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Abstract

Objective: To evaluate the performance of boys with DMD in the ten meter walking test (10 MWT) in order to
predict gait loss.

Method: This longitudinal study consisted of consecutive evaluations, minimum of 3 and maximum of 12,
conducted every 4 months, during 33 months, depending on time of inclusion in the study. Ambulant boys with DMD
(n=18), ages 4 to 13 years, mean 7 (SD=2.22), were assigned to Ambulatory group (A; n=11) or Non-Ambulatory
group (NA; n=7) according to their status at the end of the study. Diagnosis was based on the absence of dystrophin
in a muscle biopsy and/or identification of a mutation of the dystrophin-gene. The main outcome measures were: 10
MWT total time and rates between two consecutive sessions. Secondary measures included: functional status and
muscle strength of the hip, knee and ankle.

Results: The 10 MWT total time for the NA group oscillated over time, while remaining steady for the A group.
The NA group showed mean of 16.18 s (Cl 95% 14.38-17.98) and the A group showed mean of 10.2 s (Cl 95%
9.08-11.24). The difference between groups was estimated as -5.98 s (Cl 95%-8.11; -3.89). The linear model of
mixed effects identified significant increase in 10 MWT time for the NA group and decrease for the A group. The rates
were >1.25 for participants who became wheelchair users, indicating increased time to perform 10 MWT overtime.

Conclusion: Rates = 1.25 indicate the borderline between independent gait and wheelchair confinement and

are useful for predicting gait loss.
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Introduction

Duchenne muscular dystrophy (DMD) is an X-linked progressive
myopathy associated with dystrophin deficiency in the costameres.
The most frequent clinical features of DMD are: Lower limb muscle
weakness progressing from the proximal to the distal extremity,
abnormal gait, frequent falls and difficulty climbing stairs [1]. Weakness
of the hip extensor muscles, biomechanical changes and compensatory
strategies to maintain balance and movement occur concomitantly
with severe lumbar lordosis, shortening of the Achilles tendon and loss
of gait. Loss of gait may vary from age 7 to 13 years [1]. Genotype and
phenotype correlations have shown that dystrophin defects are related
to greater severity of weakness and loss of ambulation at a younger age
[1]. It is well known that depending on the severity of muscle and brain
dysfunction, there are at least 4 subtypes of DMD: (A) early infantile
DMD; (B) classical DMD; (C) moderate pure motor DMD; (D) severe
pure motor DMD [2,3]. Various approaches have been used to study
the relationship between gait and muscle strength in myopathies [4-6].

Decrease in muscular strength is used as prognostic factor and
indicators of the progression of the disease, for example, values lower
than grade 3 for hip extensors and grade 4 for ankle dorsiflexors
indicate the need for wheelchair use within a 2 year period [6], however,
these factors are not very reliable due to the fact that they might be
maintained for a longer period of time and the patients might present
sudden loss of ambulation [7].

A few studies in the literature describe a substantial quantity of
instruments used in order to assess pediatric neuromuscular diseases,
focusing on functional aspects [6,8-10], physical performance [4,11,12]
and muscular strength [13-15]. In a review, Bushby et al. recommended
strength testing of the lower extremity by manual muscle testing every
6 months, the timed 10 meter walk test (10 MWT) and the Vignos
lower extremity scale for DMD management [16]. Since the main
aim of most interventions is postponing gait loss, studies adopt the
gait itself, and similar abilities such as standing and climbing stairs as
clinical endpoints [16-18]. Clinical research is pointing in the direction
of a consensus that isolated results, as changes in muscle strength are
not appropriate to indicate intervention outcomes [19]. Studies using
the 10 MWT have shown promising results for monitoring medication
effects and assessing community gait [12], and verifying the capacity
of patients with neuromuscular diseases in daily life activities (DLAs)
[20]. According to Pereira et al., the 10 MWT is more clinically relevant
while the 6 minute walking test (6 MWT) is suitable and significant for
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research [21]. Nevertheless, there is significant correlation between the
6 MWT and the 10 MWT [5,11]. McDonald et al. found that a total
of 5 seconds or less spent in the 10 MWT is correlated to an increase
in the distance covered in the 6 MWT, whereas a total time of 10 s
or more in the 10 MWT predicts loss of ambulation over a 12 month
period, in DMD patients. In addition, the 10 MWT and 6 MWT tests
show similarities from the motor development point of view [21]. Data
from 345 healthy children (2 to 12 years old) indicate decrease in time
spent in the 10 MWT until 6 years of age followed by a plateau, with
total time staying at 10 sor less [22]. However, clinical heterogeneity
of DMD (1,2) complicates the adoption of a “cut off” value in order to
predict loss of gait.

