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Objective To investigate the effects of a shoulder sling on balance in patients with hemiplegia.

Methods Twenty-seven hemiplegic stroke patients (right 13, left 14) were enrolled in this study. The subjects’
movement in their centers of gravity (COGs) during their static and dynamic balance tests was measured with
their eyes open in each sling condition-without a sling, with Bobath’s axillary support (Bobath sling), and with a
simple arm sling. The percent times in quadrant, overall, anterior/posterior, and medial/lateral stability indexes
were measured using a posturography platform (Biodex Balance System SD). Functional balance was evaluated
using the Berg Balance Scale and the Trunk Impairment Scale. All balance tests were performed with each sling in
random order.

Results The COGs of right hemiplegic stroke patients and all hemiplegic stroke patients shifted to, respectively,
the right and posterior quadrants during the static balance test without a sling (p<0.05). This weight asymmetry
pattern did not improve with either the Bobath or the simple arm sling. There was no significant improvement in
any stability index during either the static or the dynamic balance tests in any sling condition.

Conclusion The right and posterior deviations of the hemiplegic stroke patients’ COGs were maintained during
the application of the shoulder slings, and there were no significant effects of the shoulder slings on the patients’
balance in the standing still position.
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INTRODUCTION ance abnormalities. Balance impairments increase fall
risk, resulting in high economic costs and social problems
Hemiplegia is the most frequent deficit after stroke [1], [2,3]. Decreased muscle strength, range of movement,
and hemiplegic stroke patients frequently present bal- abnormal muscle tone, motor coordination, sensory or-

ganization, cognition, and multisensory integration can

contribute to balance disturbances at different levels [4].
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Paralysis of muscles around the shoulder may lead to
shoulder subluxation. Shoulder subluxation is a frequent
complication for patients with post-stroke hemiplegia [5].

A number of slings with different characteristics, designs,
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and functions have been used to prevent shoulder sub-
luxation. However, some authors have found slings to be
contraindicated [6,7], and only a small number of studies
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have reported on the effects of shoulder slings on balance
in hemiplegic patients, and each study has found differ-
ent results.

Lee et al. [8] reported that Kang’s multi-support sling
was helpful in reducing weight asymmetry compared
with no sling, but postural sway was identical in both the
sling and no-sling groups. Acar and Karatas [9] demon-
strated that an arm sling had beneficial effects on balance
in patients with hemiplegia. However, this study evalu-
ated only static balance and only compared a universal
arm sling with no sling.

Studies of task-oriented training showed increased
functional outcomes compared with traditional thera-
pies. Active use of task-oriented training with stroke sur-
vivors led to improvements in functional outcomes and
overall health-related quality of life [10]. However, the
simple arm sling on the affected side interrupted task-
oriented training in hemiplegic stroke patients. In this re-
spect, the Bobath sling is more beneficial in task-oriented
training.

The aim of this study was to investigate and compare
the effects of a simple arm sling that restricted upper
extremity motion with those of the Bobath sling, which
allows free upper extremity motion in both static and dy-
namic balance. We also investigated weight asymmetry
patterns in the static stance position in hemiplegia.

MATERIALS AND METHODS

Participants

All participants had been diagnosed with hemiplegic
stroke through computed tomography scans or magnetic
resonance imaging and met the inclusion criteria of 1)
standing without assistive devices for 30 seconds and 2)
following the instructions to complete the assessments.
We excluded all other factors that could have affected
balance; the exclusion criteria were 1) medically un-
stable, 2) mainly cerebellar lesion, 3) visual impairment
or neglect, or 4) neuromusculoskeletal diseases that
could affect balance. We also excluded patients who had
already experienced the Biodex Balance System for bal-
ance training. Twenty-nine participants (Functional Am-
bulatory Category [FAC], 3.4+1.1; Fugl-Meyer Assessment
[FMA] of the affected upper limb, 38+20) met the inclu-
sion criteria and participated in this study with verbal
consent. Two of the patients could not finish the dynamic

balance test and were thus excluded, ultimately leaving
27 participants in the study.

Methods

Patients’ age, weight, height, side of paretic limb, and
time since stroke were recorded, and their neurologic
functioning levels—Brunnstrom stage of affected lower
limb, FAC, and FMA of affected upper limb—were evalu-
ated (Table 1).

