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Research Report

Effects of Pilates-Based Core Stability
Training in Ambulant People With
Multiple Sclerosis: Multicenter,
Assessor-Blinded, Randomized
Controlled Trial

Esther E. Fox, Alan D. Hough, Siobhan Creanor, Margaret Gear,
Jennifer A. Freeman

Backg round. Pilates exercise is often undertaken by people with multiple sclerosis (MS)
who have balance and mobility difficulties.

Objectives. The primary aim of the study was to compare the effects of 12 weeks of Pilates
exercises with relaxation on balance and mobility. Secondary aims were: (1) to compare
standardized exercises with relaxation and (2) to compare Pilates exercises with standardized
exercises.

Methods. a multicenter, assessor-blinded, randomized controlled trial was conducted.
Participants with Expanded Disability Status Scale scores of 4.0 to 6.5 were randomly allocated
to groups receiving 12 weeks of Pilates exercises, standardized exercises, or relaxation.
Assessments were undertaken at baseline and weeks 12 and 16 (primary outcome measure:
10-Meter Timed Walk Test [1I0MTW]).

Results. One hundred participants (mean age=54 years, 74% female) were randomized to
study groups. Six participants relapsed (withdrew from the study), leaving 94 participants for
intention-to-treat analysis. There was no significant difference in mean 10MTW measurements
between the Pilates and relaxation groups. At 12 weeks, there was a mean reduction of 4.2
seconds for the standardized exercise group compared with the relaxation group (95%
confidence interval [relaxation group minus standardized exercise group measurements] =0.0,
8.4) and a mean reduction of 3.7 seconds for the Pilates group compared with the standardized
exercise group (95% confidence interval [Pilates group minus standardized exercise group
measurements] =—0.4 to 7.8). At 16 weeks, mean 10MTW times for the standardized exercise
group remained quicker than those for the Pilates and relaxation groups, although the
differences were nonsignificant. There were no significant differences between the Pilates and
relaxation groups for any secondary outcome measure.

Limitations. In this study, therapists were limited to a standardized basket of exercises that
may have affected the study outcomes. Furthermore, choosing measures such as posturogra-
phy to assess balance, accelerometry to assess walking, or a specific trunk assessment scale
might have been more responsive in detecting changes in outcome.

Conclusion. Participants did not improve significantly, either in the short term or at the
4-week follow-up, on the 10MTW after 12 weeks of Pilates exercises compared with 12 weeks
of relaxation.
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Pilates-Based Core Stability Training and Multiple Sclerosis

ultiple sclerosis (MS) is one of

the most prevalent causes of

neurological disability affecting
young adults in the United Kingdom.!
Impairments in balance and mobility are
common even in the early stages of dis-
case.? These are often the first reported
symptoms, with up to 80% of people
experiencing difficulties, highlighting
the significance of walking impairments
for people with MS.3 Difficulties with
walking are associated with impaired
ability to perform activities of daily living
and work and with reduced quality of
life.4 Similarly, balance impairments have
significant consequences, being associ-
ated with an increased risk of falls.> The
prevalence of falls is estimated at approx-
imately 50%, with a higher risk of frac-
tures compared with the general popu-
lation.® Together, these issues confirm
that management of these problems
should be a clinical priority.

The trunk constitutes the largest part
of the body, and effective activation of
trunk muscles is considered crucial to
trunk stability and balance.” Research
has shown that reduced trunk stability
occurs in people with MS.® The deep
abdominal muscles are thought to con-
tribute to trunk stability.® Improving
trunk stability in people with neurologi-
cal impairment is a common goal of
physical therapy,® with different
approaches used to address this impair-
ment. These approaches include the use
of Pilates; a system of exercises that
focuses on training the deep abdominal
muscles. Although Pilates originally
became fashionable among dancers,
modified Pilates courses have recently
been established to train physical thera-
pists to apply these concepts within clin-
ical practice.!© As a consequence, Pilates
exercises are frequently used by physical
therapists, and people with MS self-
finance attendance at Pilates classes,
despite a paucity of evidence to support
effectiveness. !

This multicenter randomized controlled
trial (RCT) builds upon pilot work that
suggested potential for Pilates-based core
stability training to improve balance and
mobility in people with MS.!'' The pri-
mary aim was to compare the effective-
ness of a 12-week program of Pilates

with relaxation exercise. Secondary aims
were to compare a 12-week program of
standardized exercises with relaxation
and to compare Pilates with standardized
exercises. A further secondary aim was
to explore underlying mechanisms of
change with ultrasound imaging, which
will be reported in a separate article.

