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Pilates exercise training vs.  
physical therapy for improving 
walking and balance in people  
with multiple sclerosis:  
a randomized controlled trial

Alon Kalron1, Uri Rosenblum2, Lior Frid2 and Anat Achiron2,3

Abstract
Objective: Evaluate the effects of a Pilates exercise programme on walking and balance in people with 
multiple sclerosis and compare this exercise approach to conventional physical therapy sessions.
Design: Randomized controlled trial.
Setting: Multiple Sclerosis Center, Sheba Medical Center, Tel-Hashomer, Israel.
Subjects: Forty-five people with multiple sclerosis, 29 females, mean age (SD) was 43.2 (11.6) years; 
mean Expanded Disability Status Scale (S.D) was 4.3 (1.3).
Interventions: Participants received 12 weekly training sessions of either Pilates (n=22) or standardized 
physical therapy (n=23) in an outpatient basis.
Main measures: Spatio-temporal parameters of walking and posturography parameters during static 
stance. Functional tests included the Time Up and Go Test, 2 and 6-minute walk test, Functional Reach 
Test, Berg Balance Scale and the Four Square Step Test. In addition, the following self-report forms 
included the Multiple Sclerosis Walking Scale and Modified Fatigue Impact Scale.
Results: At the termination, both groups had significantly increased their walking speed (P=0.021) and 
mean step length (P=0.023). According to the 2-minute and 6-minute walking tests, both groups at the 
end of the intervention program had increased their walking speed. Mean (SD) increase in the Pilates and 
physical therapy groups were 39.1 (78.3) and 25.3 (67.2) meters, respectively. There was no effect of 
group X time in all instrumented and clinical balance and gait measures.
Conclusions: Pilates is a possible treatment option for people with multiple sclerosis in order to improve 
their walking and balance capabilities. However, this approach does not have any significant advantage 
over standardized physical therapy.
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Introduction

Balance and gait deficits are common in people 
with multiple sclerosis. These disabling deficits 
reduce mobility, independence, lead to falls and 
injuries and negatively affect quality of life.1–3 
Generally, physical interventions directed at 
improving balance and walking abilities have 
implemented various approaches, e.g. motor and 
sensory strategies,4 Feldenkrais exercises,5 robot-
assisted gait training,6 kickboxing,7 sensory 
insoles,8 Ai-Chi exercises,9 Nintendo Wii games,10 
strength and aerobic training11 and neuromuscular 
facilitation.12,13

A popular alternative rehabilitation method is 
Pilates exercise training. Pilates is a precise, con-
trolled form of exercise using the stabilizing mus-
cles of the body.14 This type of training is based on 
a holistic approach where a correct execution of the 
six fundamental principles (concentration, control, 
centering, flowing movement, precision and 
breathing) increases body awareness with less 
ground impact and joint stress. Pilates exercises 
can also be performed at various intensity levels 
whereby the participant or patient may adjust the 
difficulty to their own level of conditioning.

Despite a lack of scientific evidence support-
ing the effectiveness of Pilates exercise training 
in different pathological populations, more and 
more professionals have been advocating its use 
as a treatment strategy in stroke survivors15 and 
the elderly.16 As a consequence, Pilates exercise 
training has recently been integrated into reha-
bilitation programs, both on an individual and 
group basis.

According to our literature investigation, only 
a few studies have examined this intervention 
strategy in the multiple sclerosis population.17–20 
Furthermore, previous reports have several limi-
tations, thus precluding the ability to draw sig-
nificant conclusions as to its efficacy on mobility. 
Nevertheless, according to Freeman et al.’s case 
report series in 2010, eight people with multiple 
sclerosis participants demonstrated a significant 
improvement between the baseline and interven-
tion phases for the timed walk (P = 0.019), mul-
tiple sclerosis walking scale (P = 0.041) forward 
(P = 0.015) and lateral reach (P = 0.012).17

Therefore, the primary goal of the present rand-
omized controlled study was to examine the effects 
of a 12-week Pilates exercise training program on 
gait and balance in people with multiple sclerosis 
and compare these results to those of a standard 
physical therapy intervention program.

