Immediate effects of using ankle-foot orthoses
in the kinematics of gait and in the balance
reactions in Charcot-Marie-Tooth disease
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ABSTRACT | The Charcot-Marie-Tooth (CMT) disease is
a peripheral hereditary neuropathy with progressive dis-
tal muscle atrophy and weakness, mainly in lower limbs,
that evolves limiting the gait and balance. The objective
of the study was to analyse the immediate effects of us-
ing Ankle-Foot Orthosis (AFO) in the gait's kinematics
and balance in patients with CMT. Nine individuals were
evaluated by Tinetti scales and Dynamic Gait Index (DGI)
and gait's kinematics parameters through the motion
capturing system. These evaluations were done before
and during the use of AFO. Two-Way repeated analysis of
variance was done to try the main or interaction effects
related to “orthoses” and “repetition”. A significant interac-
tion effect was observed between the gait cycle and use
the AFO to the average velocity (Wilks Lambda=0156,
p=0.030, n?’=0.844) like significant main effects in the an-
kle joint to the gait cycle (Wilks' Lambda=0.091, p=0008,
1n?=0909) and the use of AFO (Wilks' Lambda=0.444,
p=0.013, n*=0556). It was observed a significant change
in the DGl scale during the use of AFO (p<0.05). The use
of AFO promoted immediate effects on gait kinematics
and in balance reactions. The results suggest that the use
of AFO is an efficient strategy to stabilize the ankle joint,
besides avoiding foot drop in patients with CMT.

Charcot-Marie-Tooth Disease; Orthotic
Devices; Gait; Postural Balance.

RESUMO | A doenca de Charcot-Marie-Tooth (CMT) é uma
neuropatia periférica hereditaria caracterizada por atrofia e
paresia progressiva da musculatura distal, principalmente em
membros inferiores, gue evolui com limitacdes na marcha e no
equilibrio. O objetivo do estudo foi analisar 0s efeitos imediatos
do uso de OrteseTornozelo-Pé (OTP) na cinemética da marcha
e no equilibrio de pacientes com CMT. Nove individuos foram
avaliados pelas escalas de Tinetti e DynamicGait Index (DGI) e
0s parametros cinematicos da marcha através de cinemetria.
As avaliacoes foram realizadas antes e durante o uso das orte-
ses. A andlise de variancia com medidas repetidas foi realizada
para testar o efeito principal e de interagcao dos fatores “Ortese”
e ‘repeticao’. Foi observado um efeito de interacao significativo
entre o ciclo da marcha e o uso da OTP para a média da velo-
cidade (Wilks' Lambda=0]156, p=0030, n>=0844), assim como
efeito principal significante na articulacdo do tornozelo para o
ciclo da marcha (Wilks Lambda=0091, p=0008, n’=0909) e
para o uso da OTP (Wilks Lambda=0444, p=0013, 1*=0556).
Foi observada uma modificacao significativa na escala DGl du-
rante o uso da OTP (p<005). O uso de OTP promoveu efeitos
imediatos na cinematica da marcha e nas reacdes de equil-
brio. Os resultados obtidos sugerem que o uso de OTP ¢ uma
estratégia eficaz na estabilizacao do tornozelo, além de evitar o
derreamento do pé em pacientes com CMT.

Doenca de Charcot-Marie-Tooth; Aparelhos
Ortopédicos; Marcha; Equilibrio Postural.
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RESUMEN | La enfermedad de Charcot-Marie-Tooth (CMT) es una
neuropatia periférica hereditaria caracterizada por atrofia y paresia
progresiva de la musculatura distal, principalmente en los miem-
bros inferiores, que evoluciona con limitaciones en la marcha y en
el balance. El objetivo de esto estudio fue analizar los efectos inme-
diatos del uso de ortesis para tobillo-pie (OTP) en la cinemadtica de
la marcha y en el balance de pacientes con CMT. Nueve sujetos
fueron evaluados por las escalas de Tinetti y DynamicGait Index
(DG y los parametros cinematicos de la marcha por la cinemetria.
LLas evaluaciones fueron realizadas antes y durante el uso de la
ortesis. El analisis de variancia con medidas repetidas fue realizado
para testar el principal efecto y de interaccion de los factores “orte-
sis™y “repeticion”. Se observo un efecto de interaccion significativo

