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Abstract
Objective: The purpose of this study was to compare adaptations in functional
and quality of life measures following endurance- and resistance-exercise
training in persons with multiple sclerosis.
Design: Cross-over design with an 8 week washout period
Setting: Community health centre
Subjects: 16 individuals with multiple sclerosis
Intervention: Subjects completed both an 8 week endurance- and an 8 week
resistance-exercise training program in a randomised order. The exercise
training was comprised of individualised progressive programs that were
completed twice weekly in a supervised group setting.
Main measures: Grip strength, Functional Reach, Four Step Square, Timed Up
and Go and Six Minute Walk Tests, Multiple Sclerosis Impact and Modified
Fatigue Impact Scales, Becks Depression Inventory and the Health Status
Questionnaire Short Form-36.
Results: 16 of 21 (76%) subjects completed the study. Subjects attended 13.2 ±
1.6 endurance- and 15.8 ± 1.9 resistance-exercise training sessions. No adverse
events were reported. No significant differences (p<0.05) in any outcome
measures were observed between the two exercise training programs either at
baseline or following the completion of both training programs.
Conclusion: Both endurance- and resistance-exercise training were well
tolerated and appear to provide similar effects for persons with multiple sclerosis,
however larger studies are required to confirm these findings.
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Multiple sclerosis is a progressive or relapsing neurological disorder of the
central nervous system. Physical symptoms including fatigue and mobility
impairments can contribute to a reduction in functional capacity and interfere with
the patient’s ability to perform activities of daily living. The activities of daily living
that are most affected in persons with multiple sclerosis are those tasks that
could be classified as mobility-related and physically demanding (e.g. housework,
gardening) (1). In persons with multiple sclerosis a reduced ability to complete
activities of daily living is associated with higher depression scores and
decreased quality of life (2). Currently, multiple sclerosis has no cure and
pharmacological interventions are limited in their ability to slow/prevent the
progression of physical disability (3). Therefore, alternative evidence-based
interventions that can improve functional capacity, as well as increase quality of
life in persons with multiple sclerosis must be explored.

Research examining adaptations to exercise in persons with multiple sclerosis
have predominately focused on endurance-exercise training programs (see
Dalgas et al, 2008 for review (4)). Endurance-exercise can be described as
moderate-intensity continuous exercise that involves the use of large skeletal
muscle groups and predominately uses aerobic metabolism to sustain the activity
(5). Examples of such activity are exercises like treadmill walking, or stationary
cycling. While there is some evidence to suggest that endurance-exercise
training may improve mobility and cardiorespiratory fitness in persons with
multiple sclerosis (6, 7), endurance-exercise training may have little impact on
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muscular strength (8, 9), or balance (6). Thus, exercise training adaptations from
endurance-exercise training may not translate to the greatest improvements in
functional capacity in persons with multiple sclerosis.

The primary aim of resistance-exercise training is to improve muscular strength
and/or muscle endurance. Adaptations varying depending upon the workout
protocols used (5). Few studies have investigated the effect of resistanceexercise training on persons with multiple sclerosis (see Dalgas et al, 2008 for
review (4)). While previous studies suggest that resistance-exercise training may
improve strength, the impact of resistance-exercise training on functional
capacity in persons with multiple sclerosis is still inconclusive (4). A recent study
which specifically investigated the impact of progressive resistance-exercise
training on muscular strength and functional capacity in persons with multiple
sclerosis, found that progressive resistance training improved muscular strength
and functional capacity (10). Dalgas et al. reported a 21.5% increase in functional
capacity in 19 persons with multiple sclerosis (10). Participants in the Dalgas et
al. study improved their performance on the following functional capacity tasks;
Chair Stand, Ascending Stair Climbing, Ten Meter Walk and Six Minute Walk
Tests (10). Further investigation is required to confirm the impact of resistance
training on functional capacity in persons with multiple sclerosis.

The impact of exercise training on quality of life in persons with multiple sclerosis
is inconclusive. A meta-analysis examining the impact of exercise training on
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quality of life in persons with multiple sclerosis, concluded that although
endurance-exercise training significantly improved quality of life, there was
insufficient evidence to draw conclusions on the effect of non-endurance-exercise
training (such as resistance-exercise training) on quality of life in persons with
multiple sclerosis (11).

No previous study has directly compared endurance- and resistance-exercise
training in the same cohort of persons with multiple sclerosis. Thus, it remains
unclear as to which mode of exercise training will elicit optimal physical and
psychological improvements in this clinical population. The aim of this pilot study
was to compare adaptations in grip strength, balance, mobility, fatigue,
depression and quality of life following endurance and resistance-exercise
training in persons with multiple sclerosis.

