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Abstract
Charcot–Marie-Tooth (CMT) disease is one of the most common inherited neuropathies and can lead to progressive muscular 
weakness, pes cavus, loss of deep tendon reflexes, distal sensory loss, and gait impairment. There are still no effective 
drugs or surgical therapies for CMT, and supportive treatment is limited to rehabilitative therapy and surgical treatment of 
skeletal deformities. Many rehabilitative therapeutic approaches have been proposed, but timing and cadence of rehabilitative 
intervention are not clearly defined, and long-term follow-up is lacking in literature. The aim of this real-practice retrospective 
study was to assess the effectiveness of an intensive neurorehabilitation protocol on muscle strength and functioning in CMT 
patients. We analyzed data of patients with diagnosis of mild to moderate CMT. The rehabilitation program lasted 2–4 h 
a day, 5 days a week, for 3 weeks and consisted of manual treatments, strengthening exercises, stretching, core stability, 
balance and resistance training, aerobic exercises, and tailored self-care training. Data were collected at baseline  (T0), after 
treatment  (T1), and at the 12-month mark  (T2) in terms of the following outcome measures: muscle strength, pain, fatigue, 
cramps, balance, walking speed, and ability. We included 37 CMT patients with a median age of 50.72 ± 13.31 years, with 
different forms: demyelinating (n = 28), axonal (n = 8), and mixed (n = 1). After intensive rehabilitation treatment, all 
outcomes significantly improved. This improvement was lost at the 1-year mark. Taken together, these findings suggest 
that an intensive rehabilitation program improves short-term symptoms and functional outcomes in a cohort of inpatients 
affected by mild to moderate CMT.
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Introduction

Charcot–Marie-Tooth (CMT) neuropathy, also denoted 
as hereditary motor and sensory neuropathy (HMSN), 
represents the most frequent inherited neuromuscular 
disorder [1]. It is a genetically highly heterogeneous group 
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with more than 80 genes identified when related neuropathies 
(hereditary sensory and autonomous neuropathy (HSAN), 
hereditary motor neuropathies (HMN)) are included [2]. 
Although CMT prevalence is estimated to be about 1:2500, 
the European prevalence rate is believed to be 10–28/100 
000, but epidemiological studies are still scarce, and 
knowledge of CMT frequency in different parts of the world 
remains extremely limited [3, 4]. Moreover, the genetic 
heterogeneity manifests in different patterns of inheritance, 
such as autosomal dominant, autosomal recessive, and 
X-linked, as well as in distinct electrophysiological classes, 
such as axonal, demyelinating, and intermediate [1]. Two 
main subgroups can be defined based on electrophysiological 
and histopathological characteristics: the demyelinating form 
(CMT1), resulting from primary damage of myelinating 
Schwann cells (SCs), and the axonal form (CMT2), affecting 
the axons from motor (MNs) and/or sensory neurons (SNs). 
Patients affected with CMT1 have reduced nerve-conduction 
velocities (NCV, ≤38 m/s), whereas patients affected with 
CMT2 show slightly reduced to normal NCVs but reduced 
amplitudes (≥38 m/s) [5]. Clinically, CMT diseases are 
characterized by progressive muscular weakness starting 
at the distal extremities, pes cavus deformity, and loss of 
deep tendon reflexes, associated with mild to moderate distal 
sensory loss [6, 7]. CMT involves both the upper and lower 
limbs, causing hypotonia and hyposthenia of the foot and 
leg intrinsic muscles, and slowly progresses to the hands and 
forearms [8]. Due to the altered muscular balance and foot 
deformities, gait patterns have been described based upon 
stance and/or swing phase function or the ability to heel and 
toe walk, which reflect impairments related to strength [9, 
10]. Patients commonly complain of walking difficulties, 
ankle twisting, tripping, postural in-stability, and frequent 
falls [7, 11]. Moreover, the disease includes also sensorial 
and respiratory alterations and other overlooked symptoms 
like cramps, fatigue, and pain that can significantly affect 
a patient’s quality of life [12–14]. Difficulties and energy 
expenditure when walking and performing ordinary tasks 
can further reduce mobility in people with CMT, thus 
leading to varying degrees of disability [15, 16].

To date, there are still no effective drugs or surgical ther-
apy for CMT [16]. Supportive treatment is limited to reha-
bilitative therapy and surgical treatment of skeletal deformi-
ties and soft-tissue abnormalities, and rehabilitation might 
play a pivotal role in CMT management [17–22]. Many 
rehabilitative therapeutic approaches have been proposed 
such as progressive resistance training, dynamic balance 
training with proprioceptive exercises, mechanical stimula-
tions, digital balance platforms, and treadmills [23–27]. On 
the other hand, aerobic training might be useful to enhance 
functional ability, aerobic capacity, strength, and fatigue 
in people with CMT [27–29]. Moreover, physiotherapy is 

important to maintain joint mobility, while the use of ortho-
sis can enhance walking efficiency and reduce risk of falls 
[30–32].

Albeit rehabilitation is considered as a keystone for the 
treatment of the disease, the optimal exercise regime for 
people with CMT is not fully understood, and there is a 
lack of uniform guidelines [22, 33–35]. Furthermore, after 
rehabilitative intervention, home-exercise physical training 
is advised (about two and a half hours of aerobic exercise or 
activity per week, in 10-min bursts spread throughout the 
week) [22]. On other hand, the timing and the cadence of 
rehabilitative intervention are not clearly defined [26].

Recently, Ferraro et al. showed that intensive rehabili-
tation might improve functionality in patients affected by 
CMT1A treated with tailored functional surgery and lower 
limb cast, although the long-term effects were not investi-
gated [36].

In this scenario, the aim of this retrospective study was 
to investigate effects of a 3-week intensive neurorehabilita-
tion in terms of muscle strength and functioning in patients 
affected by CMT disease.

Materials and methods

Study design and setting

A retrospective analysis of patients’ records which partici-
pated in a rehabilitation program from September 2014 to 
June 2020 referring at the Presidio Riabilitativo Multifun-
zionale “Don Primo Mazzolari” (Bozzolo, Italy), a National 
referral center for CMT disease and for the Italian Char-
cot–Marie-Tooth Patient Association (ACMT-Rete).

The study was approved by the Val Padana Ethics Com-
mittee (registration number: 36-2021-OSS_ALTRO-MN13). 
All participants were asked to carefully read and sign an 
informed consent, and researchers provided to protect the 
privacy and the study procedures according to the Declara-
tion of Helsinki, with pertinent National and International 
regulatory requirements. Moreover, the study was performed 
in accordance with the STrengthening the Reporting of 
OBservational studies in Epidemiology (STROBE) Guide-
lines [37].

Participants

All the participants were patients affected by CMT who 
underwent rehabilitative treatment. Patients were diagnosed 
CMT by neurologist specialized in CMT before the rehabili-
tation program and outside the clinic. As patients were diag-
nosed outside the clinic, the criteria used for these diagnoses 
were not available.
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Inclusion criteria were (1) clinical or genetic diagnosis 
of CMT; (2) ≥18 years old; (3) WHS score ≥3 (4) ability 
to understand and sign the informed consent form; (5) fully 
available da-ta for the duration of the study; (6) CMTNS 
scores ≤20 at baseline; and (7 ) respond to criteria for inpa-
tients’ neuromuscular rehabilitation [38].

