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Abstract

Objectives: Up to now, only symptoms of Charcot-Marie-Tooth disease can be treated. This work investigates
which therapy is the most effective in Quality of Life in Charcot-Marie-Tooth.

Methods: A literature research was conducted (search terms “Whole Body Vibration” or “WBV” or “Exercise”
or “Rehabilitation” and “Charcot Marie Tooth” or “CMT” or “Hereditary Neuropathy” or “HMSN”) in five
online databases. Inclusion: Publications from January 1990 to April 2022. Exclusion: No conventional
treatment or Charcot-Marie-Tooth. Methodological quality: assessed by PEDro score. Effect sizes: calculated
by Standardized Mean Differences and 95 % Confidence Intervals.

Results: Of the 5,941 publications found, 17 focused conventional treatment for Charcot-Marie-Tooth disease
of whom four had a good quality and investigated Quality of Life. No study investigates Whole Body Vibration.
There is no effect (SMD = .29) in health related Quality of Life, a low effect (SMD = -.42) in Activities of
Daily Living favoring experimental groups and no effect (SMD = .13) in Disability favoring control groups.
Conclusions: These interventions cannot improve Quality of Life in Charcot-Marie-Tooth. Since no studies
investigated "Whole Body Vibration" in Charcot-Marie-Tooth, this should be done as well as a motor ability
training program. Such studies are in planning.
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Introduction:

Charcot-Marie-Tooth disease (CMT) is the most
common neurogenetic disease. Between 20 and 30
persons per 100,000 of population are affected. It is
mostly an autosomal-dominant hereditary condition.
Therefore, there are clusters in individual families.
In most cases, the cause is a mutation on
chromosome 17. CMT is a hereditary disease of
peripheral nerves. The nerve cell axon, the
insulating myelin layer is damaged by a gene
mutation. The myelin acts like plastic insulation
around an electrical cable. In the disease, saltatory
conduction of excitation, i.e., the transmission of
nerve impulses in peripheral nerves, is impeded. As
a result, commands from the brain do not reach the
muscles or do not reach them properly. Denervation

results in weakness and degradation of the affected
muscles. Typical early symptoms include weakness
or paralysis of the foot and lower leg muscles,
which can lead to difficulty lifting the foot and a
high-heeled gait with frequent stumbles or falls.
Affected individuals also have balance problems.
Foot deformities are also common in CMT. As the
disease progresses, weakness and atrophy in the
hands can cause difficulty with fine motor skills.
Degeneration of sensory nerve axes can lead to a
decreased ability to feel heat, cold and tactile
sensations. Proprioception is often diminished in
people with CMT. The condition can also cause
curvature of the spine (scoliosis) and hip
displacement. Many people with CMT develop

6190 International Journal of Medical Science and Clinical Invention, vol. 09, Issue 07, July 2022


mailto:andrea.dincher@uni-saarland.de

Andrea Dincher.et.al/Effects of Conventional Therapy on Quality Of Life in CMT Disease Review and Meta-Analysis

contractures, which prevents joints from moving
freely. Muscle spasms are common. Nerve pain can
range from mild to severe. Some people rely on foot
or leg braces or other orthopedic devices to
maintain mobility. Progression of symptoms is
gradual. The gene mutations in CMT are inherited
in three different patterns: autosomal dominant,
autosomal recessive and X-linked, all of which are
linked to a person's chromosomes (1;2).

There is currently no cure for CMT, but physical
and occupational therapies, orthopedic devices, and
orthopedic surgery can help sufferers manage the
disabling symptoms of the disease. In addition,
people with severe nerve pain may be prescribed
pain-relieving medications. It is important to
maintain mobility, flexibility and muscle strength.
Starting a treatment program early can delay or
reduce nerve degeneration and muscle weakness
before disability occurs. Physical therapy includes
strength training, stretching, and moderate aerobic
exercise. A specific exercise program prescribed by
a doctor can help improve endurance and maintain
overall health. Many people with CMT need
orthotics and other orthopedic devices to help
maintain daily mobility and prevent injury.
Bandages can help prevent ankle sprains by
providing support and stability during activities
such as walking or climbing stairs. Thumb splints
can help with hand weakness and loss of fine motor
skills. Such aids should be used before disability
"occurs” because they can prevent muscle strain and
reduce muscle weakness. Some people with CMT
opt for orthopedic surgery to treat severe foot and
joint deformities, improve walking ability, and
relieve pain. Occupational therapy involves learning
new ways to manage activities of daily living (2). A
special form of exercise therapy is "Whole Body
Vibration" (WBV) training. Many positive effects
on various parameters have been reported for WBV,
such as increased muscle activity, improved
posture, and improved blood circulation in the legs
(3;4;5;6;7). WBV is used since a few years in the
exercise therapy for neurological diseases, such as
stroke, Parkinson's disease or in diabetic
neuropathy, as a few review can show (8;9;10).
There are few side effects and contraindications
known (11;12). Since WBY is such a smooth form
of therapy, it could also be used for CMT.

Many studies have already been conducted to
understand the positive effects of different treatment
methods (exercise therapy, orthosis etc.) in CMT
patients (13;14;15). Therefore, in this study it is
aimed to understand which method is the most
effective in the treatment on different aspects of
Quality of Life in CMT.

Materials and methods:

This work followed the Preferred Reporting Items
for Systematic reviews and Meta-Analyses
(PRISMA) guidelines. A literature search was
performed using PubMed, PEDro, OVID, Cochrane
Library and Science Direct databases using the
search terms in combinations "Whole Body
Vibration" or “WBV” or “Exercise” or
“Rehabilitation” and "Charcot-Marie-Tooth” or
“CMT” or “Hereditary Neuropathy” or “HMSN”.
Only original studies that investigated such
conventional treatment for CMT patients were
included. All publications from January 1990 up to
April 2022 were included. There were no
limitations in language, age of participants, or study
characteristics (e.g., vibration frequency, single
session, or long term). Studies that did not have
WBYV as a treatment or CMT as the treated disease,
or animal participants were excluded. The PEDro
score was used to determine methodological quality
of the included studies. Selection and data
collection were conducted by both authors. The
methodological criteria were evaluated among both
authors. In the case of disagreement, results were
discussed and consent was found.