Computerized balance test

Static and dynamic balance tests were administered
using a computerized posturography platform (Biodex
Balance System SD; Biodex Medical Systems Inc., Shir-
ley, NY, USA) with eyes open; the balance test with eyes
closed was not performed for the subjects’ safety. Cach-
upe et al. [11] reported that in a study of 20 subjects, the
Biodex Balance System showed a reliable stability index.

A postural stability test (PST) was used to measure the
patients’ ability to maintain balance (Fig. 1); PSTs as-
sess balance index scores, which reflect patients’ weight
asymmetry (% time in quadrants) and how much they
sway in the anterior/posterior and medial/lateral direc-
tions. A mean balance index of 3 trials was used for the
analysis, and a lower score indicated good balance.

A static balance test was conducted with the partici-
pants standing on a fixed circular foot plate and aligning

Table 1. Baseline characteristics of study subjects (n=27)

Characteristic Value
Age (yr) 57+12
Sex (male:female) 17:10
Weight (kg) 64.9+12.3
Height (cm) 164.2+9.6
Body mass index (kg/m?) 23.9+3.4
Stroke subtype (infarction:hemorrhage) 16:11
Hemiplegic side (right:left) 13:14
Time since stroke (wk) 9.2+8.2
Brunnstrom stage of lower limb 4.5%0.5
FAC 3.4%1.1
FMA of upper limb 38+20

Values are presented as meantstandard deviation or
number.

FAC, Functional Ambulation Category; FMA, Fugl-Mey-
er Assessment.
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Postural Stability Testing

Press STOP to Cancel Test

Fig. 1. (A) Biodex Balance System

SD (Biodex Medical Systems Inc.,

Shirley, NY, USA) and (B) screen

of Biodex Balance System SD dur-
ing a postural stability test.

their centers of gravity (COGs) to the center of the cir-
cular plate as shown on the monitor. Dynamic balance
involved free tilting of the circular foot plate depending
upon weight shifting, and the static force was set to Stage
6 of 12 stages.

Body weight shifts were traced in a green line on the
model plate, which was divided into quadrants, and the
time durations spent in each zone were indicated as per-
centages (% time). Each distance of the overall, anterior/
posterior, and medial/lateral body weight shifts was also
measured. The results were recorded as the overall stabil-
ity index (overall index), the anterior/posterior stability
score (AP index), and the medial/lateral stability index
(ML index). The AP index represents the variance in plat-
form displacement, in degrees, for motion in the sagittal
plane. The ML index represents the variance in platform
displacement for motion in the frontal plane, and the
overall index was determined based on the AP and ML
indices.

Functional balance test

The functional balance test used the Berg Balance Scale
(BBS) and the Trunk Impairment Scale (TIS) [12,13].
The BBS is a widely used clinical test of static and dy-
namic balance [14], and it is generally considered to be
the gold standard for functional balance tests. The scale

088

Www.e-arm.org

takes 15-20 minutes and comprises a set of 14 simple
balance-related tasks ranging from standing up from a
sitting position to standing on one foot. The success in
achieving each task is rated from zero (unable) to four
(independent), and the final measure is the sum of all of
the scores. Considerable evidence indicates that the BBS
is also a valid measure of standing balance in post-stroke
patients, but only for those who ambulate independently,
because of the tasks that are required of the patients [15].
The TIS consists of three subscales: static sitting balance,
dynamic sitting balance, and coordination, and each
subscale contains between three and ten items. The TIS
score ranges from a minimum of 0 to a maximum of 23.

Outcome measures

All balance tests including computerized and function-
al tests were conducted in each three sling conditions:
without a sling, with the Bobath sling, and with a simple
arm sling (Fig. 2), and each were performed in random
order of sling condition to eliminate learning effects
within 40 minutes.