Method

Trial Design

This was a 3-arm, multicenter, assessor-
blinded, pragmatic RCT. The full
protocol is reported elsewhere!? and
can be freely accessed at http://www.
biomedcentral.com/1471-2377/12/19.

Participants

One hundred  participants were
recruited across the United Kingdom.
The original protocol was for recruit-
ment from 4 centers; however, slower-
than-anticipated  recruitment  rates
required the number of centers to be
increased to 7 and the recruitment
period to be extended by 6 months.
Recruitment commenced on September
1, 2011, and ceased on March 5, 2013.

Participants were eligible if they were
aged over 18 years, had a definite diag-
nosis of MS according to McDonald’s cri-
teria,'3 and had an Expanded Disability
Status Scale (EDSS) score of 4.0 to 6.5,
meaning that, at best, they were able to
walk independently without use of an
aid or rest for 500 m (EDSS score=4.0)
and, at worst, they required 2 walking
aids (pair of crutches or canes) to
walk about 20 m without resting. Exclu-
sion criteria were: in relapse or having
relapsed in the previous 3 months!4; any
medical condition contraindicating par-
ticipation in Pilates exercises; scoring
<6 on the Abbreviated Mental Test,!5 as
an indicator of those whose cognitive
difficulties could interfere with the
informed consent process or the ability
to fully engage in the exercise program;
current or recent (within previous 6
months) participation in Pilates or core
stability exercises; and current involve-
ment in another interventional research
study.

Participants were recruited from physi-
cal therapy departments at each of the
centers and via advertisement in the

newsletter of the South West Impact of
Multiple Sclerosis Project (SWIMS),
which is accessed by more than 1,500
people with MS living in southwest
England.'¢

Randomization and Blinding

After providing written consent, partici-
pants were randomly assigned (1:1:1) to
groups receiving Pilates, standardized
exercises, or relaxation. Before the start
of the trial, the study coordinator (E.E.E.)

prepared sequentially numbered,
opaque, sealed envelopes containing the
treatment  allocation. The random

sequence was generated using a comput-
erized random number generator. Block
randomization, with each center as the
block, was used. The local investigator
opened the sealed envelopes sequen-
tially and only after the participant’s
name and other details were written on
the envelope. To further optimize the
rigor of randomization, the allocation
was confirmed with the study coordina-
tor. Due to the slow recruitment, requir-
ing the addition of trial centers, one error
in allocation occurred, resulting in one
duplication (Figure).

After allocation, it was not possible to
blind the treating physical therapist to
cach participant’s allocated intervention.
The assessing therapists, however,
remained blind to treatment allocation
throughout the trial, and every effort was
made to blind the participants to treat-
ment allocation.

Interventions

Following randomization, the allocated
intervention was delivered at each cen-
ter by a neurological physical therapist
experienced in managing people with
MS and trained in the standard protocols.
All therapists had undertaken formal
postgraduate Pilates training with an
accredited body.

Full details of all interventions have been
published previously!? and are briefly
summarized below. Table 1 compares
the contents of the interventions.

Pilates

This was a pragmatic trial; therefore, the
exercises were selected by the treating
therapist from 10 exercises chosen to be
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reflective of current clinical practice.
This program of exercises'” was devel-
oped for the pilot work by experienced
specialist MS physical therapists.!!
Emphasis was placed on voluntary acti-
vation of the deep abdominal muscles,
and exercises were progressed at each
session  according to  individual’s
abilities.

Standardized Exercises

These exercises, designed to improve
pelvic and trunk stability, lower limb
strength, and balance, are detailed in Bar-
rett et al.’® In line with the pragmatic
nature of this trial, these exercises were
chosen because they reflect routine exer-
cises carried out in current clinical prac-
tice. At each session, appropriate exer-
cises were chosen from the list and
progressed according to individual
ability.

For participants randomized to either of
these exercise interventions, 12 half-
hour, individualized, one-to-one training
sessions were delivered over 12 weeks.
An individualized 15-minute daily home
exercise program also was prescribed.
The exercise intensity was individualized
to the participant, and the level of exer-
cise was progressed over 12 weeks. Par-
ticipants were given a workbook with
written and diagrammatic instructions to
facilitate exercise performance and a
diary in which to record their adherence.

