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Abstract—This study compared trunk exercises based on the
Bobath concept with routine neurorehabilitation approaches in
multiple sclerosis (MS). Bobath and routine neurorehabilita-
tion exercises groups were evaluated. MS cases were divided
into two groups. Both groups joined a 3 d/wk rehabilitation
program for 8 wk. The experimental group performed trunk
exercises based on the Bobath concept, and the control group
performed routine neurorehabilitation exercises. Additionally,
both groups performed balance and coordination exercises. All
patients were evaluated with the Trunk Impairment Scale
(TIS), Berg Balance Scale (BBS), International Cooperative
Ataxia Rating Scale (ICARS), and Multiple Sclerosis Func-
tional Composite (MSFC) before and after the physiotherapy
program. In group analysis, TIS, BBS, ICARS, and MSFC
scores and strength of abdominal muscles were significantly
different after treatment in both groups (p < 0.05). When the
groups were compared, no significant differences were found
in any parameters (p > 0.05). Although trunk exercises based
on the Bobath concept are rarely applied in MS rehabilitation,
the results of this study show that they are as effective as rou-
tine neurorehabilitation exercises. Therefore, trunk exercises
based on the Bobath concept can be beneficial in MS rehabili-
tation programs.

Key words: Berg Balance Scale, Bobath, exercise, Interna-
tional Cooperative Ataxia Rating Scale, multiple sclerosis,
Multiple Sclerosis Functional Composite, neurorehabilitation,
physiotherapy, trunk control, Trunk Impairment Scale.

INTRODUCTION

Multiple sclerosis (MS) is a lifelong disease that must
be supported by continuous physiotherapy to decrease
adverse effects of the symptoms. Several studies have
stressed the beneficial effects of exercises on the treat-
ment of MS-related clinical symptoms [1–2]. Therapeutic
exercises can accelerate the spontaneous restoration of
central nervous system damage [3].

Since physiotherapy and rehabilitation are carried out
over a long period of time, exercise variation is needed
according to different requirements. When studies about
physiotherapy approaches for MS populations are exam-
ined, it is observed that most routine neurorehabilitation pro-
grams concentrate on limb exercises. Therefore, in routine
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MS rehabilitation, most physiotherapy programs focus
on the limbs. Through limb recovery, they aim to gain
functions [4].

According to Davies, loss of selective trunk control
is clearly associated with limitations in balance, gait, and
arm and hand function [5].

Despite many studies indicating effects of different
exercise approaches, few have concentrated on the effec-
tiveness of trunk exercises in the MS population. Besides
the fact that trunk performance is directly related to dis-
ability, measuring the trunk is important in the examina-
tion and treatment of people with MS [6].

The trunk has a critical role in the organization of
postural reactions [7–8]. The Bobath approach underlines
the critical role of postural stability [9]. Co-contraction of
the trunk flexors and extensor muscles has been found to
increase the stability of the spine [10]. Postural stability
is necessary for selective movements and balance. Fur-
thermore, selective movement of the trunk and limbs are
independent and interactive with a postural control mecha-
nism. The effectiveness of trunk-specific rehabilitation has
been shown for different neurological diseases, including
stroke [11] and Parkinson disease [12]. However, there is
little data focused on MS [13–14]. The trunk can be
affected at any stage of the disease, which may affect the
level of disability.

This study was designed to demonstrate the role of
trunk exercises in MS rehabilitation. Our aim was to com-
pare the effectiveness of trunk exercises based on the
Bobath concept with routine neurorehabilitation approaches
in MS.

METHODS

Participants
MS patients with a diagnosis of clinically definite

MS as per the McDonald criteria were enrolled in the
study. Inclusion criteria were (1) no relapse in the past
2 mo, (2) 0.5–5.5 points on the Expanded Disability Sta-
tus Scale (EDSS) [15], and (3) 3 or less on the Modified
Ashworth Scale [8] for any muscle group. The partici-
pants were included in the study after they signed the
informed consent.

Patients with relapses, a recent surgery, cognitive or
psychological dysfunctions, or a diagnosis of any other
systematic disease were excluded. The patients were
evaluated and treated by the same doctors and physio-

therapist specialized in MS. All the tests were performed
before treatment and repeated after 8 wk of treatment.

Interventions
The study was an 8 wk-long outpatient program [16].

The patients were assigned to the study or control groups
randomly. The design of the study was randomized con-
trol. The groups were formed so as to eliminate the effects
of mean disability level and sex. The program for both
groups included 60 min sessions three times a week. The
sessions were held on alternate days to eliminate the accu-
mulation of fatigue. Therapy included resting periods to
prevent any increase in body temperature and fatigue.

