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Abstract

Objectives: Children with Duchene muscular dystrophy have weak muscles, which may impair postural adjustments.
These postural adjustments are required for gait and dynamic balance during the daily living activities. The aim was to
compare between the effect of bicycle ergometer versus treadmill on functional walking capacity and balance in children
with Duchenne muscular dystrophy. Methods: Thirty boys aged from 6 to 10 years old diagnosed as Duchene muscular
dystrophy participated in this study. Children were assigned randomly into two groups (A&B). Children in group (A)
underwent a designed program of physical therapy plus aerobic exercise training in form of bicycle ergometer while, group
(B) received the same program as group (A) and aerobic exercise training by treadmill for one hour, at three times a week
for three successive months. Functional walking capacity and balance were assessed before and after treatment by using
the 6-minute walk test and Biodex balance system equipment respectively. Results: The post treatment results revealed
significant difference in all measured variables (P<0.05) as compared with its pre-treatment results. Post-treatment values
indicated that there was a significant difference in all measured variables in favor of group B. Conclusions: treadmill training
as an aerobic exercise can improve walking capacity and balance more effectively than bicycle ergometer in children with

Duchenne muscular dystrophy.
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Introduction

Duchenne muscular dystrophy (DMD) is a progressive
type of muscular dystrophy that occurs mainly in males,
although in rare conditions may affect females. DMD leads
to progressive muscle weakness including skeletal and heart
muscles'. Dystrophin absence causes a steady degradation
of muscle fibers that leads to progressive loss of muscle
strength and functional abilities; So, Exercises that help
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to improve balance and coordination are essential to any
rehabilitation exercise program?.

Our primary goal in treating boys with DMD is to help
them to preserve their functional abilities as long as we can?.
Delaying loss of functional abilities is important for all daily
life activities and can increase independence in boys with
DMD. The gradual loss of the functional abilities during the
course of this disease is mainly due to a progressive decrease
in muscle strength and endurance*®. Also, a secondary
reduction of physical activity occurs due to limited physical
and social activity. When the amount of energy cost a certain
activity needs increases, the frequency of falling (with the
need for help to stand up) increases, and the developing fear
of falling leads to reduction of leg and arm functional abilities,
which causes disuse of musculoskeletal and cardiorespiratory
systems®.

Physical therapy acts in a multidisciplinary approach
aiming to give supportive therapy to these patients. Treadmill
walking is used to improve adaptive mechanisms that are
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Figure 1. Flow chart demonstrates the experimental design of the study.
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needed for coordination, body orientation, and balance
control”. The treadmill stimulates the stepping movements
in @ manner that is repetitive and rhythmic while the patient
takes the upright position and bearing his body weight on
his lower limbs®. Treadmills are considered a continuous-
controlled way that attracts both clinicians and researchers.
They are used in the clinical field, targeting to improve over
ground gait and have been used in research to imitate normal
ground walking®.

Cycle pedal is considered as an aerobic exercise and it is
a repetitive, functional activity that depends on reciprocal
contraction of agonist and antagonist muscles of the lower
limbs in a repeated pattern as that of walking'®. Cycling
exercise is an easy functional treatment method that can be
used to motor skills relearning needed for locomotion'"'2,
Cycling is done in sitting position what makes it safe, easy to
perform, and can be widely applied regardless of the severity
of motor impairment'3. So, the purpose of this study was to
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compare between the effects of aerobic exercise training
by bicycle ergometer and by treadmill on functional walking
capacity and balance in children with DMD.

Materials and methods
Study design

A randomized - controlled trail was carried out in
accordance with the Code of Ethics of the World, Medical
Association (Declaration of Helsinki) for experiments
involving humans and randomized into two equal groups
(A & B). Group A received designed program of physical
therapy plus an aerobic exercise training by bicycle
ergometer while, group B received the same designed
program of physical therapy plus an aerobic exercise
training by treadmill for three months. Participants,
parents/legal gquardians provided written informed
consent before the study was conducted.
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Participants

