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Multiple sclerosis and physical exercise:
recommendations for the application of
resistance-, endurance- and combined training

U Dalgas’ 23, E Stenager® and T Ingemann-Hansen’

This review summarizes the existing knowledge regarding the effects of physical exercise in patients
suffering from multiple sclerosis (MS). Furthermore, recommendations are given regarding exercise
prescription for MS patients and for future study directions. Previously, MS patients were advised not
to participate in physical exercise. During recent years, it has been increasingly acknowledged that
exercise benefits MS patients. The requirement for exercise in MS patients is emphasized by their
physiological profile, which probably reflects both the effects of the disease per se and the reversible
effects of an inactive lifestyle. To date the effects of exercise have only been studied in moderately
impaired MS patients with an EDSS score of less than 7. Evidence exists for recommending participa-
tion in endurance training at low to moderate intensity, as the existing literature demonstrates that
MS patients can both tolerate and benefit from this training modality. Also, resistance training of
moderate intensity seems to be well tolerated and to have beneficial effects on MS patients, but the
methodological quality of the existing evidence is in general low and the number of studies is lim-
ited. Only two studies have evaluated the effects of combined resistance- and endurance training,
making solid conclusions regarding this training modality impossible. Multiple Sclerosis 2008; 14:
35-53. http://msj.sagepub.com
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Introduction

For many years, patients with multiple sclerosis
(MS) have been advised not to participate in physi-
cal exercise. This advice was given in part because
some patients were reported to experience symptom
instability during exercise as a consequence of incr-
eased body temperature [1,2]. A further argument
was that avoiding exercise would preserve energy
and thereby result in less fatigue, leaving more
energy for activities of daily living. During the last
decade, it has been more common to recommend
exercise for MS patients, because of its recently
proven beneficial effects in these patients [3-5].
Furthermore, it has recently been shown that the

worsening of the number and/or intensity of sen-
sory symptoms, which is experienced by more than
40% of all MS patients after exercise, is temporal,
and will be normalized within half an hour after
exercise cessation in most (85%) patients [6]. Since
1990 several reviews [3-5,7-11] and meta-analyses
[12,13] have been published regarding different
aspects of exercise and MS. However, the still grow-
ing body of evidence calls for updated reviews.
Resistance- and endurance training constitutes the
two extremes of basic physical exercise. Recently it has
become popular to engage in training programs that
combine both resistance- and endurance training
(combined training). Consequently, the main purpose
of this review is to outline the existing evidence for
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recommending MS patients to participate in either
endurance-, resistance- or combined training, and
to give recommendations for the practical use of
these various training modalities. A secondary pur-
pose is to clarify the rationale for the use of exercise
in MS patients by briefly summarising the physio-
logical and health profile of MS patients.

Methods and materials

The first part of this review briefly summarizes
evidence regarding a possible reversion of some of
the impairments seen in MS patients, as an effect of
exercise. This is followed by a brief description of
selected parts of the physiological and health pro-
file of MS patients compared to healthy controls.
The second part of the review is based on a com-
prehensive literature search (PubMed, SweMed +,
Embase, Cochrane library, PEDro, Sport Discus and
ISI Web of Science) that was performed in order to
identify articles and conference abstracts regarding
multiple sclerosis and exercise until January 2007.
The search was performed using the words ‘exer-
cise’, ‘exercise therapy’ or ‘training’ in combination
with ‘multiple sclerosis’. This search yielded 1122
publications. Only studies using a longitudinal
design in the evaluation of an exercise intervention
were included. A screening of the 1122 publications
based on title and abstract revealed 96 publications
relevant for further reading. The reference lists of
these 96 publications were checked for further rele-
vant publications that were not captured by the
search. This resulted in further 20 publications and
in a total of 116 closely read publications. Only
studies using training interventions that could be
categorized as either endurance-, resistance- or
combined training were included. Studies evaluat-
ing the effects of expiratory training (n = 5), phys-
iotherapy (n=7), tai chi (n=1), yoga (n=1),
water therapy (n = 1) and studies that showed to
have no or a nondefined training intervention
(n = 12) were therefore excluded. Also articles not
written in English (n = 13), case studies (n = 7),
comments (n = 10), metaanalysis (n = 2), reviews
(n = 8), book chapters (n=15) and conference
abstracts that were followed by an article (n = 10)
were excluded from the final analysis. This left nine
abstracts and 25 articles describing a total of 23 dif-
ferent studies of which 12 used a randomized con-
trolled trial (RCT) design. Based on the type of the
training intervention, the localized articles and
abstracts were divided into one of three groups:

1) The first group comprises abstracts and articles

that evaluate the effects of resistance training,
ie, few muscle contractions against heavy loads
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(13 publications, eight articles+five abstracts,
eight different studies, two RCT).

2) The second group comprises studies that evalu-
ate the effects of endurance training, ie, multi-
ple muscle contractions against low loads (17
publications, 14 articles + three abstracts, 14 dif-
ferent studies, eight RCT).

3) The third group comprises studies that evaluate
the effects of combined endurance- and resist-
ance training (four publications, three articles
+one abstract, two different studies, two RCT).

