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Abstract: Background: Shoulder subluxation occurs in 17–64% of hemiplegic patients after stroke
and develops mostly during the first three weeks of hemiplegia. A range of shoulder orthoses has
been used in rehabilitation to prevent subluxation. However, there is little evidence of their efficacy.
AIM: This study aimed to investigate whether there is a difference in the subluxation distance, pain,
and functional level of the hemiplegic upper extremity among patients with two different shoulder
orthoses. Design: This is a prospective, randomized controlled trial with intention-to-treat analysis.
SETTING: Multicenter, rehabilitation medicine department of two university hospitals in South
Korea. Population: Forty-one patients with subacute stroke with shoulder subluxation with greater
than 0.5 finger width within 4 weeks of stroke were recruited between January 2016 and October
2021. Methods: The experimental group used an elastic dynamic sling while sitting and standing to
support the affected arm for eight weeks. The control group used a Bobath sling while sitting and
standing. The primary outcome was to assess the distance of the shoulder subluxation on radiography.
The secondary outcomes were upper-extremity function, muscle power, activities of daily living,
pain and spasticity. Result: The horizontal distance showed significant improvement in the elastic
dynamic sling group, but there were no significant differences in the vertical distance between the
elastic dynamic and Bobath sling groups. Both groups showed improvements in upper-extremity
movements and independence in daily living after 4 and 8 weeks of using shoulder orthoses, and
the differences within the groups were significant (p < 0.05). However, there were no significant
differences in upper-extremity movements and independence in daily living between the two groups.
Conclusions: The subluxation distance showed better results in the elastic dynamic sling, which has
both proximal and distal parts, than in the Bobath sling, which holds only the proximal part. Both
shoulder orthoses showed improvements in the modified Barthel index, upper-extremity function,
and manual muscle testing.

Keywords: stroke; infarction; shoulder subluxation; orthoses; hemiplegia; rehabilitation; shoulder pain

1. Introduction

In stroke patients, shoulder subluxation is a common complication. Weakness of
the upper extremity of the affected side and the weight of the dependent arm cause a
downward displacement of the humeral head from the shallow glenoid fossa, causing
shoulder subluxation [1]. The etiopathogenesis is unclear, but it has been suggested that
weak muscles around the shoulder joint interrupt the mechanical integrity and stability of
the joint, resulting in a palpable gap between the acromion and humeral head. In the first

Int. J. Environ. Res. Public Health 2022, 19, 9975. https://doi.org/10.3390/ijerph19169975 https://www.mdpi.com/journal/ijerph

https://doi.org/10.3390/ijerph19169975
https://doi.org/10.3390/ijerph19169975
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0002-2607-8434
https://orcid.org/0000-0002-9364-2947
https://orcid.org/0000-0002-2548-545X
https://orcid.org/0000-0003-3282-1164
https://orcid.org/0000-0003-4513-2560
https://doi.org/10.3390/ijerph19169975
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph19169975?type=check_update&version=2


Int. J. Environ. Res. Public Health 2022, 19, 9975 2 of 12

three weeks of hemiplegia, the affected arm is flaccid or hypotonic; hence, the shoulder
muscles cannot anchor the humeral head within the glenoid cavity. The incidence of
shoulder subluxation on the hemiplegic side ranges from 17% to 64% [2–5].

Stroke can cause shoulder subluxation and may lead to hemiplegic shoulder pain,
resulting in shoulder contracture and secondary irreversible damage to the muscles, lig-
aments, joint capsules, nerves, and blood vessels. Pain and joint contracture caused by
shoulder subluxation can have a negative impact on the recovery of upper-extremity func-
tion in patients with stroke [6]. It can lead to serious limitations in activities of daily
living, balance, mobility, and upper-limb and hand functions. It is associated with a higher
incidence of depression, both during and after rehabilitation [7,8].

The underlying hypothesis for the association between shoulder subluxation and pain
is that gradual stretching of the capsule and tendons causes them to become ischemic and
painful. In addition, the weight of the arm and sustained stretching of the soft tissues can
cause damage and inflammation [9].

To prevent and treat shoulder subluxation, arm rest, shoulder orthosis, shoulder tap-
ing, and functional electrical stimulation, botulinum toxin, peripheral nerve stimulation
(PNS), transcutaneous electrical nerve stimulation (TENS), and neuromuscular electrical
stimulation (NMES) are being performed [10–15]. Among them, orthoses may be imple-
mented to provide a low-load prolonged stretch to prevent length-associated changes
in muscles and connective tissue that can limit the function of the affected limb after
stroke [16]. An orthosis is a removable device that immobilizes joints for therapeutic
purposes by applying a prolonged static stretch to the muscles. The proposed benefits
of orthoses in individuals with neurological impairments include decreasing spasticity,
improving function, preventing contracture, minimizing pain, and decreasing swelling [17].

Various types of shoulder orthoses are used to prevent and treat subluxations. Based
on a 2005 Cochrane review [10], there was insufficient evidence to conclude whether
shoulder slings could prevent vertical subluxation or decrease shoulder pain. The authors
recommended that randomized controlled trials be conducted to evaluate the efficacy of
devices to support the shoulder. This expert consensus also recommended that such devices
should be trialed immediately when the patient could be positioned upright and continued
for a period of four to six weeks as research is lacking on the immediate post-stroke period.

