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Background: There are mixed reports on the effectiveness of strength training to improve gait perfor-
mance in people with multiple sclerosis (MS), yet the reasons for these inconsistent results are not clear.
Therefore, a critical review was conducted to explore dosage, frequency, mode, position, and muscle tar-

gets of studies that have included strength training in people with MS.

Methods: An electronic search was conducted through July 2017. Randomized controlled trials involv-
ing people with MS were included that implemented strength training with or without other interven-
tions and assessed 1) strength in the lower extremities and/or trunk and 2) gait speed and/or endurance.
Strength and gait results were extracted, along with exercise frequency, intensity, duration, mode, posi-
tion, and muscle targets.

Results: Thirteen trials met the inclusion criteria; nine used dosing consistent with recommended guide-
lines. Overall, six studies reported significant between-group strength improvements, and four reported
within-group changes. Four studies reported significant between-group gait improvements for gait speed
and/or endurance, and two reported within-group changes. Most exercises were performed on exercise
machines while sitting, supine, or prone. The most common intervention target was knee extension.

Conclusions: Studies generally improved strength, yet only two studies reported potentially meaningful
between-group changes in gait. Future strength intervention studies designed to improve gait might con-
sider dosing beyond that of the minimum intensity to improve strength and explore muscles targets, posi-

tions, and modes that are task-specific to walking. Inz J MS Care. 2019;21:47-56.

ifficulty walking is one of the most commonly
Dreported problems in people with multiple

sclerosis (MS),! and 10 years after diagnosis up
to 93% of people with MS report limitations in their
walking.? Many systematic reviews have examined the
efficacy of rehabilitation interventions in participants
with MS; although there is evidence that physical
therapy and exercise can improve activities and partici-
pation, including gait, there is not conclusive evidence
that clearly favors a specific intervention or approach.>”
This highlights an important clinical problem for those
working with people who have MS: there are a variety

of impairments and activity limitations to consider tar-
geting to improve gait, and a variety of interventions to
choose from that have only moderate-to-low evidence to
support their efficacy.’

Of the modifiable impairments, muscle weakness
contributes strongly to gait in people with MS, is highly
prevalent, and can be widespread through the lower
extremities and trunk.*'* Strength training is considered
one of the basic elements of exercise and physical activ-
ity for people with MS.!"" Several systematic reviews
have established the effectiveness of strength training to
improve strength, but the effects on gait and mobility
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are not as consistent.*'*!*1¢ There are several commonly
proposed explanations for these inconsistent results,
including rigor of design, heterogeneity of interventions
and outcomes, and characteristics of enrolled samples
(eg, disability level, MS type, and other contributors
besides weakness).*!>'® Another reason might include
variability of exercise parameters such as frequency,
intensity, and duration.’ Although there are evidence-
based parameters for strength training in people with
MS,'™7 it is possible that for strength training to
improve function such as gait, it may need to be applied
using parameters that are different from what is required
to simply improve force production. A final and poten-
tially important explanation that has received less con-
sideration is that strength training studies to improve
gait in people with MS may not include exercises with
the appropriate intervention approach in terms of
modes, positions, or muscle targets.'® Strength training
using modes or positions that are not functional for gait,
or are not targeted to muscle groups that are important
for walking, may not improve gait even when strength
improves.

Therefore, this review critically appraised the exercise
parameters (intensity, frequency, and duration) and
intervention approach (mode, position, and muscle
targets) of individual strength training studies that mea-
sured both strength and gait performance outcomes with
the goal of providing new perspectives and generating
novel hypotheses on the topic of strength training to
improve gait in people with MS. A better understanding
of the application of strength training to improve gait
could aid future study design and ultimately might help
contribute to more consistent and meaningful improve-
ments in gait.

