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ARTICLE

Compensatory movements during functional
activities in ambulatory children with
Duchenne muscular dystrophy

Movimentos compensatérios durante atividades funcionais em criancas deambuladoras
com distrofia muscular de Duchenne

Joyce Martini’, Mariana Callil Voos?, Michele Emy Hukuda?, Maria Bernadete Dutra de Resende?,
Fatima Aparecida Caromano®

ABSTRACT

Objective: During the transitional phase (ambulatory to non-ambulatory), synergies characterize the evolution of Duchenne muscular dys-
trophy (DMD). This study was performed to describe and quantify compensatory movements while sitting down on/rising from the floor and
climbing up/down steps. Method: Eighty videos (5 children x 4 assessments X 4 tasks) were recorded quarterly in the year prior to gait loss.
Compensatory movements from the videos were registered based on the Functional Evaluation Scale for DMD. Results: The most frequently
observed compensatory movements were upper limb support on lower limbs/floor/handrail during all the tasks and lumbar hyperlordo-
sis, trunk support on handrail, equinus foot, increased base of support, non-alternated descent, and pauses while climbing up/down steps.
Conclusion: Climbing up/down steps showed a higher number of compensatory movements than sitting down on/rising from the floor, which
seemed to be lost before climbing up/down steps in ambulatory children with DMD.
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RESUMO

Objetivo: Durante a fase de transicéo (deambulador — ndo-deambulador), sinergias musculares caracterizam a evolucéo da distrofia muscular
de Duchenne (DMD). Este estudo visou descrever e quantificar os movimentos compensatérios durante o sentar/levantar do solo, subir/descer
degraus. Oitenta videos (5 criancas X 4 avaliacoes X 4 tarefas) foram gravados trimestralmente durante o ano que antecedeu a perda da marcha.
Método: Os movimentos compensatérios dos videos foram registrados utilizando a Escala de Avaliagao Funcional para DMD. Resultados: Os mo-
vimentos compensatérios mais frequentemente observados foram apoio de membros superiores nos membros inferiores/solo/corrimao durante
todas as tarefas funcionais e hiperlordose lombar, apoio de tronco no corrimao, pés equinos, aumento da base de suporte, descida ndo alternada
e pausas ao subir/descer degraus. Subir/descer degraus apresentou um namero maior de movimentos compensatoérios do que sentar/levantar
do solo. Conclusao: Sentar/levantar do solo foram habilidades perdidas antes de subir/descer degraus em criancas com DMD.

Palavras-chave: distrofia muscular de Duchenne, avaliacéo, escalas.

Duchenne muscular dystrophy (DMD) is a recessive
X-linked form of muscular dystrophy in children, affecting 1
in every 3,500 male births. The disorder is caused by a muta-
tion in the dystrophin gene located on the X chromosome,
which causes total or partial absence of this protein on the
cell membrane, resulting in irreversible and progressive loss
of functional abilities'*

Symptoms usually appear in early childhood, when the
child is between 3 and 7 years old. Parents report frequent
falls and difficulty running, rising from the floor, and climbing
steps. The physical examination shows bilateral symmetrical
weakness of proximal muscles, which occurs progressively
starting from the lower limbs. Gait loss usually occurs when
the child is between 9 and 12 years old**.
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Mercuri et al. carried out prospective and retrospective
studies to establish the importance of functional scores in
detecting alterations, such as gait loss, in DMD®. Previous
research assessed the reliability and validity of two domains
(sitting down on the floor/rising from the floor and climbing
up/down steps) of the Functional Evaluation Scale for ambu-
latory patients with DMD (FES-DMD)™®. These studies pro-
vided a scale for the systematized observation of movements
of children with DMD. This scale allows the use of videos,
which permit analysis of the separate phases of the activities,
avoid musculoskeletal overload, and generate a permanent
databank. The scale scores the adoption and maintenance of
postures (sitting, kneeling, standing, etc.) and the use of com-
pensatory movements.

The qualitative analysis of compensatory movements
during functional tasks may allow the recognition of im-
portant changes in synergies. This assessment may predict
the loss of the ability to perform activities of daily living. Not
being able to rise from the floor or climb up/down steps are
frequently chief complaints described during physical the-
rapy sessions with ambulatory children with DMD and their
caregivers. We hypothesized that these tasks would be lost in
the 12-month period preceding the gait loss. We also believed
that these tasks would not be lost simultaneously. The des-
cription of the sequence of functional loss of these four tasks
might clarify the progression of DMD. Therefore, knowing
which of these tasks would be lost first might help profes-
sionals provide more specific assistance and guidance, with
more tailored kinesiotherapy and orientations®*.