In this study, two different shoulder orthoses were used in patients with subacute
stroke. The elastic dynamic shoulder sling, a new orthosis with proximal and distal
attachments, was compared with the commonly used Bobath roll sling. The purpose of
this study was to investigate whether there is a difference in the subluxation distance, pain,
and upper-extremity function between the two shoulder orthoses.

2. Materials and Methods
2.1. Design

This was a prospective, randomized, controlled, multicenter trial. The patients who
experienced stroke for the first time and receiving inpatient treatment with dislocations
greater than 0.5 finger width were recruited between January 2016 and October 2021 at
the Rehabilitation Department of the Kyunghee University Hospital at Gangdong and
Chungnam National University Hospital.

2.2. Randomization

The scientific validity of the clinical trial was ensured by maximizing the comparability
of the experimental (elastic dynamic shoulder sling group) and control (Bobath sling group)
groups by implementing a randomization method and preventing the interference due
to the subjectivity of the research team. Using a random function in Excel, a stratified
randomization code was generated with sex and institution as stratification variables. The
ratio of the test and control groups was 1:1.



Int. J. Environ. Res. Public Health 2022, 19, 9975 3 of 12

2.3. Participants

Patients were included if they were within 4 weeks of their first stroke, had a shoulder
dislocation greater than 0.5 finger width and has cognitive function with the ability to
express pain. Patients were excluded if they had shoulder weakness before stroke (which
may be due to spinal cord injury and myopathy), inability to evaluate pain (as is seen in
patients with total aphasia and cognitive decline), history of shoulder joint disease before
stroke, and age < 18 years. The average age of the participants was 64.19 ± 13.48 years. The
study population consisted of 26, 15, 2 and 39 patients with infarction, hemorrhage, brain
stem lesions, and non-brain stem lesions, respectively.

2.4. Intervention

The experimental group received elastic dynamic shoulder sling (Figure 1) and the
control group received Bobath sling (Figure 2) to support affected upper extremity.

Figure 1. Elastic dynamic shoulder sling.

Figure 2. Bobath sling.

Both groups wore their orthoses immediately after transfer to the Department of
Rehabilitation Medicine within four weeks from stroke onset. They wore the orthoses
for a period of 8 weeks during the active time of the day, but not when lying in bed or
during formal therapy sessions. All patients, independent of the assigned study group,
under-went the same standard rehabilitation program. The therapy program focused on
avoiding complications related to the severely impaired upper limbs.

Examinations and evaluations, including radiography, were performed during clinical
follow-up visits. The timing of the procedures are as follows (Figure 3).

T1 (immediately transferred to the Department of Rehabilitation Medicine within four
weeks of stroke onset).

Radiography before and after wearing the shoulder brace, Fugl-Meyer assessment
(FMA) scale, manual muscle testing (MMT), pain, modified Ashworth scale (MAS), and
Korean-modified Barthel index (K-MBI) were assessed.
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Figure 3. Timeline of assessment and follow up of enrolled participants.

T2 (four weeks after T1, at the time of discharge from the Department of Rehabilita-
tion Medicine).

Radiography before wearing the shoulder brace, FMA scale, MMT, pain, MAS, and
K-MBI were assessed.

T3 (at outpatient follow-up, four weeks after T2)
Radiography before wearing the shoulder brace, FMA scale, MMT, pain, and K-MBI

were assessed.
Types of sling

(1) Elastic dynamic shoulder sling: The shoulder device consists of three main parts: (1) a
shoulder belt placed over the affected shoulder, (2) chest belt, and (3) wrist belt on the
affected side. It uses elastic material to lift the deltoid and fix the scapula so that it can
be adducted and retracted (Figure 1).

(2) Bobath sling: The shoulder device consists of three main parts: (1) a foam roll placed
in the axillary region of the affected shoulder, (2) a figure-8 pattern that connects the
shoulder blades, and (3) a horizontal strap made of similar material that encircles
around the chest (Figure 2).

2.5. Outcomes

(1) Primary outcomes

Subluxation distance: Measured with true anteroposterior X-ray. It brings the scapula
of the injured side parallel to the X-ray plate. This avoids overlapping of the humerus head
and the glenoid.

After each participant was seated on a chair, a true anteroposterior (AP) simple
radiographic examination of both shoulder joints was performed in an upright posture,
with the arm in a neutral position hanging down under gravity.

(2) Secondary outcomes

FMA: To evaluate the recovery of motor function in stroke patients, the upper-
extremity motor function was evaluated using the FMA scale. The maximum score is
100 points, with 66 points for upper-extremity motor function and 34 for lower-extremity
motor function. In this study, only upper-extremity motor function was assessed of three
points, with 0 being unable to perform, 1 being partially able to perform, and 2 being
completely capable of performing. This test is known to have high reliability between test
and retest and high inter-examiner reliability and validity [18].