Methods

PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) was used as a guideline for
conducting this critical review"; the protocol was regis-
tered on PROSPERO (CRD42017072642).
Eligibility Criteria

Randomized controlled trials were included if partici-
pants had a diagnosis of MS and interventions included
strength training for the lower extremities and/or trunk.
Strength training was defined as any intervention that
applied exercises using external resistance or body weight
with the purpose of improving strength. Because the
primary objective of this study was not to assess the effi-
cacy of strength training, strength training did not need
to be the primary intervention of the included studies,
but studies did have to include strength interventions
and outcome assessments. In addition, studies did not
need to have a primary outcome of improving gait, but
studies were included if they measured gait speed and/
or endurance outcomes. Finally, the comparator could
include other active interventions or inactive control
groups that did not receive intervention. Articles were

excluded if 1) other populations were included and
participants with MS were not analyzed separately or 2)
they were not published in English.

Databases, Search Methods, and Risk-of-Bias
Assessment

Electronic searches of the PubMed, PEDro (Physio-
therapy Evidence Database), and Embase databases were
conducted using combinations of the following search
terms: multiple sclerosis, strength, power, force, resistance
training, strength training, progressive resistance training,
weight training, gait, walking, mobility, and function.
In addition, the following Medical Subject Heading
terms were searched on PubMed: multiple sclerosis, gait,
resistance training, and weight training. The full search
strategy conducted on the PubMed database is presented
in Figure 1. In addition to primary searches, reference
lists of relevant articles, including systematic reviews,
were examined for additional relevant articles. Two
authors (M.M.M. and S.G.) conducted searches and
screened articles. Any disagreements on article selection
were settled by a third author (M.S.), and where meth-
ods or reporting were not clear, attempts were made to
contact primary authors. Risk of study bias was assessed
(by M.M.M. and S.G.) using the PEDro scale and was
validated using the PEDro database. Studies were not
excluded based on PEDro scale score.

Data Extraction and Synthesis

Information about sample size, power calculation,
disability level of participants, length of follow-up, and
other interventions was extracted from each study. In
addition, data were extracted for 1) strength and gait
outcomes used in each study; 2) reported results for
strength and gait outcomes; 3) exercise parameters
(strength training intensity, frequency, and duration);
and 4) intervention approach (mode, position, and mus-
cle targets) of each exercise. Each article was reviewed by
two of us (M.M.M. and S.G.) independently. Data were
extracted for postintervention measures only, because
not all studies included a follow-up assessment. Data
were extracted for between-group comparisons when
available, but if not reported, data for within-group

1. ((multiple sclerosis) AND (strength* OR power OR force)) AND

(gait OR walk*)

((multiple sclerosis) AND ((Resistance training) or strength* or
(strength training) or (strength exercise*) or (weight training) or
(resistance training) or (resistance exercise*) or (progressive
resistance training) or PRE or (progressive resistance
exercise*) or (muscle strengthening) or (weight lifting) or
(power exercise™) or (power training))) AND (gait OR walk* OR
mobility OR function*)

((multiple sclerosis) AND (trunk* OR core OR core stability OR
pilates)) AND (gait OR walk*)

Figure 1. Complete search strategy for
PubMed
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comparisons were extracted. Extracted data from the
included studies are synthesized in the tables and sum-
marized in the text. Data on exercise parameters were
compared with frequency and intensity guidelines for
strength training in people with MS of two to three
times per week, one to four sets of 10 to 15 repeti-
tions at 10 to 15 repetitions maximum.'>"” Results for
changes in gait were also discussed in the context of
meaningful or clinically important change. Based on
the broad eligibility criteria, it was expected that there
would be considerable heterogeneity between studies in
terms of interventions (eg, including other interventions
besides strength training) and outcomes (eg, strength or
gait not the primary outcome), thus no meta-analysis
was planned.

Results

Five hundred sixty-one articles were identified via
electronic search of the three databases through July
2017 (Figure 2). After applying the eligibility criteria
and removing duplicates, a total of 13 articles®** met
the eligibility criteria (Table 1). No additional studies

were identified after reviewing reference lists from the

PEDro PubMed Embase
166 187 208
Citations Citations Citations

561 Total articles

Inclusion/
exclusion criteria
applied to article
titles

419 Articles
excluded after title
screen

78 Articles retrieved

63 Articles
excluded after
abstract screen

Inclusion/
exclusion criteria
applied

15 Articles retrieved

Inclusion/ 2 Articles 0 Articles
exclusion criteria excluded excluded
applied after full- during data
text screen extraction

( 13 Articles included )

Figure 2. PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-
Analyses) flow diagram

PEDro, Physiotherapy Evidence Database.