This study aimed to describe and quantify compensatory
movements during sitting down on and rising from the floor
and climbing up/down four steps to determine the sequence
of functional loss in DMD.

METHOD

This research was approved by the Ethics Committee of
University of Sdo Paulo (USP) (project 285/10). It was an ob-
servational, descriptive, and retrospective 1-year study.

We observed 80 video assessments: 20 videos of each of
the 4 tasks (sitting down on the floor, rising from the floor,
climbing up steps, and climbing down steps) recorded at
four time points (12, 9, 6, and 3 months) prior to the gait loss.
Five children performed the functional tasks (4 tasks x 4 mo-
ments x 5 children=80 videos). Compensatory movements
were observed based on the FES-DMD. The inclusion crite-
ria were (1) having a record of performing (or at least trying
to perform) the tasks: rising from the floor/sitting down on
the floor and climbing up/down steps on four quarterly pe-
riodical evaluations during the year prior to the gait loss, (2)
having Vignos scores available, and (3) having a Vignos score
between 1 and 3 at 12 months prior to gait loss.
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Two physiotherapists, with a minimum of 2 years’ expe-
rience with patients with neuromuscular disorders, observed
the motor strategies necessary to perform the tasks. They
quantified compensatory movements based on the FES-
DMD. Videos with technical problems, such as poor illumi-
nation or non-visualization of body segments, were excluded.

A descriptive analysis with histograms showing frequen-
cy distributions was used to describe compensatory move-
ments. Frequency indexes and quotients were calculated
based on the total number of evaluations prior to the gait loss.

The Vignos Scale'' and two domains of FES-DMD were
used: sitting down on/rising from the floor’, climbing up/
down steps and climbing down steps®. The absolute number
of compensatory movements was also recorded.

The FES-DMD evaluation of sitting on the floor is divided
into three phases: (1) trunk flexion, (2) knee and ankle fle-
xion, and (3) sitting position. The activity of rising from the
floor is composed of five phases: (1) supine to sitting or side-
lying, (2) transition to sitting, (3) transition to kneeling, (4)
quadrupedalism, and (5) quadrupedalism to standing’. The
evaluation of climbing up steps and climbing down steps
consists of four phases for both: (1) preparation, (2) propul-
sion, (3) swing, and (4) stance®. In FES-DMD, higher scores
indicate a worse performance.

Frequency indexes of each task were created, conside-
ring all the evaluations performed by the 5 children ([5 chil-
dren x 4 evaluations] - evaluations in which one or more pa-
tients could not perform the task). Therefore, the frequency
index was the total number of times the compensation was
observed, considering the five children and the four assess-
ments. As some children were unable to perform all the four
tasks up to the end of the study period, these incomplete vi-
deos were considered as “not being able to perform the task”
Consequently, the total number of videos showing successful
attempts for each task was different from 20. In 15 video re-
cords, children succeeded sitting down on the floor (in 5 vi-
deo records, children were not able to perform the task); in 16
videos children performed rising from the floor (in 4 videos,
the task was not finished); in 17 videos, children performed
climbing up steps; and in 18 videos, they were able to climb
down steps.

A frequency quotient was also created, dividing the fre-
quency index by the total number of evaluations performed
(the assessments in which the patients were not able to per-
form the tasks were not considered in this quotient). The fre-
quency quotient was the frequency index divided by the total
number of available assessments. The most frequent findings
were highlighted to identify possible predictors of gait loss.

Description of outcomes

The Vignos classification varied from 2 to 5. On the first
evaluation, children scored 2 or 3, but on the last evaluation
three children scored 3 and two children scored 5. The scores



