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ABSTRACT

Background: Split hand syndrome (SHS) is a hand atrophy pattern characterized by predominant wasting in the thenar muscles
(abductor pollicis brevis-APB, first dorsal interosseous-FDI), with relative sparing of the hypothenar (abductor digiti minimi-
ADM). SHS was also reported in CMTX1, but eventually attributed to median-ulnar dissociated involvement. We investigated
the presence and specificity of SHS in CMTX1.

Methods: We gathered clinical/neurophysiological/radiological information in CMTX1 and non-CMTX1 patients, including
disease severity (CMT Examination Score-CMTES) and compound muscle amplitude potential (CMAP) of APB/FDI/ADM. We
obtained ADM/APB ratio (ADM/APBr) = CMAPAPM/CMAPAPE and split-hand index (SHI) = (CMAPAPB x CMAPFPT)/CMAPAPM,
Eight patients underwent 3T MRI of the hand muscles. We defined SHS based on three criteria: clinical, neurophysiological, and
radiological, with at least one criterion required for SHS diagnosis. Through ADM/APBr > 1.7, we assessed the specificity of SHS
for CMTX1 among the Italian CMT Registry cohort, encompassing 750 clinically well-characterized patients.

Results: We evaluated 22 CMTX1 (age 41.3+12.2) and 40 non-CMTX1 (49.2+14.9). 50% (vs. 3% of non-CMTX1, p<0.001)
and 64% (vs. 0%, p<0.001) of CMTX1 had clinical and neurophysiological SHS, respectively. In CMTX1, SHS was independent
from gender and hand dominance. Both ADM/APBr and SHI correlated with disease duration (rs = 0.77, p < 0.001; rs=—0.65,
p=0.022, respectively), and CMTES (rs=0.56, p=0.006; rs=—0.62, p <0.001, respectively). 3/8 CMTX1 had radiological SHS.
Within the Italian CMT Registry cohort, ADM/APBr > 1.7 yielded a specificity of 74% for CMTX1 females among I-CMT/CMT2,
and 85% for CMTX1 males among CMT1/I-CMT.

Discussion: Up to 59% of CMTX1 patients develop thenar-hypothenar (rather than median-ulnar) SHS. MRI is a novel approach
to detect this dissociated denervation pattern. ADM/APBr > 1.7 may be useful to address GJBI testing in males.

See Data S1 for the members of the Italian CMT Network.
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medium, provided the original work is properly cited and is not used for commercial purposes.
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1 | Introduction

The split hand syndrome (SHS) is a dissociated atrophy pat-
tern in hands, characterized by predominant wasting in the
thumb side (thenar, to simplify) muscles, namely abductor
pollicis brevis (APB) and first dorsal interosseous (FDI), with
relative sparing of the abductor digiti minimi (ADM) in the
hypothenar eminence [1, 2]. This clinical pattern does not
respect root or nerve trunk territories since all involved mus-
cles are innervated by C8-T1 [3], with FDI and ADM being
both innervated by the ulnar nerve and APB by the me-
dian nerve.

SHS was first described in amyotrophic lateral sclerosis (ALS)
[4, 5]. Different neurophysiological criteria for SHS have been
proposed, with the aim of prompting early diagnosis (rule in
rather than rule out) in patients with ALS. The ADM/APB
ratio (ADM/APBr) and split-hand index (SHI) are among the
most used ones. The ADM/APBr is calculated by dividing the
compound muscle amplitude potential (CMAP) amplitude of
the corresponding muscles. Conversely, the SHI is derived as
follows: SHI =(CMAPAPBx CMAPFPT)/CMAPAPM, According
to previous studies, ADM/APBr values >1.7 and SHI values
<5.2 are considered abnormal, yielding 95-99% [1, 6, 7] and
80% [1, 8, 9] of specificity for ALS, respectively, when com-
pared with mimic disorders or healthy controls.

Over the years, SHS has gradually lost its specificity for ALS,
being described in other motor neuronopathies such as Spinal
and Bulbar Muscular Atrophy (SBMA) [9] and Spinal Muscular
Atrophy [10].

Interestingly, in 2017, Tomaselli and colleagues [11] found that
48% (12/25) of Charcot-Marie-Tooth disease type X1 (CMTX1)
patients in their series showed clinical SHS, which was even-
tually attributed to median-ulnar (with median territory more
involved) dissociated atrophy, rather than thenar-hypothenar.
This is noteworthy as CMTX1 is a demyelinating/intermediate,
length-dependent neuropathy caused by variants in the GJBI
gene, clinically and pathogenetically extremely different from
motor neuronopathies.