K-MBI: The degree of dependence of the patient when performing activities of daily
living was evaluated in five categories: complete independence, little help, moderate
help, much help, and complete dependence. The evaluation consisted of ten areas: eating,
dressing, dressing up, bathing, moving in a chair/bed, moving and using the toilet, walking
(or moving a chair car), using stairs, and controlling bowel movements [19].
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Pain: The degree of shoulder pain at each time point was indicated by a visual
analog scale (VAS, 0–10), which is commonly interpreted as a reasonably valid report of
subjective pain. Each participant was asked to rate the presence and degree of pain in
the affect-ed shoulder on a scale of 0 (no pain experienced) to 10 (worst pain imaginable)
during evaluation.

MAS: It is the most universally accepted clinical tool that is used to measure increase in
muscle tone. Spasticity was defined by Jim Lance in 1980 as a velocity-dependent increase
in muscle-stretch reflexes associated with increased muscle tone as a component of the
upper motor neuron syndrome [20].

MMT: It is the most commonly used method for documenting impairments in muscle
strength [21]. The muscle power of the shoulder deltoid muscles was examined. Shoulder
forward flexion and abduction were tested by manual muscle testing procedure. Average
was recorded.

2.6. Data Analysis

Three analysts measured and analyzed the radiographs in a random order to reduce
measurement bias. Distance measurements of shoulder subluxation from a single radio-
graph were used, as described by Brooke et al. [22]. The central point of the glenoid fossa
of the scapula was determined by marking the most distant vertical and horizontal edges.
Height and width measurements were then bisected to determine the location of the central
point of the glenoid fossa. The central point of the humeral head was determined by
measuring the greatest distance that could be horizontally obtained across the head. This
line was bisected to provide the central point of the humeral head. The inferior acromial
point was determined by identifying the most inferior point on the acromial and lateral
surfaces of the acromioclavicular joint. The vertical distance (VD) was measured from the
acromial point to the central point of the humeral head. The horizontal distance (HD) was
measured from the central points of the humeral head and the glenoid fossa (Figure 4).

Figure 4. Measurement of horizontal distances (HD) and vertical distances (VD) in a true anteropos-
terior radiograph.
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2.7. Statistical Analysis

Statistical analysis was performed using Statistical Package for Social Sciences (version
25.0; SPSS Inc., Chicago, IL, USA). The analysis was conducted by an independent scientist
and statistician. p-value of <0.05 was considered significant.

Independent-samples t-test was used to confirm differences in the degree of sublux-
ation between the groups such as the difference between the radiographic test results in
T2 − T1 (∆T1) and T3 − T2 (∆T2) and the difference in the radiographic test results before
and after wearing a shoulder brace in T1. The difference in radiological examination results
in T2 − T1 (∆T1) and T3 − T2 (∆T2) was calculated. A linear mixed model was used to
confirm changes within the group over time [23].

With the power set at 80% and an overall p < 0.05, we needed 21 subjects per
group. To allow for dropouts, we planned to recruit 36 participants per group. Post
hoc power analysis showed that group sample sizes of 21 and 20 achieved 80.940% power
to reject the null hypothesis of equal means when the population mean difference was
µ1 − µ2 = 2.28 − (−0.08) = 3.08, with standard deviations of 3.11 for group 1 and 3.66
for group 2, and with a significance level (alpha) of 0.050 using a two-sided two-sample
unequal variance t-test. Effect size was 0.909 [24].

3. Results

The flow of participants during the trial is summarized in Figure 5. From January 2016
to October 2021, 241 patients with stroke were assessed for eligibility. A total of 125 patients
did not meet the inclusion criteria, and 44 declined to participate. A total of 72 patients
participated in this study, of whom 31 dropped out for reasons such as refusal to wear
the Bobath sling (1.3%), stroke recurrence (1.3%), change in the Bobath sling to an elastic
dynamic sling (2.7%), and early discharge and follow-up loss due to Coronavirus disease
(COVID-19) (37.5%). Finally, 41 patients were included in the final study.

Figure 5. Flow chart of study participants enrollment.

Comparisons and statistical analyses between the groups were performed at baseline,
four weeks, and eight weeks. Table 1 shows the baseline characteristics of the participants.
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Table 1. Baseline characteristics of the elastic dynamic sling group and the Bobath sling group
(mean ± standard deviations).

Characteristics Elastic Dynamic Sling Group
(n = 21)

Bobath Sling Group
(n = 20) p Value

Age (years) 64.76 ± 12.80 63.60 ± 14.46 0.774
Sex (male) 13 10 0.443

K-MBI 35.00 ± 17.85 30.90 ± 20.50 0.267
FMA-total 9.86 ± 9.94 8.10 ± 7.08 0.579

MMT (of shoulder) 1.44 ± 0.92 1.27 ± 0.76 0.413
Underlying disease

HTN 81.0% (n = 17) 65.0% (n = 13) 0.247
DM 28.6% (n = 6) 30.0% (n = 6) 0.920

Dyslipidemia 14.3% (n = 3) 25.0% (n = 5) 0.387
Lesion

Brain stem 4.76% (n = 1) 5% (n = 1) 0.972
Non-brain stem 95.24% (n = 20) 95% (n = 19)

Stroke
Infarction 71.43% (n = 15) 55% (n = 11) 0.275

Hemorrhage 28.57% (n = 6) 45% (n = 9)
K-MBI, Korean-modified Barthel index; MMT, manual muscle testing; FMA, Fugl-Meyer assessment; HTN, hyper-
tension; DM, diabetes mellitus.