Exclusion criteria were (1) cognitive deficits or other 
psychological disorders that could affect the physiotherapy 
program or the physical evaluation (Mini-Mental State 
Examination ≤ 24); (2) limb surgery in the 12 months prior 
to treatment or screening; and (3) history of fractures in the 
previous 12 months.

Data collection and measurements

We collected the following data for each patient: (1) age, (2) 
gender, (3) CMT type (demyelinating-axonal-other or mixed 
forms), (4) time from diagnosis, (5) Charcot–Marie-Tooth 
disease neuropathy score (CMTNS), (6) walking handicap 
scale (WHS), (7) Oxford handicap scale (OHS). CMTNS is 
a reliable and valid tool composite of nine assessments: 5 of 
impairment (“sensory symptoms,” “pin sensibility,” “vibra-
tion,” “strength arms,” and “strength legs”), 2 of activity 
limitations (“motor symptoms arms” and “motor symptoms 
legs”) and 2 electrophysiological measures (“ulnar CMAP” 
and “ulnar SNAP”). It is tailored to measure length-depend-
ent motor and sensory impairment in genetic neuropathies. 
Each assessment is scored on a scale of 0–4 points, reflect-
ing the severity of impairment. Patients are classified as 
mild (CMTNS ≤ 10), moderate (CMTNS 11–20), or severe 
(CMTNS > 20) [39]. The WHS is an evaluation tool that 
allows us to evaluate the walking handicap and disability in a 
domestic and social environment through a scale comprising 
six categories from minimum 1 and maximum 6.

All subjects provided demographic data. Clinical char-
acteristics and type of CMT were obtained from medical 
records. The assessment involved a physiatrist and a trained 
physiotherapist (PT) that completed a clinical evaluation 
inclusive of the patient’s medical history, a physical exami-
nation, and objective and subjective measure scales, to iden-
tify a tailored rehabilitation program to be followed at our 
center.

Outcome measures

The primary outcome of our study was the muscle strength, 
assessed in 6 muscles on either side for proximal lower limb 
muscles (ileo-psoas, quadriceps femoris, biceps femoris, 
gluteus maximus, medius, minimus) and for distal lower 
limb muscles (tibialis anterior, extensor digitorum commu-
nis, extensor hallucis longus, triceps surae, flexor hallucis 
longus, peroneus) using the MRC sum score (grades 0–60), 

considering as cut-offs: <48 for moderate or <36 for severe 
weakness [40, 41].

Secondary outcomes were as follows

• Severity of pain, evaluated by a verbal rating scale 
(VRS), grading from 0 (minimum) to 10 (maximum);

• Severity of fatigue, evaluated by VRS, grading from 0 
(minimum) to 10 (maximum);

• Severity of muscle cramps, evaluated by VRS, grading 
from 0 (minimum) to 10 (maximum);

• Balance ability, assessed through Berg Balance Scale 
(BBS), a 14-item objective test used to detect balance 
impairment and risk of fall in people affected by neu-
romuscular disorders, ranging from 0–56, where: 0, 
patient cannot stand alone, 0–44 risk of fall; 56, opti-
mal stability [42];

• Walking ability and speed, evaluated by Walk12-scale, 
a patient-reported rating scale for walking difficulties in 
daily life, ranging from 0 (no difficulties during ambula-
tion) to 60 (the worst troubles during walking) [43],

• Physical performance, evaluate by 10-m walking test (10 
MWT), a validated test in CMT disease assessing func-
tional mobility and walking speed in meters per seconds 
over a short duration in a set distance [44].

• At the baseline  (T0), at the end of treatment  (T1), and at 
12 months  (T2) all study participants were assessed for 
the following outcomes.

Intervention

Physiotherapy program was administered for 3 weeks, 5 days 
a week, from 2 to 4 h a day according to patient’s fatigue. 
The protocol comprehended guided exercise, aerobic train-
ing, instrumental therapies, in particular electrical stimula-
tion of affected muscles in all patients, and other analgesic 
physical therapies if needed, and patient self-care education. 
The intensive rehabilitation protocol is showed in Table 1.

Each intervention was tailored to the patient’s needs and 
was adjusted daily to the patient’s symptoms and progress. 
During the treatments, great attention was paid to avoid 
overload weakness. An integral part of treatment was train-
ing patients on self-care activities aimed at maintaining 
beneficial effects of intensive physiotherapy program. The 
physiotherapist in charge of the intensive program gave each 
patient tailor-made exercises that included drawings, videos, 
and/or pictures. Moreover, advice on how to improve life-
style and regular physical activity were given according to 
the patient’s abilities and needs (see Fig. 1).

The same team evaluated both the patient during the ini-
tial assessment and after the treatment program.
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Statistical analysis

Data analysis was performed using SPSS v.21.0 (SPSS 
Statistics, Armonk, NY: IBM Corp). Descriptive sta-
tistics was used to summarize data. Non-parametric 
tests were selected, based on a preliminary analysis 
of normality of data. The non-parametric Friedman’s 
ANOVA for repeated measures was used to analyze out-
come value variations over time, followed by pairwise 

comparisons  (T0 vs.  T1,  T0 vs.  T2, and  T1 vs.  T2). Post 
hoc analysis with Wilcoxon signed-rank tests was con-
ducted and was calculated the R effect size [45]. Accord-
ing to Cohen, the effect size is low if the value of R 
varies around 0.1, medium if R varies around 0.3, and 
large if R varies more than 0.5 [46]. Finally, a minimal 
clinical important difference (MCDI) of 4 was used for 
MRC sum scores [47].

Results

Records by 37 CMT patients (14 males and 23 females) 
were analyzed (mean age of 50.72 ± 13.31 years). The 
mean time from diagnosis was 14.91 ± 14.08. Twenty-
eight patients (75.68%) suffered from demyelinating CMT, 
8 (21.62%) from axonal types of CMT, and 1 patient 
(2.70%) was affected by mixed form. The median score of 
CMTNS was 12 (7), with a moderate grade of disability. 
WHS score ranged between 3 and 6 with a median value 
of 5 (2), meaningful for independent walking with some 
limitations. The sample median score of Oxford handicap 
scale was 2 (1), standing for minor handicap and some 
restrictions in everyday life (see Table  2 for further 
details).

