28 per in each group) provided
80% statistical power or demonstrate this difference in VAS score.
Considering a dropout rate of 15%, we will recruit a total of 60
participants (30 per group).

All the statistical studies were performed based on the
principle of intention-to-treat analysis. This study summarized
continuous variables as Mean ± SD, and categorical data were
presented as numbers and percentages. Shapiro-Wilk tests were
performed to determine the normality of the data distribution.
Independent t-tests (in case of normal distribution) or Mann–
Whitney U tests (in case of non-normal distribution) were used
to compare the average value of the continuous variables at
baseline between the two groups. The categorical data at baseline
were compared using the chi-squared test or Fisher exact.
The intragroup comparisons in continuous variables during the
pretreatment (baseline) and post-treatment (week 1, week 4,
and week 12) periods were analyzed with the related samples
Wilcoxon signed-rank test, and intergroup comparisons were
performed with the independent-samples Mann–Whitney U
test. A linear mixed model was used to analyze any significant
interactions between pain scores and UEFMA (or MBI) scores in
the two groups. In order to control type-1 error, we performed
Bonferroni correction in all possible multiple comparisons and
the results were considered statistically significant at a level of p
< 0.016 in intragroup comparisons. The level of significance was
set as a 2-sided p < 0.05. All analyses were conducted with SPSS
version 25.0.

RESULTS

A total of 141 patients participated after giving informed consent
and undergoing screening for HSP. All 60 eligible participants
were randomized to the single-target (n = 30) or dual-target (n
= 30) groups and included in the data analysis. One participant
from the single-target group and one participant from the dual-
target group missed the follow-up visit at week 4 and week 12.
One participant in the single-target group lost contact with the
study organizers at the 12-week visit. The flowchart summary
of the study is shown in Figure 2. No side effects were reported
in this study. The baseline demographic data of the patients are
summarized in Table 1. There were no significant differences
between the two groups in demographics, stroke type, and time
since stroke onset (p > 0.05).

Primary Outcomes
Our primary and secondary results are shown in Table 2. There
was no significant difference in baseline VAS scores between
the two groups (p = 0.546). In comparison with the baseline, a
significant decrease in VAS scores was observed in the within-
group comparisons of both groups (p < 0.001 at week 1; p <

0.001 at week 4; p < 0.001 at week 12, for both groups). There
were no significant changes in VAS scores at week 1 between
the two groups (4.4 vs. 4.5, p = 0.475). However, the dual-target
group showed a statistically significant difference in VAS score
compared with the single-target group (3.3 vs. 3.7, p = 0.01) at
week 4, and week 12 (2.5 vs. 3.2, p < 0.001). In addition, at week
4-FU, the VAS in the dual-target group decreased to 3.3 at week
4-FU and achieved a standard of good results, but the VAS in
the single-target group didn’t meet the standard. What’s more,
at week 4-FU, the VAS improvement in the dual-target group
is higher than in the single-target group, the relief degree is 64
vs. 52%.
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FIGURE 2 | Flow chart of study enrollment. SASD, subacromial-subdeltoid; LHBT, the long head of the bicep tendon.

Secondary Outcomes
There were no significant differences in baseline shoulder PROM,
FMA, and MBI scores between the two groups (p > 0.05).
In comparison with baseline results, significant differences in
the shoulder PROM, FMA, and MBI scores were observed in
the within-group comparisons in both groups (p < 0.001 at
week 1; p < 0.001 at week 4; p < 0.001 at week 12, for both
groups). The intergroup comparison revealed that increases in
some shoulder PROMs were significantly higher in the dual-
target group compared with the single-target group. There
were significant differences in the change in shoulder PROM
measurements of maximum flexion angle at week 12, (141.3 ±

7.8 vs. 133.1± 11.5, p<.001), maximum abduction angle at week
1, week 4, and week 12. (96.8 ± 13.0 vs. 90.1 ± 13.0, p = 0.003;
107.1± 12.0 vs. 96.5± 13.0, p < 0.0001; 122.0± 12.0 vs. 105.0±
13.0, p < 0.001), and maximum extension rotation angle at week
12 (59.1± 6.6 vs. 53.4± 5.8, p < 0.001).

Intergroup comparisons revealed that the increase in the FMA
score was statistically significant at week 4 (p = 0.009) and week
12 (p < 0.001), with the dual-target group showing higher scores

than the single-target group (Table 2). Although the MBI score
was greater in the dual-target group than in the single-target
group at week 4, the differences among groups did not reach
statistically significant levels (p= 0.099) (Table 2). Only the dual-
target group showed a significantly higher MBI score at week 12
(p= 0.01) than the single-target group (Table 2).

As summarized inTable 3, VAS scores of the dual-target group
were negatively correlated with FMA score (β = −2.138< 0; p <

0.001) and MBI score (β = −5.165 < 0; p < 0.001). This was
also true for the single-target group for FMA score (β = − 2.340,
p < 0.001) and MBI score (β = −5.199; p < 0.001). Compared
with the single-target group, the association of pain intensity with
FMA score (β = 0.202) and MBI score (β = 0.034) was more
significant in the dual-target group (p < 0.001).

