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Pilates and MS

Background: Pilates is a series of exercises based on whole-body movement and may improve mobility
in people with multiple sclerosis (MS). The purpose of this study was to determine the effect of Pilates on
walking performance in people with MS.
Methods: 30 individuals with MS who were not restricted to a wheelchair or scooter (Patient-Determined
Disease Steps scale score <7) were randomized to receive Pilates (twice weekly) and massage therapy (once
weekly) or once-weekly massage therapy only (control group). The Pilates was delivered in a group setting
(five to ten participants per session). The primary outcome was change in walking performance (6-Minute
Walk Test) after 12 weeks. Secondary outcomes included functional ability (Timed Up and Go test), balance (Fullerton Advanced Balance Scale), flexibility (sit and reach test), body composition (dual-energy
X-ray absorptiometry), core endurance (plank-hold test), and muscle strength and voluntary activation
(quadriceps). Intention-to-treat analysis was performed using a two-factor repeated-measures analysis of
variance.

Conclusions: Pilates improved walking performance and functional ability in persons with MS and is
a viable exercise option to help manage the disease. Int J MS Care. 2018;20:92-100.

E

vidence consistently shows that exercise therapy
has beneficial effects on physical performance
and quality of life in persons with multiple
sclerosis (MS).1-3 Pilates is a series of exercises based on
whole-body movement that emphasizes awareness of
body structure, body alignment, and muscle recruitment
with a focus on stabilizing core muscles during dynamic
movement. As such, Pilates may have a beneficial effect
in persons with MS because activation of core muscles
could combat difficulties with mobility and balance.4,5
A modest 10% to 14% improvement in walking performance has been reported with Pilates, along with
improvements in functional ability, balance, strength,
and well-being.4,6-11 However, previous studies have been
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limited by low frequency of Pilates exercises (once-weekly 30-minute sessions),4,7 restrictive inclusion criteria
(lower disability thresholds), and nonrandomized study
design.6,8,9 Furthermore, the potential benefits of Pilates
include alleviation of side-to-side strength imbalances
and an improved ability to recruit motor neurons, which
is severely affected in persons with MS.12,13 These potential benefits are due to the emphasis of Pilates training
on body alignment and muscle recruitment. The primary purpose of this study was to determine the impact
of a Pilates exercise program on walking ability in people
with MS when conducted at a frequency recommended
by the Canadian Physical Activity Guidelines for Adults
with MS.14 The secondary purpose of this study was to
explore the potential impact of a Pilates exercise program
on quality of life and additional physical performance
indicators, including functional ability; balance; flexibility; body composition; core endurance; quadriceps
strength, fatigability, and voluntary muscle activation;
and daily/weekly physical activity. Although some of
these additional indicators have been recorded in previous Pilates research, muscle strength and neural activation have not been studied and may help determine
mechanisms by which mobility might be improved. We
hypothesized that Pilates exercises would improve walking ability, physical performance, and quality of life.
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Results: Walking distance increased by a mean (SD) of 52.4 (40.2) m in the Pilates group versus 15.0
(34.1) m in the control group (group × time, P = .01). Mean (SD) time to complete the Timed Up and
Go test decreased by 1.5 (2.8) seconds in the Pilates group versus an increase of 0.3 (0.9) seconds in the
control group (group × time, P = .03). There were no other significant differences between groups over
time.

Duff et al.

Methods
Study Design

Participants
Participants were recruited through advertisement by
the local MS Society of Canada office and social media
from November 20, 2016, through January 20, 2017.
The inclusion criteria were purposely kept broad and
consisted of a definite diagnosis of MS, not restricted to
a wheelchair or scooter, and the ability to travel to the
assessment (University of Saskatchewan) and intervention (Lead Pilates and Integrative Therapies) sites, both
located in Saskatoon, Saskatchewan, Canada. To keep
the study as real-world as possible, participants were not
excluded because of involvement in previous or current
exercise programs.
Based on a meta-analysis of Pilates in older adults, we
estimated a Hedges’ g effect size of 1.39 for improvement
in walking performance.15 Using this effect size, a power
of 80%, and an α of .05, we determined that ten participants per group were required. We aimed to recruit 15
participants per group (30 total) to account for potential
attrition. All the participants signed informed consent
forms and completed the Physical Activity Readiness
Questionnaire for Everyone16 before baseline testing to
ensure that there were no contraindications to exercise
participation. The study was approved by the University
of Saskatchewan Biomedical Ethics Review Board.

