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Effect of arm sling application
on gait and balance in patients
with post-stroke hemiplegia:

a systematic review

and meta-analysis

Lien-Chieh Lin!, Chun-De Liao%?, Chin-Wen Wu3, Shih-Wei Huang'3, Jia-Pei Hong® &
Hung-Chou Chen34>

Hemiplegic shoulder pain and impairment are common poststroke outcomes, for which arm slings
constitute long-used treatments. Although multiple studies have suggested association between gait
pattern and sling application, results have varied. Accordingly, we conducted this meta-analysis to
determine how arm sling use affects the gait and balance of patients with poststroke hemiplegia. The
PubMed, Embase, and Cochrane Library databases were searched until April 21, 2021, for randomized
or quasi-randomized controlled trials evaluating the effect of arm slings on gait or balance in patients
with poststroke hemiplegia. The primary outcome was walking speed; the secondary outcomes were
functional balance tests or walking evaluation parameters for which sufficient analytical data were
available in three or more studies. Nine studies with a total of 235 patients were included, all of which
were within-patient comparisons. Six studies reported significant between-group differences in
walking speed with and without the use of arm slings. Patients wearing arm slings had higher walking
speed (standardized mean difference = - 0.31, 95% confidence interval [Cl] = -0.55 to-0.07, P=0.01,
n=159; weighted mean difference = - 0.06, 95% Cl-0.10 to-0.02, P=0.001, n=159). Our findings
suggest that arm sling use improves gait performance, particularly walking speed, in patients with
poststroke hemiplegia.

Shoulder pain with subluxation was a common complication in patients with post-stroke hemiplegia®. In those
with substantial upper limb weakness, vertical glenohumeral subluxation can develop, causing a downward
migration of the humerus, eventually resulting in hemiplegic shoulder pain®*. One study observed that 17% and
23% of stroke survivors reported experiencing certain symptoms 1 week and 6 months poststroke, respectively.
Moreover, even those with no or mild sensorimotor deficit might develop shoulder pain*. Other investigations
have further demonstrated correlations between upper extremity hemiplegia and gait speed, for which various
theories have been proposed. For example, Bovonsunthoncha et al. and Brooke et al. have indicated that reduced
and unsupported arm movement on the affected side may negatively affect ankle range of motion®®. In addition,
Hesse et al. indicated that asymmetrical gait patterns and a sense of insecurity caused by upper limb impairment
were possibly correlated with abnormal gait patterns’.

Assistive support systems such as arm slings have long been used to treat shoulder subluxation after stroke®®.
One systemic review reported improvement of shoulder pain and subluxation when applying arm sling among
individuals with stroke®. As for association between gait and arm sling, S6dring et al’s 1980 study was one of the
earliest to investigate the effect of arm sling use on posture and gait peformance. The patients reported better
standing and walking balance while using arm sling®. Although trials have evaluated the effect of arm sling use
on gait or balance of patients with post-stroke hemiplegia in the past two decades, the result of their findings have
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varied” %7, Therefore, we conducted this study, which would be the first systematic review with meta-analysis,
to determine how arm sling use affects the gait and balance of patients with post-stroke hemiplegia.

Methods

Searching strategy and data sources. The PubMed, Embase, and Cochrane Library databases were
searched for relevant studies, with the final search performed on April 21, 2021. No language or geographic
restrictions were applied; furthermore, no filters were used, and any article tags or labels were disregarded. The
following terms, words, and combinations of words were used in the systematic search in all databases: (arm OR
shoulder OR (upper limb*)) AND (sling* OR brace* OR orthosis OR orthoses) AND (balance OR gait OR walk*
OR posture OR ambulat* OR ataxia). All included studies were also entered into the “similar articles” function
and the science citation index in the PubMed database. We identified additional studies by manually searching
the reference sections of these papers and by contacting known experts in the field.