DISCUSSION

In this prospective study, we hypothesized that SASD bursa in
combination with LHBT sheath corticosteroid injections might
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TABLE 1 | Baseline characteristics between the two groups.

Characteristics Dual-target

injection group

(N = 30)

Single-target

injection group

(N = 30)

P

Age (y) (mean ± SD) 55.2 ± 10.2 56.8 ± 13.1 0.276

Duration of stroke (m)

(mean ± SD)

3.1 ± 1.9 2.6 ± 1.4 0.141

Sex (n, %) 0.321

Male 17 (56.7) 16 (53.3)

Female 13 (43.3) 14 (46.7)

Etiology (n, %) 0.400

Hemorrhagic 13 (43.3) 14 (46.7)

Ischemic 10 (33.3) 13 (43.3)

Others 7 (23.3) 7 (23.3)

Lesion site (n, %) 0.918

Left 14 (46.7) 13 (43.3)

Right 16 (53.3) 17 (56.7)

Site of injury (n, %) 0.726

Basal ganglia 14 (46.7) 14 (46.7)

Frontal and temporal

lobe

7 (23.3) 11 (36.7)

Brainstem 5 (16.7) 3 (10.0)

Epencephalon 2 (6.7) 1 (3.3)

Subarachnoid

hemorrhage

2 (6.7) 1 (3.3)

Others: glioma, subarachnoid hemorrhage, https://www.geenmedical.com/article?id=

33625724&type=true.

provide a better outcome in the patients with HSP. According
to the present research results, significant improvements in pain,
PROM, UEFMA, and MBI were observed in both groups after
treatment. However, compared with the single-target injection,
VAS, flexion, external rotation, UEFMA, and MBI score showed
significant improvements in the dual-target injection group.
Therefore, the main finding of this study showed that SASD
bursa plus LHBT sheath corticosteroid injections were more
effective in reducing pain and improving functional activities
than SASD bursa alone. In addition, pain relief seems to have a
positive effect on shoulder PROM, the upper limb function, and
activities of daily living (ADL). To our knowledge, this is the first
study to evaluate the effectiveness of ultrasound-guided SASD
bursa combined with LHBT sheath corticosteroid injection for
reducing pain, and improving PROM in patients with HSP.

The SASD bursa is essential for shoulder movement and
plays a key role in the subacromial gliding mechanism, which
is covered by suprascapular nerve and free nerve endings
(44). Several previous studies have shown that proinflammatory
cytokines (IL-1β and IL-6), metalloproteases (MMPs) (45),
and pain mediators (COX-2 and substance P) were associated
with shoulder pain in patients with SASD bursitis. It has
been demonstrated in several studies that SASD bursitis, an
inflammation of the SASD bursa, is one of the most common
causes of poststroke shoulder pain (32, 46). In patients with
HSP, there are many reasons for the development of the SASD
bursitis such as weak muscle strength, recurrent overuse, posture

TABLE 2 | Comparisons all the measured variable between the groups.

Measured

variable

Dual-target

injection group

(N = 30)

Single-target

injection group

(N = 30)