Pilates and Control
The Pilates intervention consisted of two 50-minute
Pilates sessions per week. The Pilates sessions were led by
experienced Comprehensive Certified Pilates instructors
with training on adapting Pilates exercises for individuals with MS. The 12-week program included exercises in
the standing position on the CoreAlign apparatus (www.
pilates.com; Balanced Body, Sacramento, CA) and floor
mat work. Each session started with a warm-up and

Outcomes
The primary outcome was walking ability as assessed
via the 6-Minute Walk Test (6MWT), per the guidelines provided by the American Thoracic Society.18 In
brief, participants were instructed to walk as far as possible in 6 minutes by walking back and forth on a 100-ft
course while using their typical assistive devices. Rest
breaks were permitted, although the stopwatch continued to run during breaks, and the total distance was
recorded. In exception to the guidelines, the researcher
(W.R.D.D.) administering the test walked alongside
the participant due to safety concerns surrounding the
course (eg, doorways, floor transition molding).18 Secondary outcomes included functional ability (Timed Up
and Go [TUG] tests with left and right turns)19; balance
(Fullerton Advanced Balance Scale)20; flexibility (sitand-reach test); body composition (dual-energy X-ray
absorptiometry)21; core endurance (plank-hold test)22;
quadriceps strength (maximum voluntary contraction),
fatigability (sustained maximum voluntary contraction
torque drop), and voluntary muscle activation (interpolated twitch technique) (Figure S1, which is published
in the online version of this article at ijmsc.org); daily/
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This was a single-blinded, parallel-group, randomized
controlled trial conducted over a 12-week period. Participants were randomized 1:1 to the Pilates or control
group after completing baseline testing. Randomization
was performed using a computer-generated allocation schedule, with a block size of two, by a researcher
(C.D.E.) who was not involved in baseline or outcome
assessment or in the statistical analysis. Researchers
involved in outcome assessment and analysis were blinded to group assignment, with statistical analysis blinded
through coding of the study groups.

ended with a cool-down. A range of exercises were performed, such as the CoreAlign “hoof” (focused on gait)
and “angels in the snow” (focused on shoulder mobility). Existing exercises progressed in difficulty, and new
exercises were introduced over the study period based
on each participant’s individual performance. A detailed
curriculum of the Pilates program is available from the
authors on request. The Pilates sessions were conducted
in a group setting (n = 5-10) but were individualized
to each participant’s ability level and focused on proper
breathing, correct body alignment, and core stabilization. Participants in the Pilates group also received a
weekly 1-hour massage therapy session with a registered
massage therapist specially trained in massage for MS.
Participants in the control group received only the
once-weekly 1-hour massage therapy session. Massage
therapy was chosen as the control because it has the
potential to improve some outcomes in MS (eg, pain
and stress) but would have minimal effect on the primary
(walking ability) and secondary (muscular strength and
endurance) outcomes.17 All the Pilates and massage therapy sessions occurred at the same location (Lead Pilates
and Integrated Therapies). To ensure that the study was
as pragmatic as possible, participants were not restricted
from performing other exercise during the study period.

Pilates and MS

Statistical Analysis

SPSS Statistics for Windows (version 24.0; IBM Corp,
Armonk, New York).

Results
A total of 71 individuals were identified as potential
participants; 30 were randomized to either the Pilates or
control group (Figure 1). The mean (SD) participant age
was 45.4 (8.3) years, and 77% were women. Baseline
characteristics were similar between groups (Table 1).
Compliance with the Pilates intervention was high, with
a mean (SD) of 84.8% (15.5%) of sessions attended
(median, 88.0%; range, 36%-100%). Three participants
(one in the Pilates group and two in the control group)
were not able to complete postintervention testing due
to medical reasons but were still included in the final
analyses.
The distance covered in the 6MWT increased by
a mean of 52.4 m in the Pilates group compared with
15.0 m in the control group (group × time, P = .01)
(Table 2). Although baseline scores were not statistically different between groups, we also adjusted for the
baseline 6MWT distance using analysis of covariance
and found similar results (P = .01 for the difference in