Objective of the study was to explore the presence of SHS in pa-
tients with CMTX1compared to other CMT subtypes through
clinical, neurophysiological, and radiological evaluation.

Subsequently, we assessed the specificity of SHS for CMTX1
among all CMTs in a broader cohort, taking advantage of the
Italian CMT Registry [12].

Importantly, throughout all the study, we focused on the orig-
inally reported thenar-hypothenar dissociation, to eventually
assess whether CMTX1 behaves similarly to motor neuronop-
athies as far as hand atrophy pattern is concerned. This can po-
tentially shed light on the role of the peripheral nervous system
(PNS) in the genesis of SHS, and have important implications for
CMT diagnosis (if SHS proves typical of CMTX1 among CMTs)
and management.

2 | Methods
2.1 | Aim 1. Frequency of SHS in CMTX1
2.1.1 | Cohort

We gathered a minimal dataset of clinical and neurophysiologi-
cal information in clinically symptomatic CMTX1 patients and
genetically confirmed non-CMTX1 patients recruited among
other most frequent subtypes (CMT1A, CMT1B, CMT2A,
CMT2F, CMT21/J, CMT4C), including current age, hand domi-
nance, disease severity (CMT Examination Score-CMTES) [13],
disease onset (age at first motor or sensory symptom), disease
duration, and strength (Medical Research Council-MRC) in
APB, FDI, and ADM muscle pairs.

To minimize false positives, patients with all three (APB, FDI,
ADM muscles) CMAPs <1mV, symptoms consistent with car-
pal tunnel syndrome (CTS), and/or history of previous CTS sur-
gery, were not included.

2.1.2 | Clinical SHS

Clinical SHS was defined by the presence of both [AMRC (ADM
vs. FDI) >1 AND AMRC (ADM vs. APB) >1]. We considered
4—=3.75 and 4+ =4.25. (Table 1).

2.1.3 | Neurophysiological SHS

The CMAPs from the thenar (APB and FDI) and hypothenar
(ADM) muscles were evoked by supramaximal stimulation of
the median and ulnar nerves at the wrist. Skin temperature
was maintained at 34°C, and limbs were warmed if necessary.
CMAP amplitudes were measured peak-to-peak.

TABLE1 | Split hand syndrome criteria.

Patients
SHS type Criteria (N)
Clinical SHS [AMRC (ADM vs. FDI) 22
>1 AND AMRC (ADM
vs. APB) > 1]
Neurophysiological ~ [(ADM/APBr >1.7) 14
SHS AND (SHI < 5.2)]
Radiological SHS « [FF (APB AND FDI 8
at least doubled as
compared to ADM)|
OR

« [AAtrophy Score
(APB vs. ADM) AND
(FDI vs. ADM) >1]

Abbreviations: ADM, abductor digiti minimi; ADM/APBr, ADM/APB ratio;
APB, abductor pollicis brevis; FDI, first dorsal interosseous; FF, fat fraction; N,
number; SHI, split hand index; SHS, split hand syndrome.
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Neurophysiological SHS was defined by the presence of both
[(ADM/APBr >1.7) AND (SHI <5.2)]. (Table 1).

2.1.4 | Radiological SHS

In a few CMTX1 patients, hand muscles were studied bilater-
ally on a 3T MRI scanner (Phillips Achieva) with STIR and T1
3D Dixon sequences. APB, FDI, and ADM muscle involvement
was graded by a blinded radiologist with long experience in neu-
romuscular disorders based on three parameters: (a) degree of
fat infiltration assessed with Fat Fraction (FF, by drawing ROIs
on water images); (b) degree of muscle atrophy assessed with a
semi-quantitative Atrophy Score from 0 to 4 (0 =normal; 4 =se-
vere atrophy); () the presence of intra-muscular T2 hyperinten-
sity in STIR.

Radiological SHS was defined by [FF (APB AND FDI at least
doubled as compared to ADM)] OR [AAtrophy Score (APB vs.
ADM) AND (FDI vs. ADM) > 1]. (Table 1).