Eligibility criteria. Eligibility criteria for study inclusion were as follows: (1) randomized or quasi-rand-
omized controlled trials evaluating the effect of arm sling for gait or balance in patients with post-stroke hemi-
plegia that (2) clearly described the patient inclusion and exclusion criteria and (3) adequately described the
intervention and placebo. Study location, patient age, and journal type were not limited. Studies were excluded
for one or more of the following criteria: (1) different target populations, (2) endpoints unrelated to gait or bal-
ance, or (3) overlapping with other interventions.

Data extraction and quality assessment. Two reviewers independently reviewed the full texts of rel-
evant articles to identify publications that fulfilled the inclusion criteria. They then perform the data extraction,
including data on the participants, inclusion and exclusion criteria, intervention details, and outcome measure-
ment. The two reviewers’ results were compared, and any discrepancies or disagreements were resolved through
discussion with a third reviewer, who evaluated the same data. The authors of the studies were contacted for
additional information when necessary. The risk of bias in the included trials was assessed through the Physi-
otherapy Evidence Database (PEDro) scale, which is widely used to assess the risk of bias in randomized con-
trolled trials'S.

Outcome selection, data synthesis and analysis. Walking speed was the primary outcome used to
evaluate the effect of arm sling use on gait and balance. The secondary outcomes were functional balance tests or
other parameters evaluating walking for which sufficient analytical data were available in three or more studies.
If a study had more than one functional balance outcome, we selected the one most commonly used in other
studies. Statistical analyses were performed using the statistical package Review Manager, version 5.4 (Cochrane
Collaboration, Oxford, England; https://training.cochrane.org/online-learning/core-software-cochrane-revie
ws/revman/revman-5-download). We used the mean change from baseline of each treatment arm to represent
the outcome changes. The standardized mean differences (SMD) with 95% confidence intervals (CI) were cal-
culated from the meta-analysis data'®. The weighted mean differences (WMD) of primary outcome was also
provided. Data were pooled using the random effects model to account for the variation in the study methods.
Statistical heterogeneity was calculated using the I test.

Results

The review process is outlined in Fig. 1. The initial search yielded 1405 studies, 1350 of which were deemed
ineligible through screening of titles and abstracts. Subsequently, the full text of 55 studies was screened in great
detail for potentially applicable data. Of these, 46 did not meet the eligibility criteria. Nine eligible trials were
included in the present study” 7.

The main characteristics of the studies are listed in Table 1. The publication dates were between 2002 and 2018
and the sample sizes ranged from 9 to 57. All nine studies had crossover designs, but three was not randomized.
Four studies provided a specific model of arm sling” !* 27, The others described the orthosis in more simple
terms, including “arm sling;” “elastic arm sling,” or “simple arm sling””

Table 2 presents the details of the nine included studies, whose quality we assessed using the PEDro scale. All
studies were of medium overall quality. Due to arm sling’s characteristics as an intervention, concealed alloca-
tion, subject blinding, therapist blinding, and assessor blinding were not achievable. Similarity at baseline was
easily achieved because all the studies had crossover designs. However, random allocation was not described in
three studies”'* 1. For those who had performed random allocation, the randomization was mainly achieved
by wearing arm sling and not wearing arm sling in randomized orders. Hesse et al. recruited 40 patients from
two facilities, and they performed comparison trial for patients from one of the two units’.

Walking speed. Six studies examined the walking speed of patients using and not using an arm sling” '*
12131517 The patients examined in Jeong et al. were divided into two groups, one using single canes and the
other using quad canes. We included both in our analysis. The patients in the other five studies did not use
walking aids. As Figs. 2 and 3 demonstrates, significant between-group differences were observed in both SMD
(P=0.01) and WMD (P=0.001). When using an arm sling, patients with hemiplegia had higher walking speed
(SMD = -0.31, 95% CI-0.55 to—0.07, n=159; WMD = -0.06, 95% CI:-0.10 to—0.02, n=159). The results
indicated low heterogeneity among the studies (I>=10% and I*=0% for SMD and WMD, respectively).
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"| Review, case-report, retrospective, poster (n==8)
Registered but incomplete trial (n=1)

A 4

Studies included in meta-analysis. (n=9)

Figure 1. Flowchart of trial selection.