Between

2 groups

Mean ± SD P value Mean ± SD P value P value

VAS

baseline

6.9 ± 1.2 6.7 ± 1.0 0.546

Week 1-FU 4.4 ± 1.0 <0.001* 4.5 ± 0.9 0.001* 0.475

Week 4-FU 3.3 ± 0.9 <0.001
†

3.7 ± 0.7 0.001
†

0.010

Week 12-FU 2.5 ± 0.9 <0.001‡ 3.2 ± 0.8 0.001‡ <0.001

Passive FL

baseline

97.6 ± 15.4 101.2 ± 15.7 0.368

Week 1-FU 115.6 ± 12.5 <0.001* 114.5 ± 14.0 <0.001* 0.468

Week 4-FU 125.6 ± 11.2 <0.001
†

122.7 ± 13.2 <0.001
†

0.139

Week 12-FU 141.3 ± 7.8 <0.001‡ 133.1 ± 11.5 <0.001‡ <0.001

Passive Abd

baseline

81.7 ± 12.6 81.9 ± 13.0 0.862

Week 1-FU 96.8 ± 13.0 <0.001* 90.1 ± 13.0 <0.001* 0.003

Week 4-FU 107.1 ± 12.0 <0.001
†

96.5 ± 13.0 <0.001
†

<0.001

Week 12-FU 122.0 ± 12.0 <0.001‡ 105.0 ± 13.0 <0.001‡ <0.001

Passive EX

baseline

34.2 ± 8.9 34.7 ± 8.9 0.976

Week 1-FU 42.6 ± 8.1 <0.001* 41.4 ± 8.6 <0.001* 0.352

Week 4-FU 49.1 ± 7.1 <0.001
†

47.0 ± 7.8 <0.001
†

0.096

Week 12-FU 59.1 ± 6.6 <0.001‡ 53.4 ± 5.8 <0.001‡ <0.001

Passive IN

baseline

47.4 ± 8.3 46.6 ± 8.3 0.434

Week 1-FU 56.8 ± 6.1 <0.001* 54.0 ± 7.4 <0.001* 0.085

Week 4-FU 62.0 ± 4.9 <0.001
†

60.0 ± 6.3 <0.001
†

0.098

Week 12-FU 67.0 ± 3.2 <0.001‡ 65.0 ± 5.0 <0.001‡ 0.074

FMA score

baseline

17.1 ± 3.9 16.0 ± 3.4 0.131

Week 4-FU 24.9 ± 4.6 <0.001
†

22.7 ± 3.4 <0.001
†

0.0009

Week 12-FU 35.7 ± 4.3 <0.001‡ 31.5 ± 4.4 <0.001‡ <0.001

MBI score

baseline

33.7 ± 8.5 34.0 ± 8.0 0.768

Week 4-FU 50.9 ± 8.4
†

<0.001
†

47.9 ± 7.5 <0.001
†

0.099

Week 12-FU 66.1 ± 7.9 <0.001‡ 62.1 ± 6.8 <0.001‡ 0.010

Values represent the mean ± standard deviation. VAS, visual analog scale; FU, follow

up; FL, flexion; Abd, abduction; EX, extension; IN, internal rotation; UEFMA, Upper

Extremity Fugl-Meyer Assessment; MBI, Modified Barthel. P values pertain to between-

group comparison for difference from baseline. *Significant difference between baseline

and oneweek posttreatment in the same group (p< 0.05).
†
Significant difference between

baseline and weeks 4 posttreatment in the same group (p < 0.05). ‡Significant difference

between baseline and weeks 12 posttreatment in the same group (p < 0.05).

abnormalities, rotator cuff tendon tears, and muscle imbalance
caused by spasms. Currently, as corticosteroids injection into
the SASD bursa under ultrasound -guidance (47, 48) provide
anti-inflammatory effects by inhibiting the activation of many
cytokines, it can decrease inflammatory-dependent pain and is
considered as a safe and effective treatment in patients with HSP
(13, 24). Additionally, Rah et al. (24) found that subacromial
corticosteroid injection in the treatment of HSP, although
providing modest short-term benefit, showed improvement in
pain reduction and functional improvement. In our study,
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TABLE 3 | Linear mixed model analysis interaction of group *VAS score.

Dependent

variable

Dual-target

injection group

(N = 30)

Single-target

injection group

(N = 30)

Dual-target

injection-single-target

injection

β P β P β P

FMA score −2.138 <0.001 −2.340 <0.001 0.202 <0.001

MBI score −5.165 <0.001 −5.199 <0.001 0.034 <0.001

*Independent variable, VAS score; VAS, visual analog scale; MBI, modified Barthel index;

UEFMA, Upper Extremity Fugl-Meyer Assessment.

due to the high incidence prevalence of SASD bursitis in our
patient population, it was not surprising that pain relief showed
significant improvement in both groups after corticosteroid
injection. Therefore, the finding of our study supports current
research results showing that ultrasound-guided SASD bursa
corticosteroid injection is practical and effective in the treatment
of HSP.

However, a prospective cohort study (49) of the efficacy of
SASD bursa corticosteroid injection reported good short-term–
but poor long-term–outcomes due to the effect of the underlying
disease. As is known to all, multifactorial factors such as soft
tissue lesions, muscle imbalance, central poststroke pain, and
spasticity are responsible for HSP. Few longitudinal studies found
that bicipital tendonitis (31, 50) and SASD bursitis (32) are the
most common causes, which may also lead to shoulder pain
and function limited after stroke. Recent studies showed that
LHBT tendinitis and SASD bursitis, which may coexist, were
more prevalent in patients with poor upper limb motor function
than those with good motor status (32). Given that rotator cuff
disorder and LHBT tendinitis may also occur in patients with
HSP, it is speculated that SASD bursa injection alone may not be
enough to significantly relieve the pain of HSP patients.

LHBT originates at the supraglenoid tubercle and sits
between the lesser and greater tuberosities, which is an
important source of anterior shoulder pain (51). It has been
demonstrated that the upper one-third of the LHBT contains
a rich sympathetic innervation network by releasing substance
P and calcitonin gene-related peptides which play important
roles in neurogenic inflammation (52). Additionally, several
histological studies propose that repetitive traction and friction
cause the continuous release of proinflammatory cytokines and
microscopic degeneration in the LHBT (52, 53). In patients with
HSP, LHBT tendinitis may arise due to weak muscle strength,
sensory loss posture abnormalities, and uncoordinated muscle
movements, which lead to microscopic tears in the tendon,
triggering an inflammatory response (22, 32). It’s time for us to
take effective measures to reverse the progression of degenerative
tendinopathy and spontaneous tendon rupture.

In terms of treatment, previous studies found that, due
to anti-inflammatory properties, peritendinous corticosteroid
injections were widely used in chronic shoulder pain not related
to stroke (33, 35, 54). In a randomized comparative study, which
investigated the effect of corticosteroid injections in patients
with LHBT tendinosis, significant improvements in pain and
functional assessment were shown in both groups lasting as

