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Abstract: The purpose of this study was to determine the effect of eight weeks combined training on balance
and functional capacity in women with multiple sclerosis. Twenty volunteers women were randomized into two
groups, experimental group (N =10) and control group (N=10). The experimental group participated in selected
combined training program 3 times a week for 60 minutes and the control group did not participate in training
protocol and performed routine program. Participants completed pretest (included testing on balance and
functional capacity measures: balance, 3-minute step test, Timed Up and Go test and Timed 10-Meter Walk),
before begin of the intervention and after 8 weeks, completed posttest. The data were analyzed with SPSS18
software and t-test for paired samples significant with level at (P < 0/05). The result of this study showed that
combined training on balance measures in experimental group were significantly increased (P<0/05), But
improvement in timed 10-meter walk and Timed Up and Go measures in experimental group did not significantly
change. But improvement in measures in control group MS patients did not significantly increased (P>0/05).
However, the result suggests that combined training program can improve balance and functional capacity in

women with multiple sclerosis.

Key words: Combined training + Multiple sclerosis - Balance and functional capacity

INTRODUCTION

The Multiple Sclerosis (MS) is the most prevalent
disease of the central nerve system. MS is a chronic
disease which effects on different aspects of individual
life [1]. The prevalent symptoms of MS include reduction
of ability in the walking and balance, increase of skeletal
muscle weakness and tiredness that leads to reduction of
movement and the reduction of movement in these
individuals leads to atrophy of muscular fibers, which the
consequence is the muscular fibers reduction of slow
twitch fibers [2].

MS can have a negative impact on both physical and
psychological wellbeing and individuals with this disease
often report lower quality of life scores than when
compared to healthy individuals [3]. Despite the high
incidence of balance impairment in people with MS and its

potential negative impact on functional ability, relatively
little attention has been directed toward improving
balance in this population. However, participation in
regular physical activity has been suggested to positively
influence feelings of fatigue [4, 5] and depression, as well
as modify quality of life in persons with MS. In many MS
patients show reduced physical activity levels and suffer
from inactivity- induced muscle atrophy and loss of
muscle strength, reducing daily life physical functioning
as indicated by Motl et al. [6]. To date, resistance training
may also improve contractile characteristics, cellular
respiration, quality of life and walking speed and distance,
which have been reported to be deficient in MS [7-9].

As a consequence, MS patients are neither able to
fully activate muscles in the lower limbs nor to drive
active motor units at high firing frequencies (rate coding)
[10]. Accordingly, the muscle strength of MS patients is
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30-70% lower compared to healthy control subjects,
stating that muscle weakness is a common symptom of
MS [11]. Strength training has been shown to increase the
neuromuscular activity in skeletal muscles through the
use of surface electromyography [12].

Chronic mild to moderate stroke patients often have
a non-paretic and paretic body side caused by upper
motor lesions resulting in asymmetric muscle strength
[13]. Because in a healthy population resistance training
induces greater neuromuscular adaptations in weaker
versus stronger muscles, [14] progressive unilateral
resistance training has already been applied in stroke
patients to optimize training stimulus. As observed by
Chung et al., many MS patients also develop asymmetric
leg strength [15]. However, given the underlying disease
mechanisms such as increased central conduction time
[16] and reduced motor unit recruitment and firing rates,
it is unclear if unilateral strength training in MS has similar
effects [17].

Current research is demonstrating overwhelming
benefits when people with Multiple Sclerosis exercise.
Aerobic exercises and strengthening program improve
maximal aerobic capacity [18] and muscular force
production, power, work and endurance [19, 20].

Further benefits of exercise for people with MS
include improved fatigue, cognitive ability and energy
[21]. Published exercise program have shown the benefits
of specific strengthening regimens [20, 23], aquatic [19]
and aerobic program [18, 24].

The duration of this program vary from four to fifteen
weeks, with most participants attending three times a
week. In a single case study of a person with MS Van Sint
Annaland & Lord (1999) showed that a combined program
of aerobic, strengthening and balance exercises was
beneficial but again the participant attended the
program three times a week over a five-month period [25].
Carter et al., showed that 12 weeks of twice weekly
combined training were well tolerated, that muscle
strength was improved and that the level of effort.

