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ABSTRACT
Background Shoe inserts, orthopaedic shoes, ankle- 
foot orthoses (AFOs) are important devices in Charcot- 
Marie- Tooth disease (CMT) management, but data about 
use, benefits and tolerance are scanty.
Methods We administered to Italian CMT Registry 
patients an online ad hoc questionnaire investigating 
use, complications and perceived benefit/tolerability/
emotional distress of shoe inserts, orthopaedic shoes, 
AFOs and other orthoses/aids. Patients were also asked 
to fill in the Quebec User Evaluation of Satisfaction with 
assistive Technology questionnaire, rating satisfaction 
with currently used AFO and related services.
Results We analysed answers from 266 CMT patients. 
Seventy per cent of subjects were prescribed lower limb 
orthoses, but 19% did not used them. Overall, 39% of 
subjects wore shoe inserts, 18% orthopaedic shoes and 
23% AFOs. Frequency of abandonment was high: 24% 
for shoe inserts, 28% for orthopaedic shoes and 31% for 
AFOs. Complications were reported by 59% of patients 
and were more frequently related to AFOs (69%). AFO 
users experienced greater emotional distress and reduced 
tolerability as compared with shoe inserts (p<0.001) and 
orthopaedic shoes (p=0.003 and p=0.045, respectively). 
Disease severity, degree of foot weakness, customisation 
and timing for customisation were determinant factors in 
AFOs’ tolerability. Quality of professional and follow- up 
services were perceived issues.
Conclusions The majority of CMT patients is prescribed 
shoe inserts, orthopaedic shoes and/or AFOs. Although 
perceived benefits and tolerability are rather good, there 
is a high rate of complications, potentially inappropriate 
prescriptions and considerable emotional distress, which 
reduce the use of AFOs. A rational, patient- oriented and 
multidisciplinary approach to orthoses prescription must 
be encouraged.

BACKGROUND
Distal motor weakness and foot deformities are the 
most disabling symptoms in Charcot- Marie- Tooth 
disease (CMT), the most prevalent group of inher-
ited peripheral neuropathies; variable distal sensory 

loss, sometimes with sensory ataxia and decreased- 
to- absent deep tendon reflexes are other character-
istic findings.1

Orthotic devices such as shoe inserts, ortho-
paedic shoes and ankle- foot orthoses (AFOs) are 
important assistive devices in the management of 
CMT patients, by alleviating symptoms, improving 
gait, reducing energy costs and ameliorating quality 
of life. Their reported use ranges between 25% and 
55% for shoe inserts and 19% and 49% for AFOs, 
across different large cohorts of CMT patients.2–5

However, data regarding the employment of 
the different types of orthotics in real life and the 
related patients’ issues and compliance are still 
scanty. Indeed, clinical experience indicates that 
patients often find the prescribed orthotic device 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Foot orthoses are important assistive devices 
in Charcot- Marie- Tooth disease (CMT) 
management, but data about use, benefits and 
tolerance are scanty.

WHAT THIS STUDY ADDS
 ⇒ Although 70% of patients were prescribed foot 
orthoses, 19% of them did not use the devices, 
31% of users later abandoned them and 59% 
experienced complications.

 ⇒ Disease severity, degree and distribution of foot 
weakness, and both performance and timing of 
customisation impacted on ankle- foot orthoses 
(AFOs)’ benefit and tolerability.

 ⇒ At least 19% and possibly up to 58% of 
AFO prescription might be inappropriate or 
inadequate.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ A personalised and rational approach in 
prescribing AFOs is needed and is likely to 
improve compliance and tolerability, avoiding 
waste of resources.
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uncomfortable or unsuitable, which is consequently used less 
than prescribed and advisable, or not at all.

AFOs encompass a heterogeneous group of devices. According 
to their different mechanical characteristics, namely the support 
provided rather than their material, AFOs can be divided 
into plastic AFOs (P- AFO) (eg, Codivilla spring, Toe- off and 
Peromed), which support plantar and dorsal flexion ankle move-
ments, and elastic band AFOs (E- AFO) (eg, Foot- up and Dyna- 
ankle), which only assist foot dorsiflexion.6 Among P- AFOs, 
Peromed guarantees a partial foot sole coverage. A further subdi-
vision splits AFOs into low (L- AFOs) (eg, Peromed, Foot- up) 
and high (H- AFOs) (eg, Codivilla spring, Toe- off, Dyna- ankle) 
orthoses.4

Lusardi and Nielsen7 summarised the five main features of 
an ideal orthosis as being cosmesis, comfort, cost, function 
and fabrication. Phillips and colleagues8 explored the benefits, 
characteristics, barriers to use of AFOs, as perceived by a small 
cohort of patients with CMT; they highlighted the reported 
disadvantages and the problems with device supply and repair. 
Despite users understood the potential benefits of AFOs and 
identified drawbacks, which might be remedied, they were 
frustrated by the difficulties of translating this into practice.8 
Indeed, as AFOs are not strictly necessary for gait, the physical 
and psychological discomfort associated with their use as well 
as supply issues may have an important role in patients’ deci-
sion whether to use them or not. Accordingly, it was pointed out 
that CMT patients, especially women, had a poor compliance 
with AFOs and orthopaedic shoes, which was attributed to their 
poor aesthetics.9 Indeed, Vinci and colleagues found low compli-
ance with AFOs in CMT, with only 20% of patients using the 
prescribed AFO outside their house.10 In 2021, Zuccarino et al11 
reported a higher rate of satisfaction in a large series of CMT 
patients recruited through the Inherited Neuropathy Consor-
tium Contact Registry, but one- third of them found the device 

uncomfortable and reported pain and skin irritation. A very 
recent report by Bluoin and coauthors, assessing prescription 
and use of foot orthotics in France, found that out of 795 CMT 
patients who were prescribed to wear orthotic devices only 391 
were users.5

Taken all these considerations together, we aimed at exploring 
the patients’ direct experience with regard to benefit, tolerance 
and disadvantages of the prescribed devices.