Relaxation Sessions (Control)

The control was a relaxation activity uti-
lizing contract-relax techniques, wherein
the participant was positioned supine
and progressively isometrically con-
tracted and relaxed the muscles. Current
evidence demonstrates that this activity
would not be of sufficient intensity to
generate change in muscle strength.'®
Participants attended 3 face-to-face indi-
vidualized relaxation sessions lasting
approximately 60 minutes, at 4 weekly
intervals. They were asked to perform 15
minutes of this “exercise” daily at home
and were provided with an audio CD to
facilitate performance of the home pro-
gram. A diary was provided to record
their adherence to this home program.
Weekly telephone contact by the treat-
ing therapist was undertaken in an

Table 1.
Comparison of Interventions
Standardized
Variable Pilates Exercises Relaxation
Description Exercises in standing, supine, | Exercises in standing, | A supine relaxation

4-point kneeling, and
prone positions

Exercises based on the
principles of Pilates, which
include focusing on
voluntarily activating the
deep abdominal muscles
by drawing the navel
toward the spine and
combining movement
with breathing

Gym ball used at discretion
of therapist

supine, 4-point
kneeling, and
prone positions

Therapists teaching
the exercises were
expressly asked
not to teach
voluntary
activation of the
deep abdominal
muscles

exercise, participants
were positioned
supine and
progressively
contracted and
relaxed the muscles
Therapists used a script
for standardization
Participants were
provided with a CD
for practice at home

Frequency and
intensity

One session per week with
neurological Pilates-trained
center therapist plus 15
minutes of home exercises
recorded in the diary
based on exercises taught
in the session

Therapists were able to
select and progress
exercises based on the
participants’ individual
requirements

One session per month
with the center
therapist, weekly
telephone calls to
match for attention

attempt to match for the attention given
to the participant by the therapist.

Outcome Measures and
Follow-up

The standardized, validated outcome
measures were administered by a
blinded assessor at baseline, immediately
following the allocated program of face-
to-face intervention (week 12), and 1
month after contact with the treating
therapist had ceased (week 16). The pri-
mary outcome measure was the 10-Meter
Timed Walk Test (10MTW), which has
established validity2® and high interrater
reliability (intraclass correlation coeffi-
cient=.94)2! and has been shown to be
responsive in people with MS,20.22
including in those who participated in
Pilates as part of our pilot work.!! At all
3 assessments, participants used their
usual walking aid for the 10MTW, which
was documented to ensure consistency.

The secondary outcome measures were
collected in a protocolized order:

e Walking speed (in meters per sec-
ond), calculated on the basis of the
10MTW.

e Functional reach (forward and lat-
eral); clinician-rated measures of
balance impairment.

e 12-Item Multiple Sclerosis Walking
Scale (MSWS-12, version 2); a
12-item self-report questionnaire
that measures walking impairment.

e Activities-specific Balance Confi-
dence (ABC) scale; a self-report
questionnaire measuring perceived
balance confidence.

e 10-point numeric rating scale to
determine the participants’ per-
spective of “difficulty in carrying a
drink when walking,” identified as
a common dual-task problem in
people with MS.

Adherence Data
Type, level, and repetition of exercises
were documented by the therapist. Par-
ticipants recorded adherence to home
exercises in a diary.

Sample Size

The recruitment target was 100 partici-
pants. The sample size calculation was
based on data from the case series study
investigating the effectiveness of a
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Invitations sent via SWIMS (southwest
England only) n=134
+

Participants approached by therapist or
responded to invitation (all centers) n=81
(Total=215)

Did not respond to

Excluded n=33

Declined to participate n=23

v

advertisement n=59

Plymouth University: n=40
Newton Abbot Hospital: n=21

Lanarkshire NHS Trust: n=19

Distribution across centers

Merlin Center (charity) n=7

South Tees Hospital: n=5

Tavistock Hospital: n=5

Consented and randomly assigned (n=100) (baseline scores from n=100)

University College London: n=3

\ 4
Pilates Standardized Exercises Relaxation
(n=33) (n=35) (n=32)
N N

Intention-to-treat analysis at week 12
n=29 complete case data

Retention at 12 wk

Relapse n=0

Logistics n=3 (2 unable to reach center
due to snow, 1 unable to reach center
due to progression of MS and family
circumstances)

Started drug treatment n=1

Unable to contact n=1

(n=33) LOCF

Intention-to-treat analysis at week 12
n=30 complete case data

Retention at 12 wk

Relapse n=3

Adverse event n=1 (fractured humerus,
unrelated to study)

Logistics n=1 (did not want to travel to
center)

(n=32) LOCF

Intention-to-treat analysis at week 12
n=25 complete case data

Retention at 12 wk

Relapse n=3

Adverse events n=2 (pneumonia,
pancreatitis; both unrelated to study)

Logistics n=2 (wife unwell, unable to
reach center)

(n=29) LOCF

Retention at 16 wk

Adverse event n=1 (fractured ankle,
unrelated to study)

Started drug treatment n=1

(n=33) LOCF

Retention at 16 wk
No further dropouts or exclusion

Retention at 16 wk
No further dropouts or exclusion

(n=32) LOCF

(n=29) LOCF

Figure

Recruitment, allocation, and retention of participants. SWIMS=South West Impact of Multiple Sclerosis Project, LOCF=last observation
carried forward analysis, MS=multiple sclerosis.