long as 6 months after injection (54). In addition, LHBT sheath
injection in patients with subacromial compression syndrome
has been observed to be effective and fairly safe in reducing pain
and improving function (36), which also seems to be an ideal
treatment option for HSP. In the course of this treatment, on
the one hand, corticosteroid sheath injection could effectively
reduce the release of neurogenic inflammatory factors such as
substance P and calcitonin gene-related peptide; on the other
hand, it could also effectively break the vicious cycle that leads
to local tissue damage and inflammation. Moreover, studies
have shown that intra-articular corticosteroid injections are
reliable and effective in providing pain relief and increasing
shoulder PROM in the treatment of HSP (55, 56). It is widely
known that the LHBT sheath is connected to the adjacent
glenohumeral joint. A recent study showed that ultrasound-
guided biceps tendon sheath corticosteroid injections frequently
extravasate into the glenohumeral joint (57). Therefore, it is
plausible that corticosteroid injection into the LHBT sheath
would result in the intraarticular spread and exerts powerful anti-
inflammatory effects and pain-relieving properties, reversing
the progression of adhesive capsulitis and the LHBT tendinitis.
Wang et al. (36) reported that a combined injection of LHBT
sheath for patients with shoulder impingement syndrome had
a greater effect on pain and function than an injection of
SASD bursa alone, consistent with our results. In short, it
is not unexpected that both groups experienced pain relief
immediately after treatment, but the reduction in pain and
increases in some shoulder PROMs (especially those including
abduction and external rotation) were significantly higher in
the dual-target group compared with the single-target group,
Therefore, the present study demonstrated that dual-target
injections are more suitable and effective in the pain reduction
and functional improvement for patients with HSP than single-
target treatments.

Another finding of this study was the significant difference
in the shoulder function, PROM, and ADL between groups at
each time point, with the dual-target group demonstrating a
more significant improvement compared with the single-target
participants. These results demonstrated that ultrasound-guided
corticosteroid injections improved the motor function and daily
living of patients with HSP, in line with several previous reports
(24). Moreover, both groups had pain scores that showed a
significant negative correlation with FMA and MBI scores. This
suggested that along with pain reduction after the injection,
both FMA and MBI scores improved at week 4 and week 12 in
the follow-up phase. Therefore, we believe that pain reduction
and PROM improvement of the affected shoulder might have
a positive effect on the activities of daily living and recovery
of motor function for HSP patients. In other words, the more
obvious the relief of pain, the more patients’ limb function and
activities of daily living will be improved. Compared with the
single-target group, this explained why the upper limb function
and daily living activities of the stroke and hemiplegic patients
in the dual-target injection group improved more. Sackley et al.
(6) reported a negative correlation between MBI score and the
high prevalence of shoulder pain after stroke. Our study further
supported this finding.
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In summary, the complex causes of hemiplegic shoulder
pain mean that a single subacromial bursitis injection is
insufficient to alleviate the pain. A combination of SASD bursa
and LHBT sheath corticosteroid injection is superior to SASD
bursa injection alone in reducing shoulder pain and improving
functional activities in patients with HSP.

LIMITATIONS

Some limitations of the study should be noted. First, this study
had a small sample size and a short follow-up period. As the most
important factor in the valuation of treatment is the duration
of efficacy, further studies with at least 6 months follow-up are
needed to prove the findings and may show greater benefit from
injection treatments. Second, there was no placebo group and
no only LHBT sheath group in this study. Third, no further
ultrasound evaluations of SASD bursa and LHBT regarding
structural changes or signal modifications were performed after
injection. Fourth, in terms of evaluation of activity of daily living,
MBI does not clearly describe the correlation between pain relief
and improvement of ADL after stroke because it contains many
items that may have nothing to do with the affected shoulder. In
addition to pain factors, some factors may have an effect on ADL,
including spasticity of the surrounding muscles, limb motor
function, and so on.We did not use statistical procedures to reject
the above confounding factors, which is also the limitation of this
study. Fifth, multifactorial factors may be responsible for HSP
(including glenohumeral subluxation, adhesive capsulitis, central
poststroke pain, rotator cuff tendon injury, bicipital tendinitis,
SASD bursitis, and spasticity of the surrounding muscles), and
lead to certain variations of therapeutic effectiveness. Therefore,
there was a lack of grouping regarding the cause of HSP.

CONCLUSION

Both SASD bursa alone and SASD bursa combined with LHBT
corticosteroid injection under ultrasound guidance can improve
the clinical symptoms of patients with HSP. Compared with
SASD bursa injection alone, the combination of SASD bursa
and LHBT injection is more effective and can provide faster
pain reduction, increase the PROM of the upper extremity and

improve ADL in patients with HSP. Furthermore, the dual-
target corticosteroid injection technique can be easily and safely
performed under ultrasound guidance and is recommended as a
potential alternative option for patients with HSP. More large-
scale prospective clinical trials are warranted to further confirm
our findings.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The study protocol was approved by Fu Xing Hospital Ethics
Committee (Approval Notice Number 2021FXHEC-KY032).
The patients/participants provided their written informed
consent to participate in this study. Written informed consent
was obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

AUTHOR CONTRIBUTIONS

YW conceived the idea and revised the literature. YH performed
the study and wrote the manuscript. TZ, ML, and WL made the
clinical evaluation and a substantial contribution to the study. All
authors contributed to the article and approved the submitted
version.

FUNDING

This study was supported by the 2021 Outstanding Talents
Project of Xicheng District, Beijing (Fund No. 202131).

ACKNOWLEDGMENTS

The authors thank Charlesworth Groups author services (http://
www.cwauthors.com/frontiers) for the English language editing
and review services.