Critical Review of Strength Training in MS

included articles or other relevant systematic reviews.
Two authors provided clarity on protocols.?**" Seven
studies had at least one arm that included only strength-
ening,*”***” and six studies included strengthening
with other interventions,”"**3? most commonly aerobic
exercise, stretching, and balance”'**? but also combined
with a vibration plate.?® Nine studies were performed
primarily in a supervised outpatient setting?*32325-28.3032;
three included primarily home exercise programs,*!*+%’
and one involved a community exercise class.’! Disabil-
ity level varied across the studies, but most participants
were ambulatory for at least 100 m with or without
an assistive device (Expanded Disability Status Scale
[EDSS] score <6.0) except in the study by Learmonth et
al,?! in which the mean + SD EDSS score in the inter-
vention group was 6.14 + 0.36. Dodd et al” and Harvey
et al** did not report disability using the EDSS, but all
of their participants were reported to be ambulatory.
Sample sizes ranged from 17 to 95 participants; two
studies were powered to detect changes in gait,"* and
three for strength changes.”*?® The median PEDro
score was 6 (range, 5-8). Full risk-of-bias assessment is
presented in Table 2.

Exercise Parameters: Intensity, Frequency, and
Duration

Regarding dosing, eight studies reported intensity
that used progressive resistance based on assessment of
maximal number of repetitions of each partici-
pant, 202272832 and one study progressed exercise based
on maximal effort on an isokinetic dynamometer.*
Meanwhile, two studies used rate of perceived exertion
for progression criteria,””*’ and two used a standard
group prescription that did not individually progress
resistance.”**! All the studies had participants perform
exercises two to three times a week except that by Har-
vey et al,* in which exercises were performed twice
daily. Duration of intervention was between 6 and 29
weeks. Exercise parameters for each study are presented

in Table 3.
Intervention Approach

Mode and Position

Seven studies used traditional weight machines for
strength training,?**?>*>2”-2%32 and one study trained on
the same isokinetic dynamometer used to assess strength
outcomes.”® Three studies used body weight to provide
resistance”®?*! (one in addition to weight machines®),
one study used cuff weights,** one used both resis-
tance bands and weight machines,?! and one used a
seated lower extremity ergometer.’® Six studies included
strengthening exercises in standing,?>*">2%2%3! and all
the studies included exercises in positions other than
standing. Of the nonstanding positions, seated exercise
was used in 12 studies,*?*%32 and the supine and/or
prone position was used in three studies.”>*>* The inter-
vention approach for each study is presented in Table 4.
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Table 2. Risk of bias in individual studies based on PEDro scale scores and on presence or

absence of a priori sample size calculation

Z 2o o= T~ By 2N o= Bunn S 2N 2w g Ty
S I=) U — == B s = U — v— Cx U - O = oo =0
ESS 88 SR ER P2 3% 3R 3R 82 sR s’ FR 3%
$oR 25 Ba s 3R i =8 24 EoR Ss. Sa 2s o
$® 8% 0% £33 £3 ¥ R §° =% 2% §% 5%
o wi 2 - o %}
PEDro

Eligibility criteria Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

specified?

Random allocation Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Concealed allocation ~ No Yes Yes No Yes Yes No Yes No Yes No No No

Groups similar at Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

baseline

Blinding of No No No No No No No No No No No No No

participants

Blinding of therapist ~ No No No No No No No No No No No No No

Blinding of assessor Yes Yes Yes No No No No No Yes Yes Yes No Yes

Adequate follow-up  Yes No Yes Yes Yes Yes Yes No Yes Yes No Yes Yes

Intention-to-treat No No Yes No No No No Yes Yes No No Yes No

analysis

Between-group Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

comparison

Point estimates and Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

variability

Total PEDro scale 6 6 8 5 6 6 5 6 7 7 5 6 6

score (of 10)

Sample size estimation

Based on changes No No Yes No No No No No No No No Yes No

in gait

Based on changesin ~ No Yes No No No No No No No Yes No No No

strength

Abbreviation: PEDro, Physiotherapy Evidence Database.
“This item not used to calculate PEDro scale score.