The foundation for practice was based on the experi-
ence of the physiotherapist and took patients’ needs and
expectations into consideration [17]. The physiotherapy
programs consisted of exercises performed at the partici-
pants’ individual functional levels, which were devel-
oped dynamically in parallel with improvements.

The control group (n = 10) was given a routine
neurorehabilitation program that consisted of posture,
mat, coordination, balance, walking, stepping and move-
ment control, and strengthening exercises. Upper- and
lower-limb patterns were performed to improve muscle
strength and movement control.

The study group (n = 10) performed posture, mat, coor-
dination, balance, walking, stepping and movement control,
and strengthening exercises and trunk exercises based on
the Bobath concept (designed according to the International
Bobath Instructors Training Association course).*

Outcome Measures
Assessments were made in the same place, time, and

order by the same physiotherapist who applied the exer-
cises at the beginning and end of the physiotherapy pro-
gram in order to prevent changes as a result of these
variables.

Trunk control was assessed by the Trunk Impairment
Scale (TIS) [6], which evaluates static and dynamic sta-
bility and coordination of trunk. Balance was evaluated
by the Berg Balance Scale (BBS) [7,18–20], which con-
sists of 14 standardized subtests scored on 5-point scales

*Course information: Assessment and treatment of adult hemiplegia—
The Bobath concept. Trainer: Elia Panturin, Senior Instructor; Inter-
national Bobath Instructors Training Association (15–22.04.2006
and 22–28.06.2006). School of Physiotherapy and Rehabilitation,
Hacettepe University, Ankara, Turkey.
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(0–4), with a maximum (best) score of 56. Coordination
was evaluated by the International Cooperative Ataxia
Rating Scale (ICARS) [21], which has been found to be
valid and safe in degenerative ataxia patients [22–24]. A
pilot study suggested that the ICARS is a useful tool to
assess balance in MS patients [25]. To measure func-
tional changes, we applied the Multiple Sclerosis Func-
tional Composite (MSFC) [26–27]. The MSFC assesses
upper-motor function with the Nine-Hole Peg Test
(NHPT), lower-motor function with the Timed 25-Foot
Walk Test (T25FT), and cognitive functions with the
Paced Auditory Serial Addition Test. (PASAT).

Data Analysis
In the data analysis, nonparametric approaches were

used because of the small sample size. The Wilcoxon
signed-rank test was used to compare data within the
groups. The differences between groups were examined
by the Mann-Whitney U test;  = 0.05 was selected as
the bias level for all analyses. The p-values equal to or
lower than this were considered statistically important
(significant), whereas higher values were defined as sta-
tistically unimportant (insignificant). Arithmetic mean ±
standard deviation values were used in displaying the
descriptive statistics.

RESULTS

Participant Characteristics
We enrolled 23 patients in the study. In the follow up,

1 had to leave the study at the 16th session of the treat-
ment because of a change in medication, 1 did not want
to continue because of psychological problems, and 1 had
scheduling problems. Therefore, 20 patients completed
the entire study. There were six women and four men in
each group. Mean disability level as assessed by the
EDSS was 2.80 ± 0.88 points for the experimental group
and 2.85 ± 0.81 points for the control group. The charac-
teristics of participants are given in Table 1.

Trunk Control, Balance, Coordination, and Functional 
State Assessments for Each Group

The TIS and its subtests (static-dynamic sitting bal-
ance and coordination) were analyzed individually. Both
the TIS and its subtests increased significantly in both
groups for the pre- and posttreatment periods (p < 0.05)

(Table 2), except for static sitting balance of the experi-
mental group.

BBS changed significantly for each group between
the pre- and posttreatment periods (p < 0.05) (Table 2).

The ICARS and its subtests were analyzed individu-
ally. The decrease in ICARS 1 (posture and gait), ICARS
2 (kinetic functions), and total ICARS scores were statis-
tically significant in both groups for the pre- and post-
treatment periods (p < 0.05). No difference was detected
for ICARS 3 and 4 in the pre- and posttreatment periods
(Table 2).

The MSFC test and its subtests were analyzed. The
NHPT and total MSFC scores of the experimental group
and the T25FT and MSFC scores of the control group
changed significantly. The PASAT scores did not change
in either of the groups (Table 3).

Comparison Between Groups
No significant differences were found between groups

for the ICARS, MSFC, TIS, and BBS (Table 4).

DISCUSSION

MS is a life-long disease for which physiotherapy is
thought to be crucial and beneficial [28]. In clinical prac-
tice, it is difficult to keep patients motivated continu-
ously. For this reason, physiotherapists have to vary
exercises to encourage patients to develop regular exer-
cise habits and keep them motivated while carrying out
main treatment goals. As a result, new approaches are
demanded. In recent literature, physiotherapy based on
the Bobath concept has been used to improve functions in
MS patients [14].