Of walking was reduced [26]. Romberg et al. and
Surakka et al found that home-based combined training
was well tolerated by MS patients. Surprisingly, none or
only small (10%) improvements were seen in muscle
strength and Walking time [17, 27].

To the authors’ knowledge the reported resistance
training studies in MS all use ‘classical’ bilateral training
methods [2]. Unilateral resistance training applying
relative workloads to investigate strength gains in weaker
versus stronger legs has not been applied in this
population yet.

The present study compared functional capacity and
balance in persons with MS who did regularly participate
in physical activity. It was hypothesized that persons with
MS who participated in regular physical activity would
report favorable functional capacity, balance and muscle
strength when compared to those with MS who were
classified as Non-exercisers.

The purpose of this study was to assess the effects
of an 8-week selected combined training on balance and
functional capacity in subjects with Expanded Disability
Status Scale. We hypothesized that combined training is
advanced type of exercise which is not specified its
effects on balance and functional capacity, few researches
used the combined training their executive protocol was
executed and was not under the observation and gathered
information was the result of participants feeling in the
research, which the results of research should be studied
carefully. So researcher wants to answer following
question: Does the combined training increase balance
and functional capacity of the patients with MS.

MATERIALS AND METHODS

The participations included 20 female volunteers with
mean age of 34.55+4.78 yrs, mean Expanded Disability
Status Scale 2.95+1.54, mean weight 71.95+7.45 Kg and
mean body mass index 24.78+2.01 Kg/m* (mean =+ standard
deviation [SD]). Inclusion criteria for this study were
healthy adults with MS and the ability to walk (with or
without assistive devices) at least 20m without rest,
examinees age were among 30-40 years old, the samples
were residents of Sari and their consumed medicine were
Interferon Beta 1-a (Avonex or Cinnovex). Subjects were
recruited through the entire local chapter of the
Mazandaran Multiple Sclerosis Society’s support group
meeting and under the supervision of Dr Habibi Saravi.
All subjects participated in daily physical activity for six
months prior to the study (3 times per week). Before
beginning of the training, the patients were examined
under the neurologist and Expanded Disability Status
Scale (EDSS) score was determined for all subjects. Then,
Subjects gave informed written consent prior to
participation.

The volunteers were randomized into two groups,
experimental group (N =10) and control group (N=10). The
experimental group, besides consuming the prescribed
drugs, participated in eight weeks selected combined
training program while control group only consumed
prescribed drugs. Before testing, One Repetition
Maximum (the maximum load a subject was able to sustain
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Table 1: Exercise program

Aerobic Exercises

Independent cycling against progressively increasing resistance (50 to 60% Vo2max) and duration (for 5 to 10 minutes).

Balance Exercises

Balancing exercises, depending on the individual participant’s ability, included: sit to stand, squats, side to side walking,

semi tandem and tandem standing and, stair climbing, single leg balancing, walking changing direction,

walking uneven surfaces, fast stepping, walking and dual tasking, walking up and down an incline,

walking unaided and with assistive devices.

Strengthening Exercises

Exercises included (depending on the individual): squats, calf raises, hip abduction (standing/supine),

knee extension (side lying/sitting), knee flexion (side lying/prone), bridging, bench press. The intention was to perform

3 sets of exercises, with 10 repetitions of each exercise per set (3x 10) and exercised at least 3 days per week

for 60 to 90 minutes per session. The resistance used in the strengthening exercises was progressed by

increasing the number of repetitions performed.

throughout the range of motion) was determined and each
participant completed a familiarization period (2 sessions),
which included testing on balance and functional
capacity. After the familiarization period, participants
completed pretest before beginning of the intervention
and after 8 weeks, completed posttest. The scores of
pretest and posttest were registered by the researcher.
All testing sessions were performed at approximately
9:00 O’clock. The following formula was used to determine
the IRM.

IRM = W.(1+0.025.R)

IRM = One Repetition Maximum;
W = Weight Lifted,;

R Repetitions Completed [28]

Procedures: The training programs for Subjects in
experimental group included strengthening exercises,
aerobic  fitness (stationary cycling) and balance
exercises and were done three times a week for Eight
weeks under the supervision of one physiotherapist.
Each session finished with a stretching program for the
lower limb. The details of these programs are shown in
Table 1 [29].