INTRODUCTION

The Charchot-Marie-Tooth disease (CMT) is the most
frequent type among hereditary neuromuscular disor-
ders. It can be classified as demyelinating (CMT1)
and axonal (CMT?2). Other classifications are based on
transmission patterns and genetic pool. With a slow and
progressive evolution, it is characterized by amyotrophy;,
paresis, superficial and profound hypoesthesia, and distal
hypo- or areflexia’”. In the lower limbs, it affects espe-
cially the muscles of the distal third, causing functional
impairments during gait and balance reactions>*.

The pattern of gait in individuals with CMT is cha-
racterized by foot-dragging during the swing phase,
with increased compensation of hip and knee flexion.
Deficits in plantar flexion are also observable, in addi-
tion to a decrease in the length and width of steps, in-
creased base of support, and steppage gait>®.

Rehabilitation resources have been proposed with the

purpose of improving gait®’, in special the use of Ankle-

Foot Orthoses (AFO)8. AFOs are commonly prescribed
for musculoskeletal disorders of the ankle and/or subtalar
joints for the purposes of stabilizing knee joints during
the swing phase and avoiding plantar flexion during the
initial contact phase®!. Although the adherence to this
device is still low among patients with CMT, its pres-
cription seems relevant, as it promotes improved balance
reactions and gait performance in this population' ™.
Kinematic analyses of gait have been considered
determinant for the conduction of therapy treatments
and the prescription of orthoses, as well as for pre- and
post-treatment assessments'®. These analyses enable
the identification of biomechanical damage caused by
muscle weakness, along with proprioceptive deficits and
their repercussion on the functional aspects of gait
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entre el ciclo de la marcha vy el uso de OTP para la media de ve-
locidad (Wilks" Lambda=0]156, p=0,030, n’=0,844), como también
el principal efecto significativo en la articulacion del tobillo para
el ciclo de la marcha (Wilks' Lambda=0091, p=0008, n*=0909) y
para el uso de una OTP (Wilks' Lambda=0444, p=0013, n?>=0556).
Se observd una modificacion significativa en la escala DGl durante
el uso de una OTP (p<O05). El uso de una OTP promovio efectos
inmediatos en la cinematica de la marcha y en las reacciones de
balance. Los resultados obtenidos sugieren que el uso de OTP es
una eficaz estrategia para estabilizar el tobillo, y evita la curvatura
del pie en pacientes con la CMT.

Enfermedad de Charcot-Marie-Tooth; Aparatos
Ortopédicos; Marcha; Balance Postural

and balance reactions in individuals with CMT". The
Tinetti scale and the Dynamic Gait Index (DGI) are
also applicable to the scientific-clinical context, as they
are imbued with psychometric characteristics that are
easily handled, low costs and good reliability, and
are thus useful in assessing balance and mobility, in ad-
dition to predicting the risk of falls'®2'.

The choice for this rehabilitation modality —
applying AFOs to the lower limbs — is based on the
evidence of some scientific studies in which gait was
analyzed among individuals with CMT and an associa-
tion was found between the use of AFO and improve-
ments in gait and repercussions concerning balance and
protection reactions'®'*. However, up until the present
moment, we have not found any scientific studies by au-
thors who investigated the immediate effects of AFOs
on gait and their implications in the risk of falling and
postural instability in individuals with CMT, which is
the proposal of the present study.