A convenient sample of thirty boys was selected from Abu
El-Rish Pediatric Hospital and Out-patient Clinic, Faculty of
Physical Therapy, Kafr EI-Sheikh University. They have been
screened and included if they were: 1) diagnosed as Duchene
muscular dystrophy, 2) aged from 6 to 10 years, 3) having
grade 3+ muscle strength in lower limbs and trunk muscles
according to Kendall et al.'4, 4) had functional range of
motion for upper and lower limb joints, 5) able to walk alone
level I and Il of Ambulation function classification system for
DMD (AFCSD)'®. Participants are excluded if they had any of
the following; 1) congenital or acquired skeletal deformities
or cardiopulmonary dysfunction, 2) had undergone previous
orthopedic surgery in lower limbs, 3) had abnormal motor
development or neurological disease that affect balance
and gait, and 4) behavioral problems causing inability to
cooperate during the study.

Randomization

Before randomization, five children were excluded, three
children were excluded as they did not meet the inclusion
criteria and two children were chosen to take their consent
and cancel their participation in the study. The children were
randomly assigned into two equal groups via the envelope
mode. After patients’ agreement to participate in the
study, cards with either “bicycle ergometer” or “treadmill
training” recorded on them were closed in envelopes; then a
blinded physical therapist was asked to select one envelope.
According to the selected card, children were assigned to
their corresponding group. Dates for starting the allocated
therapy were regulated and the therapy was bequn after the
first week of randomization. The examiner physical therapist
was not included in randomization procedures and was
unaware of the therapy allocation. Children were asked not
to disclose their therapy allocation to the physical therapist
during assessment. The participants were informed to
report any harmful effects throughout the treatment period
(Figure 1).

Methods and Procedures
Evaluation procedures

Biodex balance system equipment

Biodex Stability System (BSS; Biodex, Inc, Shirley, NY)
was used to assess the dynamic balance of all children in the
two tested groups which gives an objective assessment of
balance'®. The BBS has an intertester intraclass correlation
coefficients (ICCs) equals O0.70 and an intratester ICCs
equals 0.82'. BSS formed of a dynamic platform that allows
movements to occur around the anterior-posterior (AP)
and mediallateral (ML) axes simultaneously. This dynamic
platform offers eight different levels (1-8) of stability, with
level 8 which is considered the most stable and level 1 which
is the least stable. Also, BSS has a screen displaying the child
position on it and a support handles that can be adjusted
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according to each child’s height. The screen gives a visual
feedback about the degree of tilting that helps the child to
maintain the cursor in the center of the screen to obtain a
good score of balance. The BSS measures the degree of
tilting in all axis during dynamic position and calculates all
the indices (a mediolateral stability index (MLSI), an anterior-
posterior stability index (APSI) and overall stability index
(OSI), which is the sum of both MLSI and APSI'®, The BSS
determines the average position for each child during all
movements through the test. The higher scores in all these
indices, the poorer the balance of the child. The child was
asked to stand with his/her two legs stance in the middle of
the locked platform. Specific parameters like the child’s age,
weight, height and stability level (firmness of platform) were
entered to the device. During the evaluation, the platform
moves freely and simultaneously calculates the degree of tilt
about both axes (AP and ML). The balance measurement test
was repeated 3 times and the mean of the three repetitions
was obtained for data analysis. High values mean that the
child had balance difficulty®.

2- The 6-minute Walk Test (6MWT)

6MWT is a simple, standardized walking test that is
used to assess the functional ability in children®. It can be
applied easily, good tolerated by the children, and gives
good reflection of the daily living activities and the functional
capacity more than other walking tests?'. It has a high
reliability (r value=0.955 and P value<0.0001) that can
be used in ambulatory children with spastic CP; it provides
clinical information concerning gait capabilities?2. Children in
both groups completed the test as illustrated in the American
Thoracic Society (ATS) statement?3. Evaluation procedures
took place on a thirty-meter long straight corridor with
flat and hard surface, without any obstacles in it and every
child was allowed to use his comfortable footwear. Verbal
instructions or words of encouragement that allowed by the
ATS guideline were given to all participants during the test
procedure which permits one comment every minute. Before
the beginning of test procedures, children were informed that
“the purpose of the test is to walk for 6 minutes as far as
possible.” During the testing procedure, the evaluator walked
behind the child to protect him but without affecting his
speed. At the end of test, the distance in meter that the child
covered was recorded.