According to Hyde et al., using a specific test or variable in order
to establish a predictive profile can strengthen clinical decision making
by allowing prognoses of changes in physical variables, guiding
interventions and/or tailoring therapeutic drugs [23]. Thus, the 10
MWT should be further evaluated as a predictive tool in children with
DMD, using consecutive evaluations of the test at different points in
time, as a more realistic way to predict loss of gait.

The objective of this longitudinal study was to evaluate the
performance of boys with DMD in the 10 MWT, as a way to predict the
loss of gait over time.

Methods

Of the 30 DMD patients invited, only 18 participated in the
study. 22 boys did not fulfil the inclusion criteria of independent
ambulation and met the following exclusion criteria: younger than
4 years of age and with presence of cognitive disorder. The 18 boys
with DMD had independent ambulation and were followed by the
staff of the Rehabilitation Centre at Clinical Hospital of XX XX XX
XX, over a period of 33 months. Their ages ranged from 4 to 13 years,
mean 7 (SD=2.22). DMD diagnosis was based on the absence of the
dystrophin in a muscle biopsy and/or identification of a mutation of
the dystrophin-gene. All the participants and/or guardians gave written
informed consent, and the Ethics Committee of XX XX XX, University
XX XX XX approved the study.

The follow-up sessions were conducted every 4 months, and the
physiotherapy evaluation was comprised of: functional scale (Vignos
scale) testing, manual test of muscle strength using the scale of the
Medical Research Council and the 10 MWT. The same researcher
administered all the tests. The intraclass reliability was calculated by
the intraclass correlation coefficient (ICC) of the 10 MWT. It was
based on 2 identical evaluations (4 days between each evaluation) of 15
healthy boys of the same age. The inclusion of the DMD participants
during the data collection was based on the hospital referral, which
resulted in different amount of sessions, with a minimum of 3 and
a maximum of 12 evaluations and re-evaluations. The 18 boys, who
started with ambulation, were assigned to one of two groups according
to their status at the end of this study: non-ambulatory (NA; n=7) and
ambulatory (A; n=11) groups.

The muscle groups of the hip (flexors, extensors, hip abductors and
adductors); knee (flexors and extensors) and ankle (dorsiflexor and
plantar flexor) were evaluated by the manual muscle scale, graded from
0 to 5, without subdivisions. Each participant performed the 10 MWT
without devices or shoes on a regular floor, starting from the standing
position. They received an explanation about what to expect before the
start of the test. The standardised verbal command was “walk as fast as
possible without running and only stop when I give you the command
to stop”.

Statistical procedures

(1) The Intraclass Correlation Coefficient (ICC) of 2 identical
evaluations of the 10 MWT was used to measure the minimum
acceptable value of the reliability coefficient (ICC=0.75 or 0.80
according to Fleiss [24]); (2) Bayesian linear mixed-effects model
based on the Gibbs sampling algorithm and non-informative prior
distributions, where random effects correlated the different measures
of the same participant during the follow up sessions. Total time in the
10 MWT for the NA and A groups was compared using this model; (3)
The Bayesian linear mixed-effects model was used in order to evaluate
the association between age and total time in the 10 MWT, as a way
to verify the existence of linear tendency for changes in the 10 MWT
according to age. The Bayesian method generates credibility intervals
95% (CI 95%) for parameters of interest (similar to the classical interval
of confidence method). When CI 95% for an inclination measure does
not include zero, the time to perform the 10 MWT and the participant
age in a specific group is significant (similar to p<0,05). All Bayesian
analyses were done with Open BUGS software (version 3.2.1); (4) o
visually compare changes in the 10 MWT patterns between the A
and the NA groups, we calculated the rate between successive tests
(consecutive evaluation measurements) for each participant and the
results were plotted in a line graphic.

Results

Table 1 shows demographic data for the participants. All the
subjects used nocturnal orthosis (except 2 boys in the A group), and
showed different functional scores according to the Vignos 5-point scale
classification. The majority (88.9%) used corticosteroid therapy and all
subjects were participating in physiotherapy sessions (conventional
and aquatic therapy). The ICC value for the 10 MWT test was 0.71
(95% CI=0.43-0.95), when comparing two identical evaluation sessions
of 15 healthy boys.

Timed test

As seen in Figure 1, the NA group showed a mean of 16.18 seconds
(CI 95% 14.38-17.98) and the A group showed a mean of 10.2 s (CI
95% 9.08-11.24). The difference between the two groups is estimated
at -5.98 (CI 95%-8.11; -3.89). Since this data does not include the value
zero, the difference between groups is significant (similar to p<0.05).

Figures 2A and 2B show performance (set of evaluations over
the period of this study) for the NA and the A groups, considering
individual profiles throughout the evaluation sessions. Increased and
decreased linear tendencies were identified on10 MWT for NA and A
group participants, respectively.