Statistical analysis

All statistical analyses were performed using SPSS ver.
18 for Windows (SPSS Inc., Chicago, IL, USA). The quad-
rant and half-plane distributions were analyzed by paired
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Fig. 2. The three balance measur-
ing positions: (A) no sling, (B)
Bobath sling, and (C) simple arm
sling.

o I:I % Time in left half-plane oy 1 % Time in posterior half-plane
(%) % Time in right half-plane (%) mE % Time in anterior half-plane
100 1 100 —
80 - 37.3 80 -
57.5
66.5
60 60 - 76.1
40 40
62.6
20 20 424 =
23.8
0 1 0 T T 1
Right hemlplegla Left hemiplegia Total Right hemiplegia  Left hemiplegia Total

Fig. 3. The percent time pattern in half-plane without sling on the static balance test. The center of gravity was asym-
metrically distributed to the right half-plane in the total group and in the right hemiplegia subgroup (A) and to the
posterior half-plane in the total group and in the right hemiplegia subgroup (B). *p<0.05, significant difference be-
tween right and left half-planes (A), and between anterior and posterior half-planes (B).

t-test. Repeated-measures analysis of variance (ANOVA) and FMA values. Data are presented as meantstandard
was used to compare the balance index (overall, AP, and deviation in the tables or as standard error in the figures.
ML indices) and functional balance scores for each of the  Statistical significance was accepted at a p<0.05.

three sling conditions (i.e., no sling, Bobath sling, and

simple arm sling). Pearson and Spearman correlation

coefficients were calculated to analyze the relationships

between the balance tests and the upper extremity FAC
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Fig. 4. Weight asymmetry (%) between the half-planes of the total group in each sling condition on static balance test
(meantstandard error). The center of gravity asymmetry pattern did not improve in either sling condition between the
right and left half-planes (A) or the anterior and posterior half-planes (B).

2.0 1
1.8
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1.2
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0.4
0.2 1
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[ Nosling
[ Bobath sling
Il Simple arm sling

AP index

Overall index ML index

Fig. 5. The overall, AP, and ML static balance index scores
in each sling condition (meantstandard error). There
was no significant changes in any of the scores between
any of the sling conditions. AP, anterior-posterior; ML,
medial-lateral.

RESULTS

% Time in half-plane of hemiplegic stroke patients

On the static balance test without a sling, the right
hemiplegic group showed COG asymmetry of the right
and posterior half-planes (p<0.05), and these asymme-
try patterns were also maintained in the left hemiplegic
subjects but without statistical significance (Fig. 3). The
weight asymmetry (%) of the total group between the
right and left half-planes was not significantly improved
with either the Bobath sling or the simple arm sling (no
sling 25.2+61.6, Bobath sling 16.7+68.4, simple arm sling,

990

Www.e-arm.org

4.0 [ No sling

[ Bobath sling
Il Simple arm sling

3.5 1
3.0 1
2.5+
2.0
1.5+
1.0+
0.5 1

0

AP index

Overall index ML index

Fig. 6. The overall, AP, and ML dynamic balance index
scores in each sling condition (meantstandard error).
There were no significant changes in any of the scores be-
tween any of the sling conditions. AP, anterior-posterior;
ML, medial-lateral.

22.8+57.9; F=0.525, p=0.563). Additionally, the weight
asymmetry (%) of the total group between the posterior
and anterior half-planes was not significantly improved
with either the Bobath or the simple arm sling (no sling
33.0+60.2, Bobath sling 39.2+54.3, simple arm sling
34.0+56.9; F=0.372, p=0.685) (Fig. 4). After the application
of each sling, there was no significant change in the right-
posterior deviation of COG distribution during the static
balance test.

Static and dynamic balance in each sling condition
There was no significant improvement in the overall
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Table 2. Functional balance test results in each sling con-
dition

Table 4. Correlation analysis between FMA of upper
limbs and balance tests in each sling condition

No Bobath  Simple )
. . . F p-value
sling sling  armsling
BBS 46.4+10.3 46.4+10.7 46.6+10.3 0.471 0.596
TIS 19.4+3.4 19.7+2.8 19.6%2.9 0.107 0.526

Values are presented as meantstandard deviation or
number.

BBS, Berg Balance Scale; TIS, Trunk Impairment Scale.
“Repeated-measures ANOVA.

Table 3. Correlation analysis between FAC and balance
test in each sling condition

FAC
Balance test No Bobath Simple
sling sling arm sling
Static overall BI -0.562* -0.553% -0.609*
Dynamic overall BI  -0.506* -0.568* -0.592*
BBS 0.693* 0.695* 0.697*
TIS 0.641* 0.694* 0.648*

Values are correlation coefficients.