Table 1  Rehabilitative protocol designed for complex intensive rehabilitation delivered to Charcot–Marie-Tooth patients

Treatment Daily duration Specific activities included in the program
PT-guided exercises Two sessions per day, 1 h/session Passive manual mobilization

Mobility of foot joints, lower limb, and back
Stimulation of leg muscles
Leg muscles stimulated with manual facilitations according to the Bobath 

Concept, PNF, use of balance boards and balance exercises
Full-body stretching
Particular attention to the Achille’s tendon
Balance
Walking, training, and exercises in bipodal or monopodal stance, with the 

employment of balance boards and digital devices, head and eye movements, 
and double task exercises in different body positions

Core stability
Trunk-specific exercises
Resistance
Thigh and pelvic girdle muscles exercised in open and closed kinetic chains 

with ankle weights, elastic bands, or the subject’s own weight as a resistance
Self-administered activity Daily, 10–60 min/session Aerobic activity

Exercise bike or treadmill training with a moderate intensity
Instrumental therapies When necessary, 20–60 min/session Electrical stimulation

Applied to denervated lower limb muscles
Others
Lymphatic drainage, pressure therapy, magnetotherapy, laser therapy, and 

ultrasound therapy; all applied with analgesic aims
Patient education During sessions and at the end of 

the rehabilitation period, 30 min
Giving instructions and education about self-care to the patient
Drawings, videos, or pictures of specific exercises tailored to patient’s abilities 

and needs and suggestions about lifestyle and daily activity regime mainte-
nance

Fig. 1  a Posterior chain muscle stretching that can be shortened in 
CMT patients. b Core stability exercise with ball in order to enhance 
stability
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More in detail, when considering the difference between 
single assessing time, all patients showed an improvement 
with a large effect size between  T0 and  T1 in MRC lower 
leg (R = 0.68), MRC upper leg (R = 0.81), NRS pain (R 
= 0.60), fatigue (R = 0.60), cramps (R = 0.61), BBS (R = 
0.70), walk-12 (R = 0.59), and 10 MWT (R = 0.61), and 
after 1 year, we observed a small effect size for all the scales 
except VRS cramps (R = 0.30). On the other hand, there was 
a significant worsening with a large effect size in walking 
ability and speed, measured by in MRC lower leg (R = 0.49), 
and walk-12 (R = 0.70) compared to  T1 (see Tables 3 and 4 
for further details). When considering a MCID of 4 in MRC 
sum score variation, the number of subjects with strength-
ened lower leg muscles was 12 (32,4%, 95%CI: 16–45%) 
and 16 (43.2%, 95%CI: 25–54%) in upper leg muscles. It is 
worth noting that even subjects with MRC sum score = 0 
at the baseline assessment could show increased strength at 
the end of the intensive rehabilitation protocol. No patients 
complained of more intense cramps at the 1-month follow-
up, as depicted by Table 3.

Table 2  Baseline characteristics of the study cohort

Values are expressed in mean ± SD, median (IQR), and minimum–
maximum
Abbreviations: M male, F female, CMT Charcot–Marie-Tooth dis-
ease, CMTNS Charcot–Marie-Tooth disease neuropathy score, WHS 
walking handicap scale, OHS Oxford handicap scale

Age (years) 50.72 ± 13.31; 21–73
Gender (M/F) 14/23

(37,8/62,2%)
Time from diagnosis (years) 14.91 ± 14.08; 2–48
CMT type Demyelinating (28; 76%)

CMT1A: 16; CMTX: 5; 
CMT1B: 3; CMT:4

Axonal (8; 22%)
CMT2A: 5; CMT2S: 1; 

CMT2C: 1; Axonal 
CMT: 1

Other or mixed forms (1; 
3%)

CMTNS 12 (6); 3–19
WHS 5 (2); 3–6
OHS 2 (1); 1–3

Table 3  Differences in outcome 
measures after the rehabilitation 
treatment

Values are expressed in mean ± SD and minimum–maximum; non-parametric Friedman’s ANOVA for 
repeated measures
Abbreviations: VRS verbal rating scale, 10 MWT 10-m walking test

Variables T0 T1 T2 p-value

MRC sum score
Lower leg

23.03 ± 19.25; 0–54 25.68 ± 20.47; 0–56 23.54 ± 20.36; 0–58 < 0.01

MRC sum score
Upper leg

46.70 ± 9.45; 23–59 50.16 ± 7.85; 30–60 48.70 ± 8.35;28–60 < 0.01

VRS-pain 3.58 ± 3.23; 0–9 1.88 ± 2.31; 0–8 3.19 ± 3.44; 0–8 < 0.01
VRS-fatigue 4.56 ± 3.00; 0–9 3.41 ± 2.39; 0–8 4.25 ± 3.42; 0–9 < 0.01
VRS-cramps 2.47 ± 3.18; 0–9 0.88 ± 1.62; 0–7 1.86 ± 3.05; 0–10 < 0.01
Berg balance scale 37.67 ± 13.83; 13–56 41.91 ± 12.31; 20–56 36.75 ± 12.23; 21–56 < 0.01
Walk-12 12.75 ± 5.25; 12–60 11.25 ± 3.95; 12–48 13.05 ± 3.54; 18–55 < 0.01
10 MWT (m/s) 0.85 ± 0.29; 0.33–1.43 0.95 ± 0.26; 0.361.67 0.79 ± 0.20; 0.42–1.25 < 0.01

Table 4  R Effect size analysis of 
the outcome measures between 
the different time points

Values are expressed in r effect size (p-value). We performed as statistical analysis using the Wilcoxon 
signed-rank tests. Effect size is low if the value of R varies around 0.1, medium if R varies around 0.3, and 
large if R varies more than 0.5
Abbreviations: MRC Medical Research Council, VRS verbal rating scale, 10 MWT 10-m walking test

Outcomes T1–T0 T2–T0 T2–T1

MRC sum score
Lower leg

R = 0.68 (p < 0.01) R = 0.06 (p = 0.71) R = 0.49 (p < 0.01)

MRC sum score
Upper leg

R = 0.81 (p < 0.01) R = 0.19 (p = 0.25) R = 0.23 (p = 0.16)

VRS-pain R = 0.60 (p < 0.01) R = 0.19 (p = 0.25) R = 0.35 (p = 0.03)
VRS-fatigue R = 0.61 (p < 0.01) R = 0.11 (p = 0.49) R = 0.27 (p = 0.10)
VRS-cramps R = 0.50 (p < 0.01) R = 0.30 (p = 0.07) R = 0.21 (p = 0.21)
Berg balance scale R = 0.70 (p < 0.01) R = 0.28 (p = 0.09) R = 0.46 (p < 0.01)
Walk-12 R = 0.59 (p < 0.01) R = 0.12 (p = 0.45) R = 0.20 (p < 0.01)
10 MWT (m/s) R = 0.61 (p < 0.01) R = 0.11 (p = 0.10) R = 0.27 (p < 0.01)
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Discussion

The aim of our retrospective study was to assess the short- 
and long-term effects of an in-patient intensive rehabilita-
tion protocol on muscle strength and functioning in patients 
with mild to moderate CMT disease. No adverse effects 
occurred during the treatment period, as rehabilitation pro-
tocol might be safe and beneficial to CMT patients. Fur-
thermore, remarkable improvements were found in muscle 
strength for distal and proximal muscles of the lower limbs 
after rehabilitation program. More in detail, the MRC sum 
score of the distal lower limb muscles showed a good effect 
size over the time (R = 0.68). On the other, it was interest-
ing to note that the MRC sum score of proximal lower limb 
muscles significantly changed over time (R = 0.81).