Methods
Experimental design: The present study was a cross-over design where 16
subjects completed 8 weeks of endurance-exercise training and 8 weeks of
resistance-exercise training (Figure 1). Participation in the two programs was
separated by an 8-week interval. Program order was randomised using a coin
toss. Eleven subjects performed resistance-exercise training first. Outcome
measures were assessed before and after the endurance- and resistanceexercise training programs. The primary outcomes in this study were mobility,
fatigue and quality of life. The secondary outcomes were grip strength, balance,
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disease impact and depression. Two of the four assessors were blinded to the
order subjects completed the training program. This study was approved by the
Griffith University Human Research Ethics Committee and the Queensland
Health Research Ethics Committee.

Subjects: Twenty-one individuals with multiple sclerosis responded to a “call for
volunteers” flyer displayed at local Community Health Centres and were
accepted to participate in the program. Subjects with multiple sclerosis were
included in the study if they could ambulate independently either with or without
the use of walking aid. Over the course of the study, five volunteers withdrew
from the study for various reasons including difficulties with time commitments,
moving house, and ill dependants. Analyses were performed on data collected
from twelve female and four male subjects aged 47 to 66 years. Disease severity
was assessed by a registered physiotherapist using the Disease Steps Scale
(12). Subject demographic and clinical characteristics are presented in Table 1.
Subjects obtained approval for participation in the training programs from their
General Practitioner and each subject gave their written informed consent to
participate in the study.

Measures of physical ability:
Several measures of physical ability were used to provide an indication of
functional capacity. Grip strength was assessed using a hand-held dynamometer
(North Coast Medical hand dynamometer 800-821-9319). This test was
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performed in the seated position with the subject’s arm held out straight and
parallel to the ground at shoulder height. Subjects were instructed to squeeze the
hand dynamometer with maximal force. Balance was assessed using the
Functional Reach (13), and Four Step Square Tests (14), and the Timed Up and
Go (15) and Six Minute Walk Tests (16) were used to provide a measure of
mobility. The Six Minute Walk Test was administered in accordance to the
guidelines outlined by the American Thoracic Society (16), with the exception that
a 25 m, rather than a 30 m track was used in the present study (due to space
constraints). In all measures of physical ability, two trials of each task were
performed with the best performance used in the data analysis.

Questionnaires:
Disease impact was assessed using the Multiple Sclerosis Impact Scale (17).
The Multiple Sclerosis Impact Scale assesses the individual’s view of how their
multiple sclerosis has impacted upon their daily functioning during the previous 2
weeks. The higher the score, the greater the impact of the disease on the patient
over the 2-week assessment period.

Depression was assessed using the Beck Depression Inventory. The Beck
Depression Inventory is a twenty-one itemed questionnaire with higher scores
indicating more severe depression (18).
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Fatigue impact was assessed using the Modified Fatigue Impact Scale (19). This
questionnaire provides an indication of the impact fatigue has on an individual in
three domains: physical, cognitive, and psychosocial. Higher scores indicate that
fatigue has a greater impact on the individual.

Quality of life was assessed using the Health Status Questionnaire Short Form36. The Health Status Questionnaire Short Form-36 provides scores for eight
dimensions which are combined to produce two summary scales: i) a Physical
Component Summary Score, and ii) a Mental Component Summary Score; on all
scales higher scores indicate a higher quality of life (20).

Exercise training
Both the endurance- and resistance-exercise training programs were 8 weeks in
duration and consisted of two exercise sessions per week. All training sessions
were supervised by two Exercise Physiologists. Before all training sessions,
subjects completed a 5-min warm-up comprised of walking at a self-selected
speed. Progression through the exercise training programs was at the discretion
of the Exercise Physiologists and was based upon the subjects rating of difficulty
for each activity. For both the endurance- and resistance-exercise training
programs, subjects rated the difficulty of each exercise using the Borg Category
Ratio Scale (21) immediately after completing each exercise during the training
session . This rating was based on the subject’s level of exertion. The
intensity/difficulty of each activity was adjusted in order to maintain a rating of 3-5
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(moderate-hard). The training sessions were concluded with15-20 min of
supervised static and dynamic stretching of the major upper- and lower-body
muscle groups. In order to minimise the effect of overheating, oscillating pedestal
fans and water spray bottles (on request) were used. All testing and training
sessions were performed at Queensland Health facilities (Bundall or Helensvale
Community Health Centres).