2.1.5 | Definition of SHS

We defined SHS when at least one of the three criteria was met:
clinical, neurophysiological, or radiological.

2.2 | Aim 2. Specificity of SHS for CMTX1 Among
All CMTs

Afterwards, we took advantage of ADM/APBr > 1.7 neurophys-
iological criterion to retrospectively assess the specificity of SHS
for CMTX1 among all CMTs in the large Italian CMT Registry
cohort, which encompasses 1012 CMT patients from 9 centres,
as previously described by Pisciotta and colleagues [12]. The ad-
vantage of ADM/APBr compared to SHI is that the ulnar nerve
is derived from ADM in most patients.

For Aim 2, we excluded patients with both APB and ADM
muscles CMAPs <1mV, those with a history of previous CTS
surgery, and subjects diagnosed with Hereditary Neuropathy
with Liability to Pressure Palsies (HNPP), caused by PMP22
deletion.

Data were pseudo-anonymized. The Institutional Ethics
Committee of INB (10 November 2021, no. 89/2021, and 07
February 2018, no. BST 12/2018) approved the study. All partic-
ipants gave informed consent.

2.3 | Statistical Analysis

A description of participant characteristics at baseline was pro-
vided in terms of absolute numbers and percentages for categor-
ical data, and means + standard deviations (range), or medians
with Interquartile Range (IQR) for continuous data, as appro-
priate. We used the Mann-Whitney U Test and Fisher's exact
test, as appropriate, to compare CMTX1 with non-CMTX1 pa-
tients (Aim 1). We used Spearman’s ‘Tho’ correlation to detect
the association of SHI and ADM/APBr with CMTES and disease

duration. Throughout the statistical analysis, the significance
level was set at 0.05 (significant if p <0.05). The p value was
rounded to three decimal places; p values lower than 0.001 were
expressed as p<0.001.

3 | Results
3.1 | Aim 1. Frequency of SHS in CMTX1

Overall, we recruited 22 right-handed CMTX1 (13 males; mean
age 41.3+12.2, range 19-67) and 40 right-handed non-CMTX1
patients (13 males; mean age 49.2+14.9, range 20-80), evalu-
ating 44 and 58 hands, respectively. Among 40 patients with
non-CMTX1, 22 had CMT1A (PMP22 duplication), 3 had
CMT1B (MPZ), 5 had CMT2A (MFN2), 5 had CMT2F (HSPBI),
4 had CMT21/J (MPZ), and 1 had CMT4C (SH3TC2). Disease
severity (CMTES) (9.8+3.6 vs. 9.2+5.0, p=0.703) and dura-
tion (23.7+10.9 vs. 23.8 £16.8, p=0.706) were similar between
CMTX1 and non-CMTX1 patients.

For details on clinical, neurophysiological, and radiological
information on recruited patients, see Table 2 (CMTX1) and
Table S1 (non-CMTX1).

We found that 50% (11/22; bilateral in 10/11, and unilateral
in 1/11) of CMTX1 patients showed clinical SHS (Figures 1
and 2). Conversely, of non-CMTX1, only one (3%, 1/36) patient
(with CMT2I/J) showed a dissociated atrophy pattern in hands
(p<0.001).

Remarkably, neurophysiological SHS was exclusive of CMTX1
patients, being detected in 64% (9/14 vs. 0/16; p <0.001) of cases,
and in 65% (17/26 vs. 0/32; p<0.001) of hands. Two out of 9 pa-
tients with neurophysiological SHS were asymptomatic for clin-
ical SHS. As far as CMTX1 is concerned, both disease duration
and severity (CMTES) strongly correlated with neurophysiolog-
ical SHS (for both SHI: inverse correlation; rs=—0.65, p=0.022;
rs=-0.62, p<0.001 respectively; and ADM/APBr: direct cor-
relation; rs=0.77, p<0.001; rs=0.56, p=0.006, respectively)
(Figure 3). All patients with disease duration > 14 years from first
symptom, or CMTES > 10, which reflects a moderate burden of
disease, had neurophysiological SHS. ADM/APBr strongly cor-
related with SHI in our CMTX1 cohort (rs=-0.92, p<0.001).

Interestingly, despite showing lower disease burden as com-
pared to males, due to the casual X chromosome inactivation
[14, 15], CMTX1 females were not less prone to develop both
clinical (44% vs. 54%, p=1) and neurophysiological (67% vs. 63%,
p=1) SHS as compared to males.