Results
Reversibility of impairments

Impairments seen in MS patients could be a result
of the disease process per se (ie, demyelination and
axonal degeneration in CNS [14]), and or it could
be a consequence of the reduced physical activity
level seen in MS patients compared to matched
healthy subjects [15-18]. It is still unresolved to
what extent the impairments can be reversed in MS
patients [19]. This may depend on the extent of the
impairment being a result of the disease per se, or
whether it is a consequence of inactivity secondary
to the disease. Impairments resulting from the dis-
ease per se are probably not reversible subsequent to
exercise, whereas impairments developed as a con-
sequence of inactivity, probably are [8]. As noted by
other authors [20,21], and due to the fact that sev-
eral studies have shown marked improvements in
almost all aspects of the physiological profile of MS
patients after exercise, it seems likely that a sub-
stantial part of the impairments is a result of inac-
tivity, rather than a result of non-reversible tissue
injury. This assumptions combined with the fact
that exercise is a non-pharmacological interven-
tion, makes exercise a very interesting tool in MS
rehabilitation. Furthermore, the approved medical
treatments have only shown moderate effects on
relapse rate and to a lesser extent on disability pro-
gression, which is why MS rehabilitation remains
the major strategy to improve disability and main-
tain functional status [9]. Recently, it has been sug-
gested that exercise might have a disease-modifying
anti-inflammatory effect, and therefore perhaps
poses the potential to slow down the disease pro-
cess [9,22]. However, to date only animal studies in
experimental auto-immune encephalomyelitis
have addressed this important question [22].

Physiological and health profile of MS patients

In healthy people physical inactivity is known to
impose a serious health risk [23]. Inactivity is
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known to raise the risk of chronic conditions such
as cardiovascular diseases, obesity, Type-II diabetes,
cancer, osteoporosis [23] and fatigue [24]. In MS
patients there is an increased incidence of osteo-
porosis [25-27] (reduced bone mineral density),
depression [28], fatigue [29] and death from cardio-
vascular diseases [30]. This increased incidence
could be associated with the low level of daily activ-
ity seen in these patients. Furthermore, inactivity is
known to be associated with reduced aerobic capac-
ity [31], atrophy and loss of muscle strength [32]
in otherwise healthy people. Aerobic capacity, in
terms of maximal oxygen consumption (VO2-
max), has been shown to be reduced among MS
patients [21,33]. Other cardiovascular parameters
like resting heart rate [34] and diastolic blood pres-
sure [35] have been shown to be elevated in MS
patients. However, other studies could not confirm
neither the increased resting heart rate [21,35,36]
nor the increased diastolic blood pressure [36]. Also
maximal muscle strength measured during both
isokinetic [37-40] and isometric [17-20,37,41-45]
muscle contractions as well as the rate of force
development [19,41,45], has been shown to be
reduced among MS patients. However one study
[42] could not confirm the impaired rate of force
development. It should also be noted that the
strength impairment seems particular distinct in
the lower extremity as compared to the upper
extremity [43]. The mechanisms underlying the
observed strength deficit in MS patients is probably
of both morphological (peripheral) and neural
(central) origin. Some studies [17,18,26], but not all
[19,40,46], have indicated a loss of muscle mass in
MS patients. At the whole body level Formica et al.
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[26] demonstrated a small (5%) but significant low-
ering of fat free mass (FFM), in a large study com-
paring female MS patients with healthy controls.
One study [46] could, however, not confirm this
finding. Although a FFM of 67.1% in female MS
patients versus 71.3% in healthy females was
reported, this difference was not significant. At the
whole muscle level, Kent-Braun et al. [18] showed a
30% reduction in the fat free cross sectional area
(CSA) of the anterior compartment of the lower
leg, whereas Ng ef al. [19], failed to demonstrate a
significant difference between the CSA of the ankle
dorsiflexor muscles in MS patients and healthy
subjects. Finally, histochemical analysis of biopsies
from m. tibialis anterior have shown a reduction
(26%) of the average muscle fibre area in MS
patients compared to healthy subjects [18]. This
finding was supported by Garner et al. [17] who,
using the single fibre electrophoresis technique,
found smaller Type 1 (—8%) and Type Ila (—13%)
muscle fibre areas in MS patients as compared to
healthy controls. However it should be noted that
findings from another small study [40] including
both histochemical analysis and single fibre elec-
trophoresis (m. vastus lateralis) could not confirm
the finding of atrophy in MS patients.