Muscle Targets

Knee extension strength was the most common
muscle strength target, with ten studies explicitly isolat-
ing the knee extensors for strength training.?-2>27-2831.32
Knee flexion was targeted in six studies.”***>32 Hip flex-
ion and extension were targeted in three studies?®*";
ankle plantarflexion,?*! hip abduction,”?' and the
trunk?"? were each targeted in two studies; and one
study targeted ankle dorsiflexion only.? Several multi-
joint exercises also were used: leg press was used in five
studies,?>?**% squats or lunges in three studies,**%!
and reverse leg press in one study.” The protocol by
Hayes et al®® was also multijoint, involving eccentric
strengthening in a seated position with movements simi-
lar to leg press and reverse leg press. Seven of the studies
targeted one to three lower extremity and/or trunk exer-
cises,222426:27.29.3032 3nd six studies used between four and
six exercises.?*?1232>2831 Finally, seven studies included
at least one upper extremity exercise in addition to lower
extremity exercise.”"?>?! Muscle targets by individual
study are presented in Table 4.

Strength and Gait Outcomes
Ten studies measured strength using computerized,
electromechanical, fixed, or handheld dynamometry to

assess maximal force20-2224202831. gpe of these studies

also assessed one-repetition maximum (1RM),?® and two
also assessed muscle endurance.”>?* One study assessed
only IRM and endurance,” and two studies assessed
only 1RM.?** The most common strength outcome
was knee extension, assessed by 11 studies,?*22242527-32
followed by knee flexion (seven studies),??*252%3%32 and
leg press (three studies).?**>?” Two studies assessed ankle
dorsiflexion,**** one assessed hip extension and flexion,*
one reverse leg press,” one trunk extension and flex-
ion,” and one upper extremity muscle groups.”” Only
three studies measured strength in more than two lower
extremity or trunk muscle groups.?****

Twelve studies measured gait speed: eight used
the 10-meter walk test?*232426283032; four, the Timed
25-Foot Walk (T25FW) test?""?22%31; one, the 500-meter
walk test in addition to the T25FW test®!; and one, the
20-meter walk test in addition to the 10-meter walk
test.”? Nine studies measured gait endurance: four used
the 2-Minute Walk Test 2MWT)2>232529; four, the
6-Minute Walk Test (6MWT)?*3%32; and one, both the
2MWT and the 6MWT .2

Regarding strength, six of the included studies report-
ed significant improvements in strength for the interven-
tion arm compared with a control group,?**##>%>#732 and
an additional four studies reported significant within-
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Table 3. Exercise parameters of frequency, intensity, and duration by individual study

Frequency, Duration,  Improved
Study No./wk Intensity wk strength
Broekmans et al,?? 2011 2-3 10-15 reps of 50%-60% 1RM 20 Yes
Dalgas et al,* 2009 2 3-4 sets of 8-12 reps at 8-15 RM 12 Yes
Dodd et al,? 2011 2 2 sets,10-12RM 10 Yes
Eftekhari et al, 28 2012 3 3x 5-12 reps, 50%-70% MVC 8 Yes?
Frevel and Méaurer,? 2015 2 2-3 sets of 8-15 reps, 11-14 of 20 on Borg scale 12 No
Harvey et al, % 1999 2v 5 sets of 10, standard weight for group 8 No
Hayes et al,*® 2011 3 5-14 min, 7-13 of 20 on Borg scale 12 Yes?
Kjglhede et al,> 2015 2 3-5 sets, 6-15RM 24 Yes
Learmonth et al,*' 2012 2 1 min per exercise, no specific intensity 12 No
Manca et al, 26 2017 3 3 sets of 4 reps at maximal effort 6 Yes?
Moradi et al,?” 2015 3 1 set of 6-15 reps, 50%-80% 8 Yes
Romberg et al,?' 2004 3-4 2 sets of 10-15 reps, resistance increased at week 15 29 Yes?
Sangelaji et al,*? 2006 3 3 sets of 10 reps, 50%-70% 1RM 8 Yes

Abbreviations: 1RM, one-repetition maximum; MVC, maximum voluntary contraction; reps, repetitions; RM, repetition maximum.