REFERENCES

1. Paolucci S, IosaM, Toni D, Barbanti P, Bovi P, Cavallini A. Prevalence and time
course of post-stroke pain: a multicenter prospective hospital-based study.
Pain Med. (2016) 17:924–30. doi: 10.1093/pm/pnv019

2. Lindgren I, Jönsson AC, Norrving B, Lindgren A. Shoulder pain after
stroke: a prospective population-based study. Stroke. (2007) 38:343–
8. doi: 10.1161/01.STR.0000254598.16739.4e

3. Anwer S, Alghadir A. Incidence, prevalence, and risk factors of hemiplegic
shoulder pain: a systematic review. Int J Environ Res Public Health. (2020)
17:4962. doi: 10.3390/ijerph17144962

4. Zhang Q, Chen D, Shen Y, Bian M, Wang P, Li J. Incidence and
prevalence of poststroke shoulder pain among different regions of the
world: a systematic review and meta-analysis. Front Neurol. (2021)
12:724281. doi: 10.3389/fneur.2021.724281

5. Adey-Wakeling Z, Arima H, Crotty M, Leyden J, Kleinig T, Anderson CS,
et al. Incidence and associations of hemiplegic shoulder pain poststroke:
prospective population-based study. Arch Phys Med Rehabil. (2015) 96:241–
7. doi: 10.1016/j.apmr.2014.09.007

6. Sackley C, Brittle N, Patel S, Ellins J, Scott M, Wright C, et al. The prevalence
of joint contractures, pressure sores, painful shoulder, other pain, falls, and
depression in the year after a severely disabling stroke. Stroke. (2008) 39:3329–
34. doi: 10.1161/STROKEAHA.108.518563

7. Anwer S, Alghadir AH, Al-Eisa ES, Iqbal ZA, The relationships
between shoulder pain, range of motion, and disability in patients
with shoulder dysfunction. J Back Musculoskelet Rehabil. (2018)
31:163–7. doi: 10.3233/BMR-169762

8. Menoux D, Jousse M, Quintaine V, Tlili L, Yelnik AP. Decrease in post-
stroke spasticity and shoulder pain prevalence over the last 15 years. Ann Phys
Rehabil Med. (2019) 62:403–8. doi: 10.1016/j.rehab.2018.03.003

Frontiers in Neurology | www.frontiersin.org 8 June 2022 | Volume 13 | Article 899037

http://www.cwauthors.com/frontiers
http://www.cwauthors.com/frontiers
https://doi.org/10.1093/pm/pnv019
https://doi.org/10.1161/01.STR.0000254598.16739.4e
https://doi.org/10.3390/ijerph17144962
https://doi.org/10.3389/fneur.2021.724281
https://doi.org/10.1016/j.apmr.2014.09.007
https://doi.org/10.1161/STROKEAHA.108.518563
https://doi.org/10.3233/BMR-169762
https://doi.org/10.1016/j.rehab.2018.03.003
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Hou et al. SASD and LHBT for HSP

9. Ada L, Preston E, Langhammer B, Canning CG. Profile of upper limb recovery
and development of secondary impairments in patients after stroke with a
disabled upper limb: an observational study. Physiother Theory Pract. (2020)
36:196–202. doi: 10.1080/09593985.2018.1482584

10. Chang MC. The effects of ultrasound-guided corticosteroid injection
for the treatment of hemiplegic shoulder pain on depression and
anxiety in patients with chronic stroke. Int J Neurosci. (2017) 127:958–
64. doi: 10.1080/00207454.2017.1281274

11. Gaitan M, Bainbridge L, Parkinson S, Cormack L, Cleary S, Harrold M.
Characteristics of the shoulder in patients following acute stroke: a case series.
Top Stroke Rehabil. (2019) 26:318–25. doi: 10.1080/10749357.2019.1590973

12. Adey-Wakeling Z, Liu E, Crotty M, Leyden J, Kleinig T, Anderson CS, et
al. Hemiplegic shoulder pain reduces quality of life after acute stroke: a
prospective population-based study. Am J Phys Med Rehab. (2016) 95:758–
63. doi: 10.1097/PHM.0000000000000496

13. Chiu YH, Chang KV. Comparative effectiveness of injection therapies for
hemiplegic shoulder pain in stroke: a systematic review and network meta-
analysis. Pharmaceuticals. (2021) 14:788. doi: 10.3390/ph14080788

14. Lim JY, Koh JH, Paik NJ. Intramuscular botulinum toxin-A reduces
hemiplegic shoulder pain: a randomized, double-blind, comparative study
versus intraarticular triamcinolone acetonide. Stroke. (2008) 39:126–
31. doi: 10.1161/STROKEAHA.107.484048

15. Kasapoglu-Aksoy M, Aykurt-Karlibel I, Altan L. Comparison of the efficacy
of intramuscular botulinum toxin type-A injection into the pectoralis major
and the teres major muscles and suprascapular nerve block for hemiplegic
shoulder pain: a prospective, double-blind, randomized, controlled trial.
Neurol Sci. (2020) 41:2225–30. doi: 10.1007/s10072-020-04334-4

16. Whitehair VC, Chae J, Hisel T, Wilson RD. The effect of electrical stimulation
on impairment of the painful post-stroke shoulder. Top Stroke Rehabil. (2019)
26:544–7. doi: 10.1080/10749357.2019.1633796