Methods

The implemented study design was executed accord-
ing to the rigor of the CONSORT guidelines21 (Trial 
registration number ISR023213SMC). The rand-
omized controlled study was a prospective, assessor 
blinded, parallel group performed at the Multiple 
Sclerosis Center, Sheba Medical Center, Tel-
Hashomer, Israel, between June 2013 and May 
2015. Potential participants were recruited via the 
Sheba Multiple Sclerosis Center’s computerized 
database, a population-based registry documenting 
demographic and clinical data of all multiple sclero-
sis patients followed at the Sheba Medical Center, 
Tel-Hashomer, Israel from January 1, 1995 to date.

Potential participants learned of this study 
through e-mails and printed advertisements posted 
at the Sheba Multiple Sclerosis Center. The study 
team’s contact details were provided to enable 
interested participants to further enquire and par-
ticipate in the study. Under the Data Protection Act, 
no information regarding the participants was 
given to the Pilates study team. Interested partici-
pants were provided with an information pack 
describing the stud, supported by verbal informa-
tion when requested.

Participants were screened for eligibility by the 
principal investigator, who obtained written 
informed consent from those who met the inclu-
sion criteria. Inclusion criteria were: (1) diagnosis 
of definite relapsing-remitting multiple sclerosis 
according to the revised McDonald criteria;22 (2) 
age range from 25-55 years; and (3) the Expanded 
Disability Status Scale score23 ranging from 3.0 to 
6.0. Additionally, in order to neutralize the effects 
of immune-modulatory medication, only patients 
receiving disease modifying drugs based on inter-
feron beta-1a for at least 3 months, were recruited.

Exclusion criteria were (1) orthopedic disorders 
that could negatively affect mobility; (2) any medical 
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condition contra-indicating participation in core sta-
bility exercises; (3) patients experiencing major 
depression or cognitive decline and incapable of per-
forming Pilates exercises; (4) pregnancy; (5) blurred 
vision; (6) cardiovascular disorders; (7) in relapse or 
relapsed during the previous three months; (8) cur-
rent or recent (within the past 6 months) participation 
in core stability exercises. Approval was obtained 
from the Sheba Medical Center Independent Ethics 
Committee prior to commencement of the study.

The sample size estimate was based on related 
studies examining the effects of Pilates on walking 
and balance capabilities in people with multiple 
sclerosis.9–13 After consenting to participate and ful-
filling the inclusion criteria, 50 participants were 
equally and randomly divided into one of the two 
groups; Pilates based core stability training and 
standardized physical therapy. A block randomiza-
tion procedure was used with central concealment 
by numbered tickets placed in sealed opaque enve-
lopes, organized by the study coordinator. The 
investigators opened the sealed envelopes sequen-
tially only after the participant’s name and other 
details were written on the appropriate envelope.

Randomization was performed one hour prior to 
the start of the baseline measurements by a physi-
cal therapist uninvolved in the assessment or treat-
ment of the subjects. The intervention period of 
both groups was identical; 12 consecutive weeks, a 
single session per week, 30-minutes per session. 
Outcome measures were collected twice, at initia-
tion of the intervention programs and at termina-
tion of the 12-week intervention period.

Three subjects from the Pilates group and two 
participants from the control group withdraw from 
the program within the first four weeks of the study 
period due to difficulties in arriving to the MS 
Center. Thus, data from 45 patients (29 females, 16 
males; mean age (SD) 43.2 (11.6) years; mean 
EDSS (SD) 4.3 (1.3); mean disease duration (SD) 
11.8 (6.9) years), were analyzed.

Intervention programs

The Pilates intervention program comprised 12 
half-hour individualized face to face training 
sessions, delivered over 12 weeks, plus an 

individualized 15-minute daily home exercise 
program. Lessons were delivered by physical 
therapists certified in the Pilates method. The 
core stability exercises were selected from a bas-
ket of standardized exercises, each with three 
levels of difficulty appropriate for participants 
meeting the study’s inclusion criteria. The exer-
cises were designed to progressively challenge 
trunk control by gradually increasing the limb 
load and/or by reducing the base of support. 
Stretching was undertaken prior to or during 
these exercises to address any mal-alignments.