RevMan 5.4 software was used for the meta-
analysis. Funnel plots using the Egger test for
publication bias were created (16). Standardized
mean differences (SMD) and their 95%-confidence
intervals (CI) were calculated, and classified as
small (SMD > 0.3), moderate (SMD > 0.5), and
large (SMD > 0.8) effects (17). SMD and CI are
presented as forest plots. Random-effects model
meta-analyses were also used, as the effects varied
across studies. I° was used to assess heterogeneity
between studies because 1° can be calculated and
compared across meta-analyses of different study
sizes and types and can included different types of
outcome data. The magnitude of heterogeneity was
categorized into the following categories: low
heterogeneity (1 =25%), moderate heterogeneity (12
=50%), and high heterogeneity (1 =75 %) (18;19).
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following outcomes to assess different aspects

of Quality of Life are used for the meta-analysis:

Acti

vities of Daily Living

Time scored activities: good psychometric
properties, consisting of the tasks Descending
stairs, Climbing stairs, Standing up from chair,
Standing up from lying (20)

Timed wup and Go (mobility): good
psychometric properties, consists of the tasks
standing up from a chair, walking 3 m, turn
around, walking back and sitting down on the
chair. Time is taken for the whole course (21)

Disability
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CMTES: Charcot-Marie-Tooth Examination
Score, subscale of the CMT Neuropathy Score,
has good psychometric properties, consists of
the parameters sensory symptoms, motor
symptoms legs and arms, pinprick sensibility,
vibration, strength legs and arms, ulnar CMAP,
and radial SAP amplitude (22)

CMTPedS: Charcot-Marie-Tooth  Pediatric
Scale, has good psychometric properties,
consists of the subscales hand dexterity
(Functional Dexterity Test, Nine-hole peg test),
Strength (hand grip, foot plantarflexion and
dorsiflexion in N), sensation (pinprick and
vibration), balance (standing feet apart on a
line with eyes open and closed, one leg stance
with eyes open and closed, one leg stance on a
beam with eyes open and closed, walking
forward on a line, walking forward on a line
heel to toe, standing heel to toe on a beam)
(23)

FSS: Fatigue Severity Scale, questionnaire
with good psychometric properties, consists of
the items motivation is lower when | am
fatigued, exercise brings on my fatigue, I am
easily fatigued, fatigue interferes with my
physical functioning, fatigue causes frequent
problems for me, my fatigue prevents sustained
physical functioning, fatigue interferes with
carrying out certain duties and responsibilities,

fatigue is among my three most disabling
symptoms, fatigue interferes with my work,
family, or social life (24)

VAS: Visual Analog Scale for pain, good
psychometric properties, excepting criterion
validity, consisting of a scale from 1 (low pain)
to 10 (high pain) points (25)

Health related Quality of life

SF-36: Health Survey Short Form-36, good
psychometric properties, consisting of the
subscales physical functioning (vigorous and
moderate activities, lift or carry groceries,
climb one or several flights, bend or kneel,
walk mile, walk one or several blocks, bathe or
dress), social functioning (social-extent, social-
time), role limitation — physical (cut down
time, accomplished less, limited in kind, had
difficulty), role limitation — emotional (cut
down time, accomplished less, not cheerful),
mental health (nervous, down in dumps,
peaceful, blue/ sad, happy), vitality (Pep/ life,
energy, work out, tired), bodily pain (pain-
magnitude, pain-interfere), general health
(general health rating, sick easier, as healthy,
healthy to get worse, health excellent), health
changes (26)

CHQ: Child Health Questionnaire for parents,
good psychometric properties, consists of the
items general health, limitations in energy
taking activities due to the health problem,
limitations in school works or activities with
friends due to emotional or physical problems,
bodily pain magnitude and interfere, arguing a
lot, concentration difficulties, lieing or stealing,
behavior rating, feeling like crying or lonely,
nervous, bothered or cheerful, satisfaction
about different life aspects, health compared to
peers, health compared to one year ago,
limitations or interruptions in family activities
because of the child’s problem, general
family’s ability to get along with one another,
emotional worry about child’s problem,
limitations in time for own needs because of
the child’s problem (27).
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Results:

Table 1 provides the results of the searching strategy using the mentioned search terms.

Table 1: Results of the searching strategy using the search terms "Whole Body Vibration" or “WBV” or “Rehabilitation” and 'or
"Exercise""'Charcot-Marie-Tooth” or “CMT” or “Hereditary Neuropathy” or “HMSN”".

Combination of search terms

Number of publications found

Rehabilitation and Charcot Marie Tooth 660
Rehabilitation and CMT 665
Rehabilitation and Hereditary Neuropathy 824
Rehabilitation and HMSN 452
Exercise and Charcot Marie Tooth 521
Exercise and CMT 1,052
Exercise and Hereditary Neuropathy 1,189
Exercise and HMSN 214
Whole Body Vibration and Charcot Marie Tooth 45
Whole Body Vibration and CMT 182
Whole Body Vibration and Hereditary Neuropathy 112
Whole Body Vibration and HMSN 14
WBYV and Charcot Marie Tooth 2
WBV and CMT 3
WBY and Hereditary Neuropathy 6
WBYV and HMSN 0

The figure 1 presents the PRISMA flow diagram of the study process.

A total of 5,941 publications were identified in the initial literature search. After title screening, 1,989
duplicates and 3,104 publications that did not investigate CMT or conventional therapy for CMT were removed.
Following the screening process, 82 publications remained, of which were 17 original studies with human
participants.

Table 2 provides an overview of the 17 included publications and their findings.