Treatment procedures

The children in both groups (A & B) received a designed
physical therapy treatment program. It was applied for 1 hr. /
three times per week for three successive months.

This program included the following: Gentle stretching
exercises before starting aerobic exercise to prevent the
development of any tightness. Stretching was performed for
biceps brachii, hamstrings and calf muscles bilaterally. It was
applied for 20 s stretching followed by 20 s relaxation and
repeated five times for every muscle. In addition to, Isometric
muscle contraction was applied for quadriceps, hamstrings,
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Table 1. General characteristics of participants.

Group A (n=15) Group B (n=15) P value
Age (yrs.) 8.34+0.88 8.49+0.83 0.629"
Weight (Kg) 31.66+2.84 32.6+£2.79 0.347N
Height (Cm) 124.13+3.2 125.54+2.33 0.228"s
NSp>0.05=non-significant, P=Probability.

anterior tibial group, calf muscles, biceps and triceps
muscles. Every muscle contraction was sustained for 5 s then
relaxed for another 5 s, and repeated for five times2425, Also,
gait and balance exercise training with obstacles were done.
Furthermore, both groups (A&B) received the following:

Group A: Children were trained on the bicycle ergometer
for 20 min, at 3 times a week for 3 successive months?®.
Bicycle ergometer (Monark Rehab Trainer model 88 IE) is an
electronic ergometer. It contains an electronic meter giving
us data about pedal revolutions per min, total pedal revolution
and time function. The bicycle has a pedal strap to provide full
fixation of the child’s foot and back support in order to fix and
prevent excess exhaustion of the back muscles. The training
program starts with warm-up exercises in form of a light
stretch exercise and walking back and forth for 5 minutes.
Next, the child was asked to sit on the bicycle seat and grasp
both handles of the bicycle tightly with the back erect and
supported. Then, Climb steady program was selected. In this
program the resistance is increased gradually according to
the muscle power of every child. This program was selected
as it was the most suitable one for the present disorder of
those children. Applying resistance comes in agreement
with the results that confirmed the necessity of resistance
training for children with DMD as they have demonstrated
decreased anaerobic capacity and strength when compared
with their healthy peer children?”. The child was instructed to
do a warm up exercise in the form of a low intensity pedaling
movement on a bicycle ergometer for 5 min. Then, pedaling
resistance was increased for another 10 min. Finally, the
treatment session ended with unloaded cycling for another
5 min as a cooling down exercise?®. The child was informed
to stop exercising immediately if there are any symptoms of
pain, fatigue or shortness of breath.

Group B: Children underwent an aerobic exercise program
in the form of treadmill training for 20 min. Treadmill
apparatus (En Tred) is a steel made device; its length is 2.4
meter (m) and its width is 2 m. It is composed of supporting
belt made of synthetic rubber and nylon (3.75 m in length),
cylinders (two) and an axle along its width. Also, it has vertical
beams attached to parallel bars on each side with the height
of the parallel bars are adjusted according to the height of
every child. All steps and aims of exercise were explained to
all children. The exercise training started with 5 min warm-
up exercises involving a light stretch and walking back and
forward inside the room. Then, the child asked to grasp both
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parallel bars of the treadmill by his hands tightly and asked
to look forward during walking to avoid falling. At first the
child asked to hold the treadmill rails with both hands and
then by one hand only till he/she had the confidence and
walk on treadmill without any need for support. The treadmill
exercise training was practiced at 75% of over ground speed
and with an inclination at zero degree for about 20 min, at
three times a week for 3 successive months?®. The child was
instructed to stop the exercise at once if there is pain, fatigue,
or shortness of breath. Finally, cooling down exercises was
performed for 5 min.

Statistical analysis

Results were expressed as mean * standard deviation
(SD). A two-way mixed design MANOVA was run with two
independent variables - intervention and measuring periods-
and four dependent variables (Medio-lateral stability,
Anteroposterior stability, overall stability and six min walking
test). There was a linear relationship between the dependent
variables, as assessed by scatterplot, and no evidence of
multicollinearity, as assessed by Pearson correlation (|r|<0.9).
There were no univariate outliers in the data, as assessed by
inspection of a boxplot, and no multivariate outliers in the
data, as assessed by Mahalanobis distance (p>.001). Medio-
lateral stability, Antroposterior stability, overall stability and
six min walking test were normally distributed, as assessed
by Shapiro-Wilk's test (p>.05). There was homogeneity of
covariance matrices, as assessed by Box's M test (p=.009),
and homogeneity of variances, as assessed by Levene’s Test
of Homogeneity of Variance (p>.05). Statistical Package
for Social Sciences (SPSS) computer program (version 23
windows) was used for data analysis. P value <0.05 was
considered significant and <0.01 was considered highly
significant.