Where necessary, in the first instance, the 
instructor facilitated the movements with a “hands 
on” approach, progressing to a “hands off” 
approach. Activation of transversus abdominus in 
neutral spinal alignment was required for each 
starting position. Exercises progressed in response 
to the abilities of the individual. Each participant 
received written and diagrammatic instructions 
describing their 15-minute daily home exercise 
program. The selected intervention program has 
been recommended by therapists in a multiple scle-
rosis research group based in the United Kingdom.24

The Standardized physical therapy comprised 
twelve half-hour individualized face to face physi-
otherapy sessions, over a 12-week period, plus an 
individualized 15-minute daily home exercise pro-
gram was provided to the patients in the control 
group. A standardized program of physiotherapy 
exercises aimed at improving trunk and pelvic sta-
bility, lower limb muscle length, strength, balance 
and control of movement, was used according to 
the Bobath concept. This exercise program is 
reflective of the general exercises typically under-
taken within routine clinical practice.

Outcome measurements

All measurements were completed by an experi-
enced physical therapist specialized in neurologi-
cal rehabilitation, blinded to participant grouping. 
A research coordinator documented all training and 
examination sessions.

Clinical gait and balance tests included the Time 
Up and Go Test,25 2 and 6 minute walk test,26 
Functional Reach Test,27 Berg Balance Scale28 and 
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the Four Square Step Test.29 Additionally, the fol-
lowing self-report forms were collected: the 
Multiple Sclerosis Walking Scale:30 a 12-item 
patient-rated index, questioning the perceived 
impact of multiple sclerosis on walking ability and 
the Modified Fatigue Impact Scale31 which assesses 
the effects of fatigue in terms of physical, cogni-
tive, and psychosocial functioning. Clinical tests 
were performed at the Department of Physical 
Therapy, Sheba Multiple Sclerosis Center.

Laboratory balance and gait spatio-temporal 
variables were obtained using the Zebris FDM-T 
Treadmill (zebris® Medical GmbH, Germany). 
The system consists of a computer controlled 
treadmill fitted with more than 10,000 miniature 
force sensors. As the subject stands/walks on the 
treadmill, the instantaneous force exerted by his 
feet (the so-called reactive-normal force) activates 
the sensors. Simultaneously, targeted software uti-
lizes special algorithms to automatically group the 
activated sensors and form footprints. The system 
integrates all footprints and provides spatio-tempo-
ral parameters as well as graphic presentation of 
center of pressure trajectories within static stance 
and gait cycle.32

In terms of postural control measurements, each 
subject completed a sequence of three consecutive 
tests under two different task conditions (eyes open 
and eyes closed) with a 1-minute break between 
tasks. Each task was repeated three times, for 30 
seconds, followed by a 30 second rest period. 
Posturography results are presented as the mean 
value of the three tests. As to the gait trial, follow-
ing an adaptation phase, each participant was 
instructed to walk barefoot on the treadmill for one 
consecutive minute, at their comfort speed. Spatio-
temporal parameters of gait included the follow-
ing: velocity (cm/s), cadence (steps/min), step/
stride time/length, single/double support (% gait 
cycle), stride width (cm). Gait and balance assess-
ments were performed at the Institute of Motor 
Functions, Sheba Medical Center. Measurements 
were calculated by an experienced physical thera-
pist specialized in neurological rehabilitation 
blinded to group allocation.

Data analysis was performed using IBM SPSS 
statistics software (Version 22.0 for Windows, 

SPSS Inc. NY, USA). Data was initially examined 
for normality violations, outliers, errors and miss-
ing values. Groups were compared at baseline 
using the t-test for independent samples for con-
tinuous variables and the chi-square test for cate-
gorical data. All outcome variables showed normal 
distribution; therefore, to test our hypothesis, we 
chose the repeated measure ANOVAs with a 
between-subject factor at 2 levels (the Pilates group 
vs. the standardized physical therapy group) and a 
within-subject factor at 2 levels (the time, pre-
intervention, post intervention period). The inter-
action of group and time determined the efficacy of 
the Pilates training program on each of the outcome 
measures. A P-value in each case of <.05 was con-
sidered significant.