Balance tests. Three studies examined the balance performance of the patients using and not using an arm
sling!"> 14 16, The patients Sahin et al. examined were divided into two groups according to their Brunnstrom
stage. We included both in our analysis. The assessment method used was the Kinesthetic Ability Trainer 3000.
Sohn et al. and Acar and Karatas both used multiple assessment methods, including the Berg Balance Scale.
As Fig. 4 shows, no significant between-group differences were observed (P=0.69). However, an evident trend
favoring the balance performance of the arm sling-using group was noted (SMD = —0.16, 95% CI-0.47-0.16,
n=76). The results indicated low heterogeneity among the studies (I*=0%).

Stride or step length. Four studies examined the stride or step length of patients using and not using an
arm sling” > >3, As Fig. 5 shows, no significant between-group differences were detected (P=0.48). However,
an evident trend favoring the arm sling-using group was observed (SMD = —0.12, 95% CI-0.47 to 0.22, n=65).
The results indicated low heterogeneity among the studies (I*=0%).

Cadence. Three studies examined the cadence of patients using and not using an arm sling” > '>. As Fig. 6
shows, no significant between-group differences were found (P=0.69). However, an evident trend favoring arm
sling—using group was noted (SMD = —0.1, 95% CI—-0.57 to 0.38, n=34). The results indicated low heterogene-
ity among the studies (I*=0%).

No adverse effect was reported in any of the nine trials. However, the studies by Sohn et al. and Han et al.
mentioned concerns over the increased flexor synergy pattern and interference of functional activities during
arm sling use® 1,

Discussion
The result of our study illustrated that arm sling use improved gait by significantly increasing walking speed in
patients with post-stroke hemiplegia. Multiple studies have demonstrated walking speed to be critically associ-
ated with gait performance, quality of life, social participation, and even the ability to return to employment!®-22.
Moreover, previous studies showed hemiplegic patients demonstrated gait abnormality including decreased
cadence and stride/step length®>?*. Hwang et al. evaluated both step and stride length for the hemiplegic side and
non-hemiplegic side of patients with stroke. We selected stride length on the hemiplegic side for further analysis
due to its greatest clinical significance' ?*. Step and stride length showed trends favoring the arm sling-using
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Study

Inclusion criteria

Study design

Intervention

‘Wash-out period

Age / Numbers

Included outcomes

Jeong et al., 2017; Korea!”

1. First stroke, hemi-
plegia; glenohumeral
subluxation

2. Ambulation with cane;
FAC score 4-5

3. MMSE score >23

Crossover; randomized

Vest-type shoulder
forearm support

Single*: 59.57 £8.57 / 30

Quad*: 56.85+11.73 /27

Walking speed

Sohn et al., 2015; Korea'®

1. Hemiplegic stroke

2. Stand >30 s w/o assis-
tive devices

3. Follow commands

Crossover; randomized

Simple arm sling

40 min

57+12/27

Berg Balance Scale

Hwang et al., 2015;
Korea®®

1. Stroke > 6 months
prior

2. FAC score>3

3. Follow simple com-
mands

Crossover; unclear
allocation

Elastic arm sling

5 min

61.18+10.79/13

Walking speed
Stride length
Cadence

Han et al., 2011; Korea'®

1. First stroke by CT

or MRI

2. Fo llow commands
and walk independently
3. Brunnstrom stage <4
of the upper extremity

Crossover; randomized

Vest-type shoulder
forearm support

20 min

61.3+9.3/37

Walking speed

Acar and Karatas, 2010;
Turkey"*

1. Diagnosis of stroke

Crossover; alternate
allocation

Arm sling

1 day

59.3+16.8/26

Berg Balance Scale

Yavuzer and Ergin, 2002;
Turkey"?

1. First stroke and
hemiplegia

2. Follow commands and
walk independently

Crossover; randomized

Arm sling

Unknown

53.1£9.7/31

Walking speed
Step length

Anke et al., 2018;
Belgium'?