on FES-DMD on sitting down on the floor” varied from 5  side-sitting before sitting; “rising from the floor,” transition
to 10, those for “rising from the floor” varied from 6 to 14,  to side-lying before sitting and stabilizing the trunk with the
‘climbing up steps” varied from 17 to 26, and “climbing down  support of both upper limbs and/or external support; and
steps” varied from 15 to 23. for “climbing up and climbing down steps, upper limbs sup-
The compensatory movements during the activities sit-  port on lower limbs and/or on the handrail, trunk support
ting down on the floor and rising from the floor seem to have ~ on handrail, lumbar hyperlordosis, equinus swing foot, in-
a limit. The maximum number of compensatory movements  creased base of support, non-alternated descent, and pauses
observed per child was 5 for sitting and 6 for rising from the  after each step (Tables 1 and 2).
floor. The activities climbing up and down steps did not show
this clear limit, and the number of compensatory move-
ments varied from 17 to 27 and from 17 to 25, respectively ~ DISCUSSION
(Figures 1 and 2).
The compensatory movements are listed in Tables 1 and 2. Motor control is influenced by (1) individual aspects, such
The most frequent were: “sitting down on the floor; upperlimbs ~ as structural characteristics (body mass index, muscle tro-
support on lower limbs and/or on the floor and transition to ~ phism), perception (previous experiences, awareness of body
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Figure 1. Number of children performing compensatory movements on the tasks “sitting down on the floor” and “rising from the
floor” on evaluations 12 months and 3 months prior to gait loss.
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Figure 2. Number of children performing compensatory movements on the tasks “climbing up steps” and “climbing down steps” on
evaluations 12 months and 3 months prior to gait loss.
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Table 1. Compensatory movements observed on “sitting on the floor” and “standing from the floor”. For “sitting on the floor,” a total
of 16 assessments were considered, and for “standing from the floor,” 15 were noted because some children could not perform
the tasks on the last assessment (3 months prior to gait loss). The frequency index is the number of times the compensation

was observed in the five children during the four assessments. The frequency quotient is the frequency index divided by the total

number of assessments.

Sitting on the floor Motor compensation Fr?r?;::cy F;Z%Ltjiixy
Phase
Trunk flexion Upper limb support on the floor 13 0.81
Upper limb support on lower limbs and on the floor 3 0.19
Knee/ankle flexion Upper limb support on lower limbs or on the floor 16 1.00
Upper limb stabilization 8 0.50
Sitting position Upper limb stabilization and support 7 0.44
Side-sitting 13 0.81
Failure on eccentric control on descent 11 0.69
Standing from the floor
Supine to sitting or side-lying Upper limb support 3 0.20
Supine to side-lying 12 0.80
Transition to sitting Upper limb support/stabilization 2 013
Both upper limbs support/stabilization 13 0.87
Transition to kneeling Sitting to quadrupedalism 8 0.53
Kneeling with external support 7 0.47
Quadrupedalism Maintenance with body support 8 0.58
Upper limb support on knees 1 0.07
Quadrupedalism to standing Upper limb support on knees and thighs 3 0.20
Upper limb support on legs, knees, and thighs 1 0.07
External support needed 10 0.67

position in space and ability to integrate sensory informa-
tion), motor impairment (weakness, joint instability, range of
motion, motor coordination), cognition (attention, planning,
executive function, motivation, emotional distress, and fear
of falling); (2) environmental aspects (furniture, presence of
the caregiver); and (3) characteristics of the task (complexity,
timing, degrees of freedom, familiarity)'**". To deal with in-
dividual, environmental, and task constraints, compensatory
motor strategies are usually helpful'%.

In the present study, we observed patients with muscle
weakness due to DMD performing tasks considered difficult
because they demanded eccentric and antigravity control.
Disease progression resulted in the emergence of multiple
and varied synergies to compensate muscle weakness and
deal with the demands of the tasks.

We verified that sitting down on and rising from the floor
seemed to have a limit of possible compensatory move-
ments based on the FES-DMD. On the evaluation performed
3 months prior to gait loss, sitting on the floor showed five
possible compensatory movements and rising from the floor
was associated with six. However, climbing up and down
steps showed a more varied motor repertoire, with no clear
limit to possible compensatory movements.

The analysis of sitting down on the floor evidenced the
need for the support of upper limbs on the floor during the
trunk flexion phase on all evaluations. This result differs from
the study of Escorcio et al., which observed that healthy boys
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(n=40, mean age: 12) performed this task with trunk ante-
riorization, hip and knee flexion, and support of the hands
behind the pelvis®.