METHODS
We administered a series of online questionnaires to patients 
registered in the National CMT Registry2 (www.registronmd.it) 
as previously reported.12–14 Recruitment was conducted before 
the COVID- 19 pandemic and lasted 3 years (2015–2017). 
Patients were asked to fill online: (a) an ad hoc questionnaire 
which collected information about the prescription and use of 
shoe inserts, orthopaedic shoes, AFOs and upper limb orthoses 
(with images of the different devices for facilitating identifica-
tion by the patient, online supplemental figure 1); about side 
and total period of use; indication of who prescribed them; use 
at home and/or outside and for how much of the time for both 
situations; 10- point Visual Analogue Scales (VAS, 0 lowest, 10 
highest) for their tolerability, perceived benefit and the emotional 
distress they caused; past or present complications (ulcers, sores, 
pressures, pain, others); reasons for choice of use or for non- 
tolerability/withdrawal; questions about use of knee orthotics, 
need of cane or crutch (unilateral or bilateral), scooter, wheel-
chair, electric wheelchair were also included; (b) the validated 
Italian version of the Quebec User Evaluation of Satisfaction 
with assistive Technology (QUEST), a self- assessed question-
naire composed of 12 statements, exploring the patient’s degree 
of satisfaction with their currently used AFO and the related 

Figure 1 Prescription, use and type of orthoses among the investigated CMT population (n=266). AFO, ankle- foot orthosis; CMT, Charcot- Marie- Tooth.
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services experienced. Each statement of QUEST is rated by a 
5- point system (1 not satisfied at all, 5 very satisfied).15

Patients were at the same time asked to fill in also other 
questionnaires, including the Hospital Anxiety and Depres-
sion Scale (HADS, Italian version)16 concerning the presence 
of anxiety, depression and general distress, and the Modified 
Fatigue Impact Scale (MFIS, Italian version)17 investigating 
the perception of fatigue; we could, thus, explore the correla-
tion of orthotic devices prescription/use with neuropsychiatric 
status—HADS- T, total score and its HADS- Anxiety (HADS- A)/
Depression (HADS- D) subscores12—and fatigue—MFIS- T total 
score (general fatigue) and its MFIS- Physical (MFIS- P)/Cogni-
tive (MFIS- C) subscores.13�+$'6��$� DQG�+$'6��'� VFRUHV�����
define the presence of anxiety/depression and HADS total score 
�+$'6��7�� ���� RI� JHQHUDO� GLVWUHVV� DFFRUGLQJ� WR� 6LQJHU� DQG�
colleagues18 while a total MFIS score >38 indicates abnormal 
fatigue, according to Flachenecker and colleagues.19

The national CMT Registry contains a series of information 
about CMT type, including disease severity (CMT examination 
score- CMTES), duration, muscle strength and body mass index.2

Statistical analysis
A description of participant characteristics at baseline was 
provided in terms of absolute numbers and percentages for cate-
gorical data and means with SDs for continuous data. We then 
used the Mann- Whitney U test, Fisher’s exact test and Spearman’s 
rank- order correlation to analyse associations between data on 
orthoses (prescription, use, side effects, tolerability, perceived 
benefit, emotional distress) and data from the registry including 
gender, age, disease duration, disease severity (CMTES), foot 
strength walking ability and/or use of orthotics, hand disability, 
sensory symptoms; and data from other questionnaires (HADS, 

MFIS). Throughout the statistical analysis, the significance level 
was set at 0.05 (significant: <0.05).

RESULTS
We analysed answers from 266 CMT patients (136 women; 
mean age 47.5±12.9 years, range 20–77). One hundred and 
eighty- five (70%) subjects were prescribed lower limb orthoses 
but 35/185 (19%) never used them. Among the 150 (56%) users, 
103 (69%) reported a current use while 47 (31%) abandoned 
their device. Overall (n=150), 103 (39%) subjects wore shoe 
inserts, 61 (23%) carried AFOs, 47 (18%) orthopaedic shoes 
and 8 (3%) knee orthoses (figure 1, table 1). Forty- one (16%) 
patients wore both AFOs and orthopaedic shoes.

Forty- five patients (17%) used walking aids, which included 
21 devices for unilateral support, 24 for bilateral support and 14 
wheelchairs (total aids=59). Eventually, 10 upper limb orthoses 
(two for fingers extension, six for thumb opposition, two for 
wrist extension) were carried by nine (3%) patients (table 1).

Among AFOs, Codivilla spring (41%), Toe- off (28%) and 
Peromed (24%) were the most frequently used, followed by 
Dyna- ankle (6%) and Foot- up (1%), for a total of 71 employed 
AFOs (table 1). Physiatrists were the main prescribers (62% of 
cases) followed by neurologists (39%) and orthopaedic surgeons 
(27%). Prescribed but unused orthoses were 25% of shoe inserts, 
20% of orthopaedic shoes and 21% of AFOs. Frequency of aban-
donment was high among orthotic devices users, namely 24% 
for shoe inserts, 28% for orthopaedic shoes and 31% for AFOs, 
after a mean time of use of 4.9±5.5, 4.9±4.5 and 6.3±9.1 years, 
respectively (online supplemental table 1, figure 2). Abandon-
ment was more frequent for men than women (33% vs 20%, 
p=0.026).