1. First stroke within
9 months

2. Stand w/o assis-
tive devices>3 min;
walk>20 m

3. Follow commands

Crossover; randomized

Shoulderlift
Actimove

Unknown

50.67+£7.11/9

Walking speed
Stride length
Cadence

Sahin et al,, 2012;
Turkey'!

1. First stroke and
hemiplegia

2. Stand independently
for 2 min

Crossover; randomized

Arm sling

30s

53.91£11.34/23

Kinesthetic Ability
Trainer 3000

Hesse et al., 2013;
Germany’

1. First supratentorial
stroke

2. Nonfunctional upper
extremity (shoulder
subluxation)

3. Walk>20 m and
undergo a short inter-
view

Crossover; unclear
allocation

Shoulder orthosis

10 min

Unknown / 12

Walking speed
Stride length Cadence

Table 1. Characteristics of included trials. FAC, Functional Ambulation Category; MMSE, Mini Mental State
Examination; CT, computed tomography; MRI, magnetic resonance imaging; w/o, without; Single*, Single-
cane users; Quad*, quad-cane users; min, minutes; m, meter.

1 2 3 |4 5 6 7 8 9 |10 | Overall quality*
Jeong et al., 20177 v v v v v |V | Medium
Sohn et al., 2015'° v v v v v |V | Medium
Hwang et al., 2015'° v v v v |V | Medium
Han et al., 2011 v v v v v |V | Medium
Acar and Karatas, 2010 v v v v |V | Medium
Yavuzer and Ergin, 2002" v v v v v |V | Medium
Anke et al., 20182 v v v v v |V | Medium
Sahin et al., 2012"! v v v |V | Medium
Hesse et al., 20137 v v v v |V | Medium

Table 2. Summary of the physiotherapy evidence database (PEDro) scale. 1, random allocation; 2, concealed
allocation; 3, baseline similarity; 4, subject blinding; 5, therapist blinding; 6, assessor blinding; 7, more

than 85% follow-up for at least one key outcome; 8, intention-to-treat analysis; 9, between-group statistical
comparison for at least one key outcome; 10, point and variability measures for at least one key outcome.
*Methodological quality: high,>7 points; medium, 4-6 points; low, <3 points. w/o: without.

Scientific Reports|  (2021) 11:12161 | https://doi.org/10.1038/s41598-021-90602-y nature portfolio



www.nature.com/scientificreports/

Without arm sling

With arm sling

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bladel, 2018 [12] 0.36 0.29 9 0.38 0.33 9 6.3%  -0.06 [-0.99, 0.86] ——
Han, 2011 [10] 30.1 155 37 328 148 37 22.7% -0.18 [-0.63, 0.28] .

Hesse, 2013 (7] 0.62 0.21 12 0.63 0.2 12 8.3%  -0.05[-0.85, 0.75] 1

Huang, 2015 [15]) 25.2 19.7 13 30.1 21 13 8.8%  -0.23 [-1.00, 0.54] —_————
Jeong, group 1, 2017 [17] 0.42 0.151 30 0.43 0.161 30 19.0% -0.06 [-0.57, 0.44) .

Jeong, group 2, 2017 [17]  0.189 0.069 27 0.251 0.194 27  17.0% -0.42 [-0.96, 0.12] —_—

Yavuzer, 2002 (13] 0.34 0.13 31 0.46 0.14 31 18.0% -0.88([-1.40, -0.35) —_—

Total (95% CI) 159 159 100.0% -0.31[-0.55,-0.07] -~
Heterogeneity: Tau? = 0.01; Chi* = 6.65, df = 6 (P = 0.35); I’ = 10% -:2 — ) 1

Test for overall effect: Z =

2.56 (P = 0.01)

2
n

Favours with arm sling Favours without arm sling

Figure 2. Forest plot for walking speed comparison, standard mean difference.