Muscle fibretype composition have also been
shown to differ in MS patients compared to healthy
controls, but the findings are inconsistent. Kent-
Braun et al. [18] reported a shift in fibretype
composition from Type 1 fibres toward a greater
proportion of Type Ila and Ilax fibres. This shift in
fibretype composition resembles the pattern seen
in healthy subjects exposed to immobilization [47].
On the other hand Garner et al. [17] reported a

Table 1 Summary of differences between MS patients and healthy subjects

MS patients versus healthy subjects Ref. no.
Daily activity level Decreased 15-18
VO,-max Decreased 21, 33
Blood pressure (rest)
Systolic No difference 35, 36
Diastolic No difference or increased 36 or 35

Resting heart rate
Muscle strength
Isokinetic strength
Isometric strength
Rate of force development
Muscle mass (% FFM)
Musclefibre area
Muscle activation
Function (ADL)
CVD risk
Bone mineral density (BMD)
Depression risk
Fatigue
HRQOL

No difference or increased

21, 35, 36 or 34

Decreased 37-40
Decreased 19, 41-43
No difference or decreased 42 or 19, 41,43
No difference or decreased 46 or 26

No difference or decreased 400r 17,18
Decreased 19, 42, 44
Decreased 51-53
Increased 30
Decreased 25-27,97
Increased 28

Increased 29
Decreased 54

ADL: activities of daily living, BMD: bone mineral density, CVD: cardiovascular diseases, FFM: fat free mass, HRQOL: health related

quality of life, VO,-max: maximum oxygen consumption.
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smaller proportion of fibres expressing the myosin
heavy chain (MHC) Ila isoform, whereas Carroll
et al. [40] could only demonstrate a larger propor-
tion of hybrid fibres expressing MHC I/I1a/IIx in MS
patients.

Also neural mechanisms are responsible for
the strength deficit seen in MS patients. Studies in
MS patients have shown a reduced ability to fully
activate motor units in the thigh and lower leg
muscles (47-93%) during maximal voluntary con-
tractions as compared to healthy controls (94—
100%) [19,42,44,45]. However a study by de Ruiter
et al. [14] did not find any differences in the activa-
tion of m. adductor pollicis between MS patients and
healthy controls. This study adds further support
to the clinical experience that lower limb muscle
strength is more or earlier affected than upper limb
muscle strength. Additionally, decreases in maxi-
mal motor unit firing rates, which can impair
voluntary muscle strength, have been reported in
MS patients [44]. Furthermore, the central motor
drive is increased during voluntary submaximal
muscle contractions in MS patients [48].

In healthy elderly it is well documented that
muscle strength is related to the functional capac-
ity during activities of daily living [49,50]. In MS
patients a relationship between gait speed and
muscle strength has been established [51]. As
would be expected Thoumie et al. [51] reported that
both comfortable and maximal gait velocity were
reduced in MS patients, which have been con-
firmed in other studies [43,52]. In concordance
with these results it has also been demonstrated
that MS patients walked significantly slower than
healthy subjects during a six minute walk test [53].
Particularly, these physical aspects of the disease
have been shown to be the main reason for the
lower level of health related quality of life (HRQOL)
seen in MS patients [54].

In summary, MS patients are at increased risk of
developing a number of conditions known to be
related to inactivity. The physiological profile of MS
patients is characterised by inappropriate reduc-
tions in both aerobic capacity and muscle strength,
which further translates into impaired functional
capacity and reduced quality of life. The physiolog-
ical profile seen in MS patients is probably caused
by both the non-reversible effects of the disease
per se and by the reversible effects of an inactive
lifestyle. Table 1 summarizes the data describing
the physiological and health profile of MS patients.

Resistance training

As shown in Table 2 only eight articles [55-58] and
five abstracts [59-63] describing a total of eight
different studies, can be retrieved. In general the
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studies have examined only small sample sizes
and only two studies have applied a RCT design
[55,58]. Furthermore the home-based resistance
training intervention in the RCT study by DeBolt
et al. [55], was not supervised. Although a non-
supervised home-based training programme repre-
sents a very realistic training approach, it lowers
the methodological quality of the study because
self reported training volume and intensity may be
encumbered with uncertainty. In addition to this
problem the other RCT study by Harvey et al. [58]
also suffers from low statistical power because only
seven MS patients were included in the resistance
training group. Aimet et al. [63] conducted a large
study but have not stated how the MS patients were
divided into groups. However the size of the three
groups in the study (n =75, n=12and n=7) do
not point towards the use of a randomization pro-
cedure. The remaining five studies [57,59,61,62,64]
suffers from the lack of a control group in the
design and from low statistical power because of
small sample sizes. Whereas two of the studies
[57,64] have been described in several further
publications [56,65-67], the remaining four have
only been described in abstracts [59-63] which for
logical reasons limits the amount of information
that can be gathered from these studies. Based on
the existing studies it is therefore difficult to draw
solid conclusions regarding the effects of resistance
training in subjects suffering from MS. However, a
few clinical relevant findings seem to be consistent
across the studies. First of all resistance training
seems to be well tolerated by MS patients. None of
these studies report any problems or unpleasant
experiences related to resistance training. Another
consistent finding, except in one study [58], is an
improvement in muscle strength [55-57,59,60,
62-64] after resistance training. Although Harvey
et al. [58] reported improvements in quadriceps
maximum voluntary contraction (MVC) of
28-47%, this was not significant, which is probably
a result of a small sample size (n = 7). White et al.
[57] reported a significant 7.4% increase in maxi-
mal isometric knee extensor strength after 8 weeks
of biweekly resistance training of the lower extrem-
ity. Kasser et al. [59] evaluated maximal dynamic
knee extensor strength at both slow (60°/s) and fast
(120°/s) velocities and found increases of 16.3%
and 29.6%, respectively, after 10 weeks of biweekly
whole body resistance training. In concordance
with these results Taylor et al. [64] reported
increases of 14% and 32% in one repetition maxi-
mum (1RM) strength of the arm and leg press
exercise, respectively. Aimet et al. [63] tested two
different training intensities in a short term (4-6
weeks) study with two to three weekly training ses-
sions of unilateral leg training. The study showed a
larger improvement in leg muscle strength after the