A training protocol can be described in terms of sets,
repetitions and load. Between set and exercises a rest
period of approximately 2-3 minutes was allowed. The
program was to increase the absolute level of peak torque
of the muscles throughout repeated maximum strength.
The principle of the program was to have low-load,
relatively long pauses of rest between exercises and at
least 1 day of rest between the training sessions. If the
subjects managed to perform the exercises against
resistance, the load throughout the training was 40% to
50% of 1RM.

The resistance training protocol was adopted from
American College of Sports Medicine’s resistance-
training guidelines and recognized criteria for load
assignment in older individuals [30].

Primary Outcome Measures: Balance was measured
using the Stork balance Test and the functional capacity
was assessed with a 3-minute step test, Timed Up and Go
test and Timed 10-Meter Walk (T1IOW).

For the Stork Stand the subjects completed the test
on the dominant and non-dominant foot. The subjects
kept their hands on their hips with the uninvolved foot
against the medial side of the knee of the stance leg. Each
subject maintained this position while standing on the ball
of the foot for the maximum possible time. The trial ended
when the supporting foot swivel or move (hop) in any
direction, the non-supporting foot loses contact with the
knee, or the heel of the supporting foot touch the floor
[31].

After balance testing, subjects were tested for
functional capacity using a 3-minute step test, in which
subject were asked to step up onto 6-inplatform with both
feet as many times as possible within the 3-minute period
and the total number of steps were recorded [5]. Timed up
and go test measured, the time taken by a person to stand
up from a standard arm chair, walk a distance for 3m, turn,
walk bake to the chair and sit down again [32]. Then, for
assessed timed 10-m walk test, individual walks without
assistance 10 meters with normal comfortable speed and
the time of walk, was recorded [32].

Statistical Method: Data were expressed as mean and
standard deviation. Data analysis was performed using
pretest to posttest changes that assessed by t- test for
paired samples. P < 0.05 was considered statistically
significant. SPSS version 18.0 was used for all statistical
analyses.

RESULTS

There were no differences between the groups in any
of the pretest measures (Table 3). All patients in the
experimental group were able to complete 24 sessions
during the 8-week period.
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Table 2: Result of A Paired t-test for differences between Pre-test and post-test in control and experimental groups

Variables Pre test (Mean+SE) Post test (Mean+SE) t Sig
Timed 10-m walk (s) Control 7.10£0.170 7.07+0.170 1.98 0.0800
Experimental 7.174£0.190 7.12+0.180 2.14 0.0600
Timed up and go (s) Control 6.46+0.200 6.44+0.200 1.62 0.1400
Experimental 6.65+0.320 6.64+0.320 0.43 0.6800
3-minute step test (number) Control 83.50+3.000 83.10+3.480 0.41 0.6900
Experimental 92.00+4.530 113.60+3.690 -10.24 0.0001
Balance (s) Control 88.31+15.40 92.39+9.650 -0.45 0.6700
Experimental 93.75+15.10 182.80+21.49 -10.21 0.0001
Sig. level was P = 0/05
Table3. Result of t-test for difference of pre-tests between Control and experimental groups
Variables Mean Difference S.D. Difference t Sig
Timed 10-m walk (s) -0.70 0.26 -0.27 0.79
Timed up and go (s) -0.19 0.37 -0.50 0.62
3-minute step test (number) -8.50 5.43 -1.56 0.14
Balance (s) -5.44 21.57 -0.25 0.80
Sig. level was P = 0/05
The Table 2 showed the relationship between the DISCUSSIONS

pretest and posttest scores in balance test, 3-minute step
test, Timed up and go test and 10-meter walk test.
Correlation of the experimental group between pretest and
posttest was statistically significant (P < 0.05) and for the
control group did not significant changes between pretest
and posttest in balance test (P>0.05). Correlation of the
experimental group between pretest and posttest was
statistically significant (P < 0.05) and for the control group
did not significant changes between pretest and posttest
in 3-minute step test (P>0.05). Correlation of experimental
group between pretest and posttest was not statistically
significant and for the control group did not observe
significant changes between pretest and posttest in
Timed up and go test (P>0.05).

Correlation of experimental group between pretest
and posttest was not statistically significant and for the
control group did not observe significant changes
between pretest and posttest in timed 10-meter walk test
(P>0.05).