Pilates-based core stability training pro-
gram on balance and mobility in a similar
sample of people with MS.!! Based on
these data, 30 people in each group were
required in order to detect a 20% differ-
ence between Pilates and relaxation
groups in terms of the primary outcome
measure (ie, 10MTW), with 85% power
and at the 5% significance level. This
sample size was inflated to 33 partici-
pants per group to allow for a 10% loss
due to dropout or relapse. At the time of

finalizing the protocol, it was decided to
add another 33 participants to allow ran-
domization to 1 of 3 groups.!?

Data Analysis

The 6 participants who relapsed, none of
whom were in the Pilates group, were
excluded from the analysis, as prespeci-
fied in the protocol'?; an additional 13
participants were lost to follow-up (Fig-
ure). Therefore, to maximize use of the

data, and prior to commencing statistical
analysis, the decision was made to
impute missing outcome values using the
last observation carried forward (LOCF)
method. This approach was chosen
based on existing evidence that a signif-
icant decline in overall mobility was
unlikely over the time frame of this
study.?223 Sensitivity analysis was per-
formed on all available data (ie, on com-
plete cases only), which yielded similar

4 MW Physical Therapy Volume 96 Number X

Month 2016



Pilates-Based Core Stability Training and Multiple Sclerosis

Table 2.
Demographic and Diagnostic Characteristics of the 100 Participants Recruited
Standardized
Pilates Exercises Relaxation
Variable (n=33) (n=35) (n=32) All (N=100)
Age (y), X (SD) [range] 53.97 (9.19) 54.60 (11.54) | 53.78 (9.72) 54.13 (10.14)
[31-73] [35-77] [40-74] [31-77]

Female sex, % (n) 84.9% (28)

71.4% (25)

65.6% (21)

74.0% (74)

Type of multiple sclerosis,
% (n)

Relapse remitting 39.4% (13)

37.1% (13)

37.5% (12)

38.0% (38)

Secondary progressive 24.2% (8) 31.4% (11) 34.4% (11) 30.0% (30)
Primary progressive 36.4% (12) 31.4% (11) 25.0% (8) 31.0% (31)
Benign 3.1% (1) 1.0% (1)

Years since first symptoms, | 18.94 (11.29)

18.46 (11.59)

20.53 (10.96)

19.27 (11.22)

X (SD) [range] [2-40] [3-44] [4-45]° [2-45]°
Years since diagnosis, X 13.18 (10.06) | 13.91(10.97) | 12.14(10.68) | 13.11 (10.50)
(SD) [range] [1-36] [0-41] [0.5-42] [0-42]

? One participant allocated to the relaxation group did not report years since first symptom.

results; for simplicity, only the results
based on the imputed data are presented.

Although the original research hypothe-
sis was stated in terms of comparing
Pilates with relaxation (the basis on
which the study was powered), the final
study design allocated participants to 1
of 3 groups (Pilates, standardized exer-
cise, or relaxation), with the compari-
sons among all 3 groups of interest.
Therefore, to make maximal and efficient
use of the data structure, repeated-
measures mixed models were fitted for
each outcome measure, incorporating
effects of time (baseline, 12 weeks, 16
weeks), allocated group, and the interac-
tion between time and allocated group.
The statistical significance level was set
at  5%. All pair-wise comparisons
between groups at 12 and 16 weeks
were considered to be of potential inter-
est and were calculated using the mar-
ginal linear predictions from the fitted
models (including the interaction effect
between allocated group and time) and
are presented with corresponding
Bonferroni-adjusted 95%  confidence
intervals (CD).

Role of the Funding Source
The authors acknowledge The MS Trust
for funding the trial.

Results

There were no reported harms or
adverse reactions in any of the partici-
pants. Four adverse events occurred: a
fractured ankle (Pilates group) and a frac-
tured humerus (standardized exercise
group) (both as a result of falls in the
snow, unrelated to the exercise sessions)
and pneumonia and pancreatitis (relax-
ation group) (unrelated to the exercise
sessions). The Figure illustrates the flow
of participants through the trial.

Demographics of all participants who
were randomized are shown in Table 2.
After the removal of the relapsers and
imputation for missing outcome data, the
outcomes are summarized descriptively
in Table 3. Table 4 shows the adjusted
mean differences and Bonferroni-
corrected 95% CI values for between-
group differences at 12 and 16 weeks.