http://msj.sagepub.com
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most intense training regime (10% versus 16%). In
four of the studies [55,57,58,63] the training inter-
vention was solely aiming at the lower extremity,
which is probably a consequence of the clinical
observation of a more pronounced strength deficit
in the lower extremity as compared to the upper
extremity [43]. Notable improvements (3-29%) were
however found in upper extremity muscle strength
(elbow extensors, elbow flexors, shoulder abductors
and shoulder adductors) in studies [59,60,64], exer-
cising these muscle groups, indicating possible
clinical meaningful strength improvements in the
upper extremity as well. There is incomplete
evidence regarding the effects of resistance training
on functional capacity in MS patients. Harvey et al.
[58], reported a 23% increase in ‘chair transfer’,
whereas no change was seen in gait speed after
8 weeks of daily weighted leg raises. Kraft et al. [61]
found increases in functional capacity during gait,
stair climbing and ‘timed up and go’ after 12 weeks
of resistance training three times a week. Taylor
et al. [64] reported improvements (6%) in maximal
gait velocity in a 10m walktest after 10 weeks of
biweekly training, but found no changes in 2 min
walktest and stair climbing performance. White
et al. [57] reported improved performance during a
steptest, but found no improvements in gait. Lastly
DeBolt et al. [55] were not able to demonstrate a
significant improvement in timed up and go after
8 weeks of home-based resistance training con-
ducted three times a week. The heterogeneity of
these findings is probably caused by differences in
duration, mode and intensity of the resistance
training regimes across the studies, by differences
in study population, by small sample sizes (n < 10)
in all except one study [55], or simply by lack of
transfer to functional ability.

White et al. [57] found a marked (—24%) reduc-
tion in subjective feeling of fatigue as measured by
the Modified Fatigue Impact Scale. This finding has
recently earned further support from the study by
Dodd et al. [65], who using a qualitative approach,
reported reduced fatigue in seven out of nine
patients after 10 weeks of biweekly training.

An important aspect that must be kept in mind
during the interpretation of data from the resist-
ance training studies is that all the evaluated train-
ing regimes comprise resistance training with only
a moderate training intensity and a mild progres-
sion. If MS patients can tolerate a higher training
intensity, a larger training volume and a faster pro-
gression, then larger and faster improvements
would be expected from this training modality.
Additionally, it must be noted that all studies,
except a small study by Kraft et al. [60,61] included
MS patients having an EDSS below 6.5. The study
by Kraft et al. [60,61] showed that resistance train-
ing was well tolerated and had beneficial effects in

http://msj.sagepub.com
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four MS patients having an EDSS larger than 6. The
small sample size and the study description
(abstract only) makes it impossible to draw any
conclusions regarding the effects of resistance
training in the most severely impaired group of MS
patients.

In conclusion, only few studies have evaluated
the application of resistance training among MS
patients. In general these studies are of low
methodological quality, which makes it difficult to
draw solid evidence based conclusions regarding
the effects of resistance training. However resist-
ance training of moderate intensity seems to be
well tolerated and to improve both muscle strength
and some functional measures among moderately
impaired MS patients. No conclusions can yet be
drawn in regard to the application of resistance
training among more severely impaired MS
patients.

Endurance training

The effects of endurance training have been studied
more extensively in MS patients compared to
resistance training. As depicted in Table 3 a total of
14 articles [33,68-80] and three abstracts [81-83]
comprising 14 studies, of which eight used a RCT
design, have evaluated the effects of endurance
training in MS patients. It should be noted that
three studies [69,71,76] did not include a control
group. Endurance training was conducted as bicycle
ergometry [33,70-72,75,77,78], arm-leg ergometry
[73,74,76], arm ergometry [83], aquatic exercise
[68,69,80] and treadmill walking [79,83]. In general,
the training regimes are insufficiently described.
Another general methodological weakness is that
the training intensity has been poorly controlled.
However, some clinical important findings can be
extracted from these studies. Endurance training
with low to moderate intensity is well tolerated
among MS patients. Furthermore, this training
modality has a possible beneficial effect on both
the physiological and psychological profile of MS
patients. Five studies [33,73-75,78] have evaluated
how endurance training affects aerobic capacity
as measured by VO,-max. Petajan et al. [73] and
Ponichtera-Mulcare et al. [74] found marked
improvements (22% and 15%) in VO,-max after 15
and 24 weeks of arm-leg ergometry, training 3 days
a week at an intensity of 55-60% of VO,-max.
Measurements during the intervention period at
week 5 and 10 [73] and at week 12 [74], showed
significant improvements in VO,-max in these time
intervals (9%, 19% and 10%, respectively).
However studies that evaluated the effects of bicy-
cle ergometry for 4 (5 days a week) [33] or 8 (2 days
a week) [75,78] weeks at similar training intensities