Table 2 illustrates the values obtained in the linear model of mixed
effects with the NA group showing positive values (mean=1.6) and the
A group showing negative values (mean=-1.6). The CI 95% for these
inclination coefficients does not include the zero value. This result
indicates a significant increase in time to complete the 10 MWT for the
NA group (positive coeflicients) and decrease in time for the A group
(negative coefficients).

Figure 3 shows rates from the 10 MWT, obtained from 2
consecutive sessions. When the rates are greater than 1, they indicate
increased time to complete the 10 MWT when comparing one session
to the other. All participants who became wheelchair users, i.e., the
NA group, showed at least one rate greater than 1.25. There was an
increase of 25% in total time spent in the 10 MW, when compared
to the previous session for this group. This pattern was less frequent
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Boys Age Height Weight i L. . Follow-up
Group ~ Funct!onal core Glucocorticoid AFO Pt ns per (number of
(n=18) (years) (meters) | (Kilograms) (Vignos) use week evaluations)
Non-ambulatory 1 4 102 14.8 4//5 no* Nocturnal 3 3
(NA) 2 8 133 26.7 3/l4 Yes nocturnal/day use 4 6
3 6 118 21 2113 no** Nocturnal 2 5
4 13 132 31.5 5/15 Yes Nocturnal 2 4
5 6 127 23.2 3115 Yes nocturnal 2 5
6 5 107 23.9 3/l4 Yes nocturnal 2 8
7 7 126 23.4 4//5 Yes nocturnal 3 5
Ambulatory 8 10 143 35.2 2112 Yes none 2 9
(A) 9 5 108 18 2112 Yes*** nocturnal/day use 2 4
10 7 127 234 2112 Yes nocturnal/day use 3 9
11 5 110 21 2112 Yes nocturnal 2 11
12 9 124 40.3 1113 Yes nocturnal 2 10
13 4 102 19 1112 Yes none 3 3
14 7 110 23.2 1112 Yes nocturnal/day use 3 3
15 8 129 31.4 1112 Yes nocturnal 3 6
16 7 132 31.3 1112 Yes**** nocturnal/day use 3 11
17 8 127 33.4 3//4 Yes nocturnal/day use 2 12
18 7 123 24.4 3/12 Yes nocturnal/day use 2 12

*This boy started medication 1 year after admission; **Parents refused to adopt medication; ***Boy began medication 10 months after admission; **** Boy began medication
6 months after admission; AFO = ankle foot orthosis; functional scores are shown as x//y, representing the scores on the first and last evaluation, respectively.

Table 1: Demographics, functional score, therapies and number of follow-up sessions.
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for participants that preserved gait until the end of the study, only 3 A
group participants showed rate greater than1.25. The higher rates for
the NA group were: 1.52, 1.48, 1.25,1.36, 1.31, 1.6 and 1.9, while for the
A group they were: 1.1, 1.03, 1.12, 1.42, 1.15, 1.2, 1.4, 1.04, 1.21, 1.22
and 1.29. The rates higher than 1.25 can indicate future loss of gait,
considering the sample analysed in this study.

Muscle strength

Individual profile analyses for the NA and A groups showed
symmetry between the right and left lower limbs and a decrease in the
muscle strength of both groups in the assessments (data not shown).
As seen in the Table 3, analysis of muscle strength obtained in the
evaluation that preceded the loss of gait for NA group showed that all
participants had decreased muscle strength grades for the hip extensor/
flexor, hip abductor/adductor, knee extensors and ankle dorsiflexors
and, notably the hip extensors showed grade 2 and knee extensors
showed grade 3.

Discussion

This study aimed to identify the predictive value of the 10 MWT,
a test routinely used in clinical physiotherapy, for assessing loss of gait
in boys with DMD, over a period of 33 months. While the NA group
showed a predominantly functional score (Vignos scale) between 3 and
5, the A group showed scores between 1 and 3. The higher scores are
associated with pronounced lower limb impairment and are consistent
with the longer 10 MWT execution time for the NA group.

Based on the rates obtained from two consecutive 10 MW T sessions,
it is remarkable that the subjects in the NA group showed increase in
time spent to complete the 10 MWT, when compared to the A group
which showed a more consistent time to complete the test throughout
the study. In addition, rates > 1.25 can indicate the borderline between

independent gait and wheelchair confinement, which can be useful for
the rehabilitation staff.

Several studies have used the 10 MWT in the DMD population
[7,16,23,25]. The application of the test is simple, and the task requires
walking at a maximum self-established speed. In addition, other
authors have indicated that the 10 MWT is sensitive enough to detect
changes in gait performance of boys with DMD [6,22,24].