Endurance-exercise training program:
The endurance-exercise training program involved a circuit of eight exercise
stations comprising of six different activities. Subjects exercised for 5 min at each
station and rested for 2 min every 10 min (i.e. after the completion of every two
activities). The eight exercise stations were: 1) step ups (step height 10-20 cm),
2) arm cranking (ADPE Duo Bike), 3) upright cycling (Tunturi F35 Competence or
York Magnaforce 5000 HRC), 4) arm cranking, 5) recumbent cycling (Vision
Fitness R2250 HRT), 6) cross-trainer (Octance Fitness Q35), 7) treadmill walking
(Elite DX726 or Pacer 3701), and 8) arm cranking. The exercise-intensity of each
activity was increased throughout the program by adjusting resistance and/or
cadence. Additionally exercise time was progressively increased over the 8week endurance-exercise training program for those subjects who initially were
unable to complete 5 min of continuous activity.

Resistance-exercise training program:
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The resistance-exercise training program consisted of three upper-body and
three lower-body exercises as well as one core-strength, and one stability
exercise (Appendix 1). For each exercise, subjects commenced and progressed
through a series of exercises dependent upon the individual’s initial level of
strength and rate of improvement. Subjects performed 2-3 sets, comprised of 610 repetitions of each exercise per set. Subjects were instructed to have a
minimum of 30-60 s rest between each exercise set. Progression through the
resistance-exercise training program was facilitated by increasing the resistance
of Therabands and/or weights used on applicable exercises (Appendix 1) and by
progressing through a series of exercises. The progression for each exercise is
presented in appendix 1.

Data analysis
To determine if there were significant differences in baseline measures between
training modes and the order the training programs were completed, a mixed
factor ANOVA with baseline values as the within subject variable and training
order as the between subject variable was conducted using Bonferroni
adjustments. Results suggested that there was no carry over effect of the two
programs and that values for the dependant variables prior to commencing
endurance- and resistance-exercise training were similar. Therefore, data in this
study were analysed as endurance- versus resistance-exercise training
irrespective of the order participants completed the training programs.
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Pre- and post-exercise training scores for all outcome measures were assessed
using a repeated measures ANOVA with Bonferroni adjustments. Data are
presented as the mean ± standard deviation. For all analysis, statistical
significance was accepted at p<0.05. All tests were two-tailed. Data were
analysed using the statistical analysis software package SPSS version 15.0.

Results
No adverse effects to exercise training were reported during either training
program. Both training programs were well attended. Of the 16 sessions in the
training program, subjects attended 13.2 ± 1.6 endurance- and 15.8 ± 1.9
resistance-exercise training sessions.

Measures of physical ability
Pre- and post-training results for the measures of physical ability are presented in
table 2. No differences between training modes (endurance- vs resistanceexercise training) were found for any of the measures of physical ability.
However, with the exception of grip strength, analysis of the data found that all
measures of physical ability significantly improved with 8 weeks of exercise
training (Table 2).

Questionnaires
Pre- and post-training results on the questionnaires assessing disease impact,
fatigue, depression and quality of life are presented in table 3. No difference in
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training modes were found on any of the questionnaires utilised in this study.
When changes in pre- and post-exercise training scores were examined,
significant improvements on the physical scale of the Multiple Sclerosis Impact
Scale, and the physical and psychosocial scales of Modified Fatigue Impact
Scale were observed. We found no significant changes in the psychological scale
of the Multiple Sclerosis Impact Scale, cognitive scale of the Modified Fatigue
Impact Scale, Becks Depression Inventory, or the Health Status Questionnaire
Short Form-36.

Discussion
The aim of this study was to compare changes in grip strength, balance, mobility,
fatigue impact, depression and quality of life following 8 weeks of endurance- and
resistance-exercise training in persons with multiple sclerosis. When the two
modes of exercise training were compared, neither the resistance- or enduranceexercise training elicited greater improvements in any of the outcome measures
used in this study.

Measures of physical ability
When pre- and post- training scores were examined improvements in balance
and mobility were observed following both the endurance- and resistanceexercise training programs.
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The finding that resistance-exercise training was associated with improved
balance is in contrast to the findings of a previous study. De Bolt et al.(22)
reported no improvements in balance after a home-based resistance-training
program in persons with multiple sclerosis. The supervised exercise setting used
in the present study, when compared to the home-based training described in the
study by De Bolt et al. (22), may explain the discrepancies in balance adaptations
observed following resistance-exercise training. Similarly, a recent meta analysis
on walking mobility in persons with multiple sclerosis, found that walking mobility
improved with exercise training when conducted in a supervised environment, but
not when the training was home-based (23).