Baseline characteristics were compared between
groups using one-way analysis of variance (ANOVA). A
two-factor repeated-measures ANOVA with betweengroup factor for study group (Pilates vs. control) and
within-group factor for time (baseline vs. postintervention at 12 weeks) was used. We reported effect size via
partial eta-squared (η2p )
and significance at P ≤
Assessed for eligibility
(n = 71)
.05 for differences in the
Enrollment
Excluded (n = 41)
mean change over time
• Not meeting inclusion criteria (n = 15)
between groups (ie, the
– Unavailable to attend study
locations
group × time interac• Declined to participate (n = 18)
• Other reasons (n = 8)
tion). All data were
– Study sample size already met
checked and cleared for
skewness and kurtosis,
Randomized (n = 30)
as well as for outliers.
Welch’s F tests were used
Allocation
in place of ANOVA to
Allocated to Pilates (n = 15)
Allocated to Control (n = 15)
• Received allocated intervention (n = 15)
• Received allocated intervention (n = 15)
adjust for homogene• Did not receive allocated intervention (n = 0)
• Did not receive allocated intervention (n = 0)
ity of variance violations
where appropriate. All
Follow-up
the results are expressed
Completed intervention (n = 14)
Completed intervention (n = 13)
Discontinued intervention (n = 1)
Discontinued intervention (n = 2)
as mean (SD) or mean
• Medical reasons
• Medical reasons
absolute changes and
95% CIs. Data were
Analysis
analyzed on both an
Analyzed (n = 15)
Analyzed (n = 15)
intention-to-treat (miss• Excluded from analysis (n = 0)
• Excluded from analysis (n = 0)
ing data were carried
forward from the last
Figure 1. CONSORT flow diagram
recorded value) and perParticipant flow throughout study. CONSORT, Consolidated Standards of Reporting Trials.
protocol basis using IBM
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weekly physical activity (Actical accelerometers [Respironics, Bend, OR])23; and quality of life (Multiple
Sclerosis Quality of Life–54 instrument).24 Many of the
secondary outcomes were exploratory in nature in an
attempt to determine the feasibility of measuring these
outcomes for future exercise-related studies in the MS
population. As well, outcomes such as muscle strength
and neural activation are novel to the present study and
may be helpful in determining mechanisms by which
mobility might be improved. Detailed protocols for all
the secondary outcomes are available in Appendix S1.
All the outcome measures were assessed at baseline and
within 1 week after the end of the intervention. All the
assessments were completed at research facilities located
at the University of Saskatchewan.

Duff et al.
Table 1. Baseline characteristics
Characteristic

Control group
(n = 15)

45.7 ± 9.4
2.1 ± 1.8 [0-5]

45.1 ± 7.4
2.3 ± 2.3 [0-6]

12 (80)
3 (20)

11 (73)
4 (27)

14 (93)
0
1 (7)

11 (73)
2 (13)
2 (13)

2 (13)
13 (87)

3 (20)
12 (80)

2 (13)
0 (0)
4 (27)
1 (7)
3 (20)
5 (33)

1 (7)
1 (7)
0
3 (20)
4 (27)
6 (40)

Note: No differences between groups were statistically significant.
Abbreviations: DMT, disease-modifying therapy; IM, intramuscular;
PDDS, Patient-Determined Disease Steps; PPMS, primary progressive multiple sclerosis; RRMS, relapsing-remitting multiple sclerosis;
SC, subcutaneous; SPMS, secondary progressive multiple sclerosis.
a
Aubagio; Genzyme Corp, Cambridge, MA.
b
Rebif; EMD Serono Inc, Rockland, MA.
c
Copaxone; Teva Pharmaceutical Industries Ltd, North Wales, PA.
d
Avonex; Biogen, Cambridge, MA.
e
Tecfidera; Biogen.

post-training scores between groups adjusted for baseline
scores). No differences between groups were observed
for any of the secondary outcomes except for functional
ability (Tables 2 and 3). Results of the TUG test with
a left turn improved in the Pilates group, with a mean
(SD) decrease of 1.5 (2.8) seconds compared with an
increase of 0.3 (0.9) seconds for the control group
(group × time, P = .03) (Table 3).
No adverse events were reported in either group during the intervention. However, one participant experienced severe muscle spasticity of the leg during the baseline stimulation protocol. This person fully recovered
within 2 hours of the testing.