Results

A total of 30 participants were eligible for inclusion, and
were randomized for study intervention. Group A consisted
of 15 participants who received designed physical therapy
program in addition to aerobic exercise training by bicycle
ergometer and group B consisted of 15 participants who
received the same designed physical therapy program in
addition to aerobic exercise training by treadmill three
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Table 2. Descriptive statistics and 2x2 mixed design Multivariate Analysis of Variance (MANOVA) for all dependent variables at different
measuring periods at both groups.

Group A (n=15) Group B (n=15) P value*
Pre-program 3.59 +0.47 3.58+0.38 0.967"s
ML stability Post-program 278+ 0.4 2.52+0.3 0.04°
P value** 0.001" 0.045
Pre-program 3.85+0.35 3.99+0.36 0.295"
AP stability Post-program 293+0.43 2.57 £0.26 0.01"1s
P value** 0.001%s 0.04°
Pre-program 3.69+0.77 3.66 £0.49 0.868"
Overall stability Post-program 29+04 2.67+0.17 0.045
P value** 0.001" 0.045
Pre-program 324.53 + 28.57 320.6 + 28.08 0.707"s
Six-minute walking test Post-program 391.86 + 30.76 428.66 + 22.94 0.001"s
P value** 0.001" 0.045

* Inter-group comparison; ** intra-group comparison of the results pre- and post-program. "P>0.05 = non-significant, "*P<0.01 = highly
significant, P=Probability, ML: Medio lateral stability, AP: Anteroposterior stability.

sessions per week for one hour for three successive months.
All randomized participants completed the trial. The groups
were similar at baseline (p>0.05) with regard to gender
distribution, age, height and weight (Table 1).

The interaction effect between type of intervention and
measuring period on the combined dependent variables was
statistically significant, F=9.012, p=.0001, Wilks’ A=0.41,
partial n>=0.59. There was statistically no significant effect
of intervention on the combined dependent variables,
F=1.519, p=0.227, Wilks’ A=.848, partial n?=0.196. While,
there was a statistically significant main effect of measuring
periods on the combined dependent variables, F=185.60,
p=0.001, Wilks’ A=0.033, partial n?=0.967. Multiple
pairwise comparison tests (Post hoc tests) showed that the
Medio-lateral stability, Anteroposterior stability and overall
stability showed a significant reduction (p<0.05) within both
groups, while the six min walking test showed a significant
increase (p<0.05) within both groups. Comparing both
groups post-program revealed a statistically significant
reduction in Medio-lateral stability, Anteroposterior
stability and overall stability and significant increase in six
min walking test (p<0.05) in favor to group B in comparison
to group A (Table 2).

Discussion

This study aimed to compare between the effects of
bicycle ergometer versus treadmill on functional walking
capacity and balance in children with DMD. However,
numerous studies evaluated the effects of treadmill
and bicycle ergometer on children with DMD, but to our
knowledge, this study is the first to compare the effects
of treadmill to bicycle ergometer on functional gait and
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balance in these populations with selected inclusion criteria.

Pre-treatment mean values of dynamic balance test
(overall,anteroposterior and medio-lateral) stability indicesin
both groups revealed non-significant differences but showed
significant increase in their values. Also, pre-treatment mean
values of Six minute walking test in both groups showed non-
significant differences but showed a significant decrease
in their values in comparison to the normal values of the
children in the same age group which indicated that they had
gait problems.

The post treatment results of this study showed
improvement of all measured variables in favor of group
B (received treadmill training). The results indicated that
treadmill training produced significant improvement in
functional walking capacity and balance comparing with
bicycle ergometer training. As children with DMD have
impaired functional walking and balance disorders due to
progressive muscle weakness?°. Balance disorders in these
children limits daily living activities especially walking so,
the evaluation of balance is an essential item to direct
management=°,

The pretreatment results revealed that there are Balance
disorders and impaired functional walking capacity among
children with DMD. These findings come in agreement with
Holland et al. who found that balance problems and loss of
functional walking due to progressive muscle weakness,
decrease in muscle endurance and aberrant repair of the
muscle tissue are caused by chronic inflammatory response®'.