Table 1 Prescription and use of the different orthotics and aids in the investigated CMT population (n=266)
Prescription* Use*

Prescribed patients Prescribed devices† Users Used devices†

A) Lower limb orthoses 185/266 (70%) 302 150/266 (56%) 235/302 (78%)
  Age 48.0±13.4 (20–77) / 48.5±13.5 (20–77) /
  CMTES 9.8±5.1 (0–27) / 9.9±5.5 (0–27) /
   Shoe inserts 145/266 (55%) 137/302 (49%) 103/266 (39%) 103/302 (34%)
   Orthopaedic shoes 66/266 (25%) 66/302 (22%) 47/266 (18%) 53/302 (18%)
   AFOs 79/266 (27%) 90/302 (30%) 61/266 (23%) 71/302 (24%)
    Codivilla spring 40/79 (51%) 38/90 (42%) 29/61 (48%) 29/71 (41%)
    Toe- off 24/79 (30%) 21/90 (23%) 20/61 (33%) 20/71 (28%)
    Peromed 23/79 (29%) 20/90 (22%) 17/61 (28%) 17/71 (24%)
    Dyna- ankle 10/79 (13%) 8/90 (9%) 4/61 (7%) 4/71 (6%)
    Foot- up 4/79 (5%) 3/90 (3%) 1/61 (2%) 1/71 (1%)
   Knee orthosis 9/266 (3%) 9/302 (3%) 8/266 (3%) 8/302 (3%)
B) Walking aids 45/266 (17%) 59 45/266 (17%) 59/59 (100%)
  Age 52.4±12.4 (20–74) / 52.4±12.4 (20–74) /
  CMTES 15.0±5.2 (4–27) / 15.0±5.2 (4–27) /
   Unilateral 21/45 (47%) 21/59 (36%) 21/45 (47%) 21/59 (36%)
   Bilateral 9/45 (20%) 10/59 (17%) 9/45 (20%) 10/59 (17%)
   Walker 14/45 (31%) 14/59 (24%) 14/45 (31%) 14/59 (24%)
   Wheelchair 14/45 (31%) 14/59 (24%) 14/45 (31%) 14/59 (24%)
C) Upper limb orthosis 9/266 (3%) 10 9/266 (3%) 10/10 (100%)
  Age 47.6±11.1 (28–63) / 47.6±11.1 (28–63) /
  CMTES 14.2±6.8 (3–25) / 14.2±6.8 (3–25) /
*Mean±standard deviation (range), or n (%).
†Some patients did not give complete information about their device.
AFOs, ankle- foot orthoses; CMTES, CMT Examination Score.
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Frequency of orthotic use varied across the most frequent 
CMT types: 49% (59/120) in CMT1A, 62% (13/21) in CMTX1, 
38% (5/13) in CMT2I/J, 50% (9/18) in CMT1B and 43% (3/7) 
in CMT2A.

Patients who were prescribed AFOs, as compared with those 
who were not prescribed any orthoses, were older, had longer 
disease duration, higher overall disease severity and foot weak-
ness; they also reported more frequently depression, physical 
and general fatigue (see online supplemental table 2).

Complications were reported by 59% of patients and were 
more frequently related to AFOs (69%) as compared with 
shoe inserts (47%) and orthopaedic shoes (59%). AFO users 
complained mostly of skin reddening (52%) and moderate- to- 
severe pain (41%), while calluses were a more frequent issue 

for both shoe inserts (36%) and orthopaedic shoe (36%) users. 
Seventeen per cent of orthopaedic shoe users, 13% of AFO 
carriers and 9% of those wearing shoe inserts reported foot 
ulcerations (figure 3). Notably, frequency of complications 
differed among AFOs and was higher in H- AFOs as compared 
with L- AFOs (73% vs 57%). More specifically, Codivilla spring 
users were those more liable to develop calluses (41%), while 
skin reddening, and moderate- to- severe pain were less frequently 
related to Dyna- ankle (25% for both complaints). Remarkably, 
Peromed users quite frequently reported foot ulcerations (25%). 
Overall, complications accounted for 37%–42% of orthosis 
abandonment. In detail, foot ulcerations were responsible for 
16% of abandonments, skin reddening for 32%, foot calluses for 
21%, and moderate- to- severe pain for 37%.

Figure 2 Frequency of use and non- use of orthotic aids after prescription and frequency of their abandonment and customisation. AFOs, ankle- foot 
orthoses.

Figure 3 Complications of orthotic devices. AFOs, ankle- foot orthoses; H, high; L, low.
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Patients’ compliance was relatively low, with 35% and 70% 
of orthotics being used less than half of the time outdoors and 
indoors, respectively. Remarkably, only 47% of patients used 
their AFO more than half of the time outdoors.

Regarding the VAS scores (table 2), overall orthotic users 
rated the emotional distress 3.7±3.6, tolerability 6.6±3.2 and 
perceived benefit 6.6±3.3. Women showed greater emotional 
distress as compared with men (4.4±3.7 vs 2.9±3.3, p<0.001), 
while no gender differences were found for either tolerability or 
perceived benefit. AFO users showed greater emotional distress 
and reduced tolerability as compared with both shoe inserts 
(p<0.001) and orthopaedic shoe (p=0.003 and p=0.045, 
respectively) users. However, perceived benefit did not differ 
across the three groups. Among AFOs, Toe- off had not only the 
best tolerability (6.4±2.3) and benefit (6.9±2.8) but also the 
greatest perceived emotional distress (6.1±3.3), while Peromed 
was the most balanced one (5.9±3.4; 6.3±3.3; 4.7±3.3, respec-
tively). Emotional distress was a reason for 17% of abandon-
ment of orthoses.