Table 2: Overview of the study characteristics (LRM = one repetition maximum, CG = control group, CMT = Charcot-Marie-Tooth
disease, CMTPedS = Charcot-Marie-Tooth disease Pediatric Scale, CoP = Center of pressure, CT = controlled trial, DT = double
task, EG = experimental group, IBM = inclusion body myositis, LGS = limb-girdle syndrome, MMD = myotonic muscular dystrophy,
NR = not randomized, PEDro = PEDro total score, PET = Problem Elicitation Technique, RCT = randomized controlled trial, ROM
= range of motion, VAS = visual analog scale, WOMAC = Western Ontario and McMaster University Osteoarthritis Index)

,:lgc:lor/s, Participants Design Intervention Outcomes Results 2RI
Burns et al., CMT (n = 60) RCT |3 x 25 min home based Measurements: baseline, | Increased strength in EG, 9
2017, (27) 6 to 17 years old training/ week months 6, 12, and 24: decreased in CG after 24

30 EG, 30 CG 6 months (total 72 training | Hand-held dynamometry | months, no effect during
sessions), including 12 (isometric dorsiflexion intervention time
supervised trainings strength) No group difference in muscle
EG: moderate-intensive, MRI (muscle and and intramuscular fat
progressive resistance intramuscular fat No group difference in
training with adjustable volume) disability, gait and ankle
exercise cuffs (50 % to 70 | CMTPedS (disability, stability
% of 1RM) gross and fine motor In Global Impression of
CG: sham treatment (< 10 | function, strength, Change score more children in
% of 1RM) sensation, and balance) EG than in CG are stable or

better
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Cherriere et
al., 2020
(28)

CMT (n=9)
7 to 12 years old
5EG,4CG

CT

2 x 60 min/ week

10 weeks (total 20 training
sessions)

EG: Adapted dance
program (warm-up, various
dance forms, stretching)
CG: no intervention

Measurements: baseline,
week 10

VAS (pain)

CMTPedS
Dynamometry (muscular
force and power)

Force platform (muscular
force and power, postural
control)

Mira Stambak
21Rhythmic (rhythm)
Score! and Score DT
(sustained attention)
Digit span (short term
and working memory)

Reduction of pain during
intervention

Significant improvement in
CMTPedS, muscle strength
and 21Rhythmic in EG

5

Dahl et al.,
2004 (13)

47 children, 40 adults
Congenital myopathy

(n=3)
Duchenne muscle
dystrophy (n = 5)

Myotonic dystrophy (n

=11)

Congenital myotony (n

= 4)
LGS (n=9)

Muscle dystrophy, not

specified (n = 12)
CMT (n=21)

Dejerine-Sotta disease

(n=2)

Neuropathy, unknown

(n=1)

Spinal muscle atrophy

(n=11)

Fascioskapulohumeral
muscle dystrophy (n =

3)

Friedreich-Ataxia (n =

1)
MMD (n = 3)

RCT

12 weeks, 2 to 4 sessions of
30 to 45 min/ day,
physiotherapy, physical
skills, coping strategies,
understanding and
inspiration further activity
in the home environment
EG: sessions in Lanzarote
CG: sessions in Norway

Measurements: baseline,
week 12, follow up
weeks 24 and 36
Adults:

VAS, 1-6 scale (pain)
Beck's Depression
Inventory (depression)
Quality of life Life
Satisfaction Scale
Fatigue Severity Scale
Ursin Holger
Inventarium (symptoms)
ADL-Index (activities of
daily living)
Rivermead Mobility
Index (mobility)

20 m walking (walking
function)

6 min walking/
wheelchair test
(endurance)

Timed up and go
(mobility)
Dynamometer (hand
strength)

Children:

Functional assessments
Joint angles (hip/ankle)
Ability to move
Walking function
Pediatric Evaluation of
Disability

Significant result for
depression in EG

Dudziec et
al., 2019
(29)

CMTIA (n = 14)

RCT

12 weeks home based
training

EG: Balance exercises,
strength training, falls
management session
CG: falls management
session

Measurements: baseline,
week 12

Reported falls and
activity over 20 weeks
Static and dynamic
posturography (CoP),
Berg Balance Score,
BESTest, Functional Gait
Assessment (balance)
Lower limb strength test
Subjective measures of
balance confidence and
function

Greater delays with completing
the study for EG compared to

CG

No group difference in
reported falls

Greater effects for EG in all
balance tests than for CG

Moderate improvement in COP

velocity for EG

Small improvement in balance

confidence in EG
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Kilmer et CMT1A (n=2) EG/ |12 weeks, 3 to 4 x/ week Measurements: baseline, | Significant group differences |3
al., 1994 MMD (n =5) CG | Alternating from 1 to 5 sets | weeks 4 and 12 in knee extension parameters
(30) LGS (n=3) NR | with 10 reps Force transducer isometric peak torque,

Healthy persons (n = 6) Strength training at 12 RM | (isometric strength of isokinetic peak torques and in
weight with adjustable elbow flexion and knee | elbow flexion parameters
ankle and wrist cuffs extension) isometric peak torque,