Without arm sling

With arm sling

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Bladel, 2018 [12] 0.36 0.29 9 0.38 0.33 9 1.7% -0.02 [-0.31, 0.27]
Han, 2011 [10] 0.502 0.258 37 0.547 0.247 37 10.6% -0.05[-0.16, 0.07) —
Hesse, 2013 (7] 0.62 0.21 12 0.63 0.2 12 5.2% -0.01(-0.17,0.15)
Huang, 2015 [15] 0.252 0.197 13 0.301 0.21 13 5.7% -0.05[-0.21, 0.11]
Jeong, group 1, 2017 [17] 0.42 0.151 30 0.43 0.161 30 22.5% -0.01([-0.09, 0.07] —
Jeong, group 2, 2017 [17]  0.189 0.069 27 0.251 0.194 27 23.3% -0.06 [-0.14, 0.02] L
Yavuzer, 2002 [13]) 0.34 0.13 31 0.46 0.14 31 31.0% -0.12[-0.19, -0.05]) I
Total (95% CI) 159 159 100.0% -0.06 [-0.10, -0.02] i
oy - o . 12 e = g I - + - -
Heterogeneity: Tau’ = 0.00; Chi® = 5.10, df = 6 (P = 0.53); I = 0% 2 1 ) o1 02

Test for overall effect: Z =

3.26 (P = 0.001)

Favours with armg sling Favours without arm sling

Figure 3. Forest plot for walking speed comparison, weighted mean difference.

Without arm sling

With arm sling

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI

Acar, 2010 [14] 29.8 17.3 26 30.7 17.5 26 34.5%  -0.05[-0.59, 0.49] 2010 —_—

Sahln (stage |, 1), 2012 [11] -745.12 434.62 12 -542.11 252.52 12 15.2%  -0.55(-1.37,0.27] 2012 —

Sahlin (stage Ill, IV), 2012 [11] -479.07 234.74 11 -409.2 176.89 11 14.4% -0.32 [-1.17,0.52] 2012 —_——1

Sohn, 2015 [21) 46.4 10.3 27 46.6 10.3 27 35.9%  -0.02 [-0.55, 0.51] 2015 —_—

Total (95% CI) 76 76 100.0% -0.16 [-0.47, 0.16] q

Heterogeneity: Tau® = 0.00; Chi? = 1.45, df = 3 (P = 0.69); I = 0% > = 0 1 3

Test for overall effect: Z = 0.95 (P = 0.34)

Without arm sling

Figure 4. Forest plot for functional balance tests comparison.

With arm sling

Std. Mean Difference

Favours with arm sling Favours without arm sling

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Bladel, 2018 [12] 0.86 0.52 9 0.78 0.35 9 13.9% 0.17 [-0.75, 1.10] ——

Hesse, 2013 (7] 1.02 0.34 12 0.99 0.33 12 18.6% 0.09 [-0.71, 0.89] —

Huang, 2015 [15] 49.3  22.7 13 54 22 13 20.0% -0.20[-0.97,0.57] —_—

Yavuzer, 2002 [13] 0.31 0.02 31 0.32 0.05 31 47.6%  -0.26 [-0.76, 0.24] —aT

Total (95% CI) 65 65 100.0% -0.12 [-0.47,0.22] q

Heterogeneity: Tau? = 0.00; Chi? = 0.98, df = 3 (P = 0.81); I = 0% _=2 _=1 5 i é

Test for overall effect: Z

Without arm sling

=0.71(P = 0.48)

Figure 5. Forest plot for step or stride length comparison.

With arm sling

Std. Mean Difference

Favours with arm sling Favours without arm sling

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Bladel, 2018 [12] 59.46 24.89 9 57.93 26.43 9 26.5% 0.06 [-0.87, 0.98]
Hesse, 2013 (7] 72.7 17.2 12 74 199 12 35.4%  -0.07[-0.87,0.73]
Huang, 2015 [15] 58.4 23.9 13 64.4 27 13 38.1%  -0.23 [-1.00, 0.54]
Total (95% CI) 34 34 100.0% -0.10 [-0.57, 0.38]

Heterogeneity: Tau? = 0.00; Chi? = 0.22, df = 2 (P = 0.89); I’ = 0%

Test for overall effect: Z =

0.39 (P = 0.69)

Figure 6. Forest plot for cadence comparison.

groups in the included studies, but these differences were not significant, indicating that the improvement in

-2 -1 0 1

Favours with arm sling Favours without arm sling

walking speed we noted may be associated with changes in multiple parameters.