By investigating the immediate effects of AFOs
among patients with CMT, we aim at stimulating the
use of this device in this population, where adheren-
ce is still very low. From a clinical perspective, patients
with CMT who use AFOs usually experience the di-
sease more severely, as the physical and psychological
discomfort caused by this device lead many patients to
abandon treatment''*. Furthermore, rehabilitating
patients with CMT by means of using AFOs can lower
costs in public health, since CMT is a chronic, pro-
gressive and incurable disease®. In the Unified Health
System, orthoses and other orthopedic devices are good
intervention options, due to the low costs incurred in
their production and because they contribute in cutting
down rehabilitation expenses, in addition to reducing
the potential future demand for other health services®.



We believe that the use of AFOs reduces excessive
hip/knee flexion during the swing phase as well as postural
instability. It also minimizes alterations found in variables of
gait, such as decreases in the length and speed of steps and
increases in the duration of steps in patients with CMT.

METHODOLOGY

This is a quasi-experimental study conducted with a
convenience sample that counted 10 patients diagnosed
with CMT who sought the neurology department at
the Anténio Pedro University Hospital of Universidade
Federal Fluminense (HUAP/UFF) between July 2012
and April 2013. The inclusion criteria were: being diag-
nosed with CMT; age range between 18 and 60 years;
and having a referral for AFO use. The exclusion cri-
teria were: presence of pain, joint blockages or impair-
ments caused by orthopedic surgery in the lower limbs;
AFO use in the last six months prior to the study; clini-
cal conditions (diabetes or severe heart problems) that
affected independent mobility; and other neurological
diseases that interfered with gait and/or balance. One
of the patients was excluded from the study for expe-
riencing pain in the lower limbs during the assessment
with AFO. Therefore, 9 individuals (n=9) participated
in the study, 4 men and 5 women, with an age average of
41 years (SD 11), average body mass of 71 kg (SD 14)
and average height of 1.64 m (SD 0.07).

We complied with Resolution 196/96 of the National
Health Council, and the research study was approved
by the Ethics Committees of Centro Universitirio
Augusto Motta (UNISUAM) (report number 119.818)
and of HUAP/UFF (report number 118.488).

Instruments

Kinematic gait data: kinematics

We used Qualisys Track Manager (QTM) 1.6.0.x, 2 mo-

vement analysis system with an acquisition frequency
of 240 Hz, imbued with three interconnected Proreflex
infrared cameras. The data were captured and processed

by the software QT M.

Balance: Tinetti Gait and Balance Assessment Tool

The Tinetti Scale was translated and culturally adapted
to Brazil by Gomes, with formal evidence of its validity

and reliability'®. This scale assesses balance and gait with
scores that vary from 0 to 28 points, in which a score
lower than 19, and between 19 and 24 points represent,
respectively, high and moderate risks of falls®.

Qualitative gait data: Dynamic Gait Index

The DGl is a reliable tool used to assess human gait and
balance that was translated and culturally adapted to
the Portuguese language by Castro ez a/?°. It is compo-
sed of eight tasks that involve gait in different sensory
contexts. Its score varies from 0 to 24 points, in which
19 or less points indicate a high risk of falls®’.

Muscle function. the Medical Research Council

'The individuals’ muscle function was assessed through
the instrument devised by the Medical Research
Council (MRC), which is composed of scores that vary
from 0 to 5 points for each muscle group tested. Its ad-
vantage is that it is a test of quick application and a sim-
ple way to assess muscle function. Moreover, it is cost-
free and does not require any equipment to be applied®.

Procedures

Anamneses and neurological examinations were con-
ducted to characterize the participants’ clinical con-
dition. In the neurological examination, their muscle
function was assessed through the MRC instrument,
followed by evaluations of their superficial and pro-
found sensibility, as well as profound reflexes. Next, we
carried out the assessment of gait and balance reactions
using the Tinetti and the DGI scales™%, followed by a
kinematic assessment of gait using the QTM system.
Firstly, the participants underwent the assessments
wearing their habitual shoes, and after a ten-minute
break, they used an AFO along with their regular shoes.
All assessments were conducted at the Laboratory for
Analysis of Human Movement of UNISUAM.