EG: patients Dynamometer (isokinetic | concentric isokinetic peak
CG: healthy persons concentric an eccentric torque and isokinetic work per
elbow flexion and knee | degree
extension: peak torque No comparison between
and work per degree) patients reported
Lindeman, CMT (n =29, 15 EG, RCT | 24 weeks, 3 x/ week Measurements: baseline, | Only in CMT patients 3
& Drukker, 14 CG) EG: Strength training for week 12 significant improvements in
1994 (31) MMD (n = 33, 15 EG, leg musculature (knee Dynamometer (isokinetic | isokinetic knee extension and
18 CG) extensors and flexors) with | knee extension and flexion torque and MVC, as
adults adjustable weights (weeks 1 | flexion torque, MVC) well as in questionnaires
to 8 at 60 % of 1RM, weeks | Endurance time at 80 % | (descending and ascending
91to 16 at 70 % of 1RM, MVC (fatigue) stairs, rising from sitting,
weeks 17 to 24 at 80 % of | Functional abilities picking up something, from the
1RM) (time-scored activities, floor getting in/ out car), no
CG: No intervention questionnaires WOMAC, | significant changes in time-
PET, VAS) scored activities
Lindemanet| CMT (n=28, 14 EG, RCT |24 weeks, 3 x/ week home | Measurements: baseline, | Significant improvement in 6
al., 1995 14 CG) based training weeks 8, 16 and 24 CMT EG in isokinetic knee
(32) MMD (n =30, 15 EG, EG: Strength training with | Dynamometer (strength: | torque extension and 6 m
15 CG) 60 % of 1RM 3 sets with 25 | maximum isokinetic comfortably walking
16 to 60 years old reps, 1 min rest between concentric knee torques
sets (weeks 1t0 8), 70 % 3 | and isometric maximum
sets with 15 reps, 1 min rest | voluntary contraction
between sets (weeks 9 to MVC, endurance:
16), 80 % 3 sets with 10 maximum duration of
reps, 1 min rest between contraction at 80 % of
sets (weeks 17 to 24) MVC)
CG: No intervention Functional abilities (time
scored activities,
modified WOMAC and
PET questionnaires
Matjaci¢, & CMT1 (n = 16) RCT |12 sessions (6 consecutive | Measurements: baseline, | Significant improvement in 6
Zupan, 14 to 60 years old days, 1 day rest, 6 day 13 both groups in Berg Balance
2006 (33) consecutive days) Berg Balance Scale Scale
Per session 10 min (balance) Significant improvement for
stretching, 10 min Up&Go (mobility) EG in Up&Go and 10 m walk
strengthening exercises, 20 | 10 m walk (gait)
min balance exercises
EG: performed balance
exercises standing on a
mechanic apparatus
(Balance Trainer)
CG: performed balance
exercises standing on the
bottom
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Mori et al., CMT1A (n=53) RCT |12 weeks Measurements: baseline, | Week 12: significant 4
2017 (14) Respiratory, proprioceptive |week 12 and 12-week improvement in both groups in
and stretching exercises follow-up 6 min walking, 10 m walking,
EG: additional treadmill 6 min walking test Berg Balance Scale and SPPB
training (endurance) Follow-up: still significant
CG: no additional training | 10 m walking test and improvement in CG in 6 min
Walk-12 (gait) walking
Short physical
performance battery
SPPB
Dynamometer (lower
limbs strength)
Berg Balance Scale
(balance)
CMT neuropathy score
and Medical Outcomes
Study Short Form SF-36
(disability)
Mori et al., CMT1A (n =53) RCT |12 weeks Measurements: baseline, | Week 12: significant 4
2016 (34) Respiratory, proprioceptive | week 12 and 12-week improvement in both groups in
and stretching exercises follow-up 6 min walking, 10 m walking,
EG: additional treadmill 6 min walking test Berg Balance Scale and SPPB
training (endurance) Follow-up: still significant
CG: no additional training | 10 m walking test and improvement in CG in 6 min
Walk-12 (gait) walking
Short physical
performance battery
SPPB
Dynamometer (lower
limbs strength)
Berg Balance Scale
(balance)
CMT neuropathy score
and Medical Outcomes
Study Short Form SF-36
(disability)
Phillipset | CMT1, CMT2 (n=11) | RCT |18 weeks (each orthoses 3 | Measurements: baseline, | Significant difference 5
al., 2021 38 to 74 years old Cross | weeks plus 1 week wash- weeks 15 and 28 (advantage for PPAFO) in gait
(15) over |out, plus 12 weeks Goal Attainment Scale parameters stance time (%
preferred orthoses) (goal achievement) stride), swing time (% stride),
EG1: Polypropylene ankle- | Likert scaled every day | stride length, proportion of
foot orthoses (PPAFO) use of orthoses (ease of | expected stride length,
EG2: Silicone ankle-foot- | donning and doffing, velocity, proportion of
orthoses (SAFO) overall satisfaction) expected velocity, swing
EG3: Ligaflex orthoses Likert scaled impairment | velocity
and Borg Scale of Significant difference in every
Perceived Exertion while | day use (advantage for
walking (pain, comfort) | PPAFO) in comfort and overall
Nottingham Extended satisfaction
Activities of Daily Living
questionnaire, Berg
Balance Scale, gait
analysis (activity and
participation)
Ramdharry | CMT1A (n=14,7EG, | RCT |12 weeks home based Measurements: baseline, | Strong effects (advantage for |4
etal., 2018 7 CG) training week 12 EG) in Berg Balance Scale,
(35) EG: proximal strengthening | Berg Balance Scale and | BESTest, 10 m walk and
and multi-sensory balance | BESTest (balance) Functional Gait Assessment
exercises 10 m walking, Functional | Moderate effect (advantage for
CG: no intervention Gait Assessment (gait) EG) in Bruininks Oseretsky
Bruininks Oseretsky Test | Test
(motor skills)
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Ramdharry | CMT (n =32, 18 EG1, | RCT |40 weeks: 16 weeks Measurements: baseline, | Significant interaction effectin | 4
etal.,, 2014 14 EG2) Cross | training/ control condition, | weeks 16, and 40 hip flexor MV C (left side) for
(36) over |8 weeks wash out, 16 MVC hip flexor (peak training condition

weeks control/ training muscle strength)

condition 6 min walking test

EG: 2 consecutive sets of 8 | (endurance)
to 12 reps, 4 x/ week, 40 % | Modified Physiological

to 60 % of MVVC Cost test

CG: no intervention Borg Scale during
walking
10 m walking (gait
speed)

Walk-12 (perception of
walking ability)
Fatigue Severity Scale
(fatigue)

Overall Neuropathy
Limitations Scale
(disability)
Phone-FITT Scale
(physical activity level)

Refshauge CMT1A (n =14) RCT |12 weeks: 6 weeks per leg | Measurements: baseline, | No significant effect 6
et al., 2006 < 30 years old Cross | Splints adjusted into weeks 6, 12, follow-up
(37) over | dorsiflexion (calf week 26

stretching) Lidcombe Template

(dorsiflexion ROM)
Goniometer (eversion

ROM)
Videler et CMT (n=15) Single | Neoprene opposition splint | Measurements: baseline, | Significant improvements in 2
al., 2011 group | for dominant hand after treatment Michigan Hand Outcomes
(38) Sollerman hand function | Questionnaire and Canadian

test, Functional Dexterity | Occupational Performance
Test (manual dexterity) | Measure

Michigan Hand
Outcomes Questionnaire,
Canadian Occupational
Performance Measure
(perceived limitations in
upper limb function)
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Wallace et
al., 2019
(39)