Bobath-based exercises have recently been recom-
mended for use in MS rehabilitation [14]. According to
the Bobath concept, the trunk has a key role in functional
recovery. There are many exercises focused on the trunk

Table 1.
Patient characteristics (mean ± standard deviation, unless otherwise
indicated).

Characteristic Study (n = 10) Control (n = 10)
Age (yr) 33.60 ± 11.96 43.60 ± 1.14
Sex (Women/Men) 6/4 6/4
EDSS (Score) 2.80 ± 0.88 2.85 ± 0.81
Disease Duration (yr) 4.45 ± 4.45 8.25 ± 5.28
EDSS = Expanded Disability Status Scale.
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in the Bobath concept. The trunk can be affected at any
stage of the disease, which may affect level of disability.
The aim of this study was to compare the effectiveness of
trunk exercises based on the Bobath concept with routine
neurorehabilitation approaches in MS.

In the current study, the effect of trunk-focused reha-
bilitation was assessed by scales measuring trunk impair-
ment, balance, ataxia, and functional status. Trunk
impairment was evaluated by shortening and elongation
of the trunk appropriately, with selected movements for

Table 2.
Trunk Impairment Scale (TIS), Berg Balance Scale (BBS), and International Cooperative Ataxia Rating Scale (ICARS) scores for study (S) and
control (C) groups (n = 10 each group).

Measure Group
Mean ± Standard Deviation

Z p-Value
Before Treatment After Treatment

Static Sitting Balance S 6.10 ± 1.28 6.20 ± 1.47 0.27 0.78
C 9.30 ± 1.70 6.70 ± 0.48 2.041 0.04*

Dynamic Sitting Balance S 5.00 ± 2.30 8.00 ± 2.30 2.53 0.01*

C 4.90 ± 1.91 7.30 ± 1.94 2.14 0.03*

Coordination S 2.80 ± 1.39 4.80 ± 1.39 2.39 0.03*

C 2.40 ± 0.84 4.40 ± 1.34 2.75 0.00*

TIS S 13.90 ± 2.76 19.20 ± 4.15 2.67 0.00*

C 12.60 ± 2.54 18.00 ± 3.74 2.44 0.01*

BBS S 49.2 ± 5.35 53.10 ± 2.88 2.403 0.01*

C 46.2 ± 4.96 50.70 ± 4.37 2.403 0.01*

ICARS 1 S 7.70 ± 4.29 4.20 ± 3.32 2.67 0.00*

C 8.00 ± 2.98 5.60 ± 2.79 2.68 0.00*

ICARS 2 S 6.90 ± 2.13 4.10 ± 3.84 2.32 0.02*

C 9.00 ± 3.39 5.70 ± 3.23 2.25 0.02*

ICARS 3 S 0.80 ± 0.91 0.30 ± 0.67 1.63 0.10
C 1.50 ± 1.43 0.90 ± 0.99 1.73 0.08

ICARS 4 S 1.60 ± 1.26 1.80 ± 1.47 0.55 0.57
C 1.80 ± 1.22 1.70 ± 1.15 1.00 0.31

Total ICARS S 17.00 ± 6.54 10.40 ± 7.76 2.80 0.00*

C 20.30 ± 4.99 13.90 ± 4.50 2.80 0.00*

*p < 0.05 (Wilcoxon Sign Test).

Table 3.
Multiple Sclerosis Functional Composite (MSFC) scores for study (S) and control (C) groups (n = 10 each group).

Measure Group
Mean ± Standard Deviation

Z p-Value
Before Treatment After Treatment

NHPT (s) S 39.62 ± 43.40 37.19 ± 43.05 2.70 0.007*

C 27.38 ± 3.52 25.84 ± 4.28 1.37 0.16
T25FT (s) S 12.40 ± 2.74 10.49 ± 1.84 2.70 0.07

C 15.41 ± 5.34 13.59 ± 4.10 2.80 0.005*

PASAT (correct) S 43.30 ± 7.77 47.30 ± 9.97 1.31 0.19
C 33.60 ± 12.40 37.00 ± 13.44 1.72 0.85

Total MSFC (points) S 0.57 ± 0.54 0.26 ± 0.53 2.49 0.01*

C 0.94 ± 0.46 0.68 ± 0.54 2.39 0.01*

*p < 0.05 (Wilcoxon Sign Test).
NHPT = Nine-Hole Peg Test, PASAT = Paced Auditory Serial Addition Test, T25FT = Timed 25-Foot Walk Test.
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both upper and lower parts, and movements without com-
pensation [29]. TIS evaluates static and dynamic sitting
balance and coordination.