Post treatment improvement of balance and functional
walking in both groups could be attributed to increasing in
muscle strength and enhanced coordination between both
sides of the body. This is supported by Karimi et al.32 who
reported that we need intact neuromuscular system and
sufficient muscle power to bring the center of mass within the
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base of support when balance is distributed which considered
as a suitable motor response. Also, designed physical therapy
treatment program might be one cause of significant results
in both groups that were reinforced by Petrof and Lim et al.
who reported physical training program in form of aerobic
exercises might delay secondary functional deterioration
of DMD which was caused by a disuse and limited activities
but eccentric exercises or high-resisted exercises are
avoided3®334,

The results of the current study were reinforced by those
of Bushby et al, who concluded that Current international
guidelines recommend reqular submaximal activities for
boys with DMD3®, Also, balance improvement occurred in
both groups was supported by the findings of Guskiewicz who
reported that various muscle groups, including those around
the ankle, thigh, trunk and neck is needed to maintain a good
postural balance, a motor response to the sensorimotor
information?®.

The results of previous studies that were applied on
exercise program with cyclic ergometer on spina bifida
children and stroke patients agree with our results as there
was improvement in both gait parameters and muscle
performance so, This effect on muscle strength is further
confirmed by the fact that trained patients usually experience
a feeling of muscle fatigue after treatment, indicating that
exercise training on bicycle ergometer not only guides the
movement passively, but it also leads to active participation
of lower limb muscles3"38,

Also, the current study showed that the significant
improvement in group A comes in agreement with Benecke
et al.>® who mentioned that the spinal cord circuit responsible
for the gait acts in a symmetrical way and the symmetrical
movement pattern generated by the bicycle ergometer can
make the affected muscles work more effectively and in a
more normal temporal way.

The improvement of balance and functional walking
occurred in group B may be due to the treadmill training
and reqular physical therapy program as, the low intensity
treadmill training was physiologically beneficial*®4'. This
improvement can be attributed to practicing stepping
movements by treadmill which lead to strength and stabilize
the involved neural network in producing gait pattern.

Also, functional walking improvement in group B might
occur as when the child transfers weight from one leg to the
other leg during walking on treadmill that helps in improving
the specific mechanism which is responsible for the postural
control to maintain the balance. This comes in agree with
Ulrich et al.*? and Dal et al.** who mentioned that treadmill
training can give many chances to improve balance and
strength in muscles of lower limbs and make stimulation to
the neuronal connections that are involved in generation of
independent balanced walking.

Previous studies concluded that Treadmill training has a
positive effect on both spatial and temporal gait parameters
especially the temporal pattern as reported by Kubo and
Ulrich*4. More improvement occurred in group B than group
A in functional walking and dynamic balance may be due to
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increases the stress on the tibiofemoral and patellofemoral
surfaces that lead to increasing the quadriceps force required
to maintain available extension against gravity as result
of weight bearing on a flexed knee but also. So, Treadmill
differs from walking over ground as the treadmill requires
from children to stay for long time with both feet contacting
treadmill surface during walking cycle which helps them to
improve their walking capacity and balance“s.

The main reason for improvement in group B may be due
to increasing the base of support during treadmill training
which is considered an important factor that helps to improve
stability and balance.

Finally, the more significant post treatment improvement
recorded in favor of group B was reinforced by Tulchin et
al. who stated that, patients receiving treadmill training will
have their walking endurance, gait stability, muscle function,
aerobic fitness and balance increased to a big degree than
others and their habitual activity levels will be higher?®.

Study limitation

The current study was delimited by the small sample size.

Conclusion

The results of the current study suggested that both bicycle
ergometer and treadmill training have the ability to make a
significant improvement in functional walking capacity and
balance in Duchenne muscular dystrophy children. Moreover,
treadmill training has been realized as being significantly
more effective than bicycle ergometerinimproving functional
walking capacity and balance for those children.
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