Numerous theories have been proposed for the biomechanical changes of arm sling application, including an
inhibition of abnormal arm-trunk movement patterns and a decrease in the excursion of the center of gravity,
both of which are frequently observed in patients with hemiplegia. Furthermore, these studies also mentioned
that arm slings may help patients become more aware of their upper limbs and body posture, which in turn
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makes them felt more secure and facilitates postural adaptations” 1> . Two studies reported that following
stroke, patients experienced increased energy cost and poorer energy efficiency when walking®*?’. Among our
included studies, both Jeong et al. and Han et al. reported more efficient walking when using an arm sling, with
a reduced oxygen cost per meter observed'® .

Although no significant between-group difference was detected in balance performance, we noted a trend
favoring the arm sling-using group. The Berg Balance Scale was selected over other assessment tools not only
because of our study design but also because of its well-established application and clinical importance® %
Meanwhile, the Kinesthetic Ability Trainer is an emerging technique for balance evaluation. One study reported
it as a reliable test for both static and dynamic balance and it displayed a moderate-to-high correlation with the
Berg Balance Scale®.

Some differences between the types of arm slings used in the included studies were observed. Sohn et al.
applied two types of slings, Bobath slings and simple arm slings'®. We selected the simple arm sling for further
analysis due to its higher similarity to the sling types used in other studies. Anke et al. also used two types of
slings, Actimove and Shoulderlift, but only very small differences were noted between their effects on walking
speed and stride length'>. We selected Actimove for further analysis because it displayed marginally better
improvement compared with Shoulderlift. Studies have demonstrated that different types of slings have diverse
effects on shoulder subluxation. No one superior type has been identified; rather, because of the difference in
mechanisms, individualized selection was recommended® 3!.

In quality assessment, we observed that three of the nine included studies did not describe the randomization.
Concealed allocation was not applied in any of the studies. However, the crossover design may have reduced the
degree of bias. Blinding was not achieved in any of the included studies, as expected, because of the characteristics
of arm slings as orthoses. Blinding in such studies is difficult if not impossible. Considering these factors, all of
our studies were of medium quality on the PEDro scale, which was sufficient for comparison trials evaluating
arm sling application.

One review article, Anke et al., was published recently, which had reported minor effects on balance or gait
when wearing an arm sling. However, it did not carry out meta-analysis®’. Due to the absence of of quantitative
analysis, the significance of results could not be revealed in this study. On the contrary, due to the significant
result and the trends noticed in our study, we considered this topic a field worthy for further investigation, while
large-scale clinical trial remained lacking currently.

One concern has to be mentioned was the short intervention periods noticed in nearly all the studies. Most
of the studies let the patients wear on arm slings briefly before test. This disadvantage was also mentioned by
Anke et al.*? Only one study, Hesse et al., applied the arm sling one week prior to the outcome measurement’.
Hence, the fact that finding of our study was one with short-term intervention should be specified. Meanwhile,
the lack of data on the long-term intervention might also cause the uncertainty toward the report of adverse effect.

Our study has several strengths. First, low heterogeneity was observed among the studies. Second, all the
studies used crossover designs, which reduced the effect of confounding covariates. Third, this was the first
meta-analysis of the effect of arm slings on gait and balance.

Our study had several limitations. First, blinding was not achieved in the included studies, and the outcomes
were subjective, which may have lowered the reliability of the results. Second, the crossover designs used by all the
included studies may result in the carryover effect if the length of the washout period was insufficient. However,
because arm slings are orthoses, their application may not have carryover effects substantial enough to interfere
with the true treatment effect. Third, most of the included studies had small sample sizes.

In conclusion, arm sling use was an effective and appropriate clinical intervention for patients with post-stroke
hemiplegia that improved gait performance especially walking speed. Arm slings may help prevent abnormal
gait patterns and lead to increases in sense of security, awareness of the hemiplegic side, and walking energy
efficiency. Future studies should focus on the establishment of protocols for more specific and individualized
arm sling application.