Discussion
In this 12-week randomized study, a Pilates exercise
program improved walking distance and a measure of
independent functional ability (TUG test) in individuals with MS. There were no differences between groups
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Age, mean ± SD, y
PDDS scale score, mean ±
SD [range]
Sex, No. (%)
  Female
  Male
Disease course, No. (%)
  RRMS
  SPMS
  PPMS
Relapse in 30 d before
baseline, No. (%)
  Yes
  No
Current DMT, No. (%)
  Teriflunomidea
   Interferon beta-1a SCb
  Glatiramer acetatec
   Interferon beta-1a IMd
  Dimethyl fumaratee
  None

Pilates group
(n = 15)

for a variety of secondary end points, including balance,
flexibility, muscle strength, and quality of life.
Although it is known that physical activity is beneficial for individuals with MS,2,3 only a few studies
have specifically examined Pilates, and none have been
conducted in a Canadian cohort to our knowledge.
The present observations of a 15% benefit in walking performance and some improved functional ability with Pilates exercises support previous studies.4,6-8,11
A 12-week Pilates program improved walking speed
(Timed 10-Meter Walk test)4 and distance (2-Minute
Walk Test and 6MWT) and functional ability (TUG
test),7 but no more so than standardized physical therapy
exercises. In the first study, improvements in walking
speed were small and nonsignificant, although this could
be due to the poor compliance to Pilates reported during
the study.4 The Pilates interventions for both of these
studies were limited to once-weekly 30-minute, matbased sessions; this is below the recommended frequency
of at least 2 days of strength training exercises per week
for adults with MS.14 A higher-frequency (60 minutes,
thrice weekly) 12-week Pilates program improved speed,
coordination, and dynamic balance compared with a
control, but not more than an aquatic training program
of the same frequency.8 However, these results were
based on per-protocol analyses including only participants with greater than 80% compliance with the Pilates
intervention.8 Improvements in functional ability were
observed with an 8-week program with two 60-minute Pilates sessions weekly, although no comparisons
with a control group were reported.6 We attempted to
improve on previous research by including participants
with a wider range of disease severity, increasing the frequency of the Pilates exercises, and using the CoreAlign
apparatus.
The improvement in walking ability that we observed
may be partially a result of the CoreAlign exercises,
which focus on improving gait by maintaining proper
alignment and activation of the hamstrings. We
observed a mean improvement in walking performance
of 15%, which is less than the 20% considered clinically
relevant.25 However, the mean improvement in TUG
test time of 1.8 seconds is similar to the statistically
significant difference of 1.2 seconds found when comparing older adult fallers and nonfallers.26 Such improvements may suggest that Pilates could be beneficial as
a complementary therapy for managing MS in some
individuals. Previous work has theorized that improve-

Pilates and MS
Table 2. Baseline and postintervention data by group
Pilates group (n = 15)
Variable

Baseline

Postintervention

Baseline

Postintervention

419.9 (138.2)
[157-613]
28.7 (11.7)
23.4 (11.4)
10.1 (4.6)
9.9 (4.0)

472.3 (149.5)
[141-639]
31.0 (9.2)
25.4 (11.0)
8.6 (2.8)
8.8 (3.3)

455.1 (165.7)
[60-666]
28.0 (13.2)
28.4 (10.8)
8.6 (4.9)
9.2 (4.9)

470.1 (168.1)
[60-688]
30.2 (13.3)
30.3 (9.5)
8.9 (5.0)
9.5 (5.5)

80.7 (21.5)
50.9 (11.6)
27.3 (12.4)
32.7 (8.3)

81.0 (21.1)
51.5 (12.1)
27.1 (11.4)
32.5 (7.6)

82.7 (28.4)
51.7 (11.5)
28.8 (18.4)
32.2 (10.5)

82.0 (29.2)
51.5 (11.7)
28.2 (19.0)
31.4 (11.1)

51.9 (45.3)

50.9 (34.8)

51.4 (32.3)

67.8 (51.6)

122.0 (50.9)
125.9 (49.5)
0.8 (0.2)
74.2 (19.5)
86.2 (9.7)
0.8 (0.2)

115.6 (43.1)
130.0 (49.0)
0.8 (0.2)
75.5 (12.4)
78.2 (12.9)
0.9 (0.1)

127.6 (38.8)
119.4 (47.0)
0.8 (0.2)
79.7 (20.2)
85.6 (11.0)
0.9 (0.1)