According to the patient’s disease, the distal muscles 
were more compromised than the proximal ones. At the 
first evaluation, 23 (62.2%) showed severe and 11 (29.79%) 
moderate weakness in lower leg; 5 (13.5%) showed severe 
and 9 (24.3%) moderate weakness in upper leg; At the end 
of the intensive rehabilitation program, 19 (51.3%) and 6 
(16.2%) patients showed severe and moderate weakness 
in lower limb, respectively. Similar results were found in 
upper leg muscle, 2 (5.4%) patients showed severe weak-
ness and 7 (18.9%) moderate weakness.

Taking into account the MCID of 4 in terms of varia-
tion of MRC sum score, the 32.4% of CMT patients had 
strengthened proximal lower limb muscles and the 43.2% 
in distal lower limb leg muscles. These findings are in 
line with recent literature that supports the use of resist-
ance training in CMT patients to increase muscle strength, 
whose levels could be also correlated to higher irisin levels 
that might represent in the future a marker of muscle mass 
loss and muscle strength loss [48–50].

Similarly, beneficial effect of the treatment was found 
for pain (R = 0.60). Reasonably, this contributed to 
improving the patients’ quality of life, since pain in CMT 
patients represents an important issue that impacts eve-
ryday life [21].

The cramps and the fatigue perceived by people with 
CMT are a relevant topic which is highly disabling but 
often poorly investigated [51]. We found a significant 
effect both in VRS cramps (R = 0.50) and fatigue (R = 
0.61) after a tailored rehabilitative program. The reason 
for such a result can be mainly explained by the multifac-
eted rehabilitative program that includes both passive tech-
niques and active exercises integrated with autonomous 
aerobic training [52, 53].

It is interesting to note that the greatest effect of a tai-
lored rehabilitation program in CMT patients was found 
for balance at BBS (R = 0.70), demonstrating the feasibil-
ity and benefits of a complex and tailored intervention on 

postural stability. In literature, an improvement in balance 
in CMT patients had already been observed, both after 
single specific interventions aimed to enhance postural 
stability and after more complex rehabilitation treatments 
[24, 26, 54]. Postural instability issues should always be 
adequately addressed since these represent a relevant prob-
lem in CMT patients [55]. Falls inevitably lead to clinical 
complications that could prematurely cause a decline in a 
patient’s physical ability, thus reducing social participation 
and quality of life [56]. Being aware of the importance of 
monitoring fall risk in fragile patients, our results have 
proven to be strongly in favor of adopting rehabilitation 
protocols in the CMT population to counteract disease pro-
gression and therefore increase postural stability.

Moreover, we found a significant effect size in terms of 
walking ability and physical performance, as measured by 
the walk-12 (R = 0.59) scale and 10 MWT (R = 0.61), 
respectively. We hypothesized that the improvement in 
both balance and walking ability is linked to the increase 
in strength gained at the end of program. Faster walking, 
after resistance training of the lower limb proximal muscles, 
has already been observed in previous studies [55]. These 
results highlight the importance of rehabilitation, since 
walking ability strongly affects the quality of life in CMT 
patients [36, 56–58].

Despite positive results in the short term, almost all 
outcome values returned to baseline levels when assessing 
patients at  T2. The lack of continuity in physical activity 
after discharge could also be the cause of the long-term 
decline in walking function and speed, as these outcomes 
are closely related to strength and postural stability.

Concerning the previous scientific literature, a systematic 
review [21] previously assessed the effects of rehabilitation 
in CMT patients: both affirm that, although benefits appear 
to be gained from exercise in strength and function in some 
studies, most outcomes reported were not significant. More-
over, the optimal exercise modality and intensity for people 
with CMT, the clinical relevance of the changes observed, 
and the safety of exercise are still unclear [21]. In 2020, 
Mori et al. [26] investigated the effect of treadmill along 
with stretching and proprioceptive exercises on balance and 
walking of CMT patients, with positive results at 3 and 6 
months. Lastly, a case series shows that functional surgery 
integrated with early intensive neurorehabilitation might 
improve the gait performances of patients with CMT [36].

Therefore, it should be noted that the possible failure to 
maintain results in our cohort at the 1-year follow up. The 
possible failure to maintain results at 1 year follow up might 
show the need of enrolling in periodic intensive inpatient 
rehabilitation programs in specialized facilities. At the light 
of our results, an intensive rehabilitation program might play 
a central role in terms of reducing the disability in CMT and 
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improving the functional status. In this context, our results 
suggested the need for an on-going long-term rehabilitation 
regime, which should not be interrupted at the end of the 
rehabilitation program.

In this scenario, the telerehabilitation might be an adequate 
and a more cost-efficient approach, considering its improve-
ment during the COVID-19 pandemic and for the rehabilita-
tion of other neurological diseases [58–61]. To the best of our 
knowledge, this is the first study to investigate the effects of 
a tailored rehabilitation protocol composed of mobilization, 
stretching, balance, and resistance exercises, with treadmill 
utilization and physical therapies, as electrical stimulation on 
lower limb muscles and other analgesic therapies at one year 
follow up, in a real practice approach, in CMT patient.

On other hand, we are aware that this study presents some 
limitations. First, the potential selection bias due to the ret-
rospective study design and considering that only patients 
who had undergone all evaluation procedures and whose 
data were fully available were included. Second, the lack of 
a control group might be considered as a main limitation, 
albeit a control group might be in contrast with ethical rea-
sons, whereby treatment must be guaranteed to all those who 
are deemed appropriate. In the future, we will provide an 
observational cross-over study. Third, the outcome measures 
are susceptible to several bias, such as little extra clinical 
information and remarkable floor/ceiling effect, creating a 
possible confounding effect in results. Fourth, we had no 
information regarding the adherence to the self-treatment 
or any activities that patients could have assumed after dis-
charge in the period between  T1 and  T2. Lastly, patients’ 
lifestyles and other additional interventions not carried out 
at our facility have not been investigated.

Conclusions

Taken together, our findings showed that a 3-week intensive 
rehabilitation treatment is a well-tolerated and useful 
intervention that might improve muscle strength and 
functioning in a cohort of inpatients with diagnosis of mild to 
moderate CMT. In this context, a continue exercise program 
seems to be necessary to avoid the functional loss. Specific 
rehabilitation strategies, such as increasing treatment frequency 
and supporting the patient’s self-care, are needed to sustain the 
improvements also in the long term in CMT patients.

Acknowledgements We thank the Association “ACMT-Rete per la 
Malattia di Charcot–Marie-Tooth OdV.”

Author contribution Study design and conceptualization: FFe and 
AdS; investigation: DC, CC, IC, and AM; manuscript drafting: DC, 
CC, and FFo; critical revision: FFe, AA, and AdS; visualization: IC, 
FG, MCB, and AM; study supervision: AdS. All authors read and 
approved the final version of the manuscript.