The analysis of rising from the floor showed the frequent
need for external support during the transfer from quadru-
pedalism to standing. This does not coincide with the nor-
mal and frequent movements seen in healthy young adults:
the support of the hands on the floor behind the pelvis and a
symmetric squatting to assume standing'>'®. This difference
in performance can be explained by many factors, such as
difficulty in contracting the hip and trunk extensors and dif-
ficulty to transfer to half-kneeling due to hip flexor weak-
ness, and difficulty in standing up when triple extension is
required in a closed kinetic chain due to hip, knee, and ankle
extensor weakness. The compensatory movement observed
in boys with DMD during this task, known as Gowers'’ sign, is
a typical way of dealing with the weakness of the antigravity
muscles of the lower limbs.

Climbing up and down steps are complex activities that
demand joint stability and correct timing and the selection
of muscle synergies. DMD compromises lower limb strength,
mainly and firstly hip extensors, resulting in an anterior pel-
vic tilt and lumbar hyperlordosis. It is followed by quadriceps
and ankle dorsal flexors weakness’. These impairments result
in poorer performances on both tasks.

During locomotion on steps, the movements of the cen-
ter of gravity in the sagittal and frontal planes are significant;



Table 2. Compensatory movements on “climbing up and down stairs.” Atotal of 17 and 18 assessments were considered,
respectively (some children could not perform the tasks on the last assessment 3 months prior to gait loss. The frequency index
is the number of times the compensation was observed, considering the five children and the four assessments. The frequency
quotient is the frequency index divided by the total number of assessments.

Motor compensation

Climbing up stairs Climbing down stairs

Frequency Frequency Frequency Frequency
index quotient index quotient
Phase One hand support 1 0.06 2 011
Both hands support 15 0.88 16 0.89
Forearm support 1 0.06 2 (ON N
Trunk/head rotation 1 0.06 (N 0.61
Preparation Trunk/head lateral bend 1 0.06 3 017
Lumbar hyperlordosis 16 0.94 18 1.00
Swing knee flexion 1 0.06 0.06
Swing hip internal rotation 3 018 1 0.06
Increased base of support 12 0.71 15 0.83
Equinus swing foot 16 0.94 18 1.00
Both hands support 13 0.76 17 0.94
Other hand on stance knee 1 0.06 1 0.06
Propulsion Forearm propulsion/support 4 0.24 2 011
Shoulder elevation 1 0.06 4 0.22
Head rotation/anteriorization 7 0.41 1 0.06
Trunk flexion I 0.65 14 0.78
Trunk extension/hyperlordosis 17 1.00 13 0.72
Trunk lateral bend/rotation 5 0.29 13 0.72
Swing pelvis elevation 12 0.71 5 0.28
Swing hip extension 0 0.00 18 1.00
Swing hip abduction 9 0.58 1 0.06
Swing hip internal rotation 12 0.71 12 0.67
Swing Swing foot extension 11 0.65 18 1.00
Stance knee flexion 0 0.00 16 0.89
Stance on forefoot 11 0.65 1 0.06
Swing foot repeatedly touching the step 6 0.35 2 011
Trunk support 17 1.00 9 0.50
Stance knee flexion 7 0.41 0 0.00
Stance knee extension 0 0.00 13 0.72
Stance foot instability 6 0.35 1 0.06
Stance Increased base of support 17 1.00 17 0.94
Pauses after each step 17 1.00 18 1.00
Non-alternated descent 17 1.00 14 0.78

the base of support is mobile and varies on each step.
Although this task requires a higher degree of attention, vi-
sion, and coordination, it also involves a higher number of
joint degrees of freedom compared to sitting down on and
rising from the floor®". Therefore, it may show a higher va-
riability in performance, which may explain the high number
of possible compensatory movements observed in the pre-
sent study. Individuals can find different ways of dealing with
weak muscles. Weakness may become a constraint inducing
the selection of new motor strategies. This might explain the
maintenance of climbing up/down steps for a longer time
compared to sitting down on/rising from the floor'.
According to McFadyen and Winter', hip position di-
rectly interferes with trunk position when climbing up and
down steps. In the present study, the children had to use hip

compensatory movements (lateral elevation, internal rota-
tion, abduction) and also trunk support on the handrail to
climb up steps. Sivaraman et al.'” reported that ankle dor-
sal and plantar flexion are the most important movements
when climbing down steps. This makes this task particular-
ly difficult for children with DMD, who usually have equinus
gait and/or reduced range of motion and muscle strength.
Antigravity muscles perform eccentric contractions during
this task, increasing the risk of fiber damage. Therefore, the
use of upper limbs and trunk support may minimize the dif-
ficulty of eccentric control and avoid a faster progression of
motor impairments'®.