Concerning AFOs, as compared with patients with mild 
GLVHDVH� �&07(6� ����� WKRVH� ZLWK� PRGHUDWH��WR��VHYHUH� &07�
(CMTES>8) had a higher tolerability (6.6±2.9 vs 4.5±3.2, 
p=0.002), perceived benefit (6.9±3.2 vs 5.1±3.3, p=0.005) and 
KLJKHU�FRPSOLDQFH������YV������S��������IRU�XVH��KDOI�RI�WLPH�
outdoors) to the adopted device. Interestingly, distal weakness 
influenced AFO acceptance, as users with moderate- to- severe 

�05&� ���� ZHDNQHVV� RQ� IRRW� GRUVLIOH[LRQ� UHSRUWHG� RYHUDOO�
higher tolerability and perceived benefit (6.3±3.1 vs 5.0±3.2, 
p=0.038; 6.9±3.1 vs 5.0±3.4, p=0.007) than those with mild 
RU�QR�ZHDNQHVV��05&�������1RWDEO\��PRGHUDWH��WR��VHYHUH�ZHDN-
QHVV�RI�IRRW�SODQWDUIOH[LRQ��05&����YV�05&������ZDV�UHODWHG�
to higher tolerability (7.3±3.2 vs 5.6±2.9, p=0.004), perceived 
benefit (7.5±2.9 vs 5.9±3.2, p=0.026) and compliance (68% vs 
�����S �������IRU�XVH��KDOI�RI�WLPH�RXWGRRUV��LQ�WKRVH�XVLQJ�
P- AFOs, but not E- AFOs (table 2).
:H� IRXQG� QR� FRUUHODWLRQ� RI� %0,�� DEQRUPDO�+$'6��$������

+$'6��'� ����� JHQHUDO� GLVWUHVV� �+$'6��7� ���� DQG� JHQHUDO�
fatigue (MFIS >38) (table 2) with perceived benefit, tolerability, 
and emotional distress.

Overall, there was a significant direct correlation between 
the degree of tolerability (rs=0.37, p=0.003) and perceived 
benefit (rs=0.27, p=0.035) and the duration of AFO 
employment.

Customisation was required for 60% of the prescribed 
orthotics, ranging from 42% for AFOs to 75% for shoe inserts, 
and was prompt in 85% of cases and delayed in 15%. Impor-
tantly, customisation was related to higher compliance, since 
those who personalised their orthotics were more prone to 
use it outdoors as compared with those who did not (75% vs 
52%, p=0.001). Moreover, delayed customisation was associ-
ated to lower tolerability (5.7±2.2 vs 7.3±2.0, p=0.006) and 
perceived benefit (6.2±1.9 vs 7.2±2.1, p=0.031), and to higher 

Table 2 Emotional distress, tolerability and perceived benefit of orthoses and walking aids and correlations with disease severity, foot strength, 
neuropsychiatric status and fatigue

Emotional distress* Tolerability* Perceived benefit*

Overall 3.7±3.6 (0–10) 6.6±3.2 (0–10) 6.6±3.3 (0–10)
Shoe inserts 2.5±3.2 (0–10)† 7.1±3.1 (0–10)‡ 6.6±3.2 (0–10)
Orthopaedic shoes 3.7±3.5 (0–10)§ 6.8±3.1 (0–10)¶ 6.7±3.4 (0–10)
AFOs 5.5±3.5 (0–10)† § 5.9±3.2 (0–10)‡ ¶ 6.3±3.3 (0–10)
  A) CMTES≤8 5.4±3–6 (0–10) 4.5±3.2 (0–10)** 5.1±3.3 (0–10)††
  A) CMTES>8 5.6±3.4 (0–10) 6.6±2.9 (0–10)** 6.9±3.2 (0–10)††
  B) MRC df≥4- 5.1±3.7 (0–10) 5.0±3.2 (0–10)‡‡ 5.0±3.4 (0–10)§§
  B) MRC df≤3 5.7±3.4 (0–10) 6.3±3.1 (0–10)‡‡ 6.9±3.1 (0–10)§§
  C) P- AFOs and MRC pf≥4- 5.9±2.9 (0–10) 5.6±2.9 (0–10)¶¶ 5.9±3.2 (0–10)***
  C) P- AFOs and MRC pf≤3 5.0±3.7 (0–10) 7.3±3.2 (0–10)¶¶ 7.5±2.9 (0–10)***
  D) HADS- Anxiety<11 4.7±3.7 (0–10) 6.1±3.4 (0–10) 6.7±3.4 (0–10)
  D) HADS- Anxiety≥11 6.2±3.5 (0–10) 7.1±2.4 (0–10) 7.6±2.5 (0–10)
  B) HADS- Depression<11 4.9±3.7 (0–10) 5.0±3.7 (0–10) 6.8±3.3 (0–10)
  B) HADS- Depression≥11 8.0±1.4 (7- 10) 6.6±1.7 (5- 9) 7.2±2.8 (4- 10)
  C) HADS- Total score<22 5.0±3.7 (0–10) 6.2±3.3 (0–10) 6.7±3.3 (0–10)
  C) HADS- Total score≥22 5.8±3.6 (0–10) 7.2±1.8 (5- 10) 8.0±2.2 (4- 10)
  D) MFIS- Total score≤38 4.3±3.5 (0–10) 6.1±3.4 (0–10) 6.7±3.2 (0–10)
  D) MFIS- Total score>38 5.8±3.7 (0–10) 6.6±2.9 (0–10) 7.1±3.3 (0–10)
Walking aids 4.3±3.5 (0–10) / /
Significant p values are in bold. P values were calculated using the Mann- Whitney U Test.
*Mean ± standard deviation (range).
†p<0.001.
‡p=0.003.
§p<0.001.
¶p=0.045.
**p=0.002.
††p=0.005.
‡‡p=0.038.
§§p=0.007.
¶¶p=0.004.
***p=0.026.
AFOs, ankle- foot orthoses; CMTES, CMT examination score; df, foot dorsiflexion; E- AFOs, elastic AFOs; HADS, Hospital Anxiety and Depression Scale; MRC, Medical Research 
Council Scale for Muscle Strength; P- AFOs, plastic AFOs; pf, foot plantar flexion.
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emotional distress (5.5±2.1 vs 3.2±1.7, p=0.004) with respect 
to quick personalisation.