Notably, in our right-handed CMTX1 cohort, we could
not find an association with hand dominance (mean right
SHI=3.6+59 vs. left SHI=4.4+5.8, p=0.701; median
right ADM/APBr=2.9, IQR 9.18 vs. left ADM/APBr=2.2,
IQR=18.6 p=0.719).

Eight patients performed bilateral hand muscle MRI (Table 3
and Figure 4). Of them, 38% (3/8) had bilateral radiological SHS.
Moreover, 63% (5/8) of patients showed STIR hyperintensity in
APB and/or FDI muscles but not in ADM.
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FIGURE1 | Clinical split hand syndrome in a patient with CMTX1. A male patient (patient 17, see Table 2) with CMTX1 while abducting fingers,
showing a thenar-to-hypothenar gradient of atrophy and weakness, with the ADM (MRC R/L =4—/3) muscle being relatively spared as compared to
FDI (MRC R/L=1/1). ADM, Abductor digiti minimi muscle; FDI, First dorsal interosseous; L, left; R, right.

Neurophysiological SHS, n=9/14 (64%)

Patients asymptomatic for SHS
n=9/22, (41%)

Clinical SHS, n=11/22 (50%

Patients with SHS
(clinical/neurophysiological/radiological)
n=13/22, (59%)

FIGURE2 | Overview of SHS presence in our CMTX1 cohort. n, number; SHS, Split hand syndrome. *Neurophysiological evaluation not available.

Taken together, up to 59% (13/22) of CMTX1 in our whole cohort
had SHS, either clinical, neurophysiological, or neuroradiologi-
cal. (Figure 2).

3.2 | Aim 2. Specificity of SHS for CMTX1 Among
All CMTs

Afterwards, we assessed the specificity of SHS for CMTX1
in a larger cohort of CMT patients through ADM/APBr >1.7
(Figure 5). We took advantage of data collected retrospectively
into the Italian CMT Registry: [12] clinical information was
available in 750/1012 (74%) of enrolled patients, while both right-
hand median and ulnar CMAPs were recorded from APB and
ADM, respectively, in 321/750 (43%). We excluded 26 patients
with both APB and ADM CMAPSs not recordable, 22 with CTS,
and 21 with HNPP. Two hundred fifty-two (252; 43 CMTX1) pa-
tients were eventually included: 163 had CMT1, 65 had CMT2,
and 24 had intermediate-CMT (I-CMT). We assessed that ADM/

APBr >1.7 had a specificity for CMTX1 of 81% (CI 75-86%)
among all CMTs.

According to previous large cohort studies on CMTX1, females
show nerve conduction velocities in the intermediate-to-axonal
range, entering into differential diagnosis with I-CMT/CMT2,
while males usually have slowed nerve conduction velocities in the
intermediate range [16, 17], falling into differential diagnosis with
CMT1/I-CMT. Thus, we evaluated males and femalesseparately:
ADM/APBr > 1.7 had a specificity of 74% (CI 56-87%) for CMTX1
females among all -CMT/CMT?2 in our cohort, and of 85% (CI 78-
90%) for CMTX1 males among CMT1/I-CMT (Figure 5).

4 | Discussion
In this work, we extensively explored the presence and fre-

quency of SHS in CMTX1. Subsequently, we assessed the speci-
ficity of SHS for CMTX1 in a large cohort of CMTs.
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FIGURE 3 | Correlation between ADM/APBr and SHI with disease duration and severity. CMTES, CMT-Examination-Score; SHI, Split hand
index; rs, Spearman’s rho correlation. Red dotted lines identify ADM/APBr and SHI pathological cut-off of > 1.7 and < 5.2, respectively, which were

deemed highly specific for ALS.

In our cohort, up to 59% of patients with CMTX1 presented
with a disproportionate weakness and atrophy pattern in hands,
which is not attributable to median/ulnar dissociation, as pre-
viously reported [11], but rather to the thenar/hypothenar dif-
ferential involvement, as both FDI (ulnar) and APB (median)
tended to be more involved than ADM (ulnar).

We assessed SHS at three different levels: 50% of patients had
clinical SHS, 64% had neurophysiological SHS, and 38% had
neuroradiological SHS. Taken together, clinical evaluation,
neurophysiology, and neuroradiology indicate that up to 59% of
CMTX1 in our whole cohort had SHS.