In the current study, like the resistance-exercise training program we observed
that performance on the Functional Reach and Four Step Square Tests improved
following endurance- exercise training. These results are supported by two
previous case studies that have reported improvements in balance in persons
with multiple sclerosis following regular treadmill walking (24, 25).

The type of endurance-exercise training performed may be of importance in
determining balance outcomes. A study conducted in older adults with balance
deficits investigated different types of endurance-exercise training and found that
balance improved when the activities performed “stressed” the subject’s balance
(26). That is, those activities during which the individual was required to maintain
their centre of mass over their base of support in response to either an internal or
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external perturbation. These authors reported that cycling did not improve
balance, whereas walking and aerobic-exercise classes did (26). In the present
study, our endurance-exercise training program was comprised of six different
activities. It is possible that the activities that stressed balance (treadmill, crosstrainer and step-ups) contributed to the improvement in balance observed.
However this is an area that requires further investigation.

In agreement with previous investigations, this study reported improvements in
mobility following both endurance- and resistance-exercise training (23). The
mechanisms through which endurance- and resistance-exercise lead to
improvements in mobility have not yet been determined. A previous 3-week
balance training program reported improvements in both the Berg Balance Scale
and Dynamic Gait Index Score and suggests that balance training improved both
balance and mobility in persons with multiple sclerosis (27). Additionally a
relationship between postural sway and brisk walk time in persons with multiple
sclerosis has been reported (28). It is possible that the improvements in mobility
observed in the present study are secondary to improvements in balance.
However other factors such as improved gait kinematics (gait pattern) and
cardiorespiratory fitness can not be ruled out.

Resistance-exercise training has previously been shown to improve gait
kinematics in persons with multiple sclerosis (29). This may enable patients to
walk quicker and further without tiring. Similarly, endurance-exercise training may
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improve efficiency through gait kinematics, although this relationship has not yet
been examined in multiple sclerosis. Alternatively, endurance-exercise training
may improve exercise tolerance in persons with multiple sclerosis by improving
cardiorespiratory fitness (7, 30). Improved cardiorespiratory fitness may enable
the patient to ambulate quicker (or exercise at a higher intensity), as well as
improve walking endurance. However, as we did not analyse gait kinematics or
directly measure cardiorespiratory fitness in this study we are unable to examine
or comment on these relationships.

Of the measures of physical ability examined in this study, the only measure in
which we did not observe an improvement with exercise training was grip
strength. It is possible that grip strength was not influenced in the current study,
as neither program focused on activities which involved the forearm extensor and
flexor muscles.

Questionnaires
In the current study we found that fatigue impact in the physical and psychosocial
domains decreased following exercise training. Surprisingly, we found that
neither endurance- or resistance-exercise training was associated with
improvements in depression or quality of life.

Fatigue in multiple sclerosis is defined as “A subjective lack of physical and /or
mental energy that is perceived by the individual or caregiver to interfere with
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usual or desired activities” (31). Previous studies have produced conflicting
results on the impact of exercise training on fatigue. An overall score >38 on the
Modified Fatigue Impact Scale (score when 3 subscales are combined) has been
suggested as a cut-off score for determining fatigued and non-fatigued patients
(32). Based on this cut-off, 8 of 16 subjects before endurance-exercise training,
and 6 of 16 subjects before resistance-exercise training were classified as
experiencing significant fatigue in the present study. This decreased to 4 of 16
subjects following both endurance- and resistance-exercise training.

Fatigue pathology in multiple sclerosis is complex. It may result from the disease
pathology itself, caused by secondary factors including medication use, sleep
disturbance or depression, or may be the consequence of physical
deconditioning caused by physical inactivity (33). It is likely that underlying
fatigue pathology is largely responsible for the variability in results observed in
different exercise intervention studies. As exercise modality was not found to
elicit different effects on fatigue impact in the present study, we believe that both
endurance- and resistance-exercise training may be useful strategies in the
management of fatigue in persons with multiple sclerosis. Most importantly this
study suggests that exercise training does not exacerbate fatigue in persons with
multiple sclerosis.

Previous cross-sectional studies have suggested a relationship between physical
activity levels and a reduced incidence of depression in persons with multiple
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sclerosis (34). In this study we found no changes in depression following
exercise training. However, our ability to investigate depression was limited due
to the small number of subjects in this study who suffered from depression.
Based on previous establish criteria (Beck Depression Inventory score ≥13) (35,
36), only 3 of the 16 subjects in this study experience depression prior to both the
endurance- and resistance-exercise training programs. Therefore we are unable
to make any interpretation on the different effect of the two training programs on
depression.