In the kinematic analysis, only the dominant lower
limb was assessed due to the CMT’s symmetric pattern®.
We used seven 15-mm reflexive and passive markers at-
tached to the participants’skin with a double-sided tape
on the following anatomic spots: posterior superior iliac
spine, anterior superior iliac spine, greater trochanter,
lateral epicondyle, lateral malleolus, 5 metatarsal, and
posterior facet of the calcaneus'. The participants were
instructed to walk at their habitual speed on a surface
that was three meters long by one meter wide, without
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using an AFO at first. All of them repeated this task
five times. Next, the orthoses were attached and the five
repetitions were performed once again with the AFOs.
The variables analyzed were speed, displacement and
duration of steps, and angular displacement of the hip,
knee and ankle on the sagittal plane. To collect data,
the axes and reference coordinates were defined as fol-
lows: axis X (lateral-medial), axis Y (anterior-posterior)
and axis Z (superior).

STATISTICAL ANALYSIS

'The data were analyzed through the software SPSS (ver-
sion 17 for Windows). The level of significance adopted
was p<0.05. The descriptive analysis is presented here
in bar graphs and tables, considering the mean+SD for
the continuous variables, and median values (minimum;
maximum) for the categorical variables. The associa-
tion between the variables [age, weight, height, Tinetti
index, DGI, speed of step (m/s), Movement Amplitude
(MA) of the hip (degrees), knee MA (degrees) and
ankle MA (degrees)] was tested through Spearman’s
Correlation Coefhicient and is displayed on a table. For
the comparative analysis, we used the general linear
model with repeated measurements for the factors or-
thosis (without; with) and repetition (1, 2, 3, 4 and 5)
for each dependent variable [stepping speed (m/s), hip
MA (degrees), knee MA (degrees) and ankle MA (de-
grees)], as well as the Wilcoxon Signed Rank test for
the variables Tinetti index and DGI.

RESULTS

In regards to sensitivity, all individuals presented alte-
rations in their superficial and profound sensitivity in
the distal crural third, varying according to the degree

of compromise (anesthesia or hypoesthesia). Profound
reflexes in the lower limbs were either null or bilaterally
decreased in the entire sample. Crural distal paresis, es-
pecially in the dorsal and flexor groupings, was present
in all patients assessed. According to the MRC instru-
ment, three individuals were at degree three, three at
degree two, two at degree one, and only one individual
was at degree zero in regards to the dorsiflexor muscles.

Upon analyzing the sample according to the Tinetti
and DGI scales with and without the use of AFO, we
observed that the DGI presented significant modifi-
cations between the two conditions (p=0.048). While
using the AFO, the participants performed 8.4% better
when compared to not using orthoses (Table 1).

'The main results concerning the linear and angular
data of gait with and without AFO are summarized
on Table 1 and Graph 1. A significant difference can
be observed in the median of stepping speed, which
was 25% lower without the use of AFO. We obser-
ved a significant interaction effect between the cycle
of gait and the use of AFO on speed average (Wilks’
Lambda=0.156, p=0.030, 1?=0.844), as well as a main
effect pertaining to the cycle (Wilks’ Lambda=0.144,
p=0.014, 11*=0.886) and to the use of AFO (Wilks’
Lambda=0.496, p=0.022,1?=0.504). As for hip MA, we
did not observe any significant main effects regarding
gait cycle (Wilks’ Lambda=0.369, p=0.214, 1*=0.631)
and AFO wuse (Wilks' Lambda=0.956, p=0.560,
1?=0.044), and did not detect any significant interaction
effect between these two factors (Wilks’ Lambda=0.544,
p=0.466, 1?=0.456). In regards to knee MA, we did
not observe any significant main effects regarding gait
cycle (Wilks’ Lambda=0.325, p=0.162, n?=0.675) and
AFO use (Wilks’ Lambda=1.000, p=0.986, ?=0.000),
with no interaction effect between them (Wilks’
Lambda=0.309, p=0.144, 1*=0.691). Concerning ankle
MA, we observed a significant main effect on gait
cycle (Wilks’ Lambda=0.091, p=0.008, n?=0.909) and
AFO use (Wilks’ Lambda=0.444, p=0.013, n?=0.556).