The individual profiles for the NA group muscle strength and
performance in the 10 MWT (defined as oscillation of time over the
course of several evaluations throughout the study) revealed similar
results to those described by Bakker et al. [7]. Our analyses show
increased time spent in the 10 MWT in the session that preceded
gait loss. In addition, our results show decrease in strength for hip
flexors, extensors, abductors and adductors and knee extensor and
ankle dorsiflexors. Grades 2 and 3 muscle strength for the extensors
of the hip and knee were coupled with lower functional gait capacity.
Muscular strength lower than grade 3 for the hip extensors and lower
than grade 4 for the ankle dorsiflexors is a prognostic factor for loss of
gait and an indicator of disease progression in a period of 2 years [7]. In
addition, as reported by other authors, muscle strength measurement
is more informative when associated with another measurement
[8,15,20]. In the present study, strength measurements and 10 MWT
data were successfully used to indicate a progression of the disabilities
in boys with DMD. Predicting the loss of independent gait in boys with
DMD is very important because, such prediction makes it possible for
caregivers and health professionals to implement specific treatment
strategies, focusing on the functional impairment and quality of life.
To the best of our knowledge, there are no studies in the literature with
DMD subjects using the 10 MWT test as a predicting tool. We conclude
that using the 10 MWT and calculating rates is very important for the
clinical evaluation of patients with DMD. The test is easy to use, low

Non- ambulatory group

Intercept (a,,)

S. No. Cl 95% Inclination (b, ) Cl 95%
1 4.283 (-10.09 13.27) 1.817 (0.2961 4.779)
2 2.789 (-13.91 12.83) 1.333 (0.1483 3.243)
3 2.967 (-12.32 12.52) 1.404 (0.0063 3.665)
4 2.973 (-17.18 13.53) 1.372 (0.4987 2.845)
5 4.502 (-11.07 14.25) 1.953 (0.5830 4.227)
6 3.609 (-11.95 12.92) 1.675 (0.2972 4.054)
7 3.814 (-12.89 13.65) 1.751 (0.4995 3.812)

Mean 3.516 (-12.34 13.08) 1.615 (0.3609 3.778)

Ambulatory group

S. No. Intercept (a,, ) C195% Inclination (b,) Cl95%
1 24.93 (15.92 34.95) -1.296 (-2.130 -0.5199)
2 19.79 (13.57 27.99) -1.723 (-3.058 -0.7007)
3 23.18 (15.61 30.96) -1.525 (-2.458 -0.6354)
4 23.32 (16.14 31.03) -1.657 (-2.769 -0.6348)
5 25.00 (16.20 34.21) -1.373 (-2.238 -0.5339)
6 18.47 (13.38 26.35) -1.718 (-3.492 -0.6549)
7 20.64 (13.95 29.00) -1.686 (-2.892 -0.6999)
8 23.71 (15.44 32.65) -1.484 (-2.421 -0.6057)
9 22.94 (15.37 31.11) -1.605 (-2.555 -0.6928)
10 24.03 (16.05 31.90) -1.318 (2.124 -0.4899)
11 26.55 (17.01 36.63) -1.534 (-2.651 -0.4973)

Mean 23.09 (15.79 30.12) -1.562 (-2.453 -0.646)

Table 2: Intercept and inclination values for lines that describe individual 10 MWT performances for non-ambulatory and ambulatory participants.
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Muscle groups
NA participant 10 M‘.NT HF HE HABD HAD KE KF ADF APF
Session

1 2nd 4 3 4 4 3 5 4 5
2 6t 3 3 3 3 3 5 3 4
3 5t 3 3 3 3 3 4 3 4/5
4 2nd 3 2 3 3 3 5 4 5
5 31 3 2 4 3 3 4 3 5
6 7n 3 2 3 3 3 4 3 4
7 4t 3 2 3 3 2 3 4 4

NA: non-ambulantory; HF: hip flexor; HE: hip extensor; HABD: hip abductor; HAD: hip adductor; KE: knee extensor; KF: knee flexor; ADF: ankle dorsiflexor; APF: ankle

plantar flexor.

Table 3: Muscle strength (hip, knee and ankle) for the NA group evaluated during the 10 MWT session that preceded loss of gait.

cost and has great potential to indicate the natural course of the disease
and its ambulation limitations.

Study limitations

We did not evaluate possible interactions between the use of
medication, ankle foot orthosis and/or physiotherapy on the gait of
the participants. There are other factors besides reduction of muscle
strength and the execution ability of motor tasks in lower limbs that
influence the loss of gait in DMD patients. The limitations of our study
are related to health service regulations, the subject’s age at the time of
the DMD diagnosis and their socio-economic and cultural level. We
are unable to document the psychological and motivational factors
influencing the caregiver and their level of acceptance and involvement.

Conclusion

Calculating the rates between consecutive sessions in the 10
MWT every 4 to 6 months is extremely important, in order to detect
the probability of future ambulation limitations in boys with DMD.
Combining lower limb muscle strength tests and the 10 MWT is useful
to predict the loss of gait in this population.
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