Received: 1 February 2021; Accepted: 12 May 2021
Published online: 27 May 2021

References
1. Lindgren, I, Jénsson, A. C., Norrving, B. & Lindgren, A. Shoulder pain after stroke: a prospective population-based study. Stroke
38, 343-348 (2007).
2. Nadler, M. & Pauls, M. Shoulder orthoses for the prevention and reduction of hemiplegic shoulder pain and subluxation: systematic
review. Clin. Rehabil. 31, 444-453 (2017).
3. Cailliet, R. The Shoulder in Hemiplegia (FA Davis Company, 1980).
. Ratnasabapathy, Y. et al. Shoulder pain in people with a stroke: a population-based study. Clin. Rehabil. 17, 304-311 (2003).
5. Bovonsunthonchai, S., Hiengkaew, V., Vachalathiti, R., Vongsirinavarat, M. & Tretriluxana, J. Effect of speed on the upper and
contralateral lower limb coordination during gait in individuals with stroke. Kaohsiung J. Med. Sci. 28, 667-672 (2012).
6. Stephenson, J. L., De Serres, S. J. & Lamontagne, A. The effect of arm movements on the lower limb during gait after a stroke. Gait
Posture 31, 109-115 (2010).
7. Hesse, S. et al. A new orthosis for subluxed, flaccid shoulder after stroke facilitates gait symmetry: a preliminary study. J. Rehabil.
Med. 45, 623-629 (2013).
8. 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. 72, 582-586 (1991).
9. Sodring, K. M. Upper extremity orthoses for stroke patients. Int. J. Rehabil. Res. 3, 33-38 (1980).
10. Han, S. H. et al. The effect of an arm sling on energy consumption while walking in hemiplegic patients: a randomized comparison.
Clin. Rehabil. 25, 36-42 (2011).
11. Sahin, E. et al. The effect of arm sling on static balance in stroke patients. J. Neurological Sci. 29, 458-466 (2012).

IS

Scientific Reports |

(2021) 11:12161 | https://doi.org/10.1038/s41598-021-90602-y nature portfolio



www.nature.com/scientificreports/

12. Bladel, A. V,, Oostra, K., Palmans, T., Marquez, C. S. & Cambier, D. Immediate effects of arm slings on posture, balance and gait
in sub-acute stroke patients: a case control study. Int. J. Ther. Rehabil. 25, 141-148 (2018).

13. Yavuzer, G. & Ergin, S. Effect of an arm sling on gait pattern in patients with hemiplegia. Arch. Phys. Med. Rehabil. 83, 960-963
(2002).

14. Acar, M. & Karatas, G. K. The effect of arm sling on balance in patients with hemiplegia. Gait Posture 32, 641-644 (2010).

15. Hwang, Y. I. & An, D. H. Immediate effects of an elastic arm sling on walking patterns of chronic stroke patients. J. Phys. Ther. Sci.
27, 35-37 (2015).

16. Sohn, M. K, Jee, S. J., Hwang, P, Jeon, Y. & Lee, H. The effects of shoulder slings on balance in patients with hemiplegic stroke.
Ann. Rehabil. Med. 39, 986-994 (2015).

17. Jeong, Y. G., Jeong, Y. J. & Koo, J. W. The effect of an arm sling used for shoulder support on gait efficiency in hemiplegic patients
with stroke using walking aids. Eur. J. Phys. Rehabil. Med. 53, 410-415 (2017).

18. Chiu, Y. H,, Chang, K. V., Chen, I. ., Wu, W. T. & Ozgakar, L. Utility of sonoelastography for the evaluation of rotator cuff tendon
and pertinent disorders: a systematic review and meta-analysis. Eur. Radiol. 30, 6663-6672 (2020).

19. Suttiwong, J., Vongsirinavarat, M. & Hiengkaew, V. Predictors of community participation among individuals with first stroke: A
Thailand study. Ann. Rehabil. Med. 42, 660-669 (2018).