CMT1A (n =28, 14
EG1, 14 EG2)
IBM (n=17,9EGL, 8
EG2)

18 to 80 years old

RCT
Cross
over

12 weeks training/ control
condition, 8 weeks wash
out, 12 weeks control/
training condition

EG: 3 x 30 min/ week (total
36 sessions) on bicycle
ergometer at 60 % of VO,
peak (weeks 1 to 4), 70 %
(weeks 5 to 8), 80 %
(weeks 9to 12)

CG: no intervention

Moderate effect in VO, peak |7
for CMT, strong effect for
IBM

Measurements: baseline,
weeks 12, 20 and 32
Indirect calorimetry (VO,
peak)

BMI, percentage body
fat, blood pressure, lung
function

Fatigue Severity Scale
(fatigue)

VAS (pain)
Dynamometer (isometric
and isokinetic lower limb
muscle function)

10 m walking test (gait)
6 min walking test
(endurance)

Walk-12 Scale
Sensewear activity
monitor (physical
activity)

CMT Examination Score
(disease specific
measures for impairment
and disability)
Self-efficacy, barriers to
activity

Short Form 36

Pittsburg Sleep Quality
Scale

Epworth Sleepiness Scale
International Physical
Activity Questionnaire

Wright et
al., 1996
(40)

CMT (n=2)

MMD (n =5)

LGS (n=1)
28 to 55 years old

Single
group

12 weeks home walking
program

3 x/ week, 15 min per
session (weeks 1 and 2), 20
to 30 min (week 3), 4 x/
week (weeks 5 and 9)

50 % to 60 % of Reserve
Heart rate + Resting Heart
rate

Measurements: baseline,
week 12, 12 months
Graded exercise test
(respiratory metabolic
pulmonary work
capacity)

Dynamometer (peak
isokinetic torque of knee
extensors and flexors)
Respirometer (vital
capacity, forced
expiratory volume in 1
sec, maximum voluntary
ventilation)

Skinfold caliper (body
fat)

Significant decreases in Heart |2
rate and systolic blood pressure

In total, four studies investigate the effects of
strength training (27;30;31;32), three of strength
and balance training (29; 33;35), three of orthosis/
splint wearing (15;37;38), two of stretching
exercises (14;34), two of endurance training
(39;40), one of physiotherapy (13) and one of
dancing program (28). The person samples range
from "s" for "ranges” = 8 (40) to n = 60 (27).
Intervention duration range from single session (28)
to 40 weeks (36). Most of the studies have a
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duration of 12 weeks (13;14;29;30;34,35;37,39;40).
Methodological quality: Five studies are described
as “good” (27;32;33;37;39) and can be considered
to be included into a meta-analysis. Four of them
investigate the effects of conventional therapy
methods on different aspects of Quality of Life
(27;32;33;39) and are included into meta-analysis.
The complete overview of the methodological
quality of the included studies, using the PEDro
score, can be found in the following table 3.
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Table 3: PEDro scores for the studies found

Author/s, year 1 2 3 4 5 6 7 8 9 10 11 Totz;L(l)DriDro
Burns et al., 2017 (27) 1 1 1 1 1 0 1 1 1 1 1 9
Cherriere et al., 2020 (28) 1 0 0 1 0 0 1 1 0 1 1 5
Dahl et al., 2004 (13) 1 1 0 0 0 0 0 0 0 1 0 2
Dudziec et al., 2019 (29) 0 1 0 1 0 0 0 0 0 1 1 4
Kilmer et al., 1994 (30) 0 0 0 0 0 0 0 1 0 1 1 3
Lindeman, & Drukker, 1994 (31) 0 1 0 1 0 0 0 1 0 0 0 3
Lindeman et al., 1995 (32) 1 1 0 1 0 0 1 1 0 1 1 6
Matjaci¢, & Zupan, 2006 (33) 1 1 0 1 1 0 0 1 0 1 1 6
Mori et al., 2017 (14) 0 1 0 0 1 0 0 1 0 1 0 4
Mori et al., 2016 (34) 0 1 0 0 1 0 0 1 0 1 0 4
Phillips et al., 2021 (15) 1 1 1 0 1 0 0 0 0 1 1 5
Ramdharry et al., 2018 (35) 0 1 0 1 0 0 0 0 0 1 1 4
Ramdharry et al., 2014 (36) 0 1 0 1 0 0 1 0 0 0 1 4
Refshauge et al., 2006 (37) 1 1 0 1 0 0 1 1 0 1 1 6
Videler et al., 2011 (38) 0 0 0 0 0 0 0 1 0 0 1 2
Wallace et al., 2019 (39) 0 1 1 1 0 0 1 1 0 1 1 7
Wright et al. 1996 (40) 1 0 0 0 0 0 0 1 0 0 1 2

*0: criterion not fulfilled; 1: criterion fulfilled. The items are listed as follows: 1: eligibility criteria were
specified; 2: subjects were randomly allocated to groups or to a treatment order; 3: allocation was concealed; 4:
the groups were similar at baseline; 5: there was blinding of all subjects; 6: there was blinding of all therapists;
7: there was blinding of all assessors; 8: measures of at least one key outcome were obtained from more than
85% of the subjects who were initially allocated to groups; 9: intention-to- treat analysis was performed on all
subjects who received the treatment or control condition as allocated; 10: the results of between-group statistical
comparisons are reported for at least one key outcome; 11: the study provides both point measures and
measures of variability for at least one key outcome; Total score: each satisfied item (except the first)
contributes 1 point to the total score, yielding a PEDro scale score that can range from 0 to 10. Level of
evidence: 6 or more of “good” quality, 45 of “fair” quality, and below 4 of “poor” quality.
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Figure 2: Funnel plot for Activities of Daily Living
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Figure 7: Forest plot for Health related Quality of Life outcomes
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Publication bias: Nearly all outcomes are in a
homogenous distribution (figures 2 to 4).

"The forest plots (figures 5 to 7) show effect sizes
for outcomes of Activities of Daily Living,
Disability, and Health related Quality of Life"
Heterogeneity: In all outcomes, an 12 of 0 % can be
found. The Activities of Daily Living outcomes
show a non-significant Chi2 of .25, in Disability
outcomes, a non-significant Chi?2 of .72, and in
Health related Quality of Life outcomes, a non-
significant Chi2 of .19.