Results

A flow chart of the study is shown in Figure 1. 
Demographic and clinical data of the 45 subjects 
who fulfilled the study is presented in Table 1. All 
participants participated in at least 10 (out of the 
planned 12) exercise sessions. No significant dif-
ferences in terms of baseline values were observed 
between the Pilates and control group. No adverse 
or harmful events were reported in both groups.

Table 2 shows the values of gait and postural 
control instrumented outcome parameters. In terms 
of posturography measures, both groups showed a 
main effect of time on reduction of the center of 
pressure path length (F=3.278, P=0.034) and sway 
rate with eyes open (F=4.852, P=0.039), indicating 
improved static balance control. Identical parame-
ters performed with eyes closed were not 
significant.

At the termination of the intervention period, 
both groups increased their walking speed 
(F=2.459, P=0.021), mean step length (F=4.261, 
P=0.023) and mean single support phase 
(F=5.695, P=0.008). In addition, both groups 
decreased the mean step time (F=4.206, P=0.009) 
and time when both legs were in contact with the 
floor (F=3.937, P=0.002). No changes were 
observed in the cadence and stride width. There 
was no effect of group X time in all instrumented 
balance and gait measures.
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Table 3 presents the scores of clinical gait, bal-
ance measures and self-reported questionnaires. 
Improvements in both groups were demonstrated 
in 2 (out of 3) balance tests, the Functional Reach 
Test and Four Squre Step Test. No changes were 
found in the Berg Balance Scale. According to the 
2-min and 6-min walking tests, both groups 
increased their walking speed at the end of the 
intervention program, F=2.391 (P=0.018); 
F=3.401, (P=0.017), respectively. Additionally, 
patients in both groups performed better on the 
Timed Up and Go Test (F=3.815, P=0.023). Based 
on the self-reported questionnaires, patients 
improved their walking abilities (Multiple Sclerosis 
Walking Scale, F=1.290, P=0.042) but there was 

no change in the level of perceived fatigue 
(P=0.226). In line with the gait and balance instru-
mented data, there were no main effect of time X 
groups in all walking and balance clinical tests.

Discussion

Our main findings indicated that a 12-week Pilates 
intervention program can improve mobility func-
tions in moderately disabled people with multiple 
sclerosis. However, the improvements did not dif-
fer from those achieved through standardized 
physical therapy.

Apropos Pilates exercise training, our findings 
are in line with previous trials performed on 

Figure 1. Study flowchart.
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Table 1. Demographics and clinical characteristics of the study group.

Variable Mean (S.D.) P- Value

Control (n=23) Pilates (n=22)

Age (years) 44.3 (6.6) 42.9 (7.2) 0.733
Gender
 Male  8  8 —
 Female  14  15 —
Disease duration 
 (years)

12.4 (5.7) 11.3 (6.9) 0.713

Height (cm) 167.4 (7.1) 168.1 (8.8) 0.459
Body mass (kg) 72.8 (11.4) 70.8 (12.5) 0.482
EDSS 4.6 (1.3) 4.1 (1.1) 0.627
 Pyramidal 2.4 (0.9) 2.3 (0.8) 0.786
 Cerebellar 1.8 (1.0) 1.7 (0.8) 0.641
 Sensory 1.4 (1.0) 1.2 (1.0) 0.762

EDSS: Expanded Disability Status Scale.

different neurological populations33 and the 
elderly. Recently, two systematic reviews 
reported on the effects of Pilates training on bal-
ance and gait performance in the elderly.34,35 
According to Barker et al.’s35 meta-analysis (n=6 
studies), when compared with non-active control 
groups, Pilates was shown to improve balance 
(standardized mean difference was 0.84) and 
reduce the number of falls (standardized mean 
difference was 0.84 -2.03). Similarly, Bullo 
et al.’s34 review found that following Pilates 
exercise training, changes were observed in static 
balance (effect size was 0.34) and dynamic bal-
ance measures (effect size was 0.77).