Considering the sequence of functional impairment, one
child became unable to sit down on the floor 9 months prior to
gait loss, whereas another lost this function 6 months prior to
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gait loss. Also, two other children were not able to rise from
the floor 3 months before gait loss. Finally, the two children
who were unable to sit down on the floor at 9 and 6 months
could not climb steps at 3 and 6 months, respectively. Also,
they were unable to climb down steps at 3 months prior to
the gait loss. Therefore, sitting down on the floor seems to
be the first functional task to be lost prior to gait loss, fol-
lowed by rising from the floor, climbing up steps, and clim-
bing down steps.

It is interesting to observe that one child could not sit
down on the floor before he could not rise from the floor,
while the other four children first became unable to rise
from the floor. Although rising from the floor requires a hi-
gher muscular effort, the lack of eccentric control of the anti-
gravity muscles may have resulted in a different progression.
During the video assessment of rising from the floor, this
child was assisted by the physiotherapist.

It is important to emphasize that most children with
DMD could not perform the tasks (sitting down on/rising
from the floor, followed by climbing up/down steps) prior to
gait loss, showing that the evaluation of these tasks can pro-
vide additional clinical information, particularly in the end
of the ambulatory period. This will facilitate professional as-
sistance during the transitional phase (from ambulatory to
non-ambulatory).

In a study of functional independence in 53 children
with DMD, all of them first became unable to rise from a
chair (mean age: 9.4 years); after that, 42 of them could not
rise from the floor (10.2 years); and finally, all of them could
not climb up and down steps (10.4 years) before 44 of them
became non-ambulatory (11.4 years). These data agree with
our hypothesis of the existence of a sequence of function-
al impairments prior to gait loss®. The present study places
the interruption of the ability to sit on/rise from the floor
before climbing up/down steps. The ability of sitting on/ri-
sing from a chair remains longer than the ability to sit on/
rise from the floor. Taking the findings by Brooke et al.” and
the results described here, the probable sequence of func-
tional loss is the interruption of sitting on/rising from the
floor, sitting on/rising from a chair, and finally, climbing up/
down steps. However, future studies should simultaneously
analyze all of these activities in a longitudinal study with
children with DMD.

Studies on scales for patients with neuromuscular di-
seases emphasize muscle strength, but postulate that there is
no direct relationship between strength and functional per-
formance'*"1*®. However, Doglio et al. reported that some
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motor strategies may be adopted to compensate for muscle
weakness and postpone wheelchair dependency?.

Functional scales indicate disease progression and can
help guide therapeutic decisions, which are also based on
the general aspects mentioned previously'***?*. The Motor
Function Measure (D1-MFM) can detect changes in 3-month
intervals: dimension 1 (standing, transfers), when scored
from 40% to 70%, can predict the loss of ambulation®. Ne-
vertheless, this percentage of variation is wide and makes the
prediction of wheelchair dependency difficult.

The Medical Research Council also reports muscle
strength lower than 3 in hip extensors and lower than 4 in
ankle flexors as a good predictor of gait loss. The inability to
climb steps and an increase in the frequency of falls is also a
good predictor®.

Three children did not show any variation on the Vignos
scale during the 1-year period of the present study. This rein-
forces the classification characteristic of this scale and the
need for other additional clinical scales, such as the FES-
DMD, to guide functional evaluation and therapeutic ap-
proaches'®!#23, The evaluations of sitting down on/rising
from the floor, climbing up/down steps with FES-DMD, and
the quantification of compensatory movements can help to
identify the best moment to prepare the child and their fami-
ly to present the wheelchair as a safer option for locomotion.

This study has several limitations: (1) a small sample, which
can be justified by the difficulty of following children with DMD
with periodic evaluations prior to gait loss; and (2) the inability
to describe other clinical measures/information, such as body
mass index, medication, muscle strength index, and range of
motion, because the study used videos from a databank.

In conclusion, children with DMD seem to reach a clea-
rer limit of possible compensatory movements while sitting
down on and rising from the floor compared to climbing up
and down steps in the year prior to the gait loss. When clim-
bing up and down steps, children show a higher variability of
movements, with a less evident limit of possible compensa-
tory movements preceding gait loss. In our sample, most chil-
dren failed to perform these four tasks 3 months prior to the
gait loss. Also, sitting down and rising from the floor seems
to be lost before climbing up and down steps in ambulatory
children with DMD.
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