The average age of the participants was 64.19 ± 13.48 years. The study population
consisted of 26 patients with infarction, 15 with hemorrhage, two with brain stem lesions,
and 39 with non-brain stem lesions. There were no significant differences (p < 0.05) between
the two groups in terms of baseline characteristics, including sex, age, stroke, location of
the lesion, and baseline measurements.

Comparisons of the primary outcomes are shown in Tables 2 and 3.

Table 2. Difference of vertical distance between the elastic dynamic sling group and the Bobath
sling group.

Average
p-ValueElastic Dynamic Sling Group

(n= 21)
Bobath Sling Group

(n = 20)

VD0 42.99 ± 8.41 41.44 ± 9.06
VD1 43.66 ± 8.26 44.57 ± 7.16
VD2 45.60 ± 9.05 42.87 ± 9.16

∆VD1 0.67 ± 7.76 3.05 ± 9.00 0.382
∆VD2 2.61 ± 10.95 1.43 ± 12.58 0.751

VD: vertical distance; D0: initial distance without sling; D1: 4 weeks after using sling; D2: 8 weeks after using
sling; ∆VD1: difference between D0 and D1; ∆VD2: difference between D0 and D2; independent-samples t-test for
between-group comparison.

Table 3. Difference in horizontal distance between the elastic dynamic sling group and the Bobath
sling group.

Average
p-ValueElastic Dynamic Sling Group

(n = 21)
Bobath Sling Group

(n = 20)

HD0 28.02 ± 2.66 27.44 ± 2.16
HD1 27.13 ± 2.21 28.14 ± 2.52
HD2 27.22 ± 2.40 29.73 ± 4.08

∆HD1 −0.89 ± 2.46 0.48 ± 2.32 0.083
∆HD2 −0.80 ± 3.11 2.28 ± 3.66 0.006

Independent-samples t-test for between-group comparisons; HD: horizontal distance; D0: initial distance without
sling; D1: 4 weeks after using sling; D2: 8 weeks after using sling; ∆HD1: difference between D0 and D1; ∆HD2:
difference between D0 and D2.
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There were no significant differences in the vertical distance between the elastic
dynamic sling and Bobath sling groups. Horizontal distance was significantly reduced in
the elastic dynamic sling group compared to that in the Bobath sling group at eight weeks
after sling usage (p = 0.006). As shown in Table 4, the horizontal distance of the affected
shoulder gradually increased in the Bobath sling group.

Table 4. Comparison of vertical and horizontal distances within the groups at four and eight weeks.

Measure Baseline 4 Weeks 8 Weeks p1-Value p2-Value
Mean ± SD Mean ± SD Mean ± SD

Elastic Dynamic
Sling Group

Vertical Distance 42.99 ± 8.41 43.66 ± 8.26 45.60 ± 9.05 0.7355 a 0.193 a

Horizontal Distance 28.02 ± 2.66 27.13 ± 2.21 27.22 ± 2.40 0.584 a 0.3309 a

Bobath Group
Vertical Distance 41.44 ± 9.06 44.57 ± 7.16 42.87 ± 9.16 0.1666 a 0.4203 a

Horizontal Distance 27.44 ± 2.16 28.14 ± 2.52 29.73 ± 4.08 0.0273 a 0.0023 a

Analysis was based on intention to treat. Values are presented as the average ± standard deviation. a Linear
mixed model for within-group comparison; p1, comparison between baseline and four weeks; p2, comparison
between baseline and 8 weeks.

Comparisons of secondary outcomes within the groups are shown in Table 5.

Table 5. Comparison of VAS, FMA-UE, MBI, MAS, and MMT within the groups at four and
eight weeks.