At 12 weeks, for all outcome measures
except the visual analog scale (VAS), the
repeated-measures mixed models indi-
cated that overall there were statistically
significant differences among the allo-
cated groups (all P<.05, except for VAS
[P=.363]). At 16 weeks, there was evi-
dence of statistically significant differ-
ences among allocated groups for walk-
ing speed, lateral functional reach,
MSWS-12 score, and ABC score only (all
P<.05).

Primary Outcome measure

For the primary outcome measure of
10MTW, there was no statistically signif-
icant difference between the Pilates and
relaxation groups at 12 weeks. There
was some evidence of a reduction in
time in the standardized exercise group
compared with the relaxation group
(adjusted difference [ie, from the fitted
model]) (standardized exercise minus
relaxation) of —4.2 seconds (95%
CI=—8.4, 0.0) and of a slightly smaller
reduction in time when comparing the
standardized exercise group with the
Pilates group (adjusted difference) (stan-
dardized exercise minus Pilates) of —3.7
seconds (95% CI=—7.8, 0.4). At 16
weeks, although the standardized exer-
cise group remained, on average, quicker
than either the Pilates or relaxation
group (mean time=12.9, 14.9, 15.39 sec-
onds, respectively), the magnitude of the
mean difference was much reduced.

Secondary Outcome Measures

At both 12 and 16 weeks, there was no
evidence of statistically significant differ-
ences between the Pilates and relaxation
groups for any of the secondary outcome
measures.

At 12 weeks, participants in the standard-
ized exercise group did statistically sig-
nificantly better, on average, than those
in the relaxation group in terms of walk-
ing speed, forward functional reach, and
MSWS-12 and ABC scores, with the dif-
ference in lateral functional reach not
quite reaching statistical significance.
When comparing these 2 groups again at
16 weeks, the differences remained for
walking speed and MSWS-12 score, and
there was evidence of a statistically sig-
nificant difference in lateral functional
reach.

At 12 weeks, participants allocated to the
standardized exercise group, on average,
did significantly better than those in the
Pilates group in terms of walking speed
and MSWS-12 score. At 16 weeks, the
difference for MSWS-12 score remained
statistically significant, but the difference
for walking speed did not reach statisti-
cal significance. Attendance at therapy
sessions was 66% for the Pilates group,
84% for the standardized exercise group,
and 92% for the relaxation group. Adher-
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Table 4.

Adjusted Mean Differences and Bonferroni-Corrected 95% Confidence Intervals for Between-Group Differences at 12 and 16 Weeks
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ical therapist; unfortunately, this affected
the speed of recruitment.

Limitations of the Study

Choosing outcome measures such as
posturography to assess balance?” or
accelerometry to assess walking?® may
have been more responsive in detecting
any changes. It also is debatable as to
whether outcome measures focusing on
the trunk, such as the Trunk Impairment
Scale,?® may have been a more respon-
sive measure than the chosen primary
outcome measure. However, our
research question was formulated on the
basis that physical therapists use Pilates
as an intervention aimed at improving
mobility and balance. Our pragmatic
study was designed to be reflective of UK
clinical practice, after extensive consul-
tation with experienced MS specialist
physical therapists and using outcome
measures on the basis of pilot work!! and
with established psychometric proper-
ties in this patient group.

Although this approach was designed to
reflect the types of Pilates exercises used
in clinical practice, we acknowledge that
this approach may not represent popular
Pilates classes where resistance bands
and weights may be incorporated. Ther-
apists were limited to 10 mat-based exer-
cises, which did not challenge standing
balance or require participants to exer-
cise in an upright weight-bearing posi-
tion and may be less likely to improve
balance and gait. Greater improvements
may be achieved if Pilates exercises are
based on functional goals of the client
(eg, balance, gait) and involve use of spe-
cialized equipment to enable exercise in
unstable environments, in upright
weight-bearing positions, and against
resistance. Moreover, although we fol-
lowed up participants 1 month after they
had completed the face-to-face interven-
tion, it is possible that this is too short a
duration to provide meaningful informa-
tion on any retention effects.

The adverse events (all of which were
independently determined to be unre-
lated to the interventions) and relapses
were not quantitatively compared in this
trial; therefore, no comments can be
made on potential harm from either of
the exercise-based interventions in rela-
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tion to relapses. However, it is notable
that there were no reported harms or
adverse reactions related to the interven-
tions in any of the participants, in any of
the groups.