Funding Open access funding provided by Università degli studi 
"Magna Graecia" di Catanzaro within the CRUI-CARE Agreement.

Data availability The data will be available with a reasonable request.

Declarations 

Ethical approval The study was approved by the Val PAdana Ethics 
Committee (registration number: 36-2021-OSS_ALTRO-MN13).

Informed consent Informed consent was obtained from all subjects 
whose data records were used for the study.

Conflict of interest The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

 References

 1. Morena J, Gupta A, Hoyle JC (2019) Charcot-Marie-Tooth: from 
molecules to therapy. Int J Mol Sci 20(14):3419. https:// doi. org/ 
10. 3390/ ijms2 01434 19

 2. Rudnik-Schöneborn S, Tölle D, Senderek J, Eggermann K, 
Elbracht M, Kornak U, von der Hagen M, Kirschner J, Leube B, 
Müller-Felber W, Schara U, von Au K, Wieczorek D, Bußmann 
C, Zerres K (2016) Diagnostic algorithms in Charcot-Marie-Tooth 
neuropathies: experiences from a German genetic laboratory on 
the basis of 1206 index patients. Clin Genet 89(1):34–43. https:// 
doi. org/ 10. 1111/ cge. 12594

 3. Pareyson D, Saveri P, Pisciotta C (2017) New developments in 
Charcot-Marie-Tooth neuropathy and related diseases. Curr Opin 
Neurol 30(5):471–480. https:// doi. org/ 10. 1097/ WCO. 00000 00000 
000474

 4. Barreto LCM, Oliveira FS, Nunes PS, de França Costa IM, Garcez 
CA, Goes GM, Neves EL, de Souza Siqueira Quintans J, de Souza 
Araújo AA (2016) Epidemiologic study of Charcot-Marie-Tooth 
disease: a systematic review. Neuroepidemiology 46(3):157–165. 
https:// doi. org/ 10. 1159/ 00044 3706

 5. El-Bazzal L, Ghata A, Estève C, Gadacha J, Quintana P, Castro 
C, Roeckel-Trévisiol N, Lembo F, Lenfant N, Mégarbané A, Borg 
JP, Lévy N, Bartoli M, Poitelon Y, Roubertoux PL, Delague V, 
Bernard-Marissal N (2022) Imbalance of NRG1-ERBB2/3 signal-
ling underlies altered myelination in Charcot-Marie-Tooth disease 
4H. Brain 31:awac402. https:// doi. org/ 10. 1093/ brain/ awac4 02

 6. Pipis M, Rossor AM, Laura M, Reilly MM (2019) Next-generation 
sequencing in Charcot-Marie-Tooth disease: opportunities and 
challenges. Nat Rev Neurol 15(11):644–656. https:// doi. org/ 10. 
1038/ s41582- 019- 0254-5

 7. Pareyson D, Marchesi C (2009) Diagnosis, natural history, and 
management of Charcot-Marie-Tooth disease. Lancet Neurol 
8(7):654–667. https:// doi. org/ 10. 1016/ S1474- 4422(09) 70110-3

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijms20143419
https://doi.org/10.3390/ijms20143419
https://doi.org/10.1111/cge.12594
https://doi.org/10.1111/cge.12594
https://doi.org/10.1097/WCO.0000000000000474
https://doi.org/10.1097/WCO.0000000000000474
https://doi.org/10.1159/000443706
https://doi.org/10.1093/brain/awac402
https://doi.org/10.1038/s41582-019-0254-5
https://doi.org/10.1038/s41582-019-0254-5
https://doi.org/10.1016/S1474-4422(09)70110-3


296 Neurological Sciences (2024) 45:289–297

1 3

 8. Fridman V, Bundy B, Reilly MM, Pareyson D, Bacon C, Burns 
J, Day J, Feely S, Finkel RS, Grider T, Kirk CA, Herrmann DN, 
Laurá M, Li J, Lloyd T, Sumner CJ, Muntoni F, Piscosquito G, 
Ramchandren S et al (2015) Inherited Neuropathies Consortium. 
CMT subtypes and disease burden in patients enrolled in the 
Inherited Neuropathies Consortium natural history study: a cross-
sectional analysis. J Neurol Neurosurg Psychiatry 86(8):873–878. 
https:// doi. org/ 10. 1136/ jnnp- 2014- 308826

 9. Wojciechowski E, Sman A, Cornett K, Raymond J, Refshauge K, 
Menezes MP, Burns J (2017) FAST Study Group. Gait patterns of 
children and adolescents with Charcot-Marie-Tooth disease. Gait 
Posture 56:89–94. https:// doi. org/ 10. 1016/j. gaitp ost. 2017. 05. 005

 10. Õunpuu S, Pierz K, Garibay E, Acsadi G, Wren TAL (2022) 
Stance and swing phase ankle phenotypes in youth with Char-
cot-Marie-Tooth type 1: an evaluation using comprehensive gait 
analysis techniques. Gait Posture 21(98):216–225. https:// doi. org/ 
10. 1016/j. gaitp ost. 2022. 09. 077

 11. Tazir M, Hamadouche T, Nouioua S, Mathis S, Vallat JM (2014) 
Hereditary motor and sensory neuropathies or Charcot-Marie-
Tooth diseases: an update. J Neurol Sci 347(1–2):14–22. https:// 
doi. org/ 10. 1016/j. jns. 2014. 10. 013

 12. Spiesshoefer J, Henke C, Kabitz HJ, Akova-Oeztuerk E, Drae-
ger B, Herkenrath S, Randerath W, Young P, Brix T, Boentert M 
(2019) Phrenic nerve involvement and respiratory muscle weak-
ness in patients with Charcot-Marie-Tooth disease 1A. J Peripher 
Nerv Syst 24(3):283–293. https:// doi. org/ 10. 1111/ jns. 12341

 13. Pazzaglia C, Padua L, Stancanelli C, Fusco A, Loreti C, Castelli L, 
Imbimbo I, Giovannini S, Coraci D, Vita GL, Vita G (2022) Role of 
sport activity on quality of life in Charcot-Marie-Tooth 1A patients. 
J. Clin. Med 11:7032. https:// doi. org/ 10. 3390/ jcm11 237032

 14. Azevedo H, Pupe C, Pereira R, Nascimento OJM (2018) Pain 
in Charcot-Marie-Tooth disease: an update. Arq Neuropsiquiatr 
76(4):273–276. https:// doi. org/ 10. 1590/ 0004- 282x2 01800 21

 15. Menotti F, Felici F, Damiani A, Mangiola F, Vannicelli R, 
Macaluso A (2011) Charcot-Marie-Tooth 1A patients with low 
level of impairment have a higher energy cost of walking than 
healthy individuals. Neuromuscul Disord 21(1):52–57. https:// doi. 
org/ 10. 1016/j. nmd. 2010. 09. 008

 16. Kennedy RA, Carroll K, Paterson KL, Ryan MM, Burns J, Rose K, 
McGinley JL (2019) Physical activity of children and adolescents 
with Charcot-Marie-Tooth neuropathies: a cross-sectional case-
controlled study. Allen MD, editor. PLoS One 14(6):e0209628 
https:// doi. org/ 10. 1371/ journ al. pone. 02096 28.