Multiple Sclerosis 2008; 14: 35-53
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could not demonstrate significant improvements
in VO,-max. This suggests that training at least 3
days a week would seem crucial if improvements
in VO,-max should be attained within the first
8 weeks of training using a moderate (55-60% of
VO,-max) training intensity. Furthermore this
questions whether training at that intensity for
2 days a week will provide an adequate stimulus for
improving VO,-max. It should however be noted
that although the study by Mostert and Kesselring
[33] could not show an improvement in VO,-max,
5 weeks of bicycle ergometry actually did result in a
rightward placement of the aerobic threshold indi-
cating an improvement in aerobic capacity when
working at submaximal intensities.

Fatigue is a common clinical symptom in MS
and as many as 40% of the patients describe it as
the single most disabling symptom exceeding com-
plaints about weakness, spasticity, motor problems
or bowel or bladder problems [84]. Interventions
that can reduce fatigue in MS patients are therefore
of particular interest. Several studies have tested
endurance training as an intervention against
fatigue. The findings show inconsistency due to the
fact that some studies show an effect [72,75],
whereas others do not [33,71,73,78,79]. With only
one exception [78] all the studies that could not
demonstrate an effect of endurance training on
fatigue, used the unidimensional Fatigue Severity
Scale (FSS). On the other hand, the studies that
reported an effect of endurance training on fatigue,
used either the multidimensional Modified Fatigue
Impact Scale (MFIS) [75] or the Multidimensional
Fatigue Inventory (MFI) [72]. This could imply that
the FSS is not measuring fatigue in a sufficiently
sensitive manner to capture improvements in the
various areas of the fatigue phenomenon. This is
supported by the fact that one of the studies that
could not demonstrate any change in the FSS, actu-
ally did find a significant improvement in the pro-
file of mood states (POMS) measure of fatigue [73].
The study by Schulz et al. [78] did not find any
effect of endurance training on fatigue using the
MEFIS. However, this study in general showed no or
only modest effects of the training intervention.

Endurance training seems to positively influence
psychological measures regarding both health
related quality of life scores like SF36 [33,72],
multiple sclerosis quality of life (MSQOL) [75],
Hamburg quality of life questionnaire for MS
(HAQUAMS) [78] and mood measured by POMS
[73,80]. Improvements have been found in items
regarding vitality [33], social functioning [33,78],
mood [78], energy [72,80], fatigue [72,73,80], anger
[73], sexual function [80] and depression [73].
Depression has also been measured by Becks
Depression Inventory showing a positive impact of
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endurance training on symptoms of depression in
MS patients [75].

The reported effects of endurance training on
functional capacity are inconsistent. Several studies
evaluating the effects of both bicycle ergometry
[75,77] and arm-leg ergometry [73] have reported
improvements in endurance performance (watt or
duration) during maximal testing on the ergometer
used for training. Not all studies [78] have reported
this improvement indicating that the training
period was too short (8 weeks), the intensity was
too low (60% of VO,-max) or that the training fre-
quency (2 days a week) was too low. Several studies
have investigated how endurance training influ-
enced gait velocity, and the findings show great
diversity as it has been reported that gait velocity
was either reduced [76], unaffected [68,70,81] or
improved [71,79]. This suggests that endurance
training at best results in modest improvements in
activities of daily living (ADL) reflecting that such
activities are more dependent on muscle strength
than on endurance. This would agree with the fact
that no [69] or only modest improvements (11%) [73]
in lower extremity muscle strength will result from
endurance training.

All cited studies evaluating the effects of
endurance training have studied MS patients
having an EDSS score below 7. This means that
knowledge are insufficient regarding the applica-
tion of endurance training among the most
severely disabled patients. However, several studies
[33,73,74,77] have evaluated the relationship
between degree of training adaptation and neuro-
logical disability. Based on the EDSS score Shapiro
et al. [77] divided their MS patients into a low
(EDSS < 3.5) and a high (EDSS: 4-6) disability
group. The data showed that the MS patients in the
low disability group showed a larger (10%) increase
in exercise time during a graded bicycle test after
the training period. Similarly, Ponicthera-Mulcare
et al. [74] divided their MS patients into two groups
based on the EDSS score (group 1: EDSS < 4.5 and
group 2: EDSS 5-6.5). The data showed that 24
weeks of arm-leg ergometry resulted in a significant
larger improvement in VO,-max in the low EDSS
group (19% versus 7%). This led to the suggestion
that the level of training adaptation is influenced
by the level of neurological impairment. The stud-
ies by Mostert and Kesselring [33] and Petajan et al.
[73] were, however, not able to confirm this rela-
tionship. In fact, the findings by Mostert and
Kesselring [33] indicated that the most disabled
patients actually experienced the largest improve-
ments, whereas Petajan et al. [73] found equal
improvements in VO,-max when the MS patients
were classified in this manner. Consequently find-
ings regarding the relationship between disability

Multiple Sclerosis 2008; 14: 35-53
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level and the adaptability to endurance training in
MS patients are inconsistent.