Measure Baseline 4 Weeks 8 Weeks p1-Value p2-Value
Mean ± SD Mean ± SD Mean ± SD

Elastic Dynamic
Sling Group

FMA-UE 7.52 ± 5.62 12.24 ± 7.45 15.25 ± 8.81 0.0001 a <0.0001 a

FMA-Wrist 1.05 ± 1.94 2.05 ± 3.26 2.26 ± 4.06 0.0691 a 0.0045 a

FMA-Hand 1.14 ± 3.09 1.81 ± 2.89 2.85 ± 4.32 0.1081 a 0.0003 a

FMA-Co 0.14 ± 0.65 0.33 ± 1.06 1.45 ± 2.39 0.6379 a 0.0028 a

FMA-Total 10.05 ± 9.77 15.48 ± 13.28 22.15 ± 17.10 0.0085 a <0.0001 a

MBI 35.00 ± 17.85 46.00 ± 17.98 58.80 ± 27.73 0.0019 a <0.001 a

Pain (VAS) 1.52 ± 2.14 1.76 ± 2.47 1.86 ± 2.46 0.6332 a 0.5046 a

MAS 0.33 ± 0.58 0.67 ± 0.70 0.76 ± 0.87 0.0444 a 0.0109 a

MMT 1.55 ± 0.95 2.71 ± 1.88 3.19 ± 1.97 <0.0001 a <0.0001 a

Bobath Group
FMA-UE 6.70 ± 5.14 14.53 ± 8.52 16.65 ± 9.39 0.0002 a <0.0001 a

FMA-Wrist 0.90 ± 2.10 2.26 ± 3.23 2.85 ± 3.38 0.0071 a <0.0001 a

FMA-Hand 0.20 ± 0.62 2.58 ± 3.58 3.95 ± 4.87 0.0109 a <0.0001 a

FMA-Co 0.30 ± 0.73 1.00 ± 1.73 1.00 ± 1.75 0.0522 a 0.0420 a

FMA-Total 8.10 ± 7.08 20.11 ± 14.91 24.60 ± 17.16 0.0005 a <0.0001 a

MBI 30.90 ± 20.50 44.70 ± 22.75 51.30 ± 27.18 0.0004 a <0.001 a

Pain (VAS) 1.35 ± 2.64 1.20 ± 1.82 1.70 ± 2.60 0.7717 a 0.4994 a

MAS 0.25 ± 0.53 0.48 ± 0.55 0.65 ± 0.90 0.1840 a 0.0211 a

MMT 1.35 ± 0.88 3.08 ± 1.66 3.35 ± 2.30 <0.0001 a <0.0001 a

Analysis was based on intention to treat. Values were presented as the average ± standard deviation. a Linear
mixed model for within-group comparison; p1, comparison between baseline and four weeks; p2, compari-
son between baseline and 8 weeks; FMA, Fugl-Meyer assessment scale; FMA-UE, upper extremity; FMA-Co,
cooperation, MBI, modified Barthel index; MAS, modified Ashworth scale; VAS, visual analogue scale.

All participants demonstrated an increase in MBI, FMA scale, and MMT of the shoulder
after four weeks and eight weeks of intervention without significant improvement in pain.

The comparisons between the groups are shown in Table 6.
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Table 6. Comparison of VAS, FMA-UE, MBI, MAS, and MMT between groups at four and eight weeks.

Average
p-ValueElastic Dynamic Sling Group

(N = 21) Mean ± SD
Bobath Sling Group
(N = 20) Mean ± SD

4 weeks
∆FMA-UE1 4.71 ± 4.66 7.68 ± 9.40 0.448

∆FMA-Wrist1 1.00 ± 2.17 1.32 ± 2.00 0.437
∆FMA-Hand1 0.67 ± 1.35 2.37 ± 3.48 0.063

∆FMA-Co1 0.19 ± 0.87 0.68 ± 1.63 0.146
∆FMA-Total1 5.43 ± 7.63 11.79 ± 15.06 0.125

∆MBI1 11.00 ± 12.32 13.80 ± 16.41 0.887
∆Pain (VAS)1 0.24 ± 2.21 −0.15 ± 1.79 0.908

∆MAS1 0.33 ± 0.86 0.23 ± 0.47 0.621
∆MMT1 1.17 ± 1.37 0.40 ± 0.94 0.246
8 weeks

∆FMA-UE2 7.55 ± 6.71 9.95 ± 9.74 0.467
∆FMA-Wrist2 1.65 ± 3.25 1.95 ± 2.19 0.532
∆FMA-Hand2 1.65 ± 2.41 3.75 ± 4.84 0.329

∆FMA-Co2 1.30 ± 2.39 0.70 ± 1.53 0.585
∆FMA-Total2 11.80 ± 11.65 16.50 ± 16.20 0.377

∆MBI2 22.75 ± 17.27 20.40 ± 20.51 0.601
∆Pain (VAS)2 0.33 ± 2.61 0.35 ± 3.05 0.999

∆MAS2 0.43 ± 0.76 0.40 ± 0.94 0.839
∆MMT2 1.64 ± 1.41 2.00 ± 2.34 0.752

Analysis was based on intention to treat. Values were presented as the average ± standard deviation. Independent-
samples t-test for between-group comparison; FMA, Fugl-Meyer assessment scale; FMA-UE, upper extremity;
FMA-Co, cooperation, MBI, modified Barthel index; MAS, modified Ashworth scale; VAS, visual analogue scale.

There were no significant differences in MBI, FMA scale, MMT of the shoulder,
and pain.

4. Discussion

The results showed a significant difference in the horizontal subluxation distance at
8 weeks compared to 4 weeks, which indicates that the effectiveness of the elastic dynamic
sling increased with longer periods of use.

The Bobath sling used in the control group only provided proximal support. In light
of the study results, the main benefit of the Bobath roll is the alignment of the upper limb
as a whole, avoiding flexion and internal rotation [22,25]. The arm is supported in a pattern
of abduction and extension; therefore, flexor spasticity throughout the whole upper limb is
potentially reduced. The limb is free of function and is important for balance. This position
allows for increased motor activity, symmetry, and bilateral upper-extremity activity. The
support remains aesthetically acceptable and covered by garments [26].

