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Abstract 
Charcot-Marie-Tooth (CMT) disease, which encompasses several hereditary 
motor and sensory neuropathies, is one of the most common neuromuscular 
disorders. 80% of patients having CMT disease are diagnosed with per cavus 
deformity. Orthosis is widespread and varies widely in forms. The paper arises 
the necessity of habilitation at the earliest possible stage as only a few patients 
use it. The meta-analysis of 412 scientific papers concerning this problem 
demonstrates the getting better gate, balance and the stopping CMT 
progression which is scientifically proven. It is also shown that patients with 
CMT use low prevalence of orthotics, and demonstrate low compliance of 
patients (for various reasons), high expectations from this habilitation technique. 
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1. Introduction 

Charcot-Marie-Tooth (CMT) disease, which encompasses several hereditary 
motor and sensory neuropathies, is one of the most common neuromuscular 
disorders. The molecular genotypes of CMT and the resultant clinical and elec-
trophysiological phenotypes have increased greatly in the past decade. Characte-
rized by electrodiagnostic studies into demyelinating (type 1) and axonal (type 
2) forms, subsequent genetic testing often provides an exact diagnosis of a spe-
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cific subtype of CMT [1]. 
According to Johnson NE et al., the most prevalent themes were: foot and an-

kle weakness (99.7%), impaired balance (98.6%), limitations with mobility 
(97.5%), hand and finger weakness (97.0%) [2]. CMT is characterized by distal 
sensory loss, skeletal deformities (e.g., pes cavus), and also decrease or absence 
of tendon reflexes. The most frequent findings are ataxia, hypoesthesia and loss 
of vibration [3]. Disease onset usually occurs during the first or second decade of 
life and can be described as slowly progressive, but the patient’s life span seems 
normal. CMT is also the most common neuromuscular cause of foot deformity 
among children, and occult CMT is frequently the cause of abnormal feet among 
adults. Hand deformities tend to occur in adults but can also be found in severe 
childhood neuropathy. The foot abnormality is usually a cavovarus deformity, 
which is a complex deformity of the forefoot and hindfoot. The hindfoot varus 
deformity is usually secondary to the forefoot pronation, and early orthotic 
treatment and physiotherapy may delay the onset of fixed hindfoot deformities. 
Many other foot deformities can arise as many patients are tested lately [4]. The 
study of So Young Joo et al. confirms that the lateral talo-first metatarsal angle, 
anteroposterior talo-first metatarsal angle, lateral calcaneal-first metatarsal an-
gle, lateral naviocuboid overlap, lateral calcaneal pitch, lateral tibiocalcaneal an-
gle, and lateral talocalcaneal angle in the group of CMT patients showed a sig-
nificant difference compared to the normal control group of healthy people [5]. 
It confirms that the diagnosis CMT is most associated with pes cavus [6]. 

Foot morphology in the youngest children with initially CMT is pes plano-
valgus, with the minority being pes cavovarus. As children are growing, the 
proportion changes are becoming nearly entirely cavus or cavovarus, with very 
few remaining planovalgus or planus [7]. Two thirds of adults with symptomatic 
cavus foot have an underlying neurological condition [8]. The frequency of pa-
tients’ amount who were bilateral cavovarus feet being diagnosed with CMT is 
about 78% [9]. 

There are no pharmacologic cures for CMT. A well-balanced diet and weight 
control can help minimize disability. Among patients with CMT disease, ac-
cording to Wicart P, 80% have pes cavus deformity [10]. According to Laura M 
et al., foot deformities were diagnosed in 71% of CMT patients; 30% of the pa-
tients had surgery invention [11]. 

Using orthosis during a conservative treatment can help preservation of pa-
tients with CMT life quality. 

Modern orthosis is a large branch, based on the latest achievements in the de-
velopment of materials and modules to satisfy the desired therapeutic or proph-
ylactic effect. The tasks of orthosis include not only the limbs fixation, for exam-
ple, with a fracture, but also the ability to flex the joints, restore the lost function 
of the musculoskeletal system, or replace it. 

Orthoses aimed at offering structural support to focal, and/or global ankle and 
foot weakness may range from simple shoe inserts to complete AFO bracing, 
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may be plastic or elastic, or may be fabricated from durable plastics to custom 
carbon-fiber composites [12]. 