BI, balance index; FAC, Functional Ambulation Category;
BBS, Berg Balance Scale; TIS, Trunk Impairment Scale.
*Correlation is significant at the 0.01 level.

static index (no sling 1.61+1.31, Bobath sling 1.41+0.87,
simple arm sling 1.41+1.02; F=1.33, p=0.273), the ML in-
dex (no sling 0.93+1.06, Bobath sling 0.86+0.68, simple
arm sling 0.8740.86; F=0.187, p=0.781), or the AP index
(no sling 1.07+0.90, Bobath sling 0.89+0.68, simple arm
sling 0.88+1.02; F=1.482, p=0.238) with the use of any
sling compared with no sling (Fig. 5).

There was no significant improvement in the overall dy-
namic index (no sling 3.26+2.46, Bobath sling 2.91+2.43,
simple arm sling 3.17+2.35; F=1.627, p=0.208), the ML
index (no sling 1.97+2.06, Bobath sling 1.74+2.24, simple
arm sling 2.03+2.12; F=1.912, p=0.165), or the AP index
(no sling 2.10£1.52, Bobath sling 1.86+1.22, simple arm
sling 1.90+1.27; F=1.48, p=0.237) with the use of any sling
compared with no sling (Fig. 6).

Functional balance test

There were no significant differences in BBS scores
(no sling 46.4+10.3, Bobath sling 46.4+10.7, simple arm
sling 46.6+10.3; F=0.471, p=0.596) or TIS scores (no
sling 19.4£3.4, Bobath sling 19.7+2.8, simple arm sling

FMA of upper limb
Balance test No Bobath Simple
sling sling arm sling
Static overall BI -0.265 -0.252 -0.218
Dynamic overall BI -0.485% -0.565* -0.489*
BBS 0.486* 0.491* 0.486*
TIS 0.608* 0.656* 0.642*

Values are correlation coefficients.

BI, balance index; FMA, Fugl-Meyer Assessment; BBS,
Berg Balance Scale; TIS, Trunk Impairment Scale.
*Correlation is significant at the 0.01 level.

19.6+2.9; F=0.107, p=0.526) between the sling conditions
(Table 2).

Correlation analysis

All balance tests were correlated with FAC (p<0.01).
FMAs of the affected upper limbs were correlated with
dynamic balance index, BBS and TIS scores but not with
static balance index scores. The correlation coefficients
are displayed in Tables 3 and 4.

DISCUSSION

The goal of this study was to evaluate the effects of a
shoulder sling on balance in patients with hemiplegia.
The results demonstrated that neither a simple arm sling
nor the Bobath sling affected either the static or the dy-
namic balance tests.

Balance is the ability to maintain a body’s line of gravity
within its support base with minimal postural sway [16],
and sway is the horizontal movement of the COG even
when a person is standing still [17]. Balance can be un-
derstood as the ability to keep the COG within the limits
of the support base, or stability limits; these limits are
not fixed but, rather, can be modified according to tasks,
movements, individual biomechanics, and environmen-
tal aspects [18].

Hyndman et al. [19] found that upper limb motor func-
tion was significantly reduced in patients with a his-
tory of recurring falls. Concerning the effect of balance
in recurrent falls, it could be proposed that balance in
patients with reduced arm function is impaired. It has
also been shown that motor impairment of the upper ex-
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tremities affects the independent ambulation of patients
with hemiplegia [20]. Some researchers reported that
restraining the upper arm increased the arm swing on
the opposite side in order to maintain the coordination
between upper and lower body movement [21,22]. Using
arm slings while standing may be recommended because
of the beneficial effects on subluxation in patients who
have a flaccid arm and subluxation [9]. A few studies have
assessed the efficacy of slings in reducing shoulder sub-
luxation. However, some authors report that some slings
facilitate increased flexor tone and synergistic patterns,
cause reflex sympathetic dystrophy, restrain functional
recovery, obstruct arm swing during walking, and, for
some, impair body image [6,7].

Lee et al. [8] reported that Kang’s multi-support sling
was helpful in reducing weight asymmetry compared
with both no sling and a cuff-type sling because arm
slings help patients to become aware of their upper limbs
and body posture owing to the slings’ wide contact area
with the body. However, weight asymmetry patterns did
not change with the use of any arm sling in our study.
The simple arm sling that we used was similar to the cuff-
type sling in shape and contact area, and meanwhile, the
subjects’ affected upper limbs did not show close contact
with the Bobath sling in the standing posture. The dif-
ferences in contact area width of each arm sling could
have affected weight asymmetry patterns. However, the
Bobath and simple arm slings that were used in our study
have extremely different contact area widths and body
contact points, yet there were no significant differences
in weight asymmetry between the two sling conditions.