Pretest and posttest results for the measures of
balance and functional capacity were presented in
Table 2. No differences between training modes
(resistance-exercise and routine exercise) were found for
any of the measures of balance and functional capacity in
pretests. However, analysis of the data found that
functional capacity measures of experimental group
improved with eight weeks of resistance exercise protocol,
but balance measures of experimental group significantly
increased.

It is obvious that MS patient have deficits in various
areas In theory, optimal
rehabilitation aiming at a normalization of the
physiological profile would therefore require the
application resistance training. Presently, the concept of
combined training is however so sparsely investigated in

of physiological profile.

MS patients that solid evidence-based recommendations
cannot be provided [7].

In this study, significant increases for experimental
group in balance and 3-minute step test were found, But
improvement in timed 10-meter walk test and timed up and
go test in experimental group with MS did not
significantly decreased (P>0/05) and no significant
differences for control group in balance, 3-minute step
test, timed 10-meters walk test and timed up and go test
observed. These changes are more indicative of normative
tests of subjects without known impairments and thus
support our hypothesis. our subjects
showed improvements in functional capacity and balance.

Furthermore,

Limited research has been conducted on combined
training in persons with MS. In that they observed
improvements in functional capacity as a result of
combined training program. In neither study, carter et al.
found that 12 weeks of twice weekly combined training
were well tolerated, that muscle strength was improved
and that the level of effect of walking was reduced [26].
In addition, Romberg et al. and Surakka et al. found that
combined training was well tolerated by MS patients.
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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 (500 m)
test showed improvements of 12% and 6% respectively
[17,27]. Shwid et al demonstrated that a 20% improvement
in the 25 Foot walk, a test similar to the 10-m walk test, is
a significant change in Multiple Sclerosis [34, 35].

The mechanisms through which endurance-and
resistance-exercise lead to improvements in mobility have
not yet been determined. A previous three-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 people with multiple sclerosis [36]. In addition, a
relationship between postural sway and brisk walk time in
people with multiple sclerosis has been reported [15]. 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 cardio respiratory fitness,
cannot be ruled out.

Muscle strength has been defined as an important
predictor of ambulatory function [37]. Given the reported
muscle strength gains, improved functional mobility and
gait kinematics could be assumed after resistance training,
as indicated by Gutierrez in persons with MS [5].

Our results conflicts data from White and co-workers
[4] who were unable to detect improved walking speed
following 8 weeks of regular resistance training in persons
with MS. This could be related to the size of the strength
improvement which was lower in the present study, as
compared with previous studies reported [2, 8, 38]. This
could also be explained by the fact that throughout the
study course, participants did not specifically train
functional mobility, suggesting the need for more specific
training and testing [39].

Our subjects improved their stepping rate by
following the eight-week combined training program,
which supports our hypothesis that muscle strength
gains would be associated with improved stepping. Our
results show that strength training in MS is associated
with improved stepping. In contrast, 25-ft walking speed
and walk time remained unchanged following the training
program, which is consistent with a previous
investigation [40]. Our subjects had a mean walk time of
7.17 seconds, which is reflective of moderately disability
levels in individuals with MS [41]. Given the short test
distance, we may have not been able to detect subtle
changes in walking ability. It has been suggested that
large increases in 25-ft walk time may reflect detrimental

changes in gait [41]. A longer walking test may be more
sensitive to changes in walking speed associated with
exercise interventions in individuals with MS.

The less conservative gait of our subjects suggests
improved lower extremity coordination and perhaps
efficiency. This assertion is supported by the observed
increase in 3-minute stepping.

The results of this preliminary study suggest that
combined training program cause increase balance in
women with multiple sclerosis. These results are
supported by a few previous case studies that have
reported improvements in balance in people with multiple
sclerosis [42, 43]. 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
[44]. 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
external perturbation. These authors reported that cycling
did not improve balance, whereas walking and aerobic-
exercise classes did [44]. It is possible that the activities
that stressed balance (treadmill, cross-trainer and step-
ups) contributed to the improvement in balance observed.
However this is an area that requires further investigation.

The results of this study are in contrast to the
findings of a previous study. De Bolt et al reported no
improvements in balance after a home-based resistance-
training program in people with multiple sclerosis [33].
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 may explain the discrepancies
in balance adaptations observed following resistance-
exercise training. Similarly, a recent meta-analysis on
walking mobility in people 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 [33].