In summary, only the effects of endurance train-
ing of low to moderate intensity have been evalu-
ated in MS patients. MS patients having an EDSS
lower than 7 have been studied and it has unam-
biguously been shown that endurance training is
well tolerated. Endurance training induces
improvements in aerobic capacity and in measures
regarding health related quality of life, mood and
depression in MS patients. Inconsistent findings
regarding the impact of endurance training on
fatigue might be related to the selected fatigue
scale. Endurance training of low to moderate inten-
sity has no or only a modest effect on functional
capacity evaluated as gait velocity. It is also unclear
whether the more severely impaired MS patients
exhibit impaired adaptation to the effects of
endurance training.

Combined training

Carter et al. [85] was the first to evaluate combined
training, however, the results were only reported in
an abstract despite the use of an RCT design. The
study showed that 12 weeks of twice weekly com-
bined training were well tolerated, that muscle
strength was improved, and that the level of effort
of walking was reduced. Recently a large study has
evaluated the effects of combined training [86].
This publication was followed by two articles
[87,88] based on data from the same study. The
study used a RCT design, a large sample size (95
subjects) and a long-term training intervention
lasting 26 weeks. After a 3 week in-patient rehabili-
tation programme the intervention group com-
pleted 23 weeks of home based combined training.
The home based training intervention consisted on
a weekly basis of 3—4 days of resistance training and
1 day of endurance training. An important finding
was that combined training was well tolerated by
MS patients. Surprisingly, none or only small (10%)
improvements were seen in knee extensor and knee
flexor muscle strength after the training interven-
tion, and no significant differences were noted
when compared to the control group. However,
this may be explained by several conditions. Data
from the subjects training diaries showed a total
training adherence of 93%, where the adherence to
resistance training was 59% and the adherence
to endurance training was 185%. Consequently,
the resistance- and endurance training constituted
a similar proportion of the completed training, and
resistance training was therefore on average per-
formed about two times per week instead of the
planned three to four times. Furthermore, the con-
ducted resistance training applied a low training

Multiple Sclerosis 2008; 14: 35-53

intensity and a slow progression. In addition to
this, home-based and non supervised training
suffers from the fact that the reported training
volume, intensity and progression speed are based
on self reports, which not necessarily reflects the
training actually conducted. Finally, combined
resistance- and endurance training has to some
degree been shown to compromise the effects of
each other in healthy subjects [89] which also
could be the case in MS patients. Taken together,
only modest strength improvements would be
expected from the training intervention used in
this study. This conclusion is further supported by
the fact that no change of aerobic capacity was
observed. Despite the small or non-existent change
in muscle strength and VO,-max, some functional
improvements were found. Walking time during a
short (7.62m) and a long (500m) test showed
improvements of 12% and 6% respectively [87]. No
significant change was seen in the MSQOL, depres-
sion score (Centre for Epidemiologic Studies
Depression Scale) [88] and fatigue (FSS) [86].

In summary, only two studies have examined
the effects of combined training in MS patients,
which makes it difficult to draw solid conclusions
regarding the effects of this training modality.
However, the studies showed that combined training
was well tolerated, and that small improvements
were found in muscle strength and functional
capacity (gait velocity). No change was observed in
aerobic capacity, depression, fatigue and HRQOL
after combined training. The findings are summarized
in Table 4.

Exercise recommendations

MS patients should consult an expert (eg, a physio-
therapist or an exercise physiologist) before starting
a new exercise programme [10]. It is important that
the programme is designed and prescribed on an
individual basis so that individual capabilities and
impairments as well as environmental conditions
can be taken into account. It must therefore be
emphasized that the following recommendations
only serve as basic guidelines that should be con-
sidered in relation to every MS patient. The follow-
ing recommendations are limited to MS patients
with an EDSS score of less than 7, because too little
is known about the effects of exercise in the more
severely impaired group of MS patients

Recommendations for resistance training

Solid evidence based recommendations regarding
optimal resistance training in MS patients can not
be given based on the scientific literature.
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Consequently, the following recommendations are
a composite based on the general resistance train-
ing recommendations [90,91] and the sparse litera-
ture dealing with resistance training in MS.