As previously mentioned, improvements in the 
Pilates group were similar to those in the stand-
ardized physical therapy group. This observation 
can be viewed in several ways. On one hand, it 
could be argued that in cases where the aim is to 
improve walking and balance in people with mul-
tiple sclerosis, Pilates exercises do not have any 
specific advantages over physical therapy ses-
sions. On the other hand, others may state that 
Pilates exercises are equally effective in improv-
ing gait and balance in people with multiple scle-
rosis in standardized physical therapy sessions.

A possible explanation for the similar effects 
may be connected with the health professionals 

who executed the intervention programs. In both 
the Pilates and physical therapy interventions, 
the specialists who carried out the sessions were 
physical therapists by profession. In fact, the 
Pilates instructors were actually physical thera-
pists that in addition to their expert knowledge in 
neurorehabilitation were certified to teach 
Pilates.

We speculate that the “Physical therapist-
Pilates” instructors unconsciously took advan-
tage of their skills in neuro-rehabilitation and 
appropriately adjusted the intensity and difficulty 
of the Pilates exercises to those needing improve-
ment in postural control and walking. We ques-
tion whether the same results would have 
occurred if the intervention was taught by Pilates 
instructors with no experience in rehabilitation, 
resembling the situation in most community sport 
centers.

An additional explanation for the similarities 
observed between the groups relate to the study 
design. A major portion of both intervention pro-
grams included the patient’s daily self-practicing 
drills at home. In this situation, we were unable 
to determine if the patients had performed the 
exercises precisely and consistently. We sense 
that several participants unintentionally prac-
ticed more (or less) than others, modified several 
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of the exercises or even trained using other exer-
cises than those requested by the physiothera-
pists. This possibility could have diminished the 
differences between the two exercise groups.

An interesting issue worth noting concerns the 
frequency of the physical activity programs. In 
the current trial, we demonstrated that improve-
ments in walking and balance in people with mul-
tiple sclerosis can be achieved in intervention 
programs consisting of a single weekly session. 
However, we underscore this finding with cau-
tion. Obviously, single exercise sessions are lim-
ited in their ability to change walking and balance 
unless they are reinforced by additional training 
at home. We speculate that patients who agreed to 
participate in the present trial (knowing that it 
involves exercise programs) had a positive per-
spective of physical activity. Consequently, com-
pliance for the home exercise drills was probably 
high, contributing to the positive results.

We are aware that promoting exercise in the 
MS community is challenging and in many 
cases, depression and different cognitive aspects 
are barriers to physical activity.36 Therefore, we 
fear that the participants in our trial may not 
totally reflect the majority of the multiple sclero-
sis population in terms of exercise participation. 
Despite these statements, we are fairly certain 
that with a positive approach to physical activity, 
improvements can be achieved in walking and 
balance abilities in people with multiple sclero-
sis even in programs consisting of a single 
weekly visit.

Our study has limitations. Firstly, the small 
sample size may have influenced certain variables 
and influenced the results. Secondly, due to the 
absence of a follow-up after completion of the 
Pilates and standardized physical therapy pro-
grams, the durability of the effect of the interven-
tion could not be determined. Hence, further 
studies, including a long-term follow-up assess-
ment, are needed to evaluate the long-term bene-
fits of Pilates exercise training. Finally, although 
we carefully followed up with each patient during 
the intervention program, we could not ensure 
home exercise compliance.

In conclusion, this study presents an alterna-
tive rehabilitation program for people with multi-
ple sclerosis. While to date no prospective 
randomized studies using Pilates for walking and 
balance rehabilitation in multiple sclerosis appear 
in the literature, this study shows that Pilates is a 
potential treatment option for people with multi-
ple sclerosis to improve their walking and balance 
capabilities. However, this approach does not 
have any significant advantage over standardized 
physical therapy.

Clinical message

•• Improvement in balance and mobility in 
people with multiple sclerosis was the 
same whether they received structured 
physiotherapy or a Pilates exercise pro-
gramme over 12 weeks.
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