In the current study we observed no changes in quality of life following either
endurance- or resistance-exercise training. A score of 50 ± 10 on both the
Physical and Mental Component Summary Scores represents normative quality
of life scores in the general population (37). Although scores for the subjects in
the current study indicated a reduced quality of life in the physical domain, the
Mental Component Summary Score was similar to that of the general population.
Therefore, we would not expect to see large changes in the Mental Component
Summary Score, restricting our ability to examine the impact of exercise training
on this outcome measure.

Previous studies investigating the impact of exercise training on quality of life in
persons with multiple sclerosis have reported conflicting results. Some studies
have reported improvements in quality of life with exercise training (30, 38) while
other studies have not (39-41). Overall, as indicated by a recent meta-analysis
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(11), the literature does seem to suggest that exercise training is associated with
a small improvement in quality of life in persons with multiple sclerosis.

This study has several limitations that must be considered when interpreting the
results of this study. This study is comprised of a small group of patients with
mild-moderate multiple sclerosis and results will not necessarily translate to
patients with more severe disability. The sample size in this study is small,
increasing the chance of making a type II error. Further investigation with a larger
sample of patients is required. Although standardised criteria was used in all preand post-testing, two of the four assessors were not blinded to the order the
subjects had completed the training programs. Our process of randomisation
(coin toss) lead to a larger number of subjects completing the resistance-exercise
training program first. Also as no non-exercising cohort was investigated, we are
unable to assess if exercise training is better than no exercise training. Finally,
this study is subject to the limitations of a cross-over design. This study is based
on the assumption that an 8 week period provided a sufficient period of time for a
“washout” period to occur. Although statistical analysis of the data supported this,
we cannot rule out that a type II error occurred (concluding that there was no
carry over effect between the two programs when there was).

The results of the present study suggest that both endurance- and resistanceexercise training appear to provide similar benefits to persons with multiple
sclerosis. However further investigation with a larger sample size is required to
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confirm the findings of this study.
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Clinical messages
•

Both endurance- and resistance-exercise training is well tolerated by
persons with multiple sclerosis.

•

Endurance- and resistance-exercise training provides similar effects for
persons with multiple sclerosis.

•

Exercise training does not exacerbate fatigue in multiple sclerosis.

Acknowledgements
We would like to thank Queensland Health for the use of their facilities and
support in conducting this study.

Funding support
We would like to thank the MS Society of Queensland for their financial support.

Competing interests
We have no competing interests to declare.

Contributors.
NS: study design, conducting study, data analysis, writing and editing manuscript
CM: study design, data analysis, editing manuscript
GT: study design, conducting study, collation of data
SB: study design, editing manuscript

21

References

1.
Einarsson U, Gottberg K, Fredrikson S, von Koch L, Holmqvist LW. Activities of
daily living and social activities in people with multiple sclerosis in Stockholm County.
Clin Rehabil. 2006 Jun;20(6):543-51.
2.
Wu N, Minden SL, Hoaglin DC, Hadden L, Frankel D. Quality of life in people with
multiple sclerosis: data from the Sonya Slifka Longitudinal Multiple Sclerosis Study. J
Health Hum Serv Adm. 2007 Winter;30(3):233-67.
3.
Schapiro RT. Pharmacologic options for the management of multiple sclerosis
symptoms. Neurorehabil Neural Repair. 2002 Sep;16(3):223-31.
4.
Dalgas U, Stenager E, Ingemann-Hansen T. Multiple sclerosis and physical
exercise: recommendations for the application of resistance-, endurance- and combined
training. Mult Scler. 2008 Jan;14(1):35-53.
5.
American College of Sports Medicine. ACSM's Resource Manual for Guidelines for
Exercise Testing and Prescription (sixth edition). Ehrman J, editor. Baltimore: Lippincott
Williams & Wilkins; 2010.
6.
Kileff J, Ashburn A. A pilot study of the effect of aerobic exercise on people with
moderate disability multiple sclerosis. Clin Rehabil. 2005 Mar;19(2):165-9.
7.
Newman MA, Dawes H, van den Berg M, Wade DT, Burridge J, Izadi H. Can
aerobic treadmill training reduce the effort of walking and fatigue in people with multiple
sclerosis: a pilot study. Mult Scler. 2007 Jan;13(1):113-9.
8.
Gehlsen GM, Grigsby SA, Winant DM. Effects of an aquatic fitness program on
the muscular strength and endurance of patients with multiple sclerosis. Phys Ther.
1984 May;64(5):653-7.
9.
Petajan JH, Gappmaier E, White AT, Spencer MK, Mino L, Hicks RW. Impact of
aerobic training on fitness and quality of life in multiple sclerosis. Ann Neurol. 1996
Apr;39(4):432-41.
10.
Dalgas U, Stenager E, Jakobsen J, Petersen T, Hansen HJ, Knudsen C, et al.
Resistance training improves muscle strength and functional capacity in multiple
sclerosis. Neurology. 2009 Nov 3;73(18):1478-84.
11.
Motl RW, Gosney JL. Effect of exercise training on quality of life in multiple
sclerosis: a meta-analysis. Mult Scler. 2008 Jan;14(1):129-35.
12.
Hohol MJ, Orav EJ, Weiner HL. Disease steps in multiple sclerosis: a simple
approach to evaluate disease progression. Neurology. 1995 Feb;45(2):251-5.
13.
Giorgetti MM, Harris BA, Jette A. Reliability of clinical balance outcome measures
in the elderly. Physiother Res Int. 1998;3(4):274-83.
14.
Dite W, Temple VA. A clinical test of stepping and change of direction to identify
multiple falling older adults. Arch Phys Med Rehabil. 2002 Nov;83(11):1566-71.
15.
Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc. 1991 Feb;39(2):142-8.
16.
American Thoracic Society. ATS statement: guidelines for the six-minute walk
test. Am J Respir Crit Care Med. 2002 Jul 1;166(1):111-7.
17.
Hobart J, Lamping D, Fitzpatrick R, Riazi A, Thompson A. The Multiple Sclerosis
Impact Scale (MSIS-29): a new patient-based outcome measure. Brain. 2001
May;124(Pt 5):962-73.