An important aspect is that resistance training
must be performed under supervision from experi-
enced personnel, until the MS patient is comfort-
able with the training programme. In addition to
the safety issue, data from healthy subjects shows,
that supervised resistance training is superior to
non supervised resistance training [92]. In the ini-
tial training phase general experience indicates,
that the use of training machines (ie, closed kinetic
chains) should be preferred instead of free weights
(ie, open Kkinetic chains). If the use of training
machines is not feasible, then home based training
using elastic bands and/or exercises using body
weight as load, represents an alternative. It is how-
ever often difficult to obtain the same effectiveness
from this kind of training, as can be obtained using
training machines. Intensities in the range of 8-15
repetition maximum (RM) is recommended.
Intensities around 15 RM are recommended during
the initial training phase and should be progres-
sively (over several months) increased toward
intensities around 8-10 RM. The number of sets
should initially be in the range of 1-3, which can
be increased toward 3-4 sets of every exercise after
a few months. Rest periods between sets and exer-
cises in the range of 2-4 min are recommended. A
training frequency in the range of 2-3 days per
week is well tolerated and results in meaningful
improvements in MS patients. In general a whole
body programme containing 4-8 exercises is rec-
ommended. Only in special cases where the train-
ing frequency is exceeding 3 times a week, a split
programme should be considered. In general the
exercise order should be planned so that large mus-
cle group exercises are performed before small
muscle group exercises, and multiple-joint exer-
cises before single-joint exercises [90]. For MS
patients lower extremity exercises should have
high priority, because it has been shown that the
extent of the strength deficit in the lower extremi-
ties is of greater magnitude than in the upper
extremity [43].

Recommendations for endurance training

Several different modes of endurance training have
been shown to induce favourable improvements in
MS patients. Bicycle ergometry [33,70-72,75,
77,78], arm-leg ergometry [73,74,76], arm ergome-
try [83] aquatic exercise [68,69,80] and treadmill
walking [79] can all be recommended whereas run-
ning and rowing is suitable for well-functioning MS
patients, only. A training frequency of two to three

Multiple Sclerosis 2008; 14: 35-53

sessions per week using an initial training intensity
of 50-70% of VO,-max corresponding to 60-80% of
maximum heart rate is recommended. An initial
exercise duration of 10-40min is recommended
depending on the disability level of the MS patient.
During the first 2-6 months progression should be
obtained by increasing the training volume either
by a longer training duration or by adding an
extra training day. After this period it should be
tested whether a higher training intensity is toler-
ated. This can be done by replacing one training
session with interval training using intensities of
up to 90% of VO,-max.

Recommendations for combined training

As described earlier very little is known about
combined training in MS patients which makes it
difficult to provide evidence-based recommenda-
tions regarding this training modality. Combined
training has been shown to be well tolerated in
MS patients. Combined training based on equal
proportions of resistance- and endurance training
performed on alternate days is recommended. It
has been shown that two weekly days of resistance
training only and two weekly days of endurance
training only is well tolerated by MS patients [87].
Based on this, two days of resistance training and
two days of endurance training is recommended as
the maximal initial training frequency on a weekly
basis. The two bouts of resistance training as well as
the two bouts of endurance training should be
separated by an interval of 24-48h for recovery.
The recommendations described earlier regarding
resistance- and endurance training should be fol-
lowed when designing both the resistance- and the
endurance training programme.

Discussion

Endurance- and resistance training is known to
have beneficial effects on different aspects of the
physiological profile (Table 5). Endurance training
results in profound adaptations of the cardiorespi-
ratory and neuromuscular systems that enhance
the delivery of oxygen from the atmosphere to the
mitochondria and enable a tighter regulation of
muscle metabolism [93]. Resistance training is on
the other hand known to increase muscle mass
and to improve neural activation [91]. It is obvi-
ous that MS patients have deficits in various areas
of the physiological profile. In theory, optimal
rehabilitation aiming at a normalization of the
physiological profile would therefore require the
application of both endurance and resistance
training. Presently, the concept of combined
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49

Multiple sclerosis and physical exercise

‘pauodal Jou YN

‘swoldwAs Jo AJuaAas a3 adnpas ued Ajjepow buluies} ayjq
'sp3(gns Ayyeay wouy paureidqo eyeq “sisixa syusned SN Woly elep oNe

oLl e}jousg 8/ °SL €L ‘Tl ‘€€ Jyauag 10DYH
§9 LS 1jausg SLTLI06L°8L7EL 1L 11J9Usq 10 JJ3Usq ON anbney
48] geljouag S/ qiyauag s uoissaudaq
LLL e}youag 601 e}Hyouag (ang) Ausuap [essutw duog
oLl e}jousg 801 ‘£01L 2)jauag Asi AAD
¥9 ‘19 '8S ‘LS 10 §§ 1y2Uaq 40 JYyaudq ON 6/ °1£10 18 °0L 89 9/ 32U 40 Jdusq ON (1av) uonouny
LS 1yauaq oN ¥0lL Z}jausq ON uoneande 3PS
901 e}jauag 68 ¥01 e}jouaq oN edJe JaqydPSNIA
LS 1yauaq oN €/ 1auaq ON (N44%) ssew 3psny

SOl e}ljousyg UN u:wEQO_w>w 9210} JO 9)jey

/S Jijouag ¢/ 1ljousg r_..—m:w._um JLI2Wos|

69 \mm 10 Q¢ J1jousq 10 1ljousq ON 69 Jljousq ON sumcwbm pINEISIH [e}Y]
r_umcw._um 9PSNA
201 2}J2US(Q 0 DU ON 101 e}jpusg 9jeu Meay bunsay

€0L SIEET: 00l Z}jausq ON dljoiselq

€0L eMjauag 00l e}jouag d11015As
(3s94) 24nssaud poojg
4] 2}J2U3Q JO FJ1jauaq ON ¥/ ‘€L 108/ 'S/ ‘€€ 1y2uaq 10 11J2Uaq ON Xew-OA
66 eJauag 86 eJlyauag [2A3] Ananpde £jreq

‘OuU “Joy mr__c_mb 9duejsisal JO S109)] AN ‘Ou ‘Joy mc__.\__mb 9douelnpus JO S13947 :

syuaned SN ul () bulutesy sdueisisal Jo (1) Bululesy sdouBINPUD JSYIIL JO SIDBYD aY) Jo Alewwns G 3ajqeL

35-53

14:

’

Multiple Sclerosis 2008

//msj.sagepub.com

http



50 U Dalgas et al.

training is however so sparsely investigated in MS
patients that solid evidence-based recommenda-
tions can not be provided.