Ankle-foot orthotics (AFOs) or nighttime resting splints have been used to 
maintain a 90˚ angle of the foot relative to the tibia. Some authors indicate that 
such splinting is effective for reducing heel cord contractures in demyelinating 
diseases (DMD). However, other investigators do not believe that AFOs change 
the natural history of heel cord contracture formation. Foot deformities are 
common in peripheral neuropathies such as CMT. Treatment of foot deformities 
depends on the patient’s age, foot flexibility, bony deformity, and muscle imbal-
ance. A nighttime or full-time AFO in a neutral ankle position custom molded 
to the foot deformity may decrease the tendency toward further development of 
the deformity. A supple foot can be managed non-operatively by a solid ankle 
AFO in the neutral position [13]. 

Orthopaedic treatment is aimed at preventing the progression of deformities 
and providing stability to the skeletal system to improve children and adult 
quality of the life [14]. 

The objective is to attempt the meta-analysis which is performed to assess the 
role of orthotic management in habilitation of patients with Charcot-Marie-Tooth 
disease. 

2. Methods 

The design of the presented paper demanded the huge analysis of scientific re-
sources which involved such sources as PubMed, MedLine, Web of Science Core 
Collection, Web of Science, Russian Science Citation Index, KCI-Korean Journal 
Database. The most significant are presented in Table 1. 

The search was limited to the period since 2008 till 2018 (10 years). We ana-
lyzed available full-text articles and abstracts published in English and Russian. 
The search was conducted in 2 stages: 1—searching for articles on the keyword 
“orthosis”. The total amount of the found manuscripts is 4561: Web of Science 
(2227), MEDLINE (2018), PUBMED (278), KCI-Korean Journal Database (34), 
Russian Science Citation Index (4) (Figure 1). Of these, the distribution by year 
2008 (140), 2009 (172), 2010 (182), 2011 (201), 2012 (220), 2013 (315), 2014 
(353), 2015 (324), 2016 (360), 2017 (335) (Figure 2).  
 
Table 1. Databases used in this meta-analysis. 

Data base 
Articles that meet the inclusion/exclusion criteria 

Found Included 

PubMed 129 13 

MedLine 10 6 

Web of Science Core Collection 235 13 

Web of Science Russian Citation Index 4 1 

KCI-Korean Journal Database 34 1 
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Figure 1. Number of articles in the analyzed databases. 

 

 
Figure 2. The distribution of the articles studied by the year of publication. 
 

Stage 2—filtering search results using the keywords “Charcot-Marie-Tooth 
disease”, “CMT”, “hereditary sensori-motor neuropathies”, “HSMN”. The dis-
tribution of scientific papers remained the same for years. The number of ar-
ticles had decreased significantly: 2008 (2), 2009 (1), 2010 (2), 2011 (3), 2012 (5), 
2013 (-), 2014 (4), 2015 (3), 2016 (4), 2017 (2) (Figure 3). Most works were in 
English. 

3. Results 

On the basis of the analyzed scientific works, it is possible to distinguish various 
types of orthoses (Table 2). 

1) Effectiveness of orthotics in CMT. 
The study of Guillebastre B et al. describes the comparison of orthopedic 

shoes, plastic AFOs and elastic AFOs. The result was evaluated by Gait analysis 
and Yoden Index. The results showed that AFO prescription is relevant for im-
proving walking balance and performance [15]. 

The study describing comparison of the effects on teenagers with CMT, some 
of whom used night orthoses for 4 weeks, and the other part conducted stret-
ching sessions in equal period. The reflected result is as follows: the night ortho-
sis improved the dorsiflexion of the ankle by 4 degrees; after 4 weeks of  
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Table 2. Orthoses on the lower extremities used in medical practice. 

Night orthosis 

 

Silicon orthosis 

 

Multifit Achilles drop foot orthosis 

 

Footup split 

 

Orthotic shoes 

 

Off-the-shelf anterior shell carbon 
fiber ankle-foot orthosis 

 

Push brace 

 

Sensorimotor orthosis 

 

Fiber orthosis 

 

 

 
Figure 3. The distribution of articles included in the meta-analysis by years of publica-
tion. 
 
stretching, the dorsiflexion improved by 3 degrees that original range (Rose KJ et 
al.) [16]. 

Ramdharry GM et al. presented various types of orthoses (“Footup splint”, 
“Push brace” and Multifit Achilles drop foot orthosis) and compared their effec-
tiveness. The authors showed that no significant differences were registered in 
the speed and step length of patients wearing AFOs and patients wearing stan-
dard shoes. The authors pointed out a significant influence of the AFOs on hip 
flexion at the oscillating stage of the step, and on the dorsiflexion of the ankle; 
this prevented the foot from falling and reduced the tripping frequency [17]. 

Kozhevnikov OV et al. conducted a comparative study of the use of conserva-
tive treatment combining exercise therapy, physiotherapy and orthotics, and 
complex, operational. Results were evaluated after 6 months and 4 years. The 
conclusion of this study demonstrates that conservative treatment gives stabili-
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zation of the condition at both control time points, and the complex treatment 
promotes restoration of bone-joint relations, ensured functional consistency 
[18]. 