127.1 (38.7)
128.0 (44.3)
0.8 (0.1)
70.1 (16.6)
75.8 (9.4)
0.8 (0.1)

113.5 (51.2)
106.0 (45.8)
0.8 (0.2)
70.7 (22.2)
82.6 (12.3)
0.8 (0.2)

101.3 (36.2)
108.6 (37.8)
0.8 (0.1)
69.3 (18.7)
72.5 (14.0)
0.8 (0.1)

116.9 (29.8)
110.7 (31.2)
0.9 (0.1)
73.6 (24.1)
74.5 (21.4)
0.9 (0.1)

118.9 (32.9)
115.5 (41.1)
0.8 (0.2)
68.5 (28.5)
78.0 (12.8)
0.8 (0.3)

41.5 (27.2)
50.0 (13.0)
0.7 (0.4)
53.7 (19.6)
62.7 (19.3)

46.1 (21.3)
52.7 (17.6)
0.7 (0.2)
58.3 (17.6)
68.6 (18.8)

45.2 (32.5)
33.5 (24.5)
0.6 (0.3)
59.3 (18.5)
71.3 (15.4)

48.9 (17.4)
42.3 (19.2)
0.7 (0.2)
61.7 (19.5)
75.5 (13.8)

86,028.4 (80,628.2)
3680.2 (1824.7)
17,414.7 (8550.2)
63,847.7 (74,529.3)

93,799.4 (94,488.2)
6863.50 (12,863.7)
15,160.0 (9716.3)
67,334.0 (69,613.8)

69,613.9 (53,762.7)
3218.4 (1189.2)
14,272.2 (8344.0)
49,593.1 (39,987.5)

87,063.0 (71,109.6)
3163.71 (1291.4)
13,859.8 (7869.0)
67,190.8 (56,537.0)

43,824.4 (24,984.4)
3264.8 (1109.7)
12,586.7 (5691.9)
27,972.9 (20,755.1)

73,987.2 (74,460.5)
2541.4 (1564.4)
11,553.9 (7822.8)
59,891.9 (70,361.1)

72,898.4 (58,302.5)
3232.4 (1672.8)
17,815.7 (9520.1)
51,850.4 (51,151.9)

68,762.9 (60,113.5)
2635.1 (1311.6)
13,952.9 (10,108.8)
45,839.6 (41,443.7)

Note: All values are given as mean (SD) except where noted otherwise. There were no statistically significant differences between groups at
baseline.
Abbreviations: 6MWT, 6-Minute Walk Test; ac, activity count (Actical); FABS, Fullerton Advanced Balance Scale; MVC, maximum voluntary
contraction; QOL, quality of life; TUG, Timed Up and Go.
a
Three participants (Pilates: n = 1; control: n = 2) did not complete sit-and-reach and plank-hold tests.
b
Eight participants (Pilates: n = 2; control: n =6) did not complete entire protocol.
c
Asymmetry is a ratio equivalent to weaker leg divided by stronger leg.
d
Ability to contract muscle maximally.
e
Higher score indicates increased QOL.
f
Four participants (Pilates: n = 1; control: n = 3) did not complete 7-day accelerometer data collection.
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Physical performance
   6-MWT distance, mean (SD)
  [range], m
  FABS score
   Sit-and-reach distance, cma
   TUG test with left turn, s
   TUG test with right turn, s
Body composition, kg
  Total mass
  Lean mass
  Fat mass
Body fat percentage, %
Muscle strength and neural activationb
   Plank-hold test, sa
Prefatigue
   MVC left leg, Nm
   MVC right leg, Nm
   MVC asymmetry, Nmc
   Activation left leg, %d
   Activation right leg, %d
   Activation asymmetry, %c
Postfatigue
   MVC left leg, Nm
   MVC right leg, Nm
   MVC asymmetry, Nmc
   Activation left leg, %d
   Activation right leg, %d
   Activation asymmetry, %c
Fatigue torque drop
  Left leg
  Right leg
  Fatigue asymmetryc
Physical QOL scoree
Mental QOL scoree
Weekday physical activity, acf
  Total
  Sedentary
  Light
  Moderate
Weekend physical activity, acf
  Total
  Sedentary
  Light
  Moderate

Control group (n = 15)

Duff et al.
Table 3. Mean absolute changes from baseline to 12 weeks for all outcomes within groups
Control group (n = 15)