 17. Pisciotta C, Saveri P, Pareyson D (2021) Challenges in treating 
Charcot-Marie-Tooth disease and related neuropathies: current 
management and future perspectives. Brain Sci 11(11):1447. 
https:// doi. org/ 10. 3390/ brain sci11 111447

 18. Nonnekes J, Hofstad C, de Greef-Rotteveel A, van der Wielen H, 
van Gelder JH, Plaats C, Altmann V, Krause F, Keijsers N, Geurts 
A, Louwerens JWK (2021) Management of gait impairments in 
people with Charcot-Marie-Tooth disease: a treatment algorithm. 
J Rehabil Med 53(5):jrm00194. https:// doi. org/ 10. 2340/ 16501 
977- 2831

 19. McCorquodale D, Pucillo EM, Johnson NE (2016) Management 
of Charcot-Marie-Tooth disease: improving long-term care with 
a multidisciplinary approach. J Multidiscip Healthc 19(9):7–19. 
https:// doi. org/ 10. 2147/ JMDH. S69979

 20. Kenis-Coskun O, Matthews DJ (2016) Rehabilitation issues in 
Charcot-Marie-Tooth disease. J Pediatr Rehabil Med 9(1):31–34. 
https:// doi. org/ 10. 3233/ PRM- 160359

 21. Corrado B, Ciardi G, Bargigli C (2016) Rehabilitation manage-
ment of the Charcot-Marie-Tooth syndrome : a systematic review 
of the literature. Medicine (Baltimore) 95(17):e3278. https:// doi. 
org/ 10. 1097/ MD. 00000 00000 003278

 22. Sman AD, Hackett D, Fiatarone Singh M, Fornusek C, Men-
ezes MP, Burns J (2015) Systematic review of exercise for 

Charcot-Marie-Tooth disease. J Peripher Nerv Syst 20(4):347–
362. https:// doi. org/ 10. 1111/ jns. 12116

 23. Matjačić Z, Zupan A (2016) Effects of dynamic balance training 
during standing and stepping in patients with hereditary sensory 
motor neuropathy. Disabil Rehabil 28(23):1455–1459. https:// doi. 
org/ 10. 1080/ 09638 28060 06461 69

 24. Pazzaglia C, Camerota F, Germanotta M, Di Sipio E, Celletti C, 
Padua L (2016) Efficacy of focal mechanic vibration treatment on 
balance in Charcot-Marie-Tooth 1A disease: a pilot study. J Neurol 
263(7):1434–1441. https:// doi. org/ 10. 1007/ s00415- 016- 8157-5

 25. Pagliano E, Foscan M, Marchi A, Corlatti A, Aprile G, Riva D 
(2018) Intensive strength and balance training with the Kinect 
console (Xbox 360) in a patient with CMT1A. Dev Neurorehabil 
21(8):542–545. https:// doi. org/ 10. 1080/ 17518 423. 2017. 13540 91

 26. Mori L, Signori A, Prada V, Pareyson D, Piscosquito G, Padua L, 
Pazzaglia C, Fabrizi GM, Picelli A, Schenone A (2020) TreSPE 
study group. Treadmill training in patients affected by Charcot-
Marie-Tooth neuropathy: results of a multicenter, prospective, ran-
domized, single-blind, controlled study. Eur J Neurol 27(2):280–
287. https:// doi. org/ 10. 1111/ ene. 14074

 27. Knak KL, Andersen LK, Vissing J (2017) Aerobic anti-gravity 
exercise in patients with Charcot–Marie–Tooth disease types 1A 
and X: a pilot study. Brain Behav 7(12):1–5. https:// doi. org/ 10. 
1002/ brb3. 794

 28. Wallace A, Pietrusz A, Dewar E, Dudziec M, Jones K, Hennis P, 
Sterr A, Baio G, Machado PM, Laurá M, Skorupinska I, Skorupin-
ska M, Butcher K, Trenell M, Reilly MM, Hanna MG, Ramdharry 
GM (2019) Community exercise is feasible for neuromuscular dis-
eases and can improve aerobic capacity. Neurology 92(15):e1773–
e1785. https:// doi. org/ 10. 1212/ WNL. 00000 00000 007265

 29. Sheikh AM, Vissing J (2019) Exercise therapy for muscle and 
lower motor neuron diseases. Acta Myol 38(4):215–232

 30. Jones K, Hawke F, Newman J, Miller JA, Burns J, Jakovljevic DG, 
Gorman G, Turnbull DM, Ramdharry G (2021) Interventions for 
promoting physical activity in people with neuromuscular disease. 
Cochrane Database Syst Rev 5(5):CD013544. https:// doi. org/ 10. 
1002/ 14651 858. CD013 544. pub2

 31. Petryaeva OV, Shnayder NA, Artyukhov IP, Sapronova MR, Logi-
nova IO (2018) The role of orthotic service in modern rehabilita-
tion of patients with Charcot-Marie-Tooth disease. J Biosci Med 
06(07):23–34. https:// doi. org/ 10. 4236/ jbm. 2018. 67003

 32. Zuccarino R, Anderson KM, Shy ME, Wilken JM (2021) Satisfac-
tion with ankle foot orthoses in individuals with Charcot-Marie-
Tooth disease. Muscle and Nerve 63(1):40–45. https:// doi. org/ 10. 
1002/ mus. 27027

 33. Djordjevic D, Fell S, Baker S (2017) Effects of self-selected exer-
cise on strength in Charcot-Marie-Tooth disease subtypes. Can J 
Neurol Sci 44(5):572–576. https:// doi. org/ 10. 1017/ cjn. 2017. 204

 34. Burns J, Sman AD, Cornett KMD, Wojciechowski E, Walker T, 
Menezes MP, Mandarakas MR, Rose KJ, Bray P, Sampaio H, 
Farrar M, Refshauge KM, Raymond J (2017) FAST Study Group. 
Safety and efficacy of progressive resistance exercise for Char-
cot-Marie-Tooth disease in children: a randomised, double-blind, 
sham-controlled trial. Lancet Child Adolesc Health. 1(2):106–
113. https:// doi. org/ 10. 1016/ S2352- 4642(17) 30013-5

 35. Reynaud V, Morel C, Givron P, Clavelou P, Cornut-Chauvinc 
C, Pereira B, Taithe F, Coudeyre E (2019) Walking speed is 
correlated with the isokinetic muscular strength of the knee in 
patients with Charcot-Marie-Tooth type 1A. Am J Phys Med 
Rehabil 98(5):422–425. https:// doi. org/ 10. 1097/ PHM. 00000 
00000 001084