We found that the degree of neurophysiological SHS strongly
correlated with disease duration and severity in CMTX1, indi-
cating that, as the disease progressed, dissociated atrophy in
hands became more evident. All CMTX1 males and females
with disease duration >15 and 28years, respectively, showed
neurophysiological SHS; however, this indicates that the process
is much slower compared to ALS.

Conversely, SHS was not influenced by hand dominance and
gender. Independence from gender might point towards an
intrinsic liability of CMTX1 to preferential wasting in APB/
FDI, since females with CMTX1 are usually much less affected
as compared to males, due to the lyonization phenomenon
[14, 15]. Moreover, concerning hand dominance independence,
in our right-handed CMTX1 cohort, we were not able to find

differences between the right (more liable to overuse) and left
side in hand involvement, as SHS mostly presented bilaterally
and was not more severe in the right, dominant side.

Although many previous studies on motor neuronopathies
were focused on neurophysiology to define SHS, we are the
first to perform hand muscle MRI to detect what we called
the “radiological SHS”. Indeed, to date, muscle MRI is consid-
ered the most reliable method to evaluate muscle fat infiltra-
tion and atrophy [18], especially in patients with normal nerve
conduction studies. Furthermore, we were also able to detect
active denervation, which precedes muscle atrophy, through
STIR [19] sequences in APB/FDI but not in ADM, both in
patients who were symptomatic (either clinically, or neuro-
physiologically, or radiologically) or even asymptomatic (two
patients) for SHS (Table 3, Figure 4).

Functional consequences of SHS are relevant and involve
mainly the ability to manipulate everyday tools. We previously
found that 79% and 41% of males and 79% and 27% of females
with CMTX1 in the Italian CMT Registry cohort had difficul-
ties with buttons and cutlery, respectively, which was a much
higher rate than other common CMT subtypes (e.g., 53% and
9%, respectively, in CMT1A; 46% and 16%, respectively, in
CMT1B) [12]. This significantly impacts patients’ quality of life.

Apart from CMTX1, reports of thenar-hypothenar SHS in CMT
are limited to a few cases with GARS- [20], SIGMARI- [21],
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Radiological data of patients with CMTX1.

TABLE 3

STIR
hyperintensity

STIR
hyperintensity

MRC Fat fraction Fat fraction Atrophy scale Atrophy scale
(APB/FDI/

MRC
(APB/FDI/

(APB/FDI/
ADM) L

(APB/FDI/ (APB/FDI/ (APB/FDI/
ADM) L

(APB/FDI/

(APB/FDI/

Patient

ADM) R

ADM) R

ADM) L
NA/NA/NA
NA/NA/NA

ADM) R
NA/NA/NA
NA/NA/NA

ADM) R ADM) L
NA/NA/NA

Gender

number

0/0/0 Yes/No/No No/No/No

0/0/0

4—/4+/4 4+/44/4

M

No/No/No No/No/No

3/4/3
0/0/0

3/4/4
0/0/0
1/0/1
3/3/1
0/0/0
3/3/2
2/2/1

0/1/3
4+/4+/5
4+/4/4

0/1/3
4+/4+/5

16

Yes/No/Yes

No/No/No

4%/5%17%
8%/6%/9%
56%/72%/11%

M

18

1/0/1 Nes/No/No Yes/No/No
3/3/1
0/0/0

3/3/2
2/2/1

9%/6%/12%

4+/4/4+

Yes/No/No

Yes/No/No

3/2/4 15%/60%/15%

1/1/4

13

No/No/No

No/No/No

8%/9%/10%
87%/75%/24%

6%/9%/10%
86%/80%/18%

4/4+/4

4+/4+/4+

Yes/No/No

Yes/No/No

0/2/4—

0/2/4—

Yes/Yes/No

Yes/Yes/No

15%/37%/33%

3/3/3 27%/22%/11%

1/1/3

Note: Highlighted in bold radiological SHS (see Section 2).

Abbreviations: ADM, abductor digiti minimi; APB, abductor pollicis brevis; F, female; FDI, first dorsal interosseus; L, left; M, male; MRC, Medical Research Council (MRC) Scale; na, not available; R, right; STIR, Short-TI Inversion

Recovery.