Patients were asked a good reason to use and not to use AFOs: 
improvement in gait (32 pts.), in stability/balance (22 pts.) and 
reduction in falls (11 pts.) and in steppage (seven pts.) were 
the most appreciated aspects, while discomfort/pain (15 pts.), 
emotional distress (eight pts.) and size (three pts.) the most crit-
icised. Interestingly, two patients complained about difficulty in 
using AFO because of moderate hand weakness.

We then explored the degree of satisfaction with the currently 
used assistive AFO and the related services experienced in 46 
CMT patients through the QUEST questionnaire (scores between 
0, worst score and 5, best score). There was a relatively high 
satisfaction with device safety (3.6±1.1), longevity (3.5±1.0) 
and weight (3.8±1.2). Safety, easiness and effectiveness were 
deemed as the three most important features by patients (60%, 
50% and 43%, respectively). Conversely, the quality of the 
professional services (information, attention, answering ques-
tions or concerns) (2.8±1.3) and follow- up services (3.0±1.3) 
were the items with the lowest degree of satisfaction.

DISCUSSION
In this study, we extensively explored the use of orthoses, and, in 
particular, of AFOs, in a large cohort of well- characterised CMT 
patients, focusing on patients’ direct experience concerning 

benefit, tolerance, disadvantages and complications of the 
prescribed device. Furthermore, our study allowed investigating 
correlations with disease severity, clinical characteristics, general 
distress, fatigue and body weight, to assess factors affecting the 
use and tolerability of orthoses.

We found that 56% of CMT subjects used the prescribed 
lower limb orthoses, with 39% of patients wearing shoe inserts 
and 23% carrying AFOs, which is in keeping with what reported 
by Pisciotta et al from the Italian registry.2 In contrast, both 
Prada and colleagues4 and Blouin and coauthors5 found more 
frequent use for both shoe inserts (55% and 47%, respectively) 
and AFOs (30% and 46%, respectively). In our series, patients 
answered on a voluntary basis to several questionnaires, so they 
were not biased towards the use of orthotics, as may happen for 
a population specifically investigated for orthotic devices as in 
the case of the study by Blouin et al5 or where patients lacking 
information about use of insoles or orthoses were excluded as 
for the series by Prada et al.4 We were not able to retrieve any 
data from the literature to compare with the rate of almost 20% 
of orthopaedic shoe users among our patients.

Patients’ compliance was relatively low as 22% of the 
prescribed devices were never used, 35% were carried for less 
than half of time outdoors and 27% were abandoned. Although 
abandonment was more frequent among men, emotional distress 
was higher in women; the latter finding is in keeping with the 

Figure 4 Data on potentially inappropriate or inadequate AFO prescriptions in our cohort with respect to the determinant factors in AFOs’ tolerability. 
E- AFOs, Elastic AFOs. AFOs, ankle- foot orthoses; CMTES, CMT examination score; MRC, Medical Research Council Scale for Muscle Strength.
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observation by Vinci and colleagues9 that women showed scanty 
compliance with orthoses due to poor aesthetics. We found 
that complications were a main issue, as they were reported 
for 47%–69% of orthotic devices and were responsible for 
37%–42% of orthosis abandonment overall. H- AFOs were asso-
ciated with a higher frequency of complications, especially foot 
calluses (33% vs 0%), as compared with L- AFOs. Indeed, almost 
all H- AFOs are P- AFOs (Codivilla spring, Toe- off) as well, thus 
providing plantar support, which may be responsible for plantar 
microtraumatisms whenever the foot does not fit properly to 
the AFO. Conversely, foot ulcerations were more frequent in 
L- AFOs, which might reflect the complete (Foot- up) or partial 
(Peromed) lack of plantar protection with these orthoses.

The occurrence of more frequent complications may partially 
account for AFO users to report higher emotional distress and 
lower tolerability, perceived benefit and compliance as compared 
with both shoe inserts and orthopaedic shoes carriers.

However, some other factors were determinant for AFOs’ 
tolerability in CMT patients.

First, we found that subjects with moderate- to- severe burden 
of disease (CMTES >8) had a higher tolerability, perceived 
benefit and compliance for the prescribed AFO as compared with 
SDWLHQWV�ZLWK�PLOG�&07��&07(6������7KLV�UHVXOW�VXSSRUWV�WKH�
findings of Ramdharry and colleagues20 as severity of presenta-
tion seemed to determine patients’ compliance to the prescribed 
AFO. Indeed, as explained by the authors, the more the disease 
burden increases, the more the balance between perceived bene-
fits and drawback of using AFOs tips towards AFO use.