Our subjects also scored below normative values for
similar age groups in all categories. Balance
predominantly requires adequate strength and range of
motion at the ankle. The lower scores may indicate that
the subjects had limitations in one or both of these areas.
Prior research has shown a relationship between balance
ability, ankle strength and range of motion [45, 46].
Although ankle range of motion was not measured in this
study, the results indicate that subjects had increased in
balance.
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Weakness is common in MS [47] muscle strength at
the ankle could have also played some part in the lower
than-normal balance scores. Several of the activities
(i.e., strength exercises, aerobic fitness (stationary
cycling) and balance exercises) in the exercise program
were designed to address these impairments specifically
and could have led to the improvements in muscle
strength, functional capacity and balance.

In this study, balance and functional capacity
improved after training for experimental group. Although
not statistically significant were observed in control
group after routine daily training for all tests. Also, results
suggested that the routine daily training did not effect on
functional capacity and balance in women with MS.
However, with a small sample size, additional studies are
needed to confirm these observations. In addition, the
combined training protocol used in this study may not
have highlighted the full benefit or dangers of strength in
persons with MS. Despite these limitations, there were
significant improvements in all parameters in experimental
group that performed combined training protocol for
8- week. More studies that include balance and functional
capacity measures, with larger sample size, EDSS with
high score and increased duration and intensity of
training, are recommended.

In conclusion, this paper reported on the effects of a
combined training program on functional capacity and
balance in women with MS. The results of the present
study suggest that an 8-week selected combined training
program can increase balance and improvement functional
capacity in women with MS.

REFERENCES

1. Aimeta, M., J.  Lampichlera, U. Musila,
R. Spiesbergera, J. Pelikana and J. Schmida, 2006.
High and moderate intensities in strength training in
multiple sclerosis. Isokin Exerc. Sci., 14: 153.
Dalgas, U., E. Stenager and J. Jakobson, 2009.
Resistance training improve muscle strength and
functional capacity in multiple sclerosis. Neurol.,
73(18): 1478-1484.

3. Khan, F., T. McPhalil, C. Brand, L. Turner-Stokes and
T. Kilpatrick, 2006. Multiplesclerosis: disability profile
and quality of life in an Australian community cohort.
Int. J. Rehabil. Res., 29(2): 87-96.

White, J., S.C. McCoy, V. Castellano, G. Gutierrez,
J.E. Stevens, G.A. Walter and K. Vandenborne, 2004.
Resistance training improves strength and functional
capacity in persons with multiple sclerosis. Mult.
Scler, 10(6): 668-674.

5.

10.

11.

12.

13.

14.

15.

16.

1024

Gutierrez, G.M., JW. Chow, M.G. Tillman,
S.C. McCoy, V. Castellano and L.J. White, 2005.
Resistance training improves gait kinematics in
persons with multiple sclerosis. Arch. Phys. Med.
Rehabil, 86(9): 1824-1829.

Motl, R.W., E. McAuley and E.M. Snook, 2005.
Physical activity and multiple sclerosis: a meta-
analysis. Mult Scler, 11: 459-463.

Dalgas, U., E. Stenager and T. Ingemann-Hansen,
2008. Multiple sclerosis and physical exercise:
recommendations for the application of resistance-
endurance and combined training. Mult Scler,
14: 35-53.

Taylor, N.F., K.J. Dodd, D. Prasad and S. Denisenko,
2006. Progressive resistance exercise for people with
multiple sclerosis. Disabil Rehabil, 28: 1119-1126.
Kent-Braun, J.A., K.R. Sharma, M.W. Weiner and
R.G. Miller, 1994. Effects of exercise on muscle
activation and metabolism in multiple sclerosis.
Muscle Nerve, 17: 1162-1169.

Rice, C.L., T.L. Vollmer and B. Bigland-Ritchie, 1992.
Neuromuscular responses of patients with multiple
sclerosis. Muscle Nerve, 15: 1123-1132.

Ng, A.V.,R.G. Miller, D. Gelinas and J.A. Kent-Braun,
2004. Functional relationships of central and
peripheral muscle alterations in multiple sclerosis.
Muscle Nerve, 29: 843-852.