Radiological evidence indicated that the Bobath sling caused significant distraction
of the humerus in the horizontal plane. Other studies on the Bobath shoulder sling also
identified, through the use of radiographs, that the Bobath sling produced a significant
lateral displacement of the head of the humerus [27,28]. This study showed similar results
as those of a previous study, which showed that horizontal distance gradually increased
over time (Table 4).

The elastic dynamic shoulder sling showed a similar effect on vertical subluxation
as that of the Bobath sling. It is made of a stretchable material, due to which it can adjust
shoulder subluxation in both the horizontal and vertical axes. Therefore, it was possible
to correct the deflection in the horizontal direction, which the Bobath sling could not. In
addition, the proximal and additional distal support allows the patient to freely use their
hands and wrists while wearing an orthosis during rehabilitation. This result correlates
with that of a systematic review by M. Nadler in 2017 [14] on shoulder orthosis, which
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showed that orthoses with proximal and distal attachments are more effective in preventing
shoulder subluxation.

In a previous study, horizontal shoulder subluxation was found to cause supraspinatus
tendinitis. The supraspinatus tendon is one of the major sites of soft tissue injuries and
lesions. It may cause more pain and poor upper-limb motor function, combined with
impaired sensation and shoulder spasticity [29]. In this study, the horizontal distance
gradually increased in the Bobath sling group. However, no significant improvement in
pain was observed in either group. The VAS score, used in this study as an indication of
pain, was a subjective index. It was difficult to make a clear comparison of pain before
and after wearing the shoulder orthosis. This is because most patients with stroke have
cognitive impairment. The VAS score that was expressed before wearing the orthosis was
not provided to the patients during the survey after wearing it.

Both groups showed improvements in upper extremity-function and activities of
daily living (Table 5). The goal of rehabilitation therapy for patients with hemiplegia is to
restore independence in limb movements and everyday activities. We selected the upper-
extremity Fugl-Meyer assessment (FMA) to reflect improvements in upper-limb activity,
and the Korean-modified Barthel index (K-MBI) to measure independence in performing
everyday activities.

However, there is an uncertainty regarding how support devices can improve mobility.
Several factors may have influenced this finding. One reason for this is that the device
could maintain the paralyzed upper limb in a reflex inhibition pattern, which could prevent
the development of inefficient movement and ensure that the normal position is maintained
in the paralyzed limb. Normal position of the paralyzed upper limb may contribute to
functional recovery. The application of dynamic shoulder sling and Bobath sling may
encourage patients to exercise properly.

Rehabilitation in this study combined physical exercise with position correction. There-
fore, we cannot conclude that the elastic dynamic sling and the Bobath sling could improve
limb and body activity function by themselves, but they could be beneficial when combined
with physical exercise in the recovery and rehabilitation progress.

In addition, there are no standard measurements for evaluating shoulder subluxation.
New methods are being developed to accurately measure subluxation, such as diagnostic
ultrasound, using clearly defined landmarks. Although research on this is ongoing, the
measurement method using ultrasound is not yet the standard measurement method.

By preventing the common complications of subluxation and hemiplegic shoulder
pain, patients may be able to participate more extensively in upper-limb rehabilitation,
enabling them to maximize their functional recovery and independence.

The limitations of this study should be noted for correct interpretation of the present
results. First, 27 patients were lost to follow-up. The coronavirus disease (COVID-19)
pandemic was the primary cause. Second, the patients who participated in this study were
stroke patients, and cognitive deficits were present in over 70% of the stroke survivors [30].
When conducting a questionnaire study on pain at follow-up after eight weeks of wearing
the brace, the patient did not inform the value of the initial response. Therefore, it was
difficult to accurately judge whether there was an improvement or deterioration compared
to the results based on the previous questionnaire. Third, there is no precise method for
measuring shoulder subluxation. Lastly, there is a lack of studies on long-term follow-up of
patients with hemiplegia and horizontal shoulder subluxation. Further studies are required
to address this issue.

5. Conclusions

In a previous study, shoulder orthosis with both distal and proximal parts showed
better effects on patient function and pain than orthosis with only the proximal part [10].
In this study, the distance of the horizontal subluxation was adjusted better in the elastic
dynamic shoulder sling, which has both proximal and distal parts, than in the Bobath
sling, which holds only the proximal part. It may reduce the incidence of supraspinatus
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tendinitis and may reduce the pain. Both shoulder orthoses showed improvements in
MBI, upper-extremity function, and MMT. The application of shoulder orthoses could also
improve upper-limb motor function and daily activities in stroke patients. However, no
clear differences were observed between the two groups and further research is required.

Author Contributions: Conceptualization, S.A.L., E.J.P., M.K.S., S.J.J., Y.W.K. and S.D.Y.; Data cura-
tion, M.G.K., S.A.L., M.K.C., J.M.K., M.K.S., S.J.J., Y.W.K. and J.E.S.; Formal analysis, M.G.K., E.J.P.
and M.K.C.; Investigation, S.J.L. and K.S.H.; Methodology, S.A.L. and S.D.Y.; Project administration,
S.D.Y.; Visualization, M.G.K. and S.D.Y.; Writing—original draft, M.G.K.; Writing—review & editing,
S.D.Y. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Approval for this study was obtained from the Institutional
Review Board (IRB) (IRB number: 2017-06-017).