AWithin-group strength improvements only.

bData are given as number of times per day.

group changes for the strength intervention group in at
least one muscle.?!??%3% Of the seven studies that had
an intervention arm that exclusively performed strength
training exercises, six reported significant improvements
in strength?>*»23%7; and of the six studies that included
other interventions along with strength training, four
reported improved strength.*!2%3%32

Regarding gait outcomes, three of the included stud-
ies reported significant between-group differences in
both gait speed and endurance,?*?** one study reported
between-group changes in gait speed only,?! one study
reported within-group changes in gait speed and endur-
ance,”® and one reported within-group changes in gait
speed only.”® Significant changes in the included studies

Table 4. Intervention approach by individual study: strength targets, positions, and modes

22 83 gz S8 Ba 8% gz Sw £5 gn 8w Sz S
EFY 88 3R SR S22 22 gR 3R g SR B8R &R =R
28 55 8L sS4 T55 Br o 23 Es E2Q gX &0 ol
8T 3% 8% IR EEY EY BT g% 5T 8% 2% % 5%
o D i e ¥ -9 = v
Strength targets
Trunk No No No No Yes No No No No No No Yes No
Hip abduction No No No No No No No No Yes No No Yes No
Hip flex No Yes Yes No No No No Yes No No No Yes No
Hip ext No Yes No No No No No No No No No Yes No
Knee flex Yes Yes Yes No No No No Yes No No No Yes Yes
Knee ext Yes Yes Yes Yes No Yes No Yes Yes No Yes Yes Yes
Ankle DF No No Yes No No No No No No Yes No No No
Ankle PF No No Yes No No No No No Yes No No No No
Multijoint® Yes Yes Yes Yes Yes No Yes Yes Yes No Yes No No
Exercise positions
Standing No Yes No Yes Yes No No Yes Yes No No Yes No
Not standing Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Exercise modes
Machine Yes Yes Yes Yes No No Yes Yes No Yes Yes No Yes
Body weight No No No Yes Yes No No No Yes No No Yes No
Free weights No No No No No No No No No No No No No
Bands No No No No Yes No No No No No No Yes No
Ankle weights No No No No No Yes No No No No No No No
Combination® No No No Yes Yes Yes No No No No No Yes No
Gait improvements
Speed No Yes No Yes¢ No No No Yes No Yes¢ No Yes Yes
Endurance No Yes No No No No No Yes No Yes¢ No No Yes

Abbreviations: DF, dorsiflexion; ext, extension; flex, flexion; PF, plantarflexion.

3Leg press, reverse leg press, lunges, and/or seated eccentric stepper.

®Combination of body weight, free weights, bands, and/or ankle weights.

‘Within-group gait changes only.
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for the intervention group ranged from 9.3% to 12% for
the T25FW test,* 7.5% to 24.5% for the 10-meter
walk test,2>202832 and 6% for the 500-meter walk test.?!
On the 2MWT, significant changes within the interven-
tion group ranged from 13.7 to 21.6 m,”>* and on the
6MWT, changes ranged from 27.1 to 81.2 m.?*%¢3
Table 1 reports between or within-group changes for
studies that reported significant changes in gait.