22

18.
Beck AT, Ward, C.H., Mendelson, M., Mock, J., Erbaugh, J. An inventory for
measuring depression. Arch Gen Psychiatry. 1961;4:561-71.
19.
Ritvo P, Fischer J, Miller DM, Andrews H, Paty DW, LaRocca N. Multiple Sclerosis
Quality of Life Inventory: A user's manual: National Multiple Sclerosis Society; 1997
Contract No.: Document Number|.
20.
Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF36). I. Conceptual framework and item selection. Med Care. 1992 Jun;30(6):473-83.
21.
Borg G. Borg's rating of perceived exertion and pain scales. Human Kinetics,
Champaign; 1988.
22.
DeBolt LS, McCubbin JA. The effects of home-based resistance exercise on
balance, power, and mobility in adults with multiple sclerosis. Arch Phys Med Rehabil.
2004 Feb;85(2):290-7.
23.
Snook EM, Motl RW. Effect of exercise training on walking mobility in multiple
sclerosis: a meta-analysis. Neurorehabil Neural Repair. 2009 Feb;23(2):108-16.
24.
Benedetti MG, Gasparroni V, Stecchi S, Zilioli R, Straudi R, Piperno R. Treadmill
exercise in early mutiple sclerosis: a case series study. Eur J Phys Rehabil Med. 2009
Mar;45(1):53-9.
25.
Giesser B, Beres-Jones J, Budovitch A, Herlihy E, Harkema S. Locomotor training
using body weight support on a treadmill improves mobility in persons with multiple
sclerosis: a pilot study. Mult Scler. 2007 Mar;13(2):224-31.
26.
Buchner DM, Cress ME, de Lateur BJ, Esselman PC, Margherita AJ, Price R, et al.
A comparison of the effects of three types of endurance training on balance and other
fall risk factors in older adults. Aging (Milano). 1997 Feb-Apr;9(1-2):112-9.
27.
Cattaneo D, Jonsdottir J, Zocchi M, Regola A. Effects of balance exercises on
people with multiple sclerosis: a pilot study. Clin Rehabil. 2007 Sep;21(9):771-81.
28.
Chung LH, Remelius JG, Van Emmerik RE, Kent-Braun JA. Leg power asymmetry
and postural control in women with multiple sclerosis. Med Sci Sports Exerc. 2008
Oct;40(10):1717-24.
29.
Gutierrez GM, Chow JW, Tillman MD, McCoy SC, Castellano V, White LJ.
Resistance training improves gait kinematics in persons with multiple sclerosis. Arch
Phys Med Rehabil. 2005 Sep;86(9):1824-9.
30.
Schulz KH, Gold SM, Witte J, Bartsch K, Lang UE, Hellweg R, et al. Impact of
aerobic training on immune-endocrine parameters, neurotrophic factors, quality of life
and coordinative function in multiple sclerosis. J Neurol Sci. 2004 Oct 15;225(1-2):11-8.
31.
Multiple Sclerosis Council for Clinical Practice Guidelines. Fatigue and multiple
sclerosis: evidence-based management strategies for fatigue in multiple sclerosis:
Paralyzed Veterans of America; 1998 Contract No.: Document Number|.
32.
Flachenecker P, Kumpfel T, Kallmann B, Gottschalk M, Grauer O, Rieckmann P, et
al. Fatigue in multiple sclerosis: a comparison of different rating scales and correlation to
clinical parameters. Mult Scler. 2002 Dec;8(6):523-6.
33.
Kos D, Kerckhofs E, Nagels G, D'Hooghe M B, Ilsbroukx S. Origin of fatigue in
multiple sclerosis: review of the literature. Neurorehabil Neural Repair. 2008 JanFeb;22(1):91-100.
34.
Stroud NM, Minahan CL. The impact of regular physical activity on fatigue,
depression and quality of life in persons with multiple sclerosis. Health Qual Life
Outcomes. 2009 Jul 20;7(1):68.
35.
Sullivan MJ, Weinshenker B, Mikail S, Bishop SR. Screening for major depression
in the early stages of multiple sclerosis. Can J Neurol Sci. 1995 Aug;22(3):228-31.