Informed Consent Statement: Informed consent was obtained from all subjects.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy matters.

Acknowledgments: We would like to express our gratitude to the medical staff of Kyung Hee Uni-
versity Medical Center at Gangdong and Chungnam university hospital for their helpful comments
and technical assistance.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Kumar, P. Hemiplegic shoulder pain in people with stroke: Present and the future. Pain Manag. 2019, 9, 107–110. [CrossRef]
2. Lindgren, I.; Jönsson, A.-C.; Norrving, B.; Lindgren, A. Shoulder pain after stroke: A prospective population-based study. Stroke

2007, 38, 343–348. [CrossRef]
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. [CrossRef]
4. Luime, J.J.; Koes, B.W.; Hendriksen, I.J.M.; Burdorf, A.; Verhagen, A.P.; Miedema, H.S.; Verhaar, J.A.N. Prevalence and incidence

of shoulder pain in the general population; a systematic review. Scand. J. Rheumatol. 2004, 33, 73–81. [CrossRef] [PubMed]
5. Stolzenberg, D.; Siu, G.; Cruz, E. Current and future interventions for glenohumeral subluxation in hemiplegia secondary to

stroke. Top. Stroke Rehabil. 2012, 19, 444–456. [CrossRef] [PubMed]
6. Gamble, G.E.; Barberan, E.; Laasch, H.-U.; Bowsher, D.; Tyrrell, P.J.; Jones, A.K.P. Poststroke shoulder pain: A prospective study

of the association and risk factors in 152 patients from a consecutive cohort of 205 patients presenting with stroke. Eur. J. Pain
2002, 6, 467–474. [CrossRef]

7. Lee, S.C.; Kim, A.R.; Chang, W.H.; Kim, J.-s.; Kim, D.Y. Hemiplegic Shoulder Pain in Shoulder Subluxation after Stroke: Associated
with Range of Motion Limitation. Brain Neurorehabilit. 2018, 11, e6. [CrossRef]

8. Walsh, K. Management of shoulder pain in patients with stroke. Postgrad. Med. J. 2001, 77, 645–649. [CrossRef]
9. Turner-Stokes, L.; Jackson, D. Shoulder pain after stroke: A review of the evidence base to inform the development of an

integrated care pathway. Clin. Rehabil. 2002, 16, 276–298. [CrossRef]
10. Ada, L.; Foongchomcheay, A.; Canning, C. Supportive devices for preventing and treating subluxation of the shoulder after

stroke. Cochrane Database Syst. Rev. 2005, 36, CD003863.
11. Foongchomcheay, A.; Ada, L.; Canning, C.G. Use of devices to prevent subluxation of the shoulder after stroke. Physiother. Res.

Int. 2005, 10, 134–145. [CrossRef]
12. Pan, R.; Zhou, M.; Cai, H.; Guo, Y.; Zhan, L.; Li, M.; Yang, Z.; Zhu, L.; Zhan, J.; Chen, H. A randomized controlled trial of a

modified wheelchair arm-support to reduce shoulder pain in stroke patients. Clin. Rehabil. 2018, 32, 37–47. [CrossRef]
13. Ravichandran, H.; Balamurugan, J.; Sundaram, S.; Fisseha, B.; Gebreyesus, T.; Gelaw, A.Y. Systematic Review on Effectiveness of

shoulder taping in Hemiplegia. J. Stroke Cerebrovasc Dis. 2019, 28, 1463–1473. [CrossRef]
14. Nadler, M.; Pauls, M. Shoulder orthoses for the prevention and reduction of hemiplegic shoulder pain and subluxation: Systematic

review. Clin. Rehabil. 2017, 31, 444–453. [CrossRef]
15. de Sire, A.; Moggio, L.; Demeco, A.; Fortunato, F.; Spanò, R.; Aiello, V.; Marotta, N.; Ammendolia, A. Efficacy of rehabilitative

techniques in reducing hemiplegic shoulder pain in stroke: Systematic review and meta-analysis. Ann. Phys. Rehabil. Med. 2021,
65, 101602. [CrossRef]

16. Ada, L.; Goddard, E.; McCully, J.; Stavrinos, T.; Bampton, J. Thirty minutes of positioning reduces the development of shoulder
external rotation contracture after stroke: A randomized controlled trial. Arch. Phys. Med. Rehabil. 2005, 86, 230–234. [CrossRef]

http://doi.org/10.2217/pmt-2018-0075
http://doi.org/10.1161/01.STR.0000254598.16739.4e
http://doi.org/10.3390/ijerph17144962
http://doi.org/10.1080/03009740310004667
http://www.ncbi.nlm.nih.gov/pubmed/15163107
http://doi.org/10.1310/tsr1905-444
http://www.ncbi.nlm.nih.gov/pubmed/22982832
http://doi.org/10.1016/S1090-3801(02)00055-1
http://doi.org/10.12786/bn.2018.11.e6
http://doi.org/10.1136/pmj.77.912.645
http://doi.org/10.1191/0269215502cr491oa
http://doi.org/10.1002/pri.3
http://doi.org/10.1177/0269215517714830
http://doi.org/10.1016/j.jstrokecerebrovasdis.2019.03.021
http://doi.org/10.1177/0269215516648753
http://doi.org/10.1016/j.rehab.2021.101602
http://doi.org/10.1016/j.apmr.2004.02.031