Although the amount of studies evaluating the
effects of resistance training among MS patients is
limited, there are several observations that favour
the use of this training modality. First of all exercise
has been reported to trigger symptom exacerbations
in more than 40% of the MS patients during and
immediately after exercise [6]. The condition, which
is known to be temporal and to be normalized
within half an hour after exercise for most (85%)
patients [6], seems to be related to the increase seen
in core temperature during exercise [2]. However
resistance training is not accompanied by the same
increases in core temperature, as is seen during
endurance training. It is therefore likely that resist-
ance training more rarely than endurance training
will cause unpleasant experiences, because of
increases in body temperature. However, no matter
what training modality being applied in MS
patients factors affecting core temperature should
always be considered and minimized, in order to
make exercise as pleasant as possible [2]. Another
important aspect of resistance training has been
pointed out by White et al. [10]. Patients suffering
from major strength deficits may be unable to ben-
efit from endurance training because endurance
training of sufficient duration and intensity cannot
be performed. A period of prior resistance training
can probably make efficient endurance training
possible for some MS patients suffering from these
problems.

Physical exercise in the form of resistance or
endurance training represents a very effective
means to attain improvements in the physiological
profile, but many MS patients do not apply this
possibility. In an attempt to promote compliance,
the training programme should be individually
varied and include regular testing and adjustment.
Another way to improve motivation and thereby
adherence to a training programme is by including
alternate training selected by the MS patient in the
training programme. It should also be considered
whether the training should be conducted on an
individual basis or as group training. In the study
by Romberg et al. [88] individual home-based com-
bined training did not result in any improvement
in HRQOL. The authors speculate that the social
isolation and the lack of support from other exer-
cisers might have contributed to this. Evidence
from healthy older sedentary subjects supports this
notion [94].

In a long term perspective exercise poses the
potential to prolong the period of independent liv-
ing of MS patients. This is an important aspect
because it is known that quality of life is strongly
influenced by loss of independency [95].
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Future perspectives

In general many of the previous studies have
applied short training interventions (<10 weeks).
From classical exercise physiology it is known that
a training intervention lasting 12 weeks or longer
makes it more likely to obtain measurable cardiovas-
cular, morphological and neural adaptations [96].
A training intervention lasting 12 weeks or more is
recommended for future training studies of MS
patients, regardless of the training modality being
investigated. Another general feature of the existing
literature is that MS patients having an EDSS of
more than 7 have not been studied. Consequently
future training studies should include more impaired
MS patients. In general more accurate descriptions
regarding the tested training regime are also
warranted.

Concerning the different training modalities it is
clear, that there is a need for future RCT studies that
evaluate different resistance training protocols.
Particularly studies that systematically evaluate pro-
gramme parameters like training frequency, mode,
intensity and volume are needed. Also studies eval-
uating the effects of combined training are war-
ranted in order to establish some guidelines for MS
patients regarding this training modality. These
studies should focus on the proportion of resistance
training compared to endurance training, training
frequency, intensity and volume. Finally, it would
be of great interest to find out whether MS patients
can tolerate more intense endurance training. If so,
faster and larger training improvements are to be
expected and this would probably also prevent a fast
plateau in training improvements caused by to little
overload. In this context the application of system-
atic interval training is a possibility allowing higher
training intensities combined with breaks that can
perhaps reduce the effects of thermosensitivity seen
in some patients. To obtain these perspectives it is
important that the training intensity will be better
controlled and described in future studies.

Conclusions

Physical exercise is an important non-pharmaco-
logical tool in MS rehabilitation. Contrary to earlier
beliefs, exercise is well tolerated and induces bene-
ficial effects in MS patients. Studies examining
resistance training are in general of low method-
ological quality, which makes it difficult to draw
solid conclusions regarding the effects of this train-
ing modality. However, resistance training with
moderate intensity seems to be well tolerated and
to have beneficial effects among moderately
impaired MS patients. The therapeutic effect of
endurance training is better described. Endurance
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training at low to moderate intensity is well toler-
ated and has beneficial effects in MS patients
having an EDSS lower than 7. Combined resist-
ance- and endurance training has only been evalu-
ated in two studies but the results are promising.
Future MS training studies should evaluate longer
training periods (>12weeks), more severely
impaired patients (EDSS > 6.5), various training
intensities and primarily focus on resistance train-
ing and combined resistance or endurance training.
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