Aagaard, P., E.B. Simonsen, J.L. Andersen, P.
Magnusson and P. Dyhre-Poulsen, 2002b. Neural
adaptation to resistance training: changes in evoked
V-wave and H-reflex responses. J. Appl. Physiol.,
92:2309-2318.

Lee, M.J., S.L. Kilbreath, M.F. Singh, B. Zeman and
G.M. Davis, 2010. Effect of progressive resistance
training on muscle x performance after chronic
stroke. Medicine and Science in Sports and Exercise,
42:23-34.

Kraemer, W.J., K. Adams, E. Cafarelli, G.A. Dudley,
C. Dooly and M.S. Feigenbaum, 2002. American
College of Sports Medicine position stand,
Progression models in resistance training for healthy
adults. Med. Sci. Sports Exerc., 34: 364-380.

Chung, L.H., J.G. Remelius, R.E. Van Emmerik and
J.A. Kent- Braun, 2008. Leg power asymmetry and
postural control in women with multiple sclerosis.
Med. Sci. Sports Exerc, 40: 1717-1724.
Van-Der-Kamp, W., N.A. Maertens De,
P.D. Thompson, J.C. Rothwell, B.L. Day and
C.D. Marsden, 1991. Correlation of phasic muscle
strength and corticomotoneuron conduction time in
multiple sclerosis. Ann. Neurol., 29: 6-12.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

World Appl. Sci. J., 16 (7): 1019-1026, 2012

Romberg, A., A. Virtanen and J. Ruutiainen, 2005.
Long-term exercise improve functional impairment
but not quality of life in multiple sclerosis. J. Neurol.,
252: 839.

Petajan, J.H., E. Gappmaier, A.T. White,
M.K. Spencer, L. Mine and R.W. Hicks, 1996.
Impact of aerobic training on fitness and quality
of life in Multiple Sclerosis. Annuals of Neurol.,
39: 432-441.

Gehlsen, G.M., S.A. Grigsby and D.M. Winant, 1984.
Effects of an aquatic exercise programme on muscular
strength and endurance of patients with Multiple
Sclerosis. Physical. Therapy, 64: 635-637.

Svensson, B., B. Gerdle and J. Elert, 1994. Endurance
training in patients with Multiple Sclerosis: five case
studies. Physical. Therapy, 74(11): 1017-1026.
Sutherland, G., M.B. Anderso and M.A. Stoove, 2001.
Can aerobic exercise training affect health- related
quality of life for people with Multiple Sclerosis. J.
Sports and Exercise Psychol., 23: 122-135.
Sutherland, G. and M.B. Anderson, 2001. Exercise
and Multiple Sclerosis: physiological, psychological
and quality of life issues. The J. Sports Med. and
Phys. Fitness, 41(4): 421-432.

Harvey, L., A. Davies-Smith and R. Jones, 1999.
The effect of weighted leg raises on quadriceps
strength, EMG parameters and functional activities
in people with Multiple Sclerosis. Physiotherapy,
85(3): 154-161.

Kirsch, N.R. and M.J. Myslinski, 2000. The effect of
a personally designed fitness program on the aerobic
capacity and function for two individuals with
Multiple sclerosis. Physical Therapy Case Reports,
2(1): 19-27.

Van-Sint-Annaland, E. and S. Lord, 1999. Vigorous
exercise for Multiple Sclerosis: a case report. New
Zealand Journal of Physiotherapy, pp: 42-44.

Carter, P. and C.M. White, 2003. The effect of general
exercise training on effort of walking in patients with
multiple  sclerosis. 14" International World
Confederation for Physical Therapy, Barcelona,
RR-PL-1517.

Surakka, J., A. Romberg, J. Ruutianen, S. Aunola,
A. Virtanen and S.L. Karppi, 2004. Wffects of aerobic
and strength exercise on motor fatigue in men and
women with multiple sclerosis: a randomized
controlled trial. Clin. Rehabil, 18: 737-46.

Phillips, W.T. and J.R. Ziuraitis, 2003. Energy cost of
the ACSM single-set resistance training protocol. J.
Strength Cond Res., 17: 350-55.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1025

Leigh, H., P. Jan, A. Littmann and S. Tumilty, 2003.
The effect of combined exercise program for people
with Multiple Sclerosis: a case series. NZ J.
Physiotherapy, 31(3): 130-138.