Of the ten studies that improved strength between
or within groups, nine used frequency and intensity
consistent with guidelines for people with MS,20-2325-28.32
and six reported gait improvements between or within
groups. 22125262832 The three studies that did not
improve strength also did not improve gait.?*?*3! In
terms of intervention approach, of the six studies that
improved gait, four targeted muscles in addition to the
knee, "2 and one did not target knee muscles at
all?*%; four studies implemented strength training in a
standing position***"*>; and two used modes other
than weight machines.”*

Finally, of the five studies that were powered for
gait and/or strength changes, four reported significant
improvements in both strength and gait,”*?"*? and one
reported significant strength changes only.”® In addi-
tion, of the six studies that improved gait, four included
at least 15 participants in the intervention arm?*?"»2%;
and of the seven studies that did not improve gai,

five had fewer than 15 participants in the intervention
arm, 22-24:27.29.30

Discussion

This review summarized the results of random-
ized controlled trials that included strength training,
both with and without other interventions. Studies
were included that assessed both strength and gait
performance outcomes in people with MS, and a criti-
cal analysis was performed on the exercise parameters
(intensity, frequency, and duration) and intervention
approach (mode, position, and muscle target) used in
those studies. The goal of a critical review is often to
generate new hypotheses or perspectives on a topic.”
The results of this review highlighted the areas of exer-
cise parameters and intervention approach that provide
novel insights into the application of strength training
and may, at least partially, explain why strength training
has not resulted in consistent improvements in gait.

With respect to exercise parameters, nine?’->25-28:32
of the ten studies that reported strength improvements
used intensities and frequencies that were, at minimum,
within the recommended parameters of progressive
resistance training for people with MS.'"'7 Dura-
tion of training is not included in the recommended
guidelines, but all the studies had a duration consistent
with minimum duration for strengthening in healthy
populations.* Although strength improved in studies
that used appropriate exercise parameters, it could be
that intensity needs to be higher to improve gait perfor-

mance. In older adults, where strength training has been
found to be the single most effective exercise interven-
tion to improve gait speed, intensity is between 70%
and 80% 1RM (or up to 7- to 8-repetition maximum).”
Only three studies included in this review progressed
to intensities this high,***>?” and although no defini-
tive conclusions can be made on only these three trials,
all did improve both gait speed and endurance. In two
recent prospective cohort trials, higher-intensity strength
training in people with MS seemed to be well-tolerated
and was associated with improvements in gait speed*
and endurance.”” Future studies should investigate the
efficacy of higher-intensity strength training on gait and
further explore the dose-response relationship in ran-
domized controlled trials.

With respect to intervention approach, strength train-
ing in the included studies was primarily performed
on weight machines in sitting, supine, and prone posi-
tions—none of which is a functional, task-specific
position needed for walking.’® The most common
strengthening exercise was seated open chain knee exten-
sion performed on a weight machine. The findings from
this review are in agreement with a previous review on
strength training in a variety of neurologic conditions,
including MS, that also found an overwhelming focus
on knee strengthening in nonstanding positions using
weight machines and a lack of consistent gait improve-
ments."® Owing to the heterogeneity of approaches of
the included studies, this review was not able to make
conclusions about which muscle targets, positions,
or modes are best to improve gait performance. Knee
extension and flexion strength have been reported to
be strongly associated with gait,®®*” and this may help
explain why most trials focused on these muscles; how-
ever, only one study explicitly justified its approach.”
Independent of the position or mode in which it is
strengthened, knee extension might not be a particularly
important muscle for strengthening for people with MS
who are already ambulatory, and, therefore, likely have
sufficient lower extremity extensor strength to maintain
standing. Furthermore, knee flexion strength might have
a stronger correlation to gait speed than knee exten-
sion and, therefore, may be a more important target of
intervention,’®* but only six studies included in this
review targeted knee flexion.?**?>3 Previous literature
on the association of strength to gait also supports the
importance of strength in ankle plantarflexion and dor-
siflexion, hip flexion and extension, and trunk flexion
to gait performance,**# yet these muscles were rarely
targeted in the included studies. Future studies should
continue to investigate the relationship of strength in
lower extremity and trunk muscles to gait in people
with MS because this would help better inform strength
intervention trials. In addition, studies should provide
rationale for their intervention choices and should con-
sider strength training approaches that are more relevant
to walking.
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Many of the studies included in this review had small
sample sizes, and very few performed sample size calcula-
tions. Although the primary objective of this review was
not to evaluate the effectiveness of strength training on
gait, it could be that the overall lack of power calcula-
tions and small sample sizes at least in part explain why
there were not significant gait outcomes. However,
the results of this review do support those of previous
reviews that highlight the lack of consistently meaning-
ful gait speed and endurance outcomes, even when gait
and strength are improved significantly.*'® In people
with MS, change in T25FW time of at least 20% is
considered meaningful.”” No study reported significant
gait speed changes of 20% on the T25FW test, although
Sangelaji et al** reported changes in the 10-meter walk
test distance that exceeded 20% in the primary resis-
tance training group compared with controls. Gait
speed does have the possibility of a floor effect, espe-
cially in people with MS who have lower disability,*
whereas gait endurance may have better responsiveness
in people with MS.#” Clinically meaningful changes
from the patient perspective after intervention have been
reported to be 21.6 m on the 6MWT and 9.6 m on the
2MWT.% Based on these criteria, four of the included
studies reported potentially important changes in gait
endurance.??>26:32