Finally, the participants in this trial were
all ambulant; thus, the results cannot be
extrapolated to people with MS who are
wheelchair  dependent. Currently,
research is being performed to evaluate
the effects of Pilates in this group.?4

Explanation of Findings

The Pilates exercise approach teaches
people to voluntarily activate the deep
abdominal muscles, with the rationale of
improving core stability and related func-
tion. However, it has been questioned
whether focused voluntary activation is
necessary to achieve this effect3® or
whether automatic activation, which
occurs during movement in both healthy
people3! and people with neurological
impairments,3? may be as effective. It is
possible that the larger gains made and
sustained by those undertaking standard-
ized exercises were because activation of
the core stabilizers was more effectively
achieved at an automatic level. Another
explanation could be that a greater pro-
portion of the standardized exercises
were task specific, in that a number of
them were undertaken in a standing posi-
tion, which has shown to be an effective
method for improving function in indi-
viduals with neurological impairment.33
A better understanding of the association
between core stability and balance and
mobility function is needed to elucidate
this explanation of our findings.

In people with MS, demyelination and
axonal damage may cause neuromuscu-
lar weakness, resulting in problems with
foot clearance when walking.'8 Pilates is
an exercise intervention that focuses
heavily on training the proximal muscu-
lature. In clinical practice, therapists can
combine interventions such as targeted
abdominal and lower limb muscle train-
ing with the provision of ankle-foot
orthoses and functional electrical stimu-
lation in order to improve walking.!8
Combined interventions were not
assessed in this study but could be con-
sidered for future research.

It is noteworthy that individuals varied
markedly in their response to the exer-
cise interventions; although some dem-
onstrated very large improvements (up
to 44% on the 10MTW), others worsened
over the 12-week intervention period.
This variability is consistent with other
studies monitoring mobility over time in
similar samples.?? Future research could
be performed to identify people who
respond favorably to exercise to help
best direct resources.

The small-to-moderate magnitude of
change within groups in both the Pilates
and standardized exercise groups is con-
gruent with other MS studies evaluating
exercise34 (effect sizes available from the
corresponding author on request). A 20%
increase in walking speed is considered
clinically meaningful in people with
MS.35 The mean percentage of improve-
ment observed within the standardized
exercise group was 21.7%. This percent-
age is comparable with the percentage of
improvement reported with a 14-week
course of fampridine (25.2%).3¢ In addi-
tion, a 5.1-point change in the self-report
MSWS-12 is considered clinically mean-
ingful.3> The Pilates and standardized
exercise groups had average improve-
ments from baseline of 8.7 and 11.5
points, respectively, at 12 weeks, in con-
trast to the relaxation group, whose self-
reported mobility deteriorated by an
average of 2.2 points on this scale. The
magnitude of improvements noted in the
ABC scale was consistent with that of
other physical therapy interventions in
this patient group.3”

Future Research

This study identified that a program of
standardized exercise resulted in both
statistically and clinically significant
improvements in a range of balance and
mobility measures in ambulant people
with MS compared with relaxation.
These improvements were retained 1
month  after intervention. Future
research could be performed to explore
the reasons as to why standardized exer-
cises appear to be more effective than
the Pilates intervention in terms of the
self-report walking scale. Future research
to assess the effects of this type of exer-
cise on measures of disability in people
with MS who are wheelchair dependent

also is needed. In this study, the adher-
ence to home exercises was recorded for
1 month after face-to-face sessions with
the physical therapist had ceased. The
mean adherence was 73.5% (for the
whole sample), suggesting that research
directed at measuring the adherence and
effects of home exercise in the longer
term is warranted.

Clinical Implications

These results suggest that exercise pro-
grams for ambulant people with MS do
not need to focus on voluntary activation
of the deep abdominal muscles, as pro-
posed in the Pilates method, in order to
gain improvements in standing balance
and mobility.

In conclusion, a 12-week period of
Pilates led to small, nonsignificant
improvements in patient-reported and
clinician-rated measures of balance and
mobility in comparison with relaxation.
These small improvements were not
sustained at 1 month after the therapist
contact time ceased. Standardized phys-
ical therapy exercises led to statistically
and clinically meaningful changes in
both patient-reported and clinician-rated
measures of balance and mobility com-
pared with relaxation, which remained
evident 1 month after the therapist con-
tact time had ceased.
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Freeman provided concept/idea/research
design. Dr Fox, Mrs Creanor, and Dr Free-
man provided writing. Dr Fox, Dr Hough,
and Dr Freeman provided data collection. Dr
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Hough, Mrs Creanor, and Mrs Gear provided
consultation (including review of manuscript
before submission).