American  College of Sports Medicine, 2000.
ACSM’s guidelines for exercise testing and
prescription, 6" ed. Philadelphia: Lippincott Williams
and Wilkins.

Welsch, M.A., M.L. Pollock, W.F. Brechue and
J.E. Graves, 1994. Using the exercise test to develop
the exercise prescription in health and disease.
Primary Care, 21(3): 589-609.

Nilsagard, Y., C. Lundholm, L.G. Gunnarsson and
E. Denison, 2007. Clinical relevance using timed walk
tests and ‘timed up and go’ testing in persons with
multiple sclerosis. Physiother Res. Int., 12: 105-114.
DeBolt, L.S. and J.A. McCubbin, 2004. The effects of
home-based resistance exercise on balance, power
and mobility in adults with multiple sclerosis. Arch.
Phys. Med. Rehabil, 85: 290-97.

Schwid, S.R., A.D. Goodman, M.P. McDermott,
C.F. Bever and S.D. Cook, 2002. Quantitative
functional measures in MS: what is a reliable change?
Neurol., 58(8): 1294-1296.

Cohen, J.A., G.R. Cutter, J.S. Fischer, A.D. Goodman,
F.R. Heidenreich, J.R. Jak and J.E. Kniker, 2001. Use
of the Multiple Sclerosis Functional Composite as an
outcome measure. Archives of Neurol., 58: 961-967.
Cattaneo, D., J. Jonsdottir, M. Zocchi and A. Regola,
2007. Effects of balance exercises on people with
multiple sclerosis: a pilot study. Clin Rehabil,
21:771-81.

Gijbels, D., G. Alders, H.E. Van, C. Charlier,
M. Roelants and T. Broekmans, 2010. Predicting
habitual walking performance in multiple sclerosis:
relevance of capacity and selfreport measures. Mult
Scler, 16: 618-626.

Kraft, G., A. Alquist and B. Lateur, 1996. Effects of
resistive exercise on function in multiple sclerosis
(MS). Arch. Phys. Med. Rehabil, 77: 984-989.
Dettmers, C., M. Sulzmann, A. Ruchay-Plossl,
R. Gutler and M. Vieten, 2009. Endurance exercise
improves walking distance in MS patients with
fatigue. Acta Neurol. Scand, 120: 251-257.

Yates, H.A., T.C. Vardy, M.L. Kuchera, B.D. Ripley
and J.C. Johnson, 2002. Effects of osteopathic
manipulative treatment and concentric and eccentric
maximal-effort exercise on women with multiple
sclerosis: a pilot study. J. Am. Osteopath. Assoc.,
102: 267-75.



41.

42.

43.

World Appl. Sci. J., 16 (7): 1019-1026, 2012

Kaufman, M., D. Moyer and J. Norton, 2000. The
significant change for the timed 25-foot walk in the
multiple sclerosis functional composite. Mult Scler.,
6: 286-90.

Benedetti, M.G., V. Gasparroni, S. Stecchi, R. Zilioli,
R. Straudi and R. Piperno, 2009. Treadmill exercises in
early multiple sclerosis: a case series study. Eur. J.
Phys. Rehabil Med., 45: 53-59.

Giesser, B., J. Beres-Jones, A. Budovitch, E. Herlihy
and S. Harkema, 2007. Locomotor training using body
weight support on a treadmill improves mobility in
persons with multiple sclerosis: a pilot study. Mult
Scler, 13: 224-31.

44.

45.

46.

47.

1026

Buchner, D.M., M.E. Cress and B.J. De Lateur, 1997.
A comparison of the effects of three types of
endurance training on balance and other fall risk
factors in older adults. Aging Milano, 9: 112-19.
Whipple, R., L. Wolfson and P. Amerman, 1987. The
relationship of knee and ankle weakness to falls in
nursing home residents: an isokinetic study. J. Am.
Geriatr Soc., 35: 13-20.

Mecagni, C., J. Smith, K. Roberts and S. O’Sullivan,
2000. Balance and ankle range of motion in
community-dwelling women aged 64 to 87 years: a
correlational study. Phys. Ther., 80: 1004-1011.
Fredericks, C. and L. Saladin, 1996. Pathophysiology
of the Motor Systems. Philadephia, PA: FA Davis
Company.