Mnatsakanian A et al. conducted a study on convenience and effectiveness 
new off-the-shelf anterior shell carbon fiber ankle-foot orthoses (CFAFOs) on 
123 patients. By the obtained dates, 109 of 123 (89%) were satisfied with this or-
thoses. Anterior shell CFAFOs should be considered for most neuromuscular 
patients with distal leg weakness [19]. 

However, not all studies have such excellent results-Uygur F did not have any 
result of using 90 degrees of orthoses for the whole night. This makes one think 
about the correct and necessary use of orthosis in people with CMT [20]. Ac-
cording Anens E et al. qualitative content analysis revealed that personal factors 
such as fatigue, poor balance, muscle weakness, and pain were important bar-
riers for physical activity behavior. Facilitators of physical activity were 
self-efficacy for physical activity, activity-related factors, and assistive devices 
[21]. 

2) Influence of orthosis on balance and gait. 
The most urgent problems among CMT patients are: factors associated with 

functional ankle instability-female gender, ipsilateral cavus foot posture, 
toe-to-heel balance and contralateral ankle instability [22]. The study of Phillip-
set MF et al. was conducted on the effect of various types of orthoses on the gait 
rate of patients with CMT. The result was gait velocity. It was greatest wearing 
polypropylene orthoses, median 0.96 (interquartile range (IQR) 0.75 - 1.18) ms 
(−1), compared with silicone orthoses, median 0.88 (0.71 - 1.12) ms (−1), and no 
orthosis, median 0.79 (0.56 - 0.84) ms (−1), P = 0.006. The silicone orthoses met 
goals more successfully and scored more favourably for comfort, 5.0 (5.0 - 6.0), 
P = 0.003 and pain, 5.5 (4.0 - 7.0), P = 0.015. Future modifications to study me-
thodology were identified, such as a longer period of wear and measurement of 
walking in different situations [23]. 

Guillebastre Bet et al. demonstrated us that compared with ordinary shoes 
alone, adding plastic ankle-foot orthoses partially improved both gait and post-
ure control. In the study it was included 26 patients with CMT. The author pre-
sented ankle-foot orthosis prescription appears relevant for improving balance 
and gait performance in patients with CMT, particularly when the model ade-
quately compensates for specific muscle deficits [15]. 

In our study, we found that AFOs can help reduce foot drop and reduce 
proximal compensatory movements while walking by people with CMT. This 
suggests, however, that some AFOs may reduce the function of the ankle plan-
tarflexors depending on the material properties [17]. 

In study of Wegener C et al. a new type of orthosis was submitted. It is a sen-
sorimotor orthosis which increased medial ground reaction forces and increase 
pressure at the heel, midfoot and toes. Sensorimotor orthoses produce changes 
in kinematic, kinetic and pressure variables in adults with CMT and are re-
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garded as more comfortable, cushioned and stable during walking [24]. An ideal 
orthotic for a subtle cavus foot should support the lateral hindfoot and midfoot 
with a wedge [25]. 

Orthoses can be used not only for patients with CMT. Orthoses are universal 
things for rehabilitation patients with all neuromuscular diseases. The study of 
Ortlieb A et al. investigates the design of assistive orthoses specifications with 
the goal of adding month or year of near normal mobility for patients with mus-
cle weakness (facio scapula humeral muscular dystrophy, CMT, Becker muscular 
dystrophy, myotonic dystrophy, inclusion body myositis). The results highlight 
the effect of muscle weakness on gait pattern and walking velocity [26]. 

While searching the scientific works on patients with CMT management and 
orthopedic manifestations, a large number of works on operative stop treatment 
[6] [27] [28] [29], where high results of these operations were proved, were re-
vealed. However, there should always be cautious in prescribing such a radical 
treatment [30], also for neuromuscular diseases, in the cases when surgery is not 
the final treatment, it is also necessary to conduct long-term postoperative faci-
litation and, in one way or another, training in a new way of life and sports re-
gimen. This brings us back to conservative treatment again. 

3) Patients’ compliance to orthotics 
According to Chetlin RD et al. 87% patients do exercises at home, if they do 

not need additional equipment [31]. But as soon as there is a need to change the 
established routine of life, the compliance of patients is sharply reduced. For 
example, in a study by Vinci et al., 25 patients received recommendations on the 
use of orthoses and only 5 of them started to be used. And 3/5 patients “hated” 
them [32]. 