Many thanks to the people with MS who
gave up time to participate in the trial and to
the physical therapists working at the
recruiting centers: Paula Cowan (Kenilworth
Medical Centre, Cumbernauld, Glasgow),
Rosie Warnett (James Cook University Hospi-
tal, Middlesbrough), Laura Shenton (New-
ton Abbot Hospital, Devon), Melissa King
(Merlin Centre, Cornwall), Ruth Neville
(Plymouth  University), and Sarah Guy
(National Hospital for Neurology and Neu-

8 M Physical Therapy Volume 96 Number X

Month 2016



Pilates-Based Core Stability Training and Multiple Sclerosis

rosurgery, London). Thanks to Professor
John Zajicek for ongoing advice.

Ethical approval was obtained from the
National Research Ethics Service, South West
3 Regional Ethics Committee (REC reference
number: 10/H0106/88) and from the Fac-
ulty of Health Ethics Committee at Plymouth
University (REC reference code: MS/ab).
National Health Service (NHS) Research and
Development approval was obtained from
all of the participating NHS centers.

The authors acknowledge The MS Trust for
funding the trial.

Clinical trial registration: NCT01414725.
DOI: 10.2522/ptj.20150166

References

1 Rosati G. The prevalence of multiple scle-
rosis in the world: an update. Neurol Sci.
2001;22:117-139.

2 Frzovic D, Morris ME, Vowels L. Clinical
tests of standing balance: performance of
persons with multiple sclerosis. Arch Phys
Med Rebabil. 2000;81:215-221.

3 Pike J, Jones E, Rajagopalan K, et al. Social
and economic burden of walking and
mobility problems in multiple sclerosis.
BMC Neurol. 2012;12:94.

4 Stuifbergen A, Blozis S , Harrison T, Becker
H. Exercise, functional limitations, and
quality of life: a longitudinal study of per-
sons with multiple sclerosis. Arch Phys
Med Rebabil. 2006;87:935-943.

5 Gunn H, Newell P, Haas B, et al. Identifi-
cation of risk factors for falls in multiple
sclerosis: a systematic review and meta-
analysis. Phys Ther. 2013;93:504-513.

6 Ramagopalan S, Seminog O, Goldacre R,
Goldacre M. Risk of fractures in patients
with multiple sclerosis: record-linkage
study. BMC Neurol. 2012;12:135.

7 Cetin N, Bayramoglu M, Aytar A, etal.
Effects of Lower-extremity and trunk mus-
cle fatigue on balance. Open Sports Med-
icine Journal. 2008;31:16-22.

8 Lanzetta D, Cattaneo D, Pellegatta D, Car-
dini R. Trunk control in unstable sitting
posture during functional activities in
healthy subjects and patients with multi-
ple sclerosis. Arch Phys Med Rebabil.
2004;85:279 -283.

9 Hoffman J, Gabel P. Expanding Panjabi’s
stability model to express movement: a
theoretical model. Med Hypotheses. 2013;
80:692-697.

10 Wells C, Kolt G, Bialocerkowski A. Defin-
ing Pilates exercise: a systematic review.
Complement Ther Med. 2012;20:253-
262.

11 Freeman J, Gear M, Pauli A, etal. The
effect of core stability training on balance
and mobility in ambulant individuals with
multiple sclerosis: a multi-centre series of
single case studies. Mult Scler. 2010;16:
1377-1384.

12 Freeman J, Fox E, Gear M, Hough A.
Pilates-based core stability training in
ambulant individuals with multiple sclero-
sis: protocol for a multi-centre randomised
controlled trial. BMC Neurol. 2012;12:19.

13 Polman C, Reingold S, Banwell B, et al.
Diagnostic criteria for multiple sclerosis:
2010 revisions to the McDonald criteria.
Ann Neurol. 2011;69:292-302.

14 Lublin F, Reingold S, Cohen J, et al. Defin-
ing the clinical course of multiple sclero-
sis: the 2013 revisions. Neurology. 2014;
83:278-286.

15 Sarasqueta C, Bergareche A, Arce A, et al.
The validity of Hodkinson’s Abbreviated
Mental Test for dementia screening in
Guipuzcoa, Spain. Eur J Neurol. 200;8:
435-440.

16 Zajicek J, Ingram W, Vickery J, etal.
Patient-orientated longitudinal study of
multiple sclerosis in south west England
(The South West Impact of Multiple Scle-
rosis Project, SWIMS), 1: protocol and
baseline characteristics of cohort. BMC
Neurol. 2010;10:88.

17 Multiple Sclerosis Trust. Core stability
exercises. Available at: https://www.
mstrust.org.uk/understanding-ms/living-
ms/lifestyle/exercise-and-ms/exercises-
people-ms/core-stability-exercises-a.