Int. J. Environ. Res. Public Health 2022, 19, 9975 12 of 12

17. Lannin, N.A.; Horsley, S.A.; Herbert, R.; McCluskey, A.; Cusick, A. Splinting the hand in the functional position after brain
impairment: A randomized, controlled trial. Arch. Phys. Med. Rehabil. 2003, 84, 297–302. [CrossRef]

18. Sullivan, K.J.; Tilson, J.K.; Cen, S.Y.; Rose, D.K.; Hershberg, J.; Correa, A.; Gallichio, J.; McLeod, M.; Moore, C.; Wu, S.S.; et al.
Fugl-Meyer assessment of sensorimotor function after stroke: Standardized training procedure for clinical practice and clinical
trials. Stroke 2011, 42, 427–432. [CrossRef]

19. Jung, H.-Y.; Park, B.K.; Shin, H.S.; Kang, Y.K.; Pyun, S.B.; Paik, N.J.; Kim, S.H.; Kim, T.H.; Han, T.R. Development of the Korean
version of Modified Barthel Index (K-MBI): Multi-center study for subjects with stroke. J. Korean Acad. Rehabil. Med. 2007, 31,
283–297.

20. Meseguer-Henarejos, A.-B.; Sánchez-Meca, J.; López-Pina, J.A.; Carles-Hernández, R. Inter-and intra-rater reliability of the
Modified Ashworth Scale: A systematic review and meta-analysis. Eur. J. Phys. Rehabil. Med. 2017, 54, 576–590. [CrossRef]

21. Cuthbert, S.C.; Goodheart, G.J., Jr. On the reliability and validity of manual muscle testing: A literature review. Chiropr. Osteopat
2007, 15, 4. [CrossRef]

22. Brooke, M.M.; de Lateur, B.J.; Diana-Rigby, G.C.; Questad, K.A. Shoulder subluxation in hemiplegia: Effects of three different
supports. Arch. Phys. Med. Rehabil. 1991, 72, 582–586.

23. Magezi, D.A. Linear mixed-effects models for within-participant psychology experiments: An introductory tutorial and free,
graphical user interface (LMMgui). Front. Psychol. 2015, 6, 2. [CrossRef]

24. Faul, F.; Erdfelder, E.; Buchner, A.; Lang, A.-G. Statistical power analyses using G*Power 3.1: Tests for correlation and regression
analyses. Behav. Res. Methods 2009, 41, 1149–1160. [CrossRef]

25. Moodie, N.B. Subluxation of the glenohumeral joint in hemiplegia: Evaluation of supportive devices. Physiother. Can. 1986, 38,
151–157.

26. Morley, A.; Clarke, A.; English, S.; Helliwell, S. Management of the Subluxed Low Tone Shoulder. Physiotherapy 2002, 88, 208–216.
[CrossRef]

27. Zorowitz, R.D.; Idank, D.; Ikai, T.; Hughes, M.B.; Johnston, M.V. Shoulder subluxation after stroke: A comparison of four supports.
Arch. Phys. Med. Rehabil. 1995, 76, 763–771. [CrossRef]

28. Paci, M.; Nannetti, L.; Rinaldi, L.A. Glenohumeral subluxation in hemiplegia: An overview. J. Rehabil. Res. Dev. 2005, 42, 557–568.
[CrossRef]

29. Huang, S.-W.; Liu, S.-Y.; Tang, H.-W.; Wei, T.-S.; Wang, W.-T.; Yang, C.-P. Relationship between severity of shoulder subluxation
and soft-tissue injury in hemiplegic stroke patients. J. Rehabil. Med. 2012, 44, 733–739. [CrossRef]

30. Rost, N.S.; Brodtmann, A.; Pase, M.P.; van Veluw, S.J.; Biffi, A.; Duering, M.; Hinman, J.D.; Dichgans, M. Post-Stroke Cognitive
Impairment and Dementia. Circ. Res. 2022, 130, 1252–1271. [CrossRef]

http://doi.org/10.1053/apmr.2003.50031
http://doi.org/10.1161/STROKEAHA.110.592766
http://doi.org/10.23736/S1973-9087.17.04796-7
http://doi.org/10.1186/1746-1340-15-4
http://doi.org/10.3389/fpsyg.2015.00002
http://doi.org/10.3758/BRM.41.4.1149
http://doi.org/10.1016/S0031-9406(05)60412-9
http://doi.org/10.1016/S0003-9993(95)80532-X
http://doi.org/10.1682/JRRD.2004.08.0112
http://doi.org/10.2340/16501977-1026
http://doi.org/10.1161/CIRCRESAHA.122.319951

	Introduction 
	Materials and Methods 
	Design 
	Randomization 
	Participants 
	Intervention 
	Outcomes 
	Data Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