23

36.
Avasarala JR, Cross AH, Trinkaus K. Comparative assessment of Yale Single
Question and Beck Depression Inventory Scale in screening for depression in multiple
sclerosis. Mult Scler. 2003 Jun;9(3):307-10.
37.
Ware JE, Snow, K.K., Kosinski, M., Gandek, B. SF-36 HealthSurvey Manual and
Interpretation Guide. Boston, MA: The Health Insitute; 1993.
38.
McCullagh R, Fitzgerald AP, Murphy RP, Cooke G. Long-term benefits of
exercising on quality of life and fatigue in multiple sclerosis patients with mild disability:
a pilot study. Clin Rehabil. 2008 Mar;22(3):206-14.
39.
Bjarnadottir OH, Konradsdottir AD, Reynisdottir K, Olafsson E. Multiple sclerosis
and brief moderate exercise. A randomised study. Mult Scler. 2007 Jul;13(6):776-82.
40.
Dettmers C, Sulzmann M, Ruchay-Plossl A, Gutler R, Vieten M. Endurance
exercise improves walking distance in MS patients with fatigue. Acta Neurol Scand. 2009
Jan 19.
41.
Romberg A, Virtanen A, Ruutiainen J. Long-term exercise improves functional
impairment but not quality of life in multiple sclerosis. J Neurol. 2005 Jul;252(7):839-45.

24

Figure 1: Flowchart of study outline
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Table 1: Subject demographic and clinical characteristics
Age (yr ± SD)
Gender (male:female)
Disease duration (yr ± SD)
Disease Steps Score (0-6 scale)
1
2
3
Disease Course
Relapsing-remitting
Secondary progressive
Primary progressive

55 ± 7
4:12
10 ± 10
n=7
n=5
n=4
n = 10
n=3
n=3

Disease Steps Score: 0 = normal; 1 = mild disability, mild symptoms or
signs; 2 = moderate disability, visible abnormality of gait; 3 = early cane,
intermittent use of a cane; 4 = late cane, cane dependant; 5 = bilateral
support; 6 = confined to a wheelchair
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Table 2: Performance on functional measures following 8 weeks of endurance- or
resistance-exercise training
ENDURANCE
RESISTANCE
TRAINING
TRAINING
PrePost∆
PrePost∆
training
training
training
training
Grip Strength
(kg)

32.4 ± 13.3

33.0 ± 13.0

0.6 ± 2.7

30.3 ± 14.2

31.6 ± 12.8

1.3 ± 7.8

Functional
Reach Test
(cm)**

38.6 ± 5.9

40.0 ± 5.3

-0.6 ± 9.6

35.8 ± 6.7

41.3 ± 5.2

7.4 ± 13.4

Four Step
Square Test
(s)**

8.8 ± 1.8

8.1 ± 1.9

-0.7 ± 0.9

9.5 ± 2.4

8.3 ± 2.1

-1.2 ± 1.8

Timed Up and
Go (s)**

7.2 ± 1.7

6.7 ± 1.4

-0.5 ± 0.7

7.5 ± 2.2

6.8 ± 1.8

-0.7 ± 0.8

Six Minute Walk
Test (m)**

484 ± 96

503 ± 100

18.6 ± 40.1

447 ± 111

486 ± 107

38.1 ± 70.0

Values represent mean (± SD). ** A within-within repeated measures ANOVA with Bonferroni
adjustments revealed a significant main effect for pre/post difference, p<0.01.
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Table 3: Fatigue, depression and quality of life scores following 8 weeks of endurance- or
resistance-exercise training
ENDURANCE
RESISTANCE
TRAINING
TRAINING
PrePost∆
PrePost∆
training
training
training
training
MSIS Physical
Score*