P value

52.4 (32.7 to 72.1)
2.3 (0.3 to 4.3)
2.0 (–1.8 to 5.7)
–1.5 (–2.7 to –0.4)
–1.1 (–2.1 to –0.1)

15.0 (–4.7 to 34.7)
2.2 (0.2 to 4.2)
1.9 (–2.0 to 5.8)
0.3 (–0.9 to 1.4)
0.3 (–0.7 to 1.4)

.01a
.96
.98
.03a
.06

0.3 (–0.7 to 1.4)
0.6 (–0.6 to 1.7)
–0.3 (–1.5 to 0.9)
–0.2 (–1.4 to 1.0)

–0.7 (–1.8 to 0.4)
–0.2 (–1.4 to 0.9)
–0.6 (–1.8 to 0.6)
–0.8 (–2.0 to 0.4)

.17
.33
.68
.51

–1.0 (–15.4 to 13.4)

16.4 (1.5 to 31.4)

.10

–6.4 (–19.1 to 6.2)
4.1 (–12.2 to 20.3)
0.0 (–0.1 to 0.1)
–0.7 (–10.9 to 9.5)
–8.0 (–16.6 to 0.6)
0.1 (–0.1 to 0.2)

–0.4 (–12.7 to 11.8)
8.6 (–7.1 to 24.3)
0.0 (–0.1 to 0.1)
–9.6 (–22.3 to 3.1)
–9.8 (–20.1 to 0.5)
–0.1 (–0.2 to 0.1)

.49
.68
.62
.27
.78
.20

–12.2 (–25.0 to 0.5)
2.6 (–12.7 to 17.9)
0.0 (–0.1 to 0.1)
–3.4 (–13.9 to 7.1)
–10.1 (–21.6 to 1.3)
0.0 (–0.1 to 0.2)

2.0 (–10.3 to 14.3)
4.8 (–10.0 to 19.6)
0.0 (–0.1 to 0)
−5.0 (–18.1 to 8.1)
3.5 (–10.2 to 17.3)
−0.1 (–0.2 to 0.1)

.11
.83
.52
.85
.13
.28

4.6 (–10.8 to 19.9)
2.7 (–10.2 to 15.6)
0.1 (–0.1 to 0.2)
4.6 (–1.3 to 10.5)
5.9 (–0.5 to 12.2)

3.7 (–11.1 to 18.5)
9.5 (–3.4 to 22.4)
0.1 (–0.1 to 0.2)
2.4 (–3.5 to 8.3)
4.2 (–2.1 to 10.6)

.94
.45
.95
.60
.71

7771.1 (–26,143.8 to 41,686.0)
3183.3 (–2060.7 to 8427.3)
–2254.7 (–6125.0 to 1615.6)
3486.3 (–19,839.5 to 26,812.1)

17,449.1 (–16,465.7 to 51,364.0)
–54.6 (–5298.7 to 5189.4)
–412.4 (–4282.8 to 3457.9)
17,597.7 (–5728.1 to 40,923.5)

.68
.38
.50
.39

30,162.8 (–4378.4 to 64,704.0)
–723.4 (–1892.1 to 445.2)
–1032.8 (–6273.7 to 4208.1)
31,919.0 (3239.1 to 60,598.9)

–4135.6 (–38,676.8 to 30,405.7)
–597.2 (–1765.9 to 571.4)
–3862.8 (–9103.7 to 1378.1)
–6010.8 (–34,690.7 to 22,669.2)