Effect sizes: Effect sizes range from -.53 to -.32 for
Activities of Daily Living outcomes (overall effect -
42), from -.12 to .28 for Disability outcomes
(overall effect .13) and from .21 to .41 for Health
related Quality of Life outcomes (overall effect .29).

Discussion:

Aim of this review and meta-analysis was to
investigate which conventional treatments for CMT
exist and which of them has the strongest effect on
different aspects of Quality of Life. Only five of all
studies found had a good methodological quality, of
which four investigate the effects of conventional
treatments on different aspects of Quality of Life.
Heterogeneity for all outcomes can be considered as
low with an 12 of 0 % and non-significant Chi?2
values.

Overall effects for Activities of Daily Living
(SMD=-.42) and Health related Quality of Life
(SMD=.29) favor both the experimental groups, in
Disability, an overall effect of .13 favors the control
group. The overall effects for Disability and Health
related Quality of Life are considered as no effects,
the overall effect for Activities of Daily Living as
small.

In the Activities of Daily Living outcomes, all
effects favoring the experimental group can be
reasoned by the fact that the study by Lindeman et
al. (32) had a “real” control group without any
intervention. The other study included here (33)
favors experimental group too, but this effect is a bit
lower than the others. In addition, this study has the
lowest influence on total effect (12 %). Although
the Timed up and Go has good psychometric
properties, the interpretation of the results is
questionable, as shown by a meta-analysis. There
are many different cutoff values that are used to
decide the risk of falling (41). Furthermore, this test
is validated for persons over 60 years of age, the

patients of the present study were on average only
38 years old (33), so that the result of this test
cannot be correctly classified. Highest effects were
found for both stairs tasks in the study by Lindeman
et al. (32), lowest effects for the Timed up and Go
(33). This could be caused by the difference of
intervention durations. The study by Lindeman et al.
(32) had a duration of 24 weeks with three sessions
per week, the study by Matjaci¢ et al. (33) had a
duration of only two weeks with 12 sessions in
total. So it can be assumed that this training period
was not long enough, even though another study
showed that improvements in balance ability and
intracortical inhibition were visible after only two
weeks of balance training (42).

In the Disability outcomes, the total effect favors
control group. This can be reasoned by the fact that
there was one study (27) with a sham treatment,
favoring control group with an SMD of .28.
Because of the number of participants, this study
has an influence of about 44 % on the overall effect.
The second study (39) included here has nearly no
effect, and favors depending from the outcome once
experimental and twice in a very low degree control
group. In the case of the VAS, it should be noted
that criterion validity is questionable (43). Thus, it
is not ensured that this scale really captures the
severity of pain. Thus, the results of this study
should not be taken into account, which would
increase the overall effect size in favor of the
experimental group. Highest effect favoring
experimental group was found for CMTES (39), the
highest effect favoring control group for CMTPedS
(27). However, the tests that were used here are all
questionnaires, so there is a lot of subjective latitude
here, since the patients were asked to fill them out
and there was no third-person evaluation. However,
it can also be assumed that the intervention duration
at Burns’ study (27) was too long and thus an
opposite effect was produced by fatigue/
overtraining of the patients in the experimental
group (44). For the CMTPedS, it should be noted
that it has only been validated with a relatively
small sample (23). Thus, it is questionable to what
extent the results of this validation study can be
transferred to the general population.

In Health related Quality of Life, both studies
(27;39) favor experimental groups, even if one of
them (27) with a placebo condition. Since the CHQ
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is a questionnaire for parents, but the study does not
indicate whether parents knew whether their
children were in the experimental or control group,
this must be taken into account. For this reason, the
sham intervention might not have played a role. The
study by Wallace et al. (39) had a stronger effect
here than the study by Burns et al. (27). In addition,
it could be assumed that endurance training has a
more positive effect than strength training, since
endorphin response is increased after endurance
training, among other things (45) However, it can
also be assumed that the intervention duration at
Burns’ study (27) was too long and thus an opposite
effect was produced by fatigue/overtraining of the
patients in the experimental group (44).

Conclusions:

It seems that the interventions studied are not
successful enough to improve the different aspects
of Quality of Life in CMT. This could be due to the
type of intervention, but also to the training
parameters (e.g. intensity or frequency). It is also
possible that the promotion of a single motor ability
is not sufficient and that a program needs to be
created that promotes all motor abilities (strength,
endurance, speed, coordination, flexibility). Another
rationale would be that because of the causes of
CMT, such treatment does not work

Future directions:

In any case, to improve the different aspects of
Quality of Life of CMT patients, further studies
must follow. Since no studies on the effectiveness
of whole body vibration on the symptoms of CMT
are available so far, this gentle method should be
investigated as soon as possible, since good results
have already been achieved here in other
neurological diseases. In addition, the effectiveness
of a comprehensive training program that promotes
all motor abilities should also be examined. Such
studies are in planning.

Supporting information: The PRISMA Checklist.

Acknowledgments: None to declare.
Funding: None to declare.

Conflicts of interest: The authors have no conflicts
of interest related to this publication.

Author contributions

Study design, draft, tables and figures: AD;
Translation, correction notes on formulations:
LMD; Selection and data collection process and
evaluation of methodological criteria: AD, LMD;
Both authors have made a significant contribution to
this study and have approved the final manuscript.

Data sharing statement: No additional data are
available.

References:

[1] Auer-Grumbach, M. Hereditary sensory
neuropathy type I. Orphanet J Rare Dis
2008; 3: 7. Doi: 10.1186%2F1750-1172-3-
7.

[2] National Institute of Neurological Disorders
and Stroke NINDS. Charcot-Marie-Tooth
Disease  Fact Sheet. Available at
https://www.ninds.nih.gov/health-
information/patient-caregiver-
education/fact-sheets/charcot-marie-tooth-
disecase-fact-sheet. Last accessed May 21,
2022.