Second, AFOs overall were better borne by patients with MRC 
��� RQ� IRRW� GRUVLIOH[LRQ� DV� FRPSDUHG�ZLWK� WKRVH�ZLWK�PLOGHU�
RU� QR�ZHDNQHVV� �05&������� 6LPLODUO\��PRUH� VHYHUH�ZHDNQHVV�
RQ�SODQWDUIOH[LRQ� �05&�����SUHGLFWHG�D�EHWWHU� WROHUDELOLW\�RI�
P- AFOs, but not of E- AFOs. Indeed, P- AFOs, despite assisting 
foot plantarflexion (besides dorsiflexion), bind the foot and, 
thus, may be poorly tolerated by patients with spared gastroc-
nemius strength in the last phase of stance of gait.21 Hence, it 
follows that (1) AFO prescription is not appropriate in patients 
without significant distal weakness, (2) P- AFO is recommended 
in subjects with moderate- to- severe impairment of foot dorsi-
flexion and plantarflexion while (3) E- AFO is more appro-
priate in those with preserved or partially spared plantarflexion 
strength.

Third, we highlight that patients who customised the prescribed 
AFO were more prone to use it as compared with those who did 
not. The timing of the customisation was crucial as well, since 
prompt personalisation was associated to higher tolerability and 
perceived benefit and to lower emotional distress as compared 
with a delayed one. Interestingly, Bean and colleagues22 have 
previously shown the potential benefit of customisation as a 
custom- made AFO was effective in reducing perceived exertion, 
cardiac stress and oxygen consumption in a CMT patient.

We did not find a correlation between abnormal anxiety, 
depression, general distress and fatigue with emotional distress, 
tolerability and perceived benefit of AFOs. Hence, these were 
not determinant factors in AFOs’ tolerability in our cohort.

Remarkably, in the present series, we found a high rate of poten-
tially inappropriate or inadequate prescriptions, which leads to 
waste of resources as well as to reduced compliance and lack of 
benefit for patients. Indeed, 34% of AFOs were prescribed to 
SDWLHQWV�ZLWK�PLOG�&07��&07(6�����DQG�����WR�SDWLHQWV�ZLWK�
relatively mild or no weakness at all in foot dorsiflexion (MRC 
������ ���� RI� (ODVWLF��$)2V� ZDV� SUHVFULEHG� WR� SDWLHQWV� ZLWK�
PRGHUDWH��WR��VHYHUH� SODQWDUIOH[LRQ� ZHDNQHVV� �05&������ ����
of AFOs was not personalised and 21% of AFOs customisation 

was not prompt (figure 4). Moreover, patients frequently were 
rather dissatisfied of the professional services (received informa-
tion and attention) and of follow- up and monitoring services, as 
highlighted through the QUEST.

We acknowledge some limitations of our study. First, infor-
mation about orthoses was self- reported by patients rather than 
physicians. However, the questionnaire included pictures illus-
trating the different orthotic devices, thus minimising the risk 
of inaccuracies (see online supplemental figure 1). Second, we 
did not encompass paediatric patients in our study as the Italian 
CMT Registry includes mainly adults.

In conclusion, although improving performance and walking 
economy, AFOs are associated with frequent complications and 
considerable physical and psychological discomfort. Therefore, 
the appropriateness of their prescription in CMT should be justi-
fied accordingly on a case- by- case base, to optimise the cost–
benefit ratio. We suggest a patient- oriented, multidisciplinary 
approach focusing on the different aspects of the disease. Biome-
chanical and kinesiological analysis of gait when possible, proper 
assessment of degree and pattern of distal weakness and presence 
of tendon retraction and severe foot deformities, which may 
modify the tibio- tarsal joint angle, should be evaluated. Patient’s 
needs, attitudes (work, hobbies, habits) and expectations should 
be always considered. Furthermore, clinicians should advise a 
prompt customisation of the orthoses, and a periodic reassess-
ment aimed at evaluating whether the device is still appropriate 
for the current disease stage, or whether disease progression or 
occurring events (ie, foot surgery) have modified the situation. 
Indeed, we recommend a step- by- step approach, namely, not 
to prescribe the patient more than she/he needs (less is more!). 
Eventually, as revealed by the analysis of QUEST answers, in 
accordance with previous observations by Zuccarino et al,11 it 
is crucial that the physician places the patient at the centre of 
the orthosis prescription pathway, dedicating time to listening 
and addressing questions or concerns. We believe that rational 
approaches to orthoses prescription, together with improvement 
in AFO’s material and novel customisation techniques including 
3D printing,23 24 will significantly improve tolerability and 
benefit and minimise discomfort and emotional distress.