.16
.88
.44
.07

Note: Values are given as mean absolute change (95% CI).
Abbreviations: 6MWT, 6-Minute Walk Test; ac, activity count (Actical); FABS, Fullerton Advanced Balance Scale; MVC, maximum voluntary
contraction; QOL, quality of life; TUG, Timed Up and Go.
a
Statistically significant.
b
Three participants (Pilates: n = 1; control: n = 2) did not complete sit-and-reach and plank-hold tests.
c
Eight participants (Pilates: n = 2; control: n =6) did not complete the entire protocol.
d
Asymmetry is a ratio equivalent to weaker leg divided by stronger leg.
e
Ability to contract muscle maximally.
f
Higher score indicates increased QOL.
g
Four participants (Pilates: n = 1; control: n = 3) did not complete 7-day accelerometer data collection.
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Physical performance
   6MWT distance, m
  FABS score
   Sit-and-reach distance, cmb
   TUG test with left turn, s
   TUG test with right turn, s
Body composition, kg
  Total mass
  Lean mass
  Fat mass
   Body fat percentage, %
Muscle strength and neural activationc
  Plank-hold, sb
Prefatigue
   MVC left leg, Nm
   MVC right leg, Nm
   MVC asymmetry, Nmd
   Activation left leg, %e
   Activation right leg, %e
   Activation asymmetry, %d
Postfatigue
   MVC left leg, Nm
   MVC right leg, Nm
   MVC asymmetry, Nmd
   Activation left leg, %e
   Activation right leg, %e
   Activation asymmetry, %d
Fatigue torque drop
  Left leg
  Right leg
  Fatigue asymmetryd
Physical QOLf
Mental QOLf
Weekday physical activity, ac g
  Total
  Sedentary
  Light
  Moderate
Weekend physical activity, ac g
  Total
  Sedentary
  Light
  Moderate

Pilates group (n = 15)

Pilates and MS

PRACTICE POINTS
• Evidence consistently shows that exercise therapy
has beneficial effects on physical performance
and quality of life in individuals with MS. As a
series of exercises based on whole-body movement, Pilates may improve physical functioning in
people with MS.
• Walking ability was improved after a 12-week
Pilates program in individuals with MS; no
adverse events were reported.
• This study adds to the growing body of literature
suggesting that Pilates is a safe and effective
exercise option for MS and can be used by individuals with a wide range of ability levels.

ability and previous activity levels. This, combined with
the fact that the intervention was conducted in an existing Pilates studio, increased the generalizability of the
findings. However, limitations to this study exist. We
assessed a large number of secondary outcomes without
statistical adjustment. Although only one secondary
outcome was statistically significantly different between
groups (TUG with a left turn, P = .03), it is possible that
this result was due to chance rather than to the Pilates
intervention. Not all of the secondary outcomes were
measured by tests specific to MS, such as the Fullerton
Advanced Balance Scale, which was developed to identify balance problems in functionally independent older
adults,20 and caused a ceiling effect for participants with
lower disease severity in the present study. However, to
our knowledge, this is one of the first studies to explore
the potential neural mechanisms for improved physical
performance in MS and to look at changes in training.13
Although we did not observe any statistically significant
results for these outcomes, we were able to determine
the feasibility of measuring such outcomes for future
exercise-related studies in MS populations. We chose a
primary end point that focused on mobility, which is
not a symptom for all individuals with MS; however, the
6MWT is responsive to change,37 has excellent reliability,36,38 and is strongly correlated to subjective measures
of fatigue and quality of life.36,39 Finally, we were unable
to assess whether the benefits in mobility were sustained
once the intervention was completed.
In conclusion, Pilates is a safe and effective exercise
option for improving mobility in individuals with MS.
Future studies should compare Pilates therapy with
other exercise therapies and evaluate other outcomes
important in MS. o
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ments in mobility are a result of increased core strength,
stability, and activation with Pilates.6,11 Although the
present study did not directly evaluate these variables,
our measure of core endurance (timed plank) did not
improve with Pilates compared with the control group.
We also did not observe a difference in neuromuscular
performance (strength, voluntary activation) of the legs.
Thus, the improvements in mobility from Pilates may
also be due to improved kinesthetic awareness, particularly during ambulation. Regardless of the specific
mechanism of action, Pilates seems to be beneficial for
individuals with MS.
Although pharmacologic options are available for the
treatment of MS, there remains debate around the longterm effectiveness27-29 and concerns with the safety profiles, and a lack of long-term surveillance of the newer
agents exists.30-35 This, and the fact that not everyone is
eligible for these drugs, leads many individuals to seek
nonpharmacologic methods, including exercise, to help
manage their disease. However, given the demonstrated
value of physical activity in general, exercise should be
a consideration in the management of MS, regardless of
an individual’s pharmacologic status. Therefore, identifying Pilates as a safe and effective exercise option for
individuals with MS is an important finding.
The strengths of this well-powered study include
the randomized controlled design, the use of a reliable
primary end point commonly used in MS research,36
and an intervention frequency that fulfills the current Canadian recommendations for strength training
exercises in MS.14 We intentionally left the inclusion
criteria broad to allow for participants with a range of

Duff et al.
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