 36. Ferraro F, Dusina B, Carantini I, Strambi R, Galante E, Gaiani L 
(2017) The efficacy of functional surgery associated with early 
intensive rehabilitation therapy in Charcot-Marie-Tooth type 1A 
disease. Eur J Phys Rehabil Med 53(5):788–793. https:// doi. org/ 
10. 23736/ S1973- 9087. 17. 04448-3

https://doi.org/10.1136/jnnp-2014-308826
https://doi.org/10.1016/j.gaitpost.2017.05.005
https://doi.org/10.1016/j.gaitpost.2022.09.077
https://doi.org/10.1016/j.gaitpost.2022.09.077
https://doi.org/10.1016/j.jns.2014.10.013
https://doi.org/10.1016/j.jns.2014.10.013
https://doi.org/10.1111/jns.12341
https://doi.org/10.3390/jcm11237032
https://doi.org/10.1590/0004-282x20180021
https://doi.org/10.1016/j.nmd.2010.09.008
https://doi.org/10.1016/j.nmd.2010.09.008
https://doi.org/10.1371/journal.pone.0209628
https://doi.org/10.3390/brainsci11111447
https://doi.org/10.2340/16501977-2831
https://doi.org/10.2340/16501977-2831
https://doi.org/10.2147/JMDH.S69979
https://doi.org/10.3233/PRM-160359
https://doi.org/10.1097/MD.0000000000003278
https://doi.org/10.1097/MD.0000000000003278
https://doi.org/10.1111/jns.12116
https://doi.org/10.1080/09638280600646169
https://doi.org/10.1080/09638280600646169
https://doi.org/10.1007/s00415-016-8157-5
https://doi.org/10.1080/17518423.2017.1354091
https://doi.org/10.1111/ene.14074
https://doi.org/10.1002/brb3.794
https://doi.org/10.1002/brb3.794
https://doi.org/10.1212/WNL.0000000000007265
https://doi.org/10.1002/14651858.CD013544.pub2
https://doi.org/10.1002/14651858.CD013544.pub2
https://doi.org/10.4236/jbm.2018.67003
https://doi.org/10.1002/mus.27027
https://doi.org/10.1002/mus.27027
https://doi.org/10.1017/cjn.2017.204
https://doi.org/10.1016/S2352-4642(17)30013-5
https://doi.org/10.1097/PHM.0000000000001084
https://doi.org/10.1097/PHM.0000000000001084
https://doi.org/10.23736/S1973-9087.17.04448-3
https://doi.org/10.23736/S1973-9087.17.04448-3


297Neurological Sciences (2024) 45:289–297 

1 3

 37. Von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, 
Vandenbroucke JP, Initiative STROBE (2007) The strengthening 
the reporting of observational studies in epidemiology (STROBE) 
statement: guidelines for reporting observational studies. Lancet 
370(9596):1453–1457. https:// doi. org/ 10. 1016/ S0140- 6736(07) 
61602-X

 38. Merlo A, Rodà F, Carnevali D, Principi N, Grimoldi L, 
Auxilia F, Lombardi F, Maini M, Brianti R, Castaldi S (2020) 
Appropriateness of admission to rehabilitation: definition of a set 
of criteria and rules through the application of the Delphi method. 
Eur J Phys Rehabil Med 56(5):537–546. https:// doi. org/ 10. 23736/ 
S1973- 9087. 20. 06148-1

 39. Pisciotta C, Ciafaloni E, Zuccarino R, Calabrese D, Saveri P, Fenu 
S, Tramacere I, Genovese F, Dilek N, Johnson NE, Heatwole C, 
Herrmann DN, Pareyson D (2020) ACT-CMT Study Group. Validation 
of the Italian version of the Charcot-Marie-Tooth Health Index. J 
Peripher Nerv Syst 25(3):292–296. https:// doi. org/ 10. 1111/ jns. 12397

 40. Eggmann S, Luder G, Verra ML, Irincheeva I, Bastiaenen CHG, 
Jakob SM (2020) Functional ability and quality of life in critical 
illness survivors with intensive care unit acquired weakness: a 
secondary analysis of a randomised controlled trial. PLoS One 
15(3):e0229725. https:// doi. org/ 10. 1371/ journ al. pone. 02297 25

 41. Kleyweg RP, Van Der Meché FGA, Schmitz PIM (1991) 
Interobserver agreement in the assessment of muscle strength and 
functional abilities in Guillain-Barré syndrome. Muscle & Nerve 
14(11):1103–1109. https:// doi. org/ 10. 1002/ mus. 88014 1111

 42. Monti Bragadin M, Francini L, Bellone E, Grandis M, Reni L, 
Canneva S, Gemelli C, Ursino G, Maggi G, Mori L, Schenone A 
(2015) Tinetti and Berg balance scales correlate with disability 
in hereditary peripheral neuropathies: a preliminary study. Eur J 
Phys Rehabil Med 51(4):423–427

 43. Hobart JC, Riazi A, Lamping DL, Fitzpatrick R, Thompson 
AJ (2003) Measuring the impact of MS on walking ability: the 
12-Item MS Walking Scale (MSWS-12). Neurology 60(1):31–36. 
https:// doi. org/ 10. 1212/ wnl. 60.1. 31

 44. Niu HX, Wang RH, Xu HL, Song B, Yang J, Shi CH, Li YS, Zhang 
BQ, Wang SP, Yong Q, Wang YY, Xu YM (2017) Nine-hole peg 
test and ten-meter walk test for evaluating functional loss in Chinese 
Charcot-Marie-Tooth disease. Chin Med J 130(15):1773–1778. 
https:// doi. org/ 10. 4103/ 0366- 6999. 211550

 45. Ellis Paul D (2010) The essential guide to effect sizes: statistical 
power, meta-analysis, and the interpretation of research results. 
Cambridge University Press ISBN 978-0-521-14246-5

 46. A Power Primer Psychological Bulletin; July 1992; 112, 1; 
PsycARTICLES pg. 155

 47. Merkies IS, van Nes SI, Hanna K, Hughes RA, Deng C (2010) 
Confirming the efficacy of intravenous immunoglobulin in CIDP 
through minimum clinically important differences: shifting from 
statistical significance to clinical relevance. J Neurol Neurosurg 
Psychiatry 81(11):1194–1199. https:// doi. org/ 10. 1136/ jnnp. 2009. 
194324

 48. de França Costa IMP, Nunes PS, de Aquino Neves EL, Lima 
Santos Barreto LC, Garcez CA, Souza CC, Pereira Oliveira PM, 
Sales Ferreira LA, Brandão Lima VN, de Souza Araújo AA 
(2018) Evaluation of muscle strength, balance and functionality of 
individuals with type 2 Charcot-Marie-Tooth disease. Gait Posture 
62:463–467. https:// doi. org/ 10. 1016/j. gaitp ost. 2018. 04. 001

 49. Colaianni G, Oranger A, Dicarlo M, Lovero R, Storlino G, Pigna-
taro P, Fontana A, Di Serio F, Ingravallo A, Caputo G, Di Leo A, 
Barone M, Grano M (2022) Irisin serum levels and skeletal mus-
cle assessment in a cohort of Charcot-Marie-Tooth patients. Front 
Endocrinol 13:886243. https:// doi. org/ 10. 3389/ fendo. 2022. 886243