Author affiliations
1Unità di Malattie Neurologiche Rare, Dipartimento di Neuroscienze Cliniche, 
Fondazione IRCCS Istituto Neurologico Carlo Besta, Milano, Italy
2Dipartimento di Neuroscienze, Scienze Riproduttive ed Odontostomatologiche, 
Università Federico II di Napoli, Napoli, Italy
3Dipartimento di Neuroscienze, Biomedicina e Movimento, Università di Verona, 
Verona, Italy
4Dipartimento di Neuroscienze, Riabilitazione, Oftalmologia, Genetica e Scienze 
materno- infantili, Università di Genova, Genova, Italy
5IRCCS Ospedale Policlinico San Martino, Genova, Genova, Italy
6INSPE and Divisione di Neuroscienze, IRCCS Ospedale San Raffaele, Milano, Italy
7Dipartimento di Neurologia, Azienda Ospedaliera di Parma, Parma, Italy
8Università Cattolica del Sacro Cuore, Rome, Italy
9Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy
10Dipartimento Gestionale di Ricerca e Sviluppo Clinico, Direzione Scientifica, 
Fondazione IRCCS Istituto Neurologico Carlo Besta, Milano, Italy
11Centro di Ricerche Neuroscienze, e Istituto di Neurologia, Università Magna 
Graecia, Catanzaro, Italy, Catanzaro, Italy
12Dipartimento di Scienze Mediche, Università Magna Grecia, Catanzaro, Italy
13Unità di Neurologia e Malattie Neuromuscolari, Dipartimento di Medicina Clinica e 
Sperimentale, Università di Messina, Messina, Italy
14Fondazione Italiana Sclerosi Multipla, Genova, Italy
15Centro Clinico NeMO Trento, Fondazione Serena, Trento, Italy
16Struttura Complessa di Riabilitazione Neuromotoria ASST Mantova Presidio di 
Bozzolo, Mantova, Italy

Acknowledgements We are gratefully indebted with all the patients and their 
families and with controls for their active participation in the study and to ACMT- 

 on July 2, 2024 by guest. Protected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg Psychiatry: first published as 10.1136/jnnp-2023-332422 on 2 N
ovem

ber 2023. D
ow

nloaded from
 



441Bertini A, et al. J Neurol Neurosurg Psychiatry 2024;95:434–441. doi:10.1136/jnnp-2023-332422

Neuromuscular

Rete, Associazione del Registro, and Telethon- Italy Foundation for supporting the 
research and the Registry. We also thank the other members of the Italian CMT 
Network listed in the Appendix. AB, EC, PS, CPi, and DP are members of the Inherited 
Neuropathy Consortium RDCRN. LG, FM, AS, MG, SCP, LP, EC, PS, ST, MR, AM, CPi 
and DP are members of the European Reference Network for Rare Neuromuscular 
Diseases (ERN EURO- NMD).

Collaborators Italian CMT Network: Giulia Schirinzi, Maria Montesano, Sara 
Nuzzo, Francesca Oggiano, Daniela Calabrese - Fondazione IRCCS Istituto 
Neurologico Carlo Besta, Milano; Chiara Gemelli, Università di Genova, Genova; 
Marina Scarlato, IRCCS Ospedale San Raffaele, Milano; Emanuele Spina, Università 
Federico II di Napoli, Napoli; Maria Longo, Giuseppe Occhipinti, Giacomo Iabichella, 
Università di Messina, Messina; Stefania Barone, Università degli Studi di Catanzaro 
"Magna Graecia".

Contributors All authors reported in this manuscript had contributed to data 
collection and had revised the manuscript. DP had designed and conceptualised this 
study. IT and AB had provided statistical analyses and data management. AB and 
DP wrote the manuscript. DP accepts full responsibility for the finished work and the 
conduct of the study, had access to the data, and controlled the decision to publish.

Funding Funded by Telethon grant GUP13006 and partially by Italian Ministry of 
Health (RRC).

Competing interests GMF acknowledges donations from Pfizer to support 
research activities of his Research Unit, financial support from Akcea, Kedrion, Pfizer 
for participation in national and international meetings and from Akcea, Alnylam 
and Pharnext for participation in Advisory Boards; MG acknowledges donations from 
Sanofi Genzyme to support research activities of her Research Unit, financial support 
from Alnylam and Sanofi Genzyme for participation in national and international 
Meetings, participation in Advisory Board of Pfizer, speaker honorarium from Sanofi 
Genzyme; AM acknowledges financial support from Pfizer, Alnylam and Akcea for 
participation in national and international meetings, participation in Advisory Board 
of Pfizer, Alnylam and Akcea; GV acknowledges donations from Pfizer and PTC to 
support research activities and participation in Advisory Board of Pfizer, Alnylam, 
Akcea and Pharnext; DP acknowledges participation in Advisory Board of Inflectis, 
Alnylam, Akcea, Arvinas, Augustine Tx, DTx. AB, IT, GMF, AS, LS, TC, MT, SCP, MS, IA, 
LP, CP. DC, PS, AQ, PV, ST, LG, MR, AM, SP, GDD, CP report no disclosure.

Patient consent for publication Not applicable.

Ethics approval The study was approved by the Ethics Committees of the 
Fondazione IRCCS Istituto Neurologico Carlo Besta, Milan (n° 52/2016 Date: April 2, 
2014) and of the other participating centres. Participants gave informed consent to 
participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. All 
data relevant to the study are included in the article or uploaded as supplementary 
information. Data relevant to the study are included in the article or uploaded as 
online supplemental information. Data supporting study results are deposited in an 
ad hoc repository and are available from the Principal Investigator (DP) to be shared 
anonymously on request from any qualified investigator.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Fiore Manganelli http://orcid.org/0000-0001-9478-3744
Gian Maria Fabrizi http://orcid.org/0000-0001-6804-0226
Angelo Schenone http://orcid.org/0000-0002-2604-7830
Stefano Carlo Previtali http://orcid.org/0000-0003-2546-4357

Yuri Matteo Falzone http://orcid.org/0000-0003-3233-1907
Irene Tramacere http://orcid.org/0000-0001-5550-3412
Stefano Tozza http://orcid.org/0000-0002-9672-4577
Massimo Russo http://orcid.org/0000-0002-6017-370X
Davide Pareyson http://orcid.org/0000-0001-6854-765X

REFERENCES
 1 Pisciotta C, Saveri P, Pareyson D. Updated review of therapeutic strategies for 

Charcot- Marie- tooth disease and related Neuropathies. Expert Rev Neurother 
2021;21:701–13. 