However, we did not observe a significant interaction

Table 1. Scores obtained through the Tinetti scale and the Dynamic Gait Index, and kinematic data regarding gait with and without the use of orthosis (n=9)

Parameter Without orthosis With orthosis pvalue
Mean=SD Median Mean=SD Median
Tinetti 2214 23 (15-27) 23+3 23(19-27) 0157
Dynamic Gait Index 16+4 17 (11-20) 18+4 17 (13-23) 0048
Stepping speed (M/s) 097+002 098 (093-098) 073008 076 (063-0.80) 0022
Hip amplitude (degrees) 28+1.2 27 (27-30) 2614 29 (25-29) 0560
Knee amplitude (degrees) 3605 36 (36-37) 35£16 36 (32-36) 0986
Ankle amplitude (degrees) 41+34 40 (38-47) 1906 19 (18-19) 0013

p<005; (*minimum and maximum value, respectively; SD: standard deviation
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effect between the cycle of gait and the use of AFO for
this joint (Wilks’ Lambda=0.227, p=0.072,1?=0.773).

We observed a significant correlation concerning
AFO use between the following variables: knee MA
and ankle MA (r=0.733; p=0.025), hip MA and knee
MA (r=0.783; p=0.013), and Tinetti and DGI (r=0.802;
p=0.009). When an AFO was not used, we observed
significant correlations between the following variables:
Tinetti and DGI (r=0.698; p=0.036), Tinetti and speed
(r=0.751; p=0.020), DGI and speed (r=0.751; p=0.020),
speed and ankle MA (r=0.745; p=0.021), speed and hip
MA (r=0.762; p=0.017); and hip MA and ankle MA
(r=0.933; p<0.001) (Table 2).

DISCUSSION

The alterations observed in the individuals’ muscle func-
tion along with alterations in sensitivity contributed to
the presence of biomechanical alterations perceived du-
ring the kinematic analysis of gait®. In this study, we
were able to identify — through kinematic analysis —
immediate modifications in the linear and angular data
concerning gait with the use of AFO, which confirms
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the results found by other researchers'. The authors in
question analyzed the gait of 16 individuals with CMT,
in addition to their clinical characteristics, and conclu-
ded that kinematics analyses are useful tools to define
the characteristics of gait in individuals with CMT.

In regards to the DGI scale, the results showed that
the use of AFOs promoted modifications in the per-
formance of gait patterns and balance reactions by all

individuals included in the sample, but it was unable to

diminish the risk of falls®*?!.

'The hypothesis that the use of AFOs would redu-
ce excessive hip/knee flexion during the swing phase
was not confirmed. We observed a change in the mean
of hip/knee MA with the use of AFO, but this mo-
dification did not reach the significance level adopted
(p<0.05). These results differ from the findings of ano-
ther study' in which the authors investigated the effects
of three AFO types on joint angles during the gait of
an individual with CMT, and concluded that the use
of AFOs during gait decreased excessive hip and knee
flexion during the swing phase. However, the data were
collected after one month of daily use of the orthoses,
which allowed the patient to adapt to the devices. In
the present study, the effect investigated was immediate
and did not allow for a phase of adaptation, which can
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Graph 1. Averages of the linear and angular data concerning the five repetitions of the gait cycle with and without the use of orthosis. Speed, hip amplitude,

knee amplitude and ankle amplitude
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Table 2. Spearman’s Correlation for age, height, weight, Tinetti scale, Dynamic Gait Index, and kinematic data concerning gait with and without the use of orthoses