17. de Souza JA, Correa JCF, Agnol LD, Dos Santos FR, Gomes MRP,
Correa FI. Effects of transcranial direct current stimulation on the
rehabilitation of painful shoulder following a stroke: protocol for
a randomized, controlled, double-blind, clinical trial. Trials. (2019)
20:165. doi: 10.1186/s13063-019-3266-y

18. Aydin T, Sen EI, Yardimci MY, Kesiktas FN, Ones K, Paker N.
Efficacy of ultrasound-guided suprascapular nerve block treatment in
patients with painful hemiplegic shoulder. Neurol Sci. (2019) 40:985–
91. doi: 10.1007/s10072-019-03749-y

19. Hou Y, Wang Y, Sun X, Lou Y, Yu Y, Zhang T. Effectiveness of
suprascapular nerve block in the treatment of hemiplegic shoulder
pain: a systematic review and meta-analysis. Front Neurol. (2021)
12:723664. doi: 10.3389/fneur.2021.723664

20. Klit H, Finnerup NB, Jensen TS. Central post-stroke pain: clinical
characteristics, pathophysiology, and management. Lancet Neurol. (2009)
8:857–68. doi: 10.1016/S1474-4422(09)70176-0

21. Lin PH. Sonographic findings of painful hemiplegic shoulder after stroke. J
Chin Med Assoc. (2018) 81:657–61. doi: 10.1016/j.jcma.2017.07.018

22. Lee IS, Shin YB, Moon TY, Jeong YJ, Song JW, Kim DH. Sonography of
patients with hemiplegic shoulder pain after stroke: correlation with motor
recovery stage. Am J Roentgenol. (2009) 192:40–4. doi: 10.2214/AJR.07.3978

23. Hopewell S, Keene D, Marian I, Dritsaki M, Heine P, Cureton L,
et al. Progressive exercise compared with best practice advice, with
or without corticosteroid injection, for the treatment of patients
with rotator cuff disorders (GRASP): a multicentre, pragmatic,
2 × 2 factorial, randomised controlled trial. Lancet. (2021)
398:416–28. doi: 10.1016/S0140-6736(21)00846-1

24. Rah UW, Yoon SH, Moon DJ, Kwack KS, Hong JY, Lim YC, Joen B.
Subacromial corticosteroid injection on poststroke hemiplegic shoulder pain:
a randomized, triple-blind, placebo-controlled trial. Arch Phys Med Rehabil.

(2012) 93:949–56. doi: 10.1016/j.apmr.2012.02.002
25. Tao W, Fu Y, Hai-Xin S, Yan D, Jian-Hua L. The application of sonography

in shoulder pain evaluation and injection treatment after stroke: a systematic
review. J Phys Ther Sci. (2015) 27:3007–10. doi: 10.1589/jpts.27.3007

26. Lakse E, Gunduz B, Erhan B, Celik EC. The effect of local injections
in hemiplegic shoulder pain: a prospective, randomized, controlled study.
Am J Phys Med Rehabil. (2009) 88:805–11. doi: 10.1097/PHM.0b013e3181
b71c65

27. Virk MS, Cole BJ. Proximal biceps tendon and rotator cuff tears. Clin Sports

Med. (2016) 35:153–61. doi: 10.1016/j.csm.2015.08.010
28. Ataoglu MB, Cetinkaya M, Ozer M, Ayanoglu T, Kanatli U. The high

frequency of superior labrum, biceps tendon, and superior rotator cuff
pathologies in patients with subscapularis tears: a cohort study. J Orthop Sci.

(2018) 23:304–9. doi: 10.1016/j.jos.2017.10.014
29. Carvalho CD, Cohen C, Belangero PS, Pochini AC, Andreoli CV, Ejnisman B.

Supraspinatus muscle tendon lesion and its relationship with long head of the
biceps lesion. Rev Bras Ortop. (2020) 55:329–38. doi: 10.1055/s-0039-3402472

30. Chang KV, Wu WT. The biceps long-head tendon: an overlooked pain
origin for ultrasound-guided injection. J Ultrasound Med. (2020) 39:409–
10. doi: 10.1002/jum.15109

31. Kim YH, Jung SJ, Yang EJ, Paik NJ, Clinical and sonographic risk factors for
hemiplegic shoulder pain: a longitudinal observational study. J Rehabil Med.

(2014) 46:81–7. doi: 10.2340/16501977-1238
32. Idowu BM, Ayoola OO, Adetiloye VA, Komolafe MA. Sonographic evaluation

of structural changes in post-stroke hemiplegic shoulders. Pol J Radiol. (2017)
82:141–8. doi: 10.12659/PJR.899684

33. Aly AR, Rajasekaran S, Ashworth N. Ultrasound-guided shoulder girdle
injections are more accurate and more effective than landmark-guided
injections: a systematic review and meta-analysis. Br J Sports Med. (2015)
49:1042–9. doi: 10.1136/bjsports-2014-093573

34. Trivino-Carrillo AJ, Aucique-Rodriguez J, Colmenares-Mejia CC.
Ultrasound-guided infiltration results in chronic brachial biceps tendinitis.
Acta Ortoped Mexicana. (2019) 33:237–40.