43.5 ± 12.4

39.1 ± 12.9

-4.1 ± 9.6

43.8 ± 15.3

39.3 ± 13.1

-6.3 ± 12.2

19.6 ± 8.0

16.9 ± 6.1

-2.7 ± 6.5

20.0 ± 9.3

17.1 ± 7.2

-1.9 ± 8.2

9.7 ± 11.6

10.3 ± 11.6

0.6 ± 3.9

9.8 ± 9.0

8.7 ± 7.7

-2.3 ± 5.4

MFIS Physical
Scale*

19.6 ± 7.6

16.9 ± 5.5

-2.7 ± 5.3

18.3 ± 7.5

16.6 ± 7.1

-1.6 ± 3.3

MFIS
Psychosocial
Scale**

3.1 ± 1.5

2.4 ± 1.5

-0.8 ± 1.4

3.6 ± 1.8

2.4 ± 1.8

-1.6 ± 11.6

15.8 ± 10.2

13.5 ± 10.0

-2.3 ± 6.0

14.4 ± 10.0

12.3 ± 9.5

-3.3 ± 7.8

37.8 ± 6.7

37.7 ± 7.7

-0.2 ± 6.8

36.1 ± 9.1

39.8 ± 7.3

3.7 ± 7.0

48.1 ± 13.3

50.4 ± 12.8

2.3 ± 10.6

53.2 ± 11.2

51.3 ± 12.9

-1.9 ± 9.7

MSIS
Psychological
Score
Beck
Depression
Inventory

MFIS
Cognitive
Scale
SF-36 Physical
Component
Summary
Score
SF-36 Mental
Component
Summary
Score

Values represent mean (± SD). MSIS: Multiple Sclerosis Impact Scale, MFIS: Modified Fatigue Impact
Scale, SF36: Health Status Questionnaire Short Form 36. * A within-within repeated measures ANOVA
with Bonferroni adjustments revealed a significant main effect for pre/post difference, p<0.05. ** A withinwithin repeated measures ANOVA with Bonferroni adjustments revealed a significant main effect for
pre/post difference, p<0.01.
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Progression of exercises

Appendix 1: Progression of exercises during resistance exercise training
EXERCISE 1

UPPER BODY EXERCISES
EXERCISE 2

Chest Press with Theraband*

Seated Row with Theraband*

Chest Press with dumbbell*

Upright Row with dumbbell*

Wall push-up
Push-up on parallel bar
Knee push-up on ground
Full push-up

EXERCISE 1

Progression of exercises

Sit-to-stand

Progression of exercises

EXERCISE 3
Shoulder abduction with
Theraband*
Shoulder abduction with
dumbbell*

Standing half squats with
support (standing inside
parallel bars)
¾ ball squats (using Swiss
ball)
Full ball squats

Full ball squats with hand
weights*

LOWER BODY EXERCISES
EXERCISE 2
Static lunge with support
(inside parallel bars)
Static lunge without support

Dynamic lunge with return

Dynamic lunge with return off
step (increasing from small to
medium to large step height)
Dynamic lunge off step with
ankle weights*

EXERCISE 3
Hip abduction
Hip abduction with ankle
weights*
Lateral step-ups (increasing
from small to medium to large
step height)
Lateral step-ups with ankle
weights*

CORE AND LOWER-LIMB STABILITY EXERCISES
CORE EXERCISE
STABILITY EXERCISE
Prone support (on hands and knees) with single
Tandem stance
leg extension
Prone support with arm and leg extension of
Tandem stance on foam mat
contralateral limbs
Laying supine on floor, knees bent with hip lift
Heel-to-toe walk along foam beam
Laying supine on floor, feet elevated on swiss
Single leg stance
ball with hip lift
Front support on elbows and knees
Single leg stance on foam
Front support on elbows and toes
Standing on wobble board
Participant’s progression through the above series of exercises was dependent upon the
individual’s rate of improvement during the program. *Indicates that the Theraband or
dumbbell/ankle weight used in these exercises was increased prior to progression to the next
exercise. Four Theraband resistances were used (red, green, blue, black), dumbbell weights of 1kg,
2kg, 3kg and 4kg, and ankle weights weighing 1kg, 1.5kg, 2kg, 2.5kg and 5kg were utilised. This
rate of progression was monitored and directed by an Exercise Physiologist.
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