18 Barrett C, Mann G, Taylor P, Strike P. A
randomized trial to investigate the effects
of functional electrical stimulation and
therapeutic exercise on walking perfor-
mance for people with multiple sclerosis.
Mult Scler. 2009;15:493-504.

19 LinJ, Chen T. Diversity of strength training
methods: a theoretical approach. Strength
Cond J. 2012;34:42-49.

20 Tyson S, Connell L. The psychometric
properties and clinical utility of measures
of walking and mobility in neurological
conditions: a systematic review. Clin
Rebabil. 2009;23:1018 -33.

21 Learmonth Y, Dlugonski D, Pilutti L, et al.
The reliability, precision and clinically
meaningful change of walking assess-
ments in multiple sclerosis. Mult Scler.
2013;19:1784-1791.

22 Freeman J, Walters R, Ingram W, etal.
Evaluating change in mobility in people
with multiple sclerosis: relative respon-
siveness of four clinical measures. Mult
Scler. 2013;19:1632.

23 Ytterberg C, Johansson S, Andersson M,
et al. Variations in functioning and disabil-
ity in multiple sclerosis: a two-year pro-
spective study. J Neurol. 2008;255:967-
973.

24 Van der Linden M, Bulley C, Geneen L,
et al. Pilates for people with multiple scle-
rosis who use a wheelchair: feasibility, effi-
cacy and participant experiences. Disabil
Rebabil. 2013;19:1-8.

25 Marandi S, Nejad V, Shanazari Z, Zolaktaf
V. A comparison of 12 weeks of Pilates
and aquatic training on the dynamic bal-
ance of women with mulitple sclerosis.
Int ] Prev Med. 2013;4(suppl 1):110-117.

26 Guclu-Gunduz A, Citaker S, Irkec C, et al.
The effects of Pilates on balance, mobility
and strength in patients with multiple scle-
rosis. NeuroRebabilitation. 2014;34:337-
342.

27 Boes M, Sosnoff J, Socie M, et al. Postural
control in multiple sclerosis: effects of dis-
ability status and dual task. J Neurol Sci.
2012; 315:44-48.

28 Gijbels D, Alders G, Van Hoof E, et al. Pre-
dicting habitual walking performance in
multiple sclerosis: relevance of capacity
and self-report measures. Mult Scler. 2010;
16:618-626.

29 Verheyden G, Nuyens G, Nieuwboer A,
etal. Reliability and validity of trunk
assessment for people with multiple scle-
rosis. Phys Ther. 2006;86:66-76.

30 Lederman E. The myth of core stability. J
Bodyw Mov Ther. 2010;14:84 -98.

31 Hu H, Meijer O, Hodges P, et al. Under-
standing the Active Straight Leg Raise
(ASLR): an electromyographic study in
healthy subjects. Man Ther. 2012;22:1-7.

32 Marsden J, Hough A, Shum G, et al. Deep
abdominal muscle activity following
supratentorial stroke. J Electromyogr
Kinesiol. 2013;23:985-990.

33 Hubbard I, Parsons M, Unit A, Hunter J.
Task-specific training: evidence for and
translation to clinical practice. Occup Ther
Int. 2009;16:175-189.

34 Snook E, Motl R. Effect of exercise training
on walking mobility in multiple sclerosis:
a meta-analysis. Neurorebabil Neural
Repair. 2009;23:108-116.

35 Hobart J, Blight A, Goodman A, etal.
Timed 25-foot walk: direct evidence that
improving 20% or greater is clinically
meaningful in MS. Neurology. 2013;80:
1509-1517.

36 Goodman A, Brown T, Krupp L, etal.
Sustained-release oral fampridine in multi-
ple sclerosis: a randomised, double-blind,
controlled trial. Lancet. 2009;373:732-
738.

37 Cattaneo D, Jonsdottir J, Zocchi M, Regola
A. Effects of balance exercises on people
with multiple sclerosis: a pilot study. Clin
Rebabil. 2007;21:771-781.

Month 2016

Volume 96 Number X Physical Therapy B 9


https://www.mstrust.org.uk/understanding-ms/living-ms/lifestyle/exercise-and-ms/exercises-people-ms/core-stability-exercises-a
https://www.mstrust.org.uk/understanding-ms/living-ms/lifestyle/exercise-and-ms/exercises-people-ms/core-stability-exercises-a
https://www.mstrust.org.uk/understanding-ms/living-ms/lifestyle/exercise-and-ms/exercises-people-ms/core-stability-exercises-a
https://www.mstrust.org.uk/understanding-ms/living-ms/lifestyle/exercise-and-ms/exercises-people-ms/core-stability-exercises-a