 2 Pisciotta C, Bertini A, Tramacere I, et al. Clinical spectrum and frequency of Charcot- 
Marie- tooth disease in Italy: data from the National CMT registry. Eur J Neurol 
2023;30:2461–70. 

 3 Laurá M, Singh D, Ramdharry G, et al. Prevalence and orthopedic management of foot 
and ankle deformities in Charcot- Marie- tooth disease. Muscle Nerve 2018;57:255–9. 

 4 Prada V, Zuccarino R, Schenone C, et al. Charcot- Marie- tooth neuropathy score and 
ambulation index are both predictors of orthotic need for patients with CMT. Neurol 
Sci 2022;43:2759–64. 

 5 Blouin C, Perrier A, Denormandie P, et al. Relationship between care pathway features 
and use or non- use of orthotic devices by individuals with Charcot- Marie- tooth 
disease: a cross- sectional, exploratory study. Disabil Rehabil 2023;6:1–11. 

 6 Guillebastre B, Calmels P, Rougier PR. Assessment of appropriate ankle- foot orthoses 
models for patients with Charcot- Marie- tooth disease. Am J Phys Med Rehabil 
2011;90:619–27. 

 7 Lusardi MM, Nielsen CC, eds. Orthotics and prosthetics in rehabilitation (3rd ed.). St. 
Louis: Elsevier/Saunders, n.d: 221.

 8 Phillips M, Radford K, Wills A. Ankle foot orthoses for people with Charcot Marie 
tooth disease--views of users and orthotists on important aspects of use. Disabil 
Rehabil Assist Technol 2011;6:491–9. 

 9 Vinci P, Gargiulo P. Poor compliance with ankle- foot- orthoses in Charcot- Marie- tooth 
disease. Eur J Phys Rehabil Med 2008;44:27–31.

 10 Vinci P, Perelli SL. The problem of the acceptance of Afos in Charcot- Marie- tooth 
disease. Abstract- book of the 3rd International conference on Charcot- Marie- tooth 
disorders; Sainte- Adele, Quebec, Canada, 1998

 11 Zuccarino R, Anderson KM, Shy ME, et al. Satisfaction with ankle foot orthoses in 
individuals with Charcot- Marie- tooth disease. Muscle Nerve 2021;63:40–5. 

 12 Bellofatto M, Bertini A, Tramacere I, et al. Anxiety and depression in Charcot- 
Marie- tooth disease: data from the Italian CMT national registry. J Neurol 
2023;270:394–401. 

 13 Bellofatto M, Bertini A, Tramacere I, et al. Frequency, entity and determinants of 
fatigue in Charcot- Marie- tooth disease. Eur J Neurol 2023;30:710–8. 

 14 Bellofatto M, Gentile L, Bertini A, et al. Daytime sleepiness and sleep quality in 
Charcot- Marie- tooth disease. J Neurol 2023;270:5569–70. 

 15 Demers L, Weiss- Lambrou R, Ska B, et al. The Quebec user evaluation of satisfaction 
with assistive technology (QUEST 2.0): an overview and recent progress. TAD 
2002;14:101–5. 

 16 Buysse DJ, Reynolds CF, Monk TH, et al. The pittsburgh sleep quality index: a new 
instrument for psychiatric practice and research. Psychiatry Res 1989;28:193–213. 

 17 Costantini M, Musso M, Viterbori P, et al. Detecting psychological distress in cancer 
patients: validity of the Italian version of the hospital anxiety and depression scale. 
Support Care Cancer 1999;7:121–7. 

 18 Singer S, Kuhnt S, Götze H, et al. Hospital anxiety and depression scale cutoff scores 
for cancer patients in acute care. Br J Cancer 2009;100:908–12. 

 19 Flachenecker P, Kümpfel T, Kallmann B, et al. Fatigue in multiple sclerosis: a 
comparison of different rating scales and correlation to clinical parameters. Mult Scler 
2002;8:523–6. 

 20 Ramdharry GM, Pollard AJ, Marsden JF, et al. Comparing gait performance of people 
with Charcot- Marie- tooth disease who do and do not wear ankle foot orthoses. 
Physiother Res Int 2012;17:191–9. 

 21 Zajac FE, Neptune RR, Kautz SA. Biomechanics and muscle coordination of human 
walking: part II: lessons from dynamical simulations and clinical implications. Gait 
Posture 2003;17:1–17. 

 22 Bean J, Walsh A, Frontera W. Brace modification improves aerobic performance 
in Charcot- Marie- tooth disease: a single- subject design. Am J Phys Med Rehabil 
2001;80:578–82. 

 23 Mnatsakanian A, Kissel JT, Terry P, et al. One clinic’s experience with carbon fiber 
orthoses in neuromuscular disease. Muscle Nerve 2017;55:202–5. 

 24 Wojciechowski E, Chang AY, Balassone D, et al. Feasibility of designing, manufacturing 
and delivering 3d printed ankle- foot orthoses: a systematic review. J Foot Ankle Res 
2019;12:11. 

 on July 2, 2024 by guest. Protected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg Psychiatry: first published as 10.1136/jnnp-2023-332422 on 2 N
ovem

ber 2023. D
ow

nloaded from
 