20. Grau-Pellicer, M., Chamarro-Lusar, A., Medina-Casanovas, J. & SerdaFerrer, B. C. Walking speed as a predictor of community
mobility and quality of life after stroke. Top Stroke Rehabil. 26, 349-358 (2019).

21. Huijben, B., van Schooten, K. S., van Dieén, J. H. & Pijnappels, M. The effect of walking speed on quality of gait in older adults.
Gait Posture 65,112-116 (2018).

22. Jarvis, H. L. et al. Return to employment after stroke in young adults: how important is the speed and energy cost of walking?.
Stroke 50, 3198-3204 (2019).

23. Sheffler, L. R. & Chae, J. Hemiparetic gait. Phys. Med. Rehabil. Clin. N. Am. 26, 611-623 (2015).

24. von Schroeder, H. P, Coutts, R. D., Lyden, P. D,, Billings, E. Jr. & Nickel, V. L. Gait parameters following stroke: a practical assess-
ment. J. Rehabil. Res. Dev. 32, 25-31 (1995).

25. Bower, K. et al. Dynamic balance and instrumented gait variables are independent predictors of falls following stroke. J. Neuroeng.
Rehabil. 16, 3-3 (2019).

26. Stoquart, G., Detrembleur, C. & Lejeune, T. M. The reasons why stroke patients expend so much energy to walk slowly. Gait Posture
36, 409-413 (2012).

27. Kramer, S., Johnson, L., Bernhardt, ]. & Cumming, T. Energy expenditure and cost during walking after stroke: a systematic review.
Arch. Phys. Med. Rehabil. 97, 619-632.e611 (2016).

28. La Porta, F. et al. Is the Berg Balance Scale an internally valid and reliable measure of balance across different etiologies in neu-
rorehabilitation? A revisited Rasch analysis study. Arch. Phys. Med. Rehabil. 93, 1209-1216 (2012).

29. Blum, L. & Korner-Bitensky, N. Usefulness of the Berg Balance Scale in stroke rehabilitation: a systematic review. Phys. Ther. 88,
559-566 (2008).

30. Zafer Giinendi, O. O. T., Uzun, M. K., Oztiirk, G. T. & Demirsoy, N. Reliability of quantitative static and dynamic balance tests
applied in kinesthetic skill training device and correlation with other clinical balance tests. J. Phys. Med. Rehabil. Sci. 77, 425-430
(2009).

31. Zorowitz, R. D., Idank, D, Ikai, T., Hughes, M. B. & Johnston, M. V. Shoulder subluxation after stroke: a comparison of four sup-
ports. Arch. Phys. Med. Rehabil. 76, 763-771 (1995).

32. Van Bladel, A., Cambier, D., Lefeber, N. & Oostra, K. The use of shoulder orthoses post-stroke: effects on balance and gait. A
systematic review. Eur. J. Phys. Rehabil. Med. 56, 695-705 (2020).

Acknowledgements

This manuscript was edited by Wallace Academic Editing.

Author contributions

L.C.L. and H.C.C. conceptualised and designed the study and drafted the manuscript. S.W.H. and C.W.W. criti-
cally revised the article for essential intellectual content. L.C.L. and C.D.L. comprehensively searched the cur-
rent literature to identify articles that met the eligibility criteria. L.C.L. extracted relevant data and assessed the
quality of the selected trials. .P.H. and H.C.C. offered statistical expertise, analysed and interpreted the data,
and submitted the manuscript.

Funding
This research received no specific grant from any funding agency in the public, commercial, or not-for-profit
sectors.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.-C.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2021) 11:12161 | https://doi.org/10.1038/s41598-021-90602-y nature portfolio


www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports|  (2021) 11:12161 | https://doi.org/10.1038/s41598-021-90602-y nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Effect of arm sling application on gait and balance in patients with post-stroke hemiplegia: a systematic review and meta-analysis
	Methods
	Searching strategy and data sources. 
	Eligibility criteria. 
	Data extraction and quality assessment. 
	Outcome selection, data synthesis and analysis. 

	Results
	Walking speed. 
	Balance tests. 
	Stride or step length. 
	Cadence. 

	Discussion
	References
	Acknowledgements