[3] Kvorning T, Bagger M, Caserotti P, Madsen
K. Effects of vibration and resistance
training on neuromuscular and hormonal
measures. Eur J Appl Physiol 2006, 96(5):
615-625. Doi: 10.1007/s00421-006-0139-3.

[4] Cochrane DJ, Stannard SR, Sargeant AJ,
Rittweger J. The rate of muscle temperature
increase during acute whole-body vibration
exercise. Eur J Appl Physiol 2008; 103(4):
441-448. Doi: 10.1007/s00421-008-0736-4.

[5] Krol P, Piecha M, Slomka K, Sobota G,
Polak A, Juras G. The effect of whole-body
vibration frequency and amplitude on the
myoelectric activity of vastus medialis and
vastus lateralis. J Sports Sci Med 2011,
10(1): 169-174.

[6] Ritzmann R, Gollhofer A, Kramer A. The
influence of vibration type, frequency, body
position and additional load on the
neuromuscular activity during whole body
vibration. Eur J Appl Physio 2013; 113(1):
1-11. Doi: 10.1007/s00421-012-2402-0.

[7] Cochrane DJ. Vibration exercise: the
potential benefits. Int J Sports Med 2011,
32(2): 75-99. Doi: 10.1055/s-0030-1268010.

6202 International Journal of Medical Science and Clinical Invention, vol. 09, Issue 07, July 2022



Andrea Dincher.et.al/Effects of Conventional Therapy on Quality Of Life in CMT Disease Review and Meta-Analysis

[8]

]

[10]

[11]

[12]

[13]

[14]

[15]

6203

Lu J, Xu G, Wang Y. Effects of whole body
vibration training on people with chronic
stroke: a systematic review and meta-
analysis. Top Stroke Rehabil 2015; 22(3):
161-168. Doi:
10.1179/1074935714Z.0000000005.
Dincher A, Schwarz M, Wydra G. Analysis
of the effects of whole-body vibration on
motor symptoms, balance, gait and mobility
in Parkinson’s disease — Meta-analysis.
PM&R 2019; 11(6): 640 - 653. Doi:
10.1002/pmrj.12094.

Robinson CC, Barreto RPG, Plentz RDM.
Effects of whole body vibration in
individuals  with  diabetic  peripheral
neuropathy: a systematic review. J
Musculoskelet Neuronal Interact 2018;
18(3): 382-388.

Albasini A, Krause M. Indications and
contraindications in the clinical application
of WBV. Immediate and long-term effects
and their influence on the selection of
dosage. In: Albasini A, Krause M,
Rembitzki 1 Eds. Using Whole Body
Vibration in Physical Therapy and Sport.
Clinical practice and treatment exercises.
2009; p 65-92. Doi: 10.1016/B978-0-7020-
3173-1.00008-9.

Runge M. Die Vibrationsbehandlung - neue
Wege in Therapie und Training von
Muskelfunktionen. B&G 2006; 2: 70-74.
Doi: 10.1016/B978-0-7020-3173-1.00008-9.
Dahl A, Skjeldal OH, Simensen A, Dalen
HE, Brathen T, Ahlvin P, et al. Treatment of
patients with neuromuscular disease in a
warm climate. Tidsskrift for den Norske
Laegeforening 2004; 124(13-14): 1795-
1798.

Mori L, Francini L, Prada V, Signori A,
Pareyson D, Padua L, et al. Aerobic exercise
for subjects affected by charcot-marie-tooth
(CMT) neuropathy: results of a multicenter,
prospective, randomized, single blind,
controlled clinical trial. J peri nerv sys 2017;
22(3): 343-344.

Phillips MF, Robertson Z, Killen B, White
B. A pilot study of a crossover trial with
randomized use of ankle-foot orthoses for
people with Charcot-Marie-Tooth disease.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[29]

Clin Rehabil 2012; 26(6): 534-544. Doi:
10.1177/0269215511426802.

Egger M, Davey Smith G, Schneider M,
Minder C. Bias in meta-analysis detected by
a simple, graphical test. BMJ 1997;
315(7109): 629-634. Doi:
10.1136/bmj.315.7109.629.

Verhagen AP, Ferreira ML. Forest plots. J
Physiother 2014; 60(3): 170-173. Doi:
10.1016/j.jphys.2014.06.021.

Higgins JPT, Green S. Cochrane Handbook
for Systematic Reviews of Interventions
Version 5.1.0 [updated March 2011]. The
Cochrane Collaboration. Available from:
www.handbook-5-1.cochrane.org. Last
accessed May 21, 2022.

Higgins JP, Thompson SG, Deeks JJ,
Altman DG. Measuring inconsistency in
meta-analyses. BMJ 2003; 327(7414): 557-
560. Doi: 10.1136/bmj.327.7414.557.
Moxley RT. Functional testing. Muscle &
Nerve 1990; 13(Suppl): S26-29. Doi:
10.1002/mus.8801313009.

Podsiadlo D, Richardson S. The timed “Up
& Go”: a test of basic functional mobility
for frail elderly persons. J Am Geriatr Soc
1991; 39(2): 142-148. Doi: 10.1111/j.1532-
5415.1991.tb01616.x.

Shy ME, Blake J, Krajewski K, Fuerst DR,
Laura M, Hahn AF, et al. Reliability and
validity of the CMT neuropathy score as a
measure of disability. Neurology 2005;
64(7): 1209-1214. Doi:
10.1212/01.WNL.0000156517.00615.A3.
Burns J, Ouvrier R, Estilow T, Shy R, Laura
M, Pallant JF et al. Validation of the CMT
Pediatric Scale as an outcome measure of
disability. Ann Neurol 2012; 71(5): 642-652.
Doi: 10.1002.ana.23572.

Krupp LB, LaRocca NG, Muir-Nash J,
Steinberg AD. The fatigue severity scale.
Application to patients with multiple
sclerosis and systemic lupus erythematosus.
Arch Neurol 1989; 46(10): 1121-1123. Doi:
10.1001/archneur.1989.00520460115022.
Hayes MH, & Patterson DG. Experimental
development of the graphic rating method.
Psychol Bull 1921; 18: 98-99.