Nichols [23] reported that in addition to weight shifting,
increased postural sway is another important feature of
balance problems in patients with hemiplegia. Lee et al.
[8] reported that Kang’s multi-support sling had no effect
on postural sway. Acar and Karatas [9] demonstrated that
the COG excursion was greater for patients with hemiple-
gia than it was for normal persons and that it decreased
with the use of an arm sling. The authors explained that
the better results could have been attributable to the
inhibited abnormal arm-trunk patterns. The aforemen-
tioned studies reported different results for postural
sway changes after arm sling application in hemiplegic
patients, but in this study, balance index did not improve
with the use of shoulder slings. The difference could
be a consequence of the study groups’ characteristics
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(mean BBS is 45 in this study; mean BBS is 29 in Acar and
Karatas [9]); in that study, only hemiplegic patients with
shoulder subluxation were included. In addition, each
study’s authors used different devices to measure bal-
ance index.

Yavuzer and Ergin [24] reported the effects of an arm
sling on gait patterns in hemiplegia with a quantitative
gait analysis system. With the use of an arm sling, walking
speed increased, COG excursion decreased, and weight-
bearing on the paretic side increased. Those authors
measured maximal pelvic excursion in the sagittal, coro-
nal, and transverse planes and the peak vertical force on
the paretic sides during subjects’ gait cycles. However,
for the subjects in the current study, COG was measured
while patients stood still in the center of a circular plate
as shown on a monitor, and this difference could have led
to different results. Based on the results from both our
study and those mentioned above, we suggest that arm
slings affect peak vertical force in the paretic limb when
walking but perhaps not while standing still.

This study showed right posterior COG deviation in
right hemiplegic stroke patients but no significant weight
asymmetry in the left-side group. That is, weight shift in
the hemiplegic patients towards the non-affected side
was inconsistent. These results are different from those of
a study that demonstrated weight shift toward the unaf-
fected extremity [25]. It can be concluded that whereas
those authors measured maximum voluntary weight-
bearing on both the affected and unaffected legs, our
study measured weight asymmetry patterns in a neutral
standing position. Sohn et al. [26] reported that COGs in
healthy right-handed adults shifted to the right posterior
quadrant. As in that study, our study found that right
hemiplegic patients still showed right posterior deviation
in their COGs and that this deviation remained with all
slings. However, the left hemiplegic group decreased in
weight asymmetry. The mechanism of the right poste-
rior COG was not clear in this study in that the dominant
hand side and other factors might have affected weight
shift patterns. Additional studies will be needed to clarify
the exact mechanisms.

In this study, FMAs in the affected upper extremities
correlated with dynamic balance index, BBS and TIS
scores but not with the static balance index. Wassinger et
al. [27] reported that upper body fatigue had adverse ef-
fects on dynamic standing balance, and generally, stand-
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ing balance decreases following upper extremity or gen-
eralized fatiguing exercises such as trunk isokinetics or
squat thrusts [28]. Thus, clinicians should be aware of the
adverse effects of upper extremity weakness on dynamic
standing balance. We concluded that upper extremities
may be important in balance in more dynamic condi-
tions.

There are a number of limitations in our study. First,
the presence of shoulder subluxation was not evaluated
initially, but there are certain problems associated with
balance testing in hemiplegic patients both with and
without shoulder subluxation. Second, we reported that
shoulder slings had no effects on balance in hemiplegic
stroke patients, but these results can only be generalized
to patients with mild to moderate hemiparesis. Third, the
dominant hand side can affect weight shifting patterns,
but we did not assess the dominant hand side at the be-
ginning of the study. Fourth, we did not assess dynamic
balance during gait (e.g., Timed Up and Go test) by sling
type.

In conclusion, there were no significant improvements
with the use of two different types of slings on balance or
on right posterior deviation in the COGs of hemiplegic
patients in the standing still position. Because the pres-
ent study was conducted for a short period, these results
cannot be generalized without additional studies on
long-term effects.
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