Strength training is one part of the recommended
guidelines for physical activity and exercise in people
with MS, along with aerobic training.!" Despite the
current literature being inconclusive about the effects
of strength training on gait, reductions in strength

PRACTICE POINTS

® |n studies that implemented strength training and
measured gait outcomes, this review found a
trend toward major improvement in strength out-
comes but not in gait performance as measured
by speed and endurance.

This review found that studies including strength
training for people with MS, either alone or
combined with other rehabilitation interventions,
are typically prescribed in a manner consis-
tent with current guidelines and can improve
strength. However, to improve gait, future studies
might consider exploring higher intensities or
frequencies.

This review found that strength training exercises
most often focused on the knee and were per-
formed on weight machines in a sitting position.
This may be a reason strength training has not
resulted in consistent improvements in gait, and
future studies are needed that investigate muscle
fargets, positions, and modes of exercise that are
functionally relevant to gait.

Critical Review of Strength Training in MS

are consistently associated with gait dysfunction, and
strength training still has the potential to be an impor-
tant intervention to improve gait in people with MS.
Opverall, studies that included strength training as an
intervention, either alone or combined with other inter-
ventions, tended to dose in a manner consistent with
recommended guidelines. However, despite the strength
improvements found in most included studies, very few
studies reported potentially meaningful changes in gait.
To address this, future studies should be adequately
powered to detect changes in gait, continue to explore
higher-intensity strength training, and examine the dose-
response relationship of strengthening on gait outcomes.
Finally, more trials are needed that investigate strength
training in muscles other than the knee, and task-spe-
cific, functional approaches to intervention should be
developed based on best available evidence and relevance
to gait.

Limitations

Critical reviews often synthesize diverse sources of evi-
dence rather than answering a clinical question, and this
review included a heterogeneous group of studies, many
of which included other interventions besides strength
training. Importantly, some studies did not include
strengthening as a primary intervention and were not
powered to detect changes in strength or gait. Owing to
this heterogeneity, a meta-analysis was not performed,
and this is a limitation of this review. In addition, the
inclusion of other interventions in addition to strength
training also could have influenced results of individual
trials, and improvements in those trials cannot be direct-
ly attributed solely to strength gains.

Another limitation was that the included studies
applied the same strengthening intervention to partici-
pants regardless of baseline strength and disability level.
It could be that for some participants strength, gait,
or both was not sufficiently impaired, and, therefore,
improvements were either not measurable or possible.
Last, this review included only gait performance out-
comes, and although that is one of the most important
tasks for people with MS, it may be that strengthening
has a different effect on other functional tasks important
for mobility, including stairs, sit to stand, or dynamic
gait. Other gait outcomes, such as self-report measures
or direct measures of physical activity, might be more
responsive to strengthening.

Conclusion

The studies included in this review generally showed
improved strength, yet few reported potentially mean-
ingful between-group changes in gait. Future strength
intervention studies designed to improve gait might
consider dosing beyond that of the minimum intensity
to improve strength and exploring muscles targets, posi-
tions, and modes that are task-specific to walking. [
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