International Journal of Medical Science and Clinical Invention, vol. 09, Issue 07, July 2022



Andrea Dincher.et.al/Effects of Conventional Therapy on Quality Of Life in CMT Disease Review and Meta-Analysis

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

6204

Ware JE, Jr. SF-36 health survey update.
Spine (Phila Pa 1976) 2000; 25(24): 3130-
3139. Doi: 10.1097/00007632-200012150-
00008.

Burns J, Sman AD, Cornett KMD,
Wojciechowski E, Walker T, Menezes MP,
et al. Safety and efficacy of progressive
resistance exercise for Charcot-Marie-Tooth
disease in children: a randomized, double-
blind, sham-controlled trial. Lancet Child &
Adol Health 2017; 1(2): 106-113. Doi:
10.1016/52352-4642%2817%2930013-5.
Cherriere C, Martel M, Fortin S, Raymond
M-J, Veilleux LN, Lemay M. An adapted
dance program for children with Charcot-
Marie-Tooth disease: An exploratory study.
J Bodyw Mov Ther 2020; 24(2): 85-91. Doi:
10.1016/j.jbmt.2019.09.009.

Dudziec M, Lee LE, Massey C, Skorupinska
M, Laura M, Reilly MM, Ramdharry GM.
Preliminary falls and functional balance data
from the BALTIC study: a feasibility
analysis of home based BALance training in
people with charcot-marie-tooth disease. J
neuromusc dis 2019; 6: S44.

Kilmer DD, McCrory MA, Wright NC,
Aitkens SG, Bernauer EM. The Effect of a
High Resistance Exercise Program in Slowly
Progressive Neuromuscular Disease. Arch
Phys Med Rehab 1994; 75(5): 560-563. Doi:
10.1016/S0003-9993(21)01620-8.

Lindeman E, Drukker J. Specificity of
strength training in neuromuscular disorders.
J Rehab Sci 1994; 7(Supplement): 13-15.
Lindeman E, Leffers P, Spaans F, Drukker J,
Reulen J, Kerckhoffs M, Koke A. Strength
training in patients with myotonic dystrophy
and hereditary motor and sensory
neuropathy: A randomized clinical trial.
Arch Phys Med Rehab 1995; 76(7): 612-
620. Doi: 10.1016/s0003-9993(95)80629-6.
Matjaci¢ Z, Zupan A. Effects of dynamic
balance training during standing and
stepping in patients with hereditary sensory
motor neuropathy. Disabil Rehab 2006;
28(23): 1455-14509. Doi:
10.1080/09638280600646169.

Mori L, Francini L, Prada V, Signori A,
Pareyson D, Padua L, et al. Aerobic exercise

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

in patients affected by Charcot-Marie-Tooth
(CMT) neuropathy: results of a randomized,
single blind, controlled study. J peri nerv sys
2016; 21(3): 282.

Ramdharry G, Dudziec M, Lee L, Massey C,
Reilly M. Balance training in people with
Charcot-Marie-Tooth 1A (BALTIC trial)
improves balance and gait. J peri nerv sys
2018; 23(4): 268.

Ramdharry GM, Pollard A, Anderson C,
Laura M, Murphy SM, Dudziec M, et al. A
pilot study of proximal strength training in
Charcot-Marie-Tooth disease. J peri nerv
syst 2014; 19(4): 328-332.

Refshauge KM, Raymond J, Nicholson G,
van den Dolder PA. Night splinting does not
increase ankle range of motion in people
with  Charcot-Marie-Tooth  disease: A
randomized, cross-over trial. Austral J
Physiother 2006; 52(3): 193-199. Doi:
10.1016/S0004-9514%2806%2970028-9.
Videler A, Beelen A, Eijffinger E, Nollet F.
Is a thumb opponens splint useful for
patients with charcot-marie-tooth disease?
Physiother 2011; 97: eS1311. Doi:
10.2340/16501977-0932.

Wallace A, Pietrusz A, Dewar E, Dudziec
M, Jones K, Hennis P, et al. Community
exercise is feasible for neuromuscular
diseases and can improve aerobic capacity.
Neurology 2019; 92(15): e1773-e1785. Doi:
10.1212/WNL.0000000000007265.

Wright NC, Kilmer DD, McCrory MA,
Aitkens SG, Holcomb BJ, Bernauer EM.
Aerobic walking in slowly progressive
neuromuscular disease: Effects of a 12-week
program. Arch Phys Med Rehab 1996;
77(1):  64-69. Doi:  10.1016/S0003-
9993%2896%2990222-1.

Bohannon RW. Reference Values for the
Timed Up and Go Test. A Descriptive Meta-
Analysis. J Geriatr Phys Ther 2006; 29(2),
64-68. Doi: 10.1519/00139143-200608000-
00004.

Mouthon A, Taube W. Intracortical
Inhibition Increases during Postural Task
Execution in Response to Balance Training.
Neuroscience 2019; 401: 35-42. Doi:
10.1016/j.neuroscience.2019.01.007.

International Journal of Medical Science and Clinical Invention, vol. 09, Issue 07, July 2022



Andrea Dincher.et.al/Effects of Conventional Therapy on Quality Of Life in CMT Disease Review and Meta-Analysis

[43] Boonstra AM, Schiphorst Preuper HR,
Reneman MF, Posthumus JB, Stewart RE.
Reliability and validity of the visual
analogue scale for disability in patients with
chronic musculoskeletal pain. Int J Rehabil
Res 2008; 31(2): 165-169. Doi:
10.1097/MRR.0b013e3282fc0f93.

[44] Vogel R. ,,Ubertraining*: Begriffsklidrungen,
atiologische Hypothesen, aktuelle Trends
und methodische Limiten. Schweiz Z
Sportmed Sporttrauma 2001; 49(4): 154-
162.

[45] Pierce EF, Eastman NW, Tripathi HL, Olson
KG, Dewey WL. Beta-endorphin response
to endurance exercise: relationship to
exercise dependence. Percept Mot Skills
1993; 77(3 Pt 1). 767-770. Doi:
10.2466/pms.1993.77.3.767.

6205 International Journal of Medical Science and Clinical Invention, vol. 09, Issue 07, July 2022