In this study, both groups’ total TIS scores and
dynamic sitting balance improved similarly. Static sitting
balance improved significantly in the control group only.
This could be explained by the important role of the trunk
in stabilization and intended limb movements [30–32].

In the present study, balance scores of both groups
increased significantly by the end without any difference
between groups. This led us to think that the routine reha-
bilitation exercises and the trunk exercises based on the
Bobath concept had similar effects on balance.

Because of the significant change in the ICARS 1
(posture and gait) and ICARS 2 (kinetic functions) sub-
tests and total ICARS score and similar improvement in
both groups, both approaches are thought to have similar
effects on coordination.

The functional status of both groups improved signif-
icantly. However, in some subtests there were little dif-
ferences. The control group, which performed more limb
exercises, had significant improvements in walking tests.
It was not surprising to observe that control of the lower
limbs was found to be very important for gait.

Both groups demonstrated improvement for NHPT;
the improvement in the experimental group was signifi-

cant. It is known that “anticipatory” postural responses to
counteract the effect of dynamic reactive forces are initi-
ated before the onset of contraction of the muscles
responsible for movement of the limb [33]. The anticipa-
tory response of the trunk muscles is associated with
movement of the upper limb. Contraction of either the
erector spinae before upper-limb flexion or contraction of
the rectus abdominis preceding upper-limb extension
were shown [34].

Studies have also pointed out the relationship
between trunk and upper-limb coordination when the tar-
get is located either at arm’s length [35] or beyond arm’s
length [36–37]. Trunk movements were minimal when
the target could be reached at arm’s length; however, for
objects located out of arm’s reach, trunk motion contrib-
uted significantly to the transport phase of the hand.
From the literature, it is known that rapid movement of
the limbs is associated with contraction of the abdominal
muscles before or shortly after contraction of the muscles
responsible for initiation of the limb movement [38]. Our
data emphasize the supportive role of trunk exercises on
fast, voluntary limb movements. No statistical change
was observed in cognitive scores, likely because there
was no special exercise for cognitive functions.

Table 4.
Analysis between for study (S) and control (C) groups (n = 10 each group).

Measure
Mean ± Standard Deviation

U Z p-Value
Study Control

Static Sitting Balance 0.10 ± 0.99 1.40 ± 1.57 28.50 1.83 0.06
Dynamic Sitting Balance 3.00 ± 2.05 2.40 ± 2.83 43.00 0.53 0.59
Coordination 2.00 ± 1.76 2.00 ± 1.05 50.00 0.00 >0.99
TIS 5.30 ± 2.62 5.40 ± 4.81 48.00 0.15 0.87
BBS 3.90 ± 4.04 4.50 ± 4.67 45.50 0.34 0.73
ICARS 1 3.50 ± 2.22 2.40 ± 1.71 34.50 1.18 0.23
ICARS 2 2.80 ± 2.85 3.30 ± 4.21 47.50 0.19 0.84
ICARS 3 0.50 ± 0.84 0.60 ± 0.96 45.50 0.37 0.70
ICARS 4 0.20 ± 1.03 0.10 ± 0.31 37.00 1.29 0.19
Total ICARS 6.60 ± 4.59 6.40 ± 4.59 49.50 0.03 0.97
NHPT (s) 1.21 ± 0.73 0.77 ± 1.42 31.00 1.30 0.15
T25FT (s) 1.91 ± 1.85 1.81 ± 1.49 48.50 0.11 0.91
PASAT (true number) 4.00 ± 7.80 3.40 ± 5.69 45.00 0.38 0.70
Total MSFC 0.30 ± 0.28 0.26 ± 0.25 39.00 0.49 0.62
*p < 0.05 (Mann-Whitney U Test).
BBS = Berg Balance Scale, ICARS = International Cooperative Ataxia Rating Scale, MSFC = Multiple Sclerosis Functional Composite, NHPT = Nine-Hole Peg
Test, PASAT = Paced Auditory Serial Addition Test, T25FT = Timed 25-Foot Walk Test, TIS = Trunk Impairment Scale.
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CONCLUSIONS

Based on the results of the present pilot study, exer-
cises for trunk control are as effective as the limb exer-
cises commonly used in neurorehabilitation programs.
According to these results, trunk exercises based on the
Bobath concept may be another option when the physio-
therapist needs to vary the exercise program in clinical
practice. It was concluded that inclusion of the exercises
for trunk control in physical therapy and rehabilitation
would have additional benefits.
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