 50. Pesce M, La Fratta I, Paolucci T, Grilli A, Patruno A, Agostini 
F, Bernetti A, Mangone M, Paoloni M, Invernizzi M, de Sire A 
(2021) From exercise to cognitive performance: role of Irisin. 
Appl Sci 11(15):7120. https:// doi. org/ 10. 3390/ app11 157120

 51. Peterson DS, Moore A, Ofori E (2021) Performance fatigability 
during gait in adults with Charcot-Marie-Tooth disease. Gait 
Posture 85:232–237. https:// doi. org/ 10. 1016/j. gaitp ost. 2021. 02. 002

 52. Mori L, Schenone C, Cotellessa F, Ponzano M, Aiello A, 
Lagostina M, Massucco S, Marinelli L, Grandis M, Trompetto 
C, Schenone A (2022) Quality of life and upper limb disabil-
ity in Charcot-Marie-Tooth disease: a pilot study. Front Neurol 
13:964254. https:// doi. org/ 10. 3389/ fneur. 2022. 964254

 53. Maggi G, Monti Bragadin M, Padua L, Fiorina E, Bellone 
E, Grandis M, Reni L, Bennicelli A, Grosso M, Saporiti R, 
Scorsone D, Zuccarino R, Crimi E, Schenone A (2011) Outcome 
measures and rehabilitation treatment in patients affected by 
Charcot-Marie-Tooth neuropathy: a pilot study. Am J Phys Med 
Rehabil 90(8):628–637. https:// doi. org/ 10. 1097/ PHM. 0b013 
e3182 1f6e32

 54. Estilow T, Glanzman AM, Burns J, Harrington A, Cornett K, 
Menezes MP, Shy R, Moroni I, Pagliano E, Pareyson D, Bhandari 
T, Muntoni F, Laurá M, Reilly MM, Finkel RS, Eichinger KJ, 
Herrmann DN, Troutman G, Bray P et al (2019) Balance impair-
ment in pediatric Charcot-Marie-Tooth disease. Muscle Nerve 
60(3):242–249. https:// doi. org/ 10. 1002/ mus. 26500

 55. Ramdharry GM, Reilly-O’Donnell L, Grant R, Reilly MM (2018) 
Frequency and circumstances of falls for people with Charcot–
Marie–Tooth disease: a cross sectional survey. Physiother Res Int 
23(2):e1702. https:// doi. org/ 10. 1002/ pri. 1702

 56. Tozza S, Bruzzese D, Severi D, Spina E, Iodice R, Ruggiero L, 
Dubbioso R, Iovino A, Aruta F, Nolano M, Santoro L, Manganelli 
F (2022) The impact of symptoms on daily life as perceived by 
patients with Charcot-Marie-Tooth type 1A disease. Neurol Sci 
43(1):559–563. https:// doi. org/ 10. 1007/ s10072- 021- 05254-7

 57. Agostini M, Moja L, Banzi R, Pistotti V, Tonin P, Venneri A, 
Turolla A (2015) Telerehabilitation and recovery of motor 
function: a systematic review and meta-analysis. J Telemed 
Telecare 21(4):202–213. https:// doi. org/ 10. 1177/ 13576 33X15 
572201

 58. Prada V, Bellone E, Schenone A, Grandis M (2020) The 
suspected SARS-Cov-2 infection in a Charcot-Marie-Tooth 
patient undergoing postsurgical rehabilitation: the value of 
telerehabilitation for evaluation and continuing treatment. Int J 
Rehabil Res 43(3):285–286. https:// doi. org/ 10. 1097/ MRR. 00000 
00000 000418

 59. Andrenelli E, Negrini F, de Sire A, Arienti C, Patrini M, Negrini 
S, Ceravolo MG (2020) International Multiprofessional Steering 
Committee of Cochrane Rehabilitation REH-COVER action. 
Systematic rapid living review on rehabilitation needs due 
to COVID-19: update to May 31st, 2020. Eur J Phys Rehabil 
Med 56(4):508–514. https:// doi. org/ 10. 23736/ S1973- 9087. 20. 
06435-7

 60. de Sire A, Andrenelli E, Negrini F, Lazzarini SG, Patrini 
M, Ceravolo MG, International Multiprofessional Steering 
Committee of Cochrane Rehabilitation REH-COVER action 
(2020) Rehabilitation and COVID-19: the Cochrane Rehabilitation 
2020 rapid living systematic review. Update as of August 31st, 
2020. Eur J Phys Rehabil Med 56(6):839–845. https:// doi. org/ 10. 
23736/ S1973- 9087. 20. 06614-9

 61. de Sire A, Marotta N, Agostini F, Drago Ferrante V, Demeco 
A, Ferrillo M, Inzitari MT, Pellegrino R, Russo I, Ozyemisci 
Taskiran O, Bernetti A, Ammendolia AA (2022) Telerehabilitation 
approach to chronic facial paralysis in the COVID-19 pandemic 
scenario: what role for electromyography assessment? J Pers Med 
12(3):497. https:// doi. org/ 10. 3390/ jpm12 030497

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.23736/S1973-9087.20.06148-1
https://doi.org/10.23736/S1973-9087.20.06148-1
https://doi.org/10.1111/jns.12397
https://doi.org/10.1371/journal.pone.0229725
https://doi.org/10.1002/mus.880141111
https://doi.org/10.1212/wnl.60.1.31
https://doi.org/10.4103/0366-6999.211550
https://doi.org/10.1136/jnnp.2009.194324
https://doi.org/10.1136/jnnp.2009.194324
https://doi.org/10.1016/j.gaitpost.2018.04.001
https://doi.org/10.3389/fendo.2022.886243
https://doi.org/10.3390/app11157120
https://doi.org/10.1016/j.gaitpost.2021.02.002
https://doi.org/10.3389/fneur.2022.964254
https://doi.org/10.1097/PHM.0b013e31821f6e32
https://doi.org/10.1097/PHM.0b013e31821f6e32
https://doi.org/10.1002/mus.26500
https://doi.org/10.1002/pri.1702
https://doi.org/10.1007/s10072-021-05254-7
https://doi.org/10.1177/1357633X15572201
https://doi.org/10.1177/1357633X15572201
https://doi.org/10.1097/MRR.0000000000000418
https://doi.org/10.1097/MRR.0000000000000418
https://doi.org/10.23736/S1973-9087.20.06435-7
https://doi.org/10.23736/S1973-9087.20.06435-7
https://doi.org/10.23736/S1973-9087.20.06614-9
https://doi.org/10.23736/S1973-9087.20.06614-9
https://doi.org/10.3390/jpm12030497

	Effects of intensive rehabilitation on functioning in patients with mild and moderate Charcot–Marie-Tooth disease: a real-practice retrospective study
	Abstract
	Introduction
	Materials and methods
	Study design and setting
	Participants
	Data collection and measurements
	Outcome measures
	Secondary outcomes were as follows
	Intervention
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements 
	References