35. Petscavage-Thomas J, Gustas C. Comparison of ultrasound-guided to
fluoroscopy-guided biceps tendon sheath therapeutic injection. J Ultrasound
Med. (2016) 35:2217–21. doi: 10.7863/ultra.15.08076

36. Wang JC, Chang KV, Wu WT, Han DS, Özςakar L. Ultrasound-guided
standard vs dual-target subacromial corticosteroid injections for shoulder
impingement syndrome: a randomized controlled trial. Arch Phys Med

Rehabil. (2019) 100:2119–28. doi: 10.1016/j.apmr.2019.04.016
37. LeeDH,Hong JY, LeeMY, Kwack KS, Yoon SH. Relation between subacromial

bursitis on ultrasonography and efficacy of subacromial corticosteroid
injection in rotator cuff disease: a prospective comparison study. Arch Phys

Med Rehabil. (2017) 98:881–7. doi: 10.1016/j.apmr.2016.11.025
38. Belanger V, Dupuis F, Leblond J, Roy JS. Accuracy of examination of the long

head of the biceps tendon in the clinical setting: a systematic review. J Rehabil
Med. (2019) 51:479–91. doi: 10.2340/16501977-2563

39. Nho SJ, Strauss EJ, Lenart BA, Provencher MT, Mazzocca
AD, Verma NN, et al. Long head of the biceps tendinopathy:
diagnosis and management. J Am Acad Orthop Surg. (2010)
18:645–56. doi: 10.5435/00124635-201011000-00002

40. Strakowski JA, Visco CJ. Diagnostic and therapeutic musculoskeletal
ultrasound applications of the shoulder. Muscle Nerve. (2019) 60:1–
6. doi: 10.1002/mus.26505

41. Pourcho AM, Colio SW, Hall MM. Ultrasound-guided interventional
procedures about the shoulder: anatomy, indications, and techniques. Phys
Med Rehabil Clin N Am. (2016) 27:555–72. doi: 10.1016/j.pmr.2016.04.001

42. Tashjian RZ, Hung M, Keener JD, Bowen RC, McAllister J, Chen W, et al.
Determining the minimal clinically important difference for the American
shoulder and elbow surgeons score, simple shoulder test, and visual analog
scale (VAS)measuring pain after shoulder arthroplasty. J Shoulder Elbow Surg.

(2017) 26:144–8. doi: 10.1016/j.jse.2016.06.007
43. Tan B, Jia L. Ultrasound-guided BoNT-A (Botulinum Toxin A)

injection into the subscapularis for hemiplegic shoulder pain: a
randomized, double-blind, placebo-controlled trial. Stroke. (2021)
52:3759–67. doi: 10.1161/STROKEAHA.121.034049

44. Kennedy MS, Nicholson HD. The morphology of the subacromial and
related shoulder bursae. An anatomical and histological study. J Anat. (2022)
240:941–58. doi: 10.1111/joa.13603

45. Feng H, He Z, Twomey K, Ilaltdinov AW, Leong D, Wang Y, et
al. Epigallocatechin-3-gallate suppresses pain-related and proinflammatory
mediators in the subacromial bursa in rotator cuff tendinopathy. Discovery
Med. (2019) 27:63–77.

46. Shah RR, Haghpanah S, Elovic EP, Flanagan SR, Behnegar A, Nguyen V, et
al., MRI findings in the painful poststroke shoulder. Stroke. (2008) 39:1808–
13. doi: 10.1161/STROKEAHA.107.502187

Frontiers in Neurology | www.frontiersin.org 9 June 2022 | Volume 13 | Article 899037

https://doi.org/10.1080/09593985.2018.1482584
https://doi.org/10.1080/00207454.2017.1281274
https://doi.org/10.1080/10749357.2019.1590973
https://doi.org/10.1097/PHM.0000000000000496
https://doi.org/10.3390/ph14080788
https://doi.org/10.1161/STROKEAHA.107.484048
https://doi.org/10.1007/s10072-020-04334-4
https://doi.org/10.1080/10749357.2019.1633796
https://doi.org/10.1186/s13063-019-3266-y
https://doi.org/10.1007/s10072-019-03749-y
https://doi.org/10.3389/fneur.2021.723664
https://doi.org/10.1016/S1474-4422(09)70176-0
https://doi.org/10.1016/j.jcma.2017.07.018
https://doi.org/10.2214/AJR.07.3978
https://doi.org/10.1016/S0140-6736(21)00846-1
https://doi.org/10.1016/j.apmr.2012.02.002
https://doi.org/10.1589/jpts.27.3007
https://doi.org/10.1097/PHM.0b013e3181b71c65
https://doi.org/10.1016/j.csm.2015.08.010
https://doi.org/10.1016/j.jos.2017.10.014
https://doi.org/10.1055/s-0039-3402472
https://doi.org/10.1002/jum.15109
https://doi.org/10.2340/16501977-1238
https://doi.org/10.12659/PJR.899684
https://doi.org/10.1136/bjsports-2014-093573
https://doi.org/10.7863/ultra.15.08076
https://doi.org/10.1016/j.apmr.2019.04.016
https://doi.org/10.1016/j.apmr.2016.11.025
https://doi.org/10.2340/16501977-2563
https://doi.org/10.5435/00124635-201011000-00002
https://doi.org/10.1002/mus.26505
https://doi.org/10.1016/j.pmr.2016.04.001
https://doi.org/10.1016/j.jse.2016.06.007
https://doi.org/10.1161/STROKEAHA.121.034049
https://doi.org/10.1111/joa.13603
https://doi.org/10.1161/STROKEAHA.107.502187
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Hou et al. SASD and LHBT for HSP