4. Discussion 

Problems of Orthotic Management: 
1) Division of definitions: Rehabilitation or Habilitation? 
Habilitation is the preparation for a certain type of activity, the standard of 

medical care and psychosocial interventions for the adaptation of patients (so-
cial, domestic, professional). In general, habilitation is a comprehensive ap-
proach (behavioral, non-pharmacological, medicamentous) to caring for people 
with progressive hereditary diseases and congenital malformations. Rehabilita-
tion also returns patients to an earlier, higher level of functioning (for example, 
in the case of stroke or traumatic neuropathy) [33]. In this article, we prefer to 
use the word “habilitation” and encourage colleagues to do so. 

2) The need for a dynamic replacement of approaches to the selection of or-
thoses in the progression of the disease. 

As it can be seen from Table 2, at present time there is a wide variety of or-
thoses. Depending on the neurological pattern and the presence of walking func-
tion violations at the time of orthoses selection, one of the suggested is chosen. It 
is also necessary to take into account the degree and rate of progression of CMT, 

https://doi.org/10.4236/jbm.2018.67003


O. V. Petryaeva et al. 
 

 

DOI: 10.4236/jbm.2018.67003 30 Journal of Biosciences and Medicines 
 

this disease is heterogeneous and the different types of CMT occur in different 
ways. Thus, for example, the case of CMT 2S type in a young man of 20 years old 
with the initial signs of the disease [34] and the case of CMT 4С type in a girl of 
10 years with a gradient course and highly disabling symptoms were described 
[35]. 

3) Availability of orthoses in different countries. 
The availability of orthoses in different countries varies but remains at a suffi-

cient level so patients can receive it. But there is another no less important prob-
lem–many patients do not know that they can use. Currently, the situation is 
changing for the better, for example, the information specialized Internet re-
sources are developing, as well as the individual sites or groups in social net-
works where patients can communicate and share information among them-
selves, which raises awareness of orthesis among the consumer [36]-[41]. 

4) Low compliance of patients with CMT to orthotics. 
Low compliance is another acute problem. Many authors wrote on this topic, 

for example, Danilov believes that this problem arose because of the lack of the-
rapeutic interaction between the doctor and the patient [42]. Several authors 
came to the conclusion that the patient’s compliance is formed at a doctor’s ap-
pointment, it is very important to form a correct perception of therapeutic in-
terventions and adequate expectations of the patient [43] [44]. Also, the “white 
coat phenomenon” determines the desired interval between appointments by the 
doctor [45]. 

5. Conclusions 

It is well known that one of the gold rules for managing patients with CMT is the 
beginning of habilitation at the earliest possible stage as many of the symptoms 
have the greatest increase in prevalence and impact in the first decade of symp-
toms. Future therapeutic trials may consider early intervention as optimal given 
the apparent rapidity of progression in the first decade after first symptom oc-
currence. Patients with any DMD are susceptible to the development of con-
tractures and scoliosis. Stretching exercises and nightly bracing can help to pre-
vent the contractures from becoming severe. At the age of 8 - 15, children with 
DMD have a sensation of the knees locking. It is easier to keep children with 
DMD walking than to induce walking once they have stopped. Therefore, con-
tractures should be treated early to maintain ambulation, because, if it is main-
tained even for 1 - 2 years, it considerably benefits these children and delays the 
inevitable development of scoliosis and kyphosis. Proceeding from the fore-
going, we come to the conclusion that orthosis is an indispensable method of 
habilitation of patients with any HSMN. We and other our colleagues prefer to 
think that it is necessary to use a multidisciplinary approach to create a universal 
and effective patient management model, which includes a neurologist, ortho-
pedist, physiotherapist, therapist for the treatment of comorbidities. And also, 
according to Schnayder NA et al., clinical psychologists help patients in the per-
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ception of the internal picture of the disease and make changes in their own 
body [33] [46] [47] [48]. 

We call to respect alternating treatment in a polyclinic and specialized reha-
bilitation center because here it is possible not only to eliminate deformities, 
improve joint mobility, correctly and timely supply the patient with prosthetic 
and orthopedic products, but also to develop the most appropriate ways to 
compensate for impaired functions. Communication with the attending physi-
cian should lead to an increase in the patient’s motivation for treatment and the 
development of an active own life position. Periodic monitoring by the doctor 
and availability of communication with medical workers at any time are also the 
basis of the patient’s compliance in independent work on the body and main-
taining the necessary level of physical activity. 

Improving the pattern of walking, gait speed, reducing pain, prolonged pre-
servation of limbs without serious orthopedic pathologies, and therefore a longer 
possibility to follow their usual lifestyle, all can improve the patient’s quality of 
life and keep it at a high level. 
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