Height Weight DGI
With orthosis
Age 0345 0.245 0080
Height = 0005* 0914
Weight = = 0586
DGl = _ _
Tinetti = - _
Stepping speed (M/s) - = =
Hip amplitude (*) - = -
Knee amplitude (°) = - _
Without orthosis
Age 0.345 0.245 0144
Height - 0005* 0852
Weight - = 0548
DGl = - _
Tinetti = - _

Stepping speed (M/s) = - _

Hip amplitude (°) = - _

Knee amplitude (°) - _ _
*p<0,05; DGI: Dynamic Gait Index

justify the differences in the results. Although it did not
improve gait significantly, the use of an AFO modified
it immediately. The authors of this study hope that the
results will serve as a basis that aids professionals in-
volved with the physical rehabilitation of patients with
CMT to stimulate adhesion to this device (still very low
in this population).

The AFOs acted by compensating for the mus-
cle weakness of the dorsiflexor grouping during the
swing phase and by managing plantar flexion during
initial support, thus controlling foot-dragging. These
findings are in agreement with those observed by a
group of researchers'! that reported the case of a patient
who presented improvements in the performance of
gait patterns, with less inadequate movement synergies
after using a type of orthosis developed especially for
patients with CMT.

Del Bianco and Fatone' evaluated the func-
tions of a pre-fabricated AFO model made of silico-
ne and another one composed of posterior springs, as
well as their effects on the kinematics of the gait of an
individual with CMT. The authors reported that both
devices improved gait patterns by correcting deviations
during the support and swing phase when compared to
solely wearing shoes.

The hypothesis that AFOs could minimize
alterations found in the linear variables of gait was
not confirmed. The AFOs were not capable of imme-
diately minimizing the alterations found in stepping
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Tinetti Stepping Hip Knee Ankle
speed (m/s) amplitude (°) amplitude (°) amplitude (°)
0087 0604 0260 0915 0318
0425 0683 0139 0041 0932
0218 0044* 0017* 0194 0983
0009* 0135 0754 0813 0983
0565 0405 0827 0612
- 0486 0765 1000
- - 0013* 0559
- - - 0025*
0130 0650 0529 0402 0160
0931 0626 0041 0333 0544
0343 0456 0797 03881 0731
0036* 0020* 0810 0930 0078
0020* 0897 0368 <0001*
= 0017* 0674 0021*
- - 0152 <0001*
- - - 0486

speed, length and duration. These results agree with
the findings of other researchers™ who characterized
the main differences in the clinical presentation and
function of the gait of two groups of patients with
CMT (AFO group = regular AFO use; non-AFO
group). They concluded that the users of AFOs wal-
ked more slowly and with more effort. They justified
these results with the greater severity of the disease
in the AFO group, which leads to a poorer perception
of capability during gait performance. In this study,
however, we observed that, despite a decrease in speed
average, there was an increase in the averages of the
DGI and Tinetti scales, which represents functional
improvements in the gait of the individuals who parti-
cipated in our research.

The results of this study demonstrate that the
use of AFOs combined with regular shoes modifies
the patterns of gait and balance reactions in indivi-
duals with CMT, in comparison to wearing only regular
shoes. Although the size of the sample is considered
respectable, studies with a larger number of individuals
and different types of orthoses must be stimulated with
the purpose of providing more specific data used to
prescribe orthoses to individuals with CMT and stimu-
lating its use within this population. Furthermore, using
AFOs to treat patients with CMT can reduce rehabi-
litation expenses, as low costs are involved in their pro-
duction. Moreover, they reduce these patients’ future

demands for Physical Therapy services.



CONCLUSION

The use of AFOs promoted immediate changes in gait
speed and balance in patients with CMT. However, this
device was not capable of immediately minimizing the
risk of falls and postural instability in this population.
The results obtained suggest that the use of AFOs is an
efficient conduct to stabilize ankle joints and manage
toot-dragging among patients with CMT. However, it
is not possible to extend these conclusions to all indivi-
duals with Charcot-Marie-Tooth disease, as the sample
studied here was small.
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