47. Akbari N, Ozen S, Senlikçi HB, Haberal M, Çetin N. Ultrasound-guided
versus blind subacromial corticosteroid and local anesthetic injection in
the treatment of subacromial impingement syndrome: a randomized study
of efficacy. J Dis Relat Surg. (2020) 31:115–22. doi: 10.5606/ehc.2020.
71056

48. Azadvari M, Emami-Razavi SZ, Torfi F, Nazar NSB, Malekirad AA.
Ultrasound-guided versus blind subacromial bursa corticosteroid injection
for paraplegic spinal cord injury patients with rotator cuff tendinopathy:
a randomized, single-blind clinical trial. Int J Neuro Sci. (2021) 131:445–
52. doi: 10.1080/00207454.2020.1748620

49. Fawcett R, Grainger A, Robinson P, Jafari M, Rowbotham E. Ultrasound-
guided subacromial-subdeltoid bursa corticosteroid injections:
a study of short- and long-term outcomes. Clin Radiol. (2018)
73:760.e7–12. doi: 10.1016/j.crad.2018.03.016

50. Pong YP, Wang LY, HuangYC, Leong CP, LiawMY, Chen HY. Sonography
and physical findings in stroke patients with hemiplegic shoulders: a
longitudinal study. J Rehabil Med. (2012) 44:553–7. doi: 10.2340/1650197
7-0987

51. Varacallo M,Mair SD. Proximal Biceps Tendinitis and Tendinopathy. Treasure
Island, FL: StatPearls Publishing LLC (2022).

52. Raney EB, Thankam FG, Dilisio MF, Agrawal DK. Pain and the pathogenesis
of biceps tendinopathy. Am J Transl Res. (2017) 9:2668–83.

53. Chen RE, Voloshin I. Long head of biceps injury: treatment options
and decision making. Sports Med Arthroscopy Rev. (2018) 26:139–
44. doi: 10.1097/JSA.0000000000000206

54. Yiannakopoulos CK, Megaloikonomos PD. Ultrasound-guided versus
palpation-guided corticosteroid injections for tendinosis of the long head
of the biceps: a randomized comparative study. Skeletal Radiol. (2020)
49:585–91. doi: 10.1007/s00256-019-03315-9

55. Sencan S, Celenlioglu AE, Karadag-Saygi E, Midi I, Gunduz OH. Effects
of fluoroscopy-guided intraarticular injection, suprascapular nerve block,

and combination therapy in hemiplegic shoulder pain: a prospective
double-blind, randomized clinical study. Neurol Sci. (2019) 40:939–
46. doi: 10.1007/s10072-019-03733-6

56. Park D, Yu KJ, Cho JY, Woo SB, Park J, Lee Z, Kim JM. The effectiveness
of 2 consecutive intra-articular polydeoxyribonucleotide injections
compared with intra-articular triamcinolone for hemiplegic shoulder
pain: a STROBE-complaint retrospective study. Medicine. (2017)
96:e8741. doi: 10.1097/MD.0000000000008741

57. Slevin J, Joyce M, Galvin JW, Mahlon MA, Grant MD, Eichinger JK,
Grassbaugh JA. Ultrasound-guided biceps tendon sheath injections frequently
extravasate into the glenohumeral joint. Arthroscopy. (2021) 37:1711–
6. doi: 10.1016/j.arthro.2020.12.238

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Hou, Zhang, Liu, Lu and Wang. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Neurology | www.frontiersin.org 10 June 2022 | Volume 13 | Article 899037

https://doi.org/10.5606/ehc.2020.71056
https://doi.org/10.1080/00207454.2020.1748620
https://doi.org/10.1016/j.crad.2018.03.016
https://doi.org/10.2340/16501977-0987
https://doi.org/10.1097/JSA.0000000000000206
https://doi.org/10.1007/s00256-019-03315-9
https://doi.org/10.1007/s10072-019-03733-6
https://doi.org/10.1097/MD.0000000000008741
https://doi.org/10.1016/j.arthro.2020.12.238~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	The Effectiveness of Ultrasound-Guided Subacromial-Subdeltoid Bursa Combined With Long Head of the Biceps Tendon Sheath Corticosteroid Injection for Hemiplegic Shoulder Pain: A Randomized Controlled Trial
	INTRODUCTION
	METHODS
	Setting
	Participants and Eligibility Criteria
	Inclusion Criteria
	Exclusion Criteria

	Randomization, Treatment Allocation, and Blinding
	Intervention
	LHBT Sheath Injection
	SASD Bursa Injection
	Outcomes
	Sample Size and Statistical Analysis


	Results
	Primary Outcomes
	Secondary Outcomes

	DISCUSSION
	LIMITATIONS
	CONCLUSION
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