AARS-[22],and BSCL2-related [23,24] neuropathy. Interestingly,
variants in GARS [25] and SIGMARI [26] are variably associ-
ated with both motor-predominant neuropathic/neuronopathic
forms. Some cases with AARS-related myeloneuropathy [27]
have been reported as well. Variants in BSCL2 cause a wide
spectrum of conditions ranging from hereditary spastic para-
paresis to motor-predominant CMT2, neuronopathic/ALS-like
forms [28]. Indeed, CMTX1 is arguably the only pure, sensory-
motor, length-dependent polyneuropathy in which SHS has
been consistently described to date.

Hence, we evaluated the specificity of ADM/APBr > 1.7 neuro-
physiological criterion, as a useful tool to discriminate CMTX1
from other CMT subtypes. The advantage of ADM/APBr com-
pared to SHI is that the ulnar nerve is derived from ADM in
most patients. Moreover, in our cohort, ADM/APBr strongly cor-
related with SHI (rs=-0.92). We found that ADM/APBr >1.7
yielded a specificity of 81% for CMTX1 among all CMTs and was
more specific for CMTX1 males among I-CMT/CMT1 (85%) as
compared to females among CMT2/I-CMT (74%).

Pathogenesis of SHS is still unknown. Over the years, both cen-
tral and peripheral theories, the former relying on upper/lower
motor neuron dysfunction, the latter on motor peripheral axon/
endplate changes, have been postulated [1, 2].

Our findings on thenar-hypothenar SHS in CMTX1 are import-
ant because they corroborate the key role of PNS in the genesis
of SHS. Indeed, even though subclinical involvement of CNS is
demonstrated by evoked potential abnormalities [29] and ex-
ceptional cases of reversible stroke-like episodes [30, 31] have
been reported, CMTX1 neuropathology predominantly, if not
exclusively, affects PNS at gap junctions in non-compact myelin
(paranodal loops and Schmidt-Lanterman incisures) [32].

As far as peripheral motor axons are concerned, increased excit-
ability in APB and/or FDI-innervating axons compared to ADM
has been previously described. Shibuya and colleagues [33]
demonstrated that, in ALS, motor neuronal death was acceler-
ated by axonal excitability changes caused by increased nodal
persistent sodium (and reduced potassium) current, which was
especially observed in those axons supplying APB/FDI muscles
compared to ADM. Similar findings of an increased excitability
in APB were also detected in SBMA [9]. However, in 2009, Bae
and colleagues [34] found that nodal persistent sodium conduc-
tances were physiologically more prominent in FDI axons com-
pared to ADM in normal subjects as well.

In the only study on axon excitability in CMTX1 performed to
date, Liang and colleagues [35] found a slightly increased nodal
K* fast currents in APB muscle compared to non-CMTX1 con-
trols, leading to modest hyperpolarization of the resting mem-
brane potential. This modest hyperpolarization, the authors
speculated, could contribute to a decrease in refractoriness and
relative refractory period, eventually leading toward an increase
in excitability.

As far as the motor-end plate, one study revealed that the per-
centage of area decrement on repetitive nerve stimulation was
physiologically significantly greater in APB/FDI compared to
ADM [36]. This indicates that physiological variability at the
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FIGURE4 | Hand muscles MRIin CMTX1 patients. Normal APB, FDI, and ADM muscles signal and trophism in patient 8 (A, Axial Dixon T1w,
water image). Severe atrophy of APB and FDI with relative sparing of ADM (B, Axial Dixon T1w, water image), and signs of active denervation in
APB (C, axial STIR) in patient 13. STIR hyperintensity in APB (D) and FDI (E) but not ADM (E), reflecting dissociated active denervation, on the
coronal plane in patient 6. APB - arrowhead; FDI - open arrow; ADM - arrow. ADM, abductor digiti minimi; APB, abductor pollicis brevis; FDI,

first dorsal interosseous.

1012 patients registered
in Ttalian CMT Registry

805 went through
genetic investigations

Complete visit information
available in 750

l

321 with ADM/APBr
available

26 with ADM and ABP CMAPs<1mV
22 with CTS
21 HNPP

excluded

252 included
163 CMT1
65 CMT2
24 CMT-I

ADM/APBr>1.7

CMTX1 vs all CMT Specificity 81% (CI 75-86%)

Sensitivity 62% (CI 47%-77%)

CMTXI males vs I-CMT-I/CMT1 Specificity 85% (CI 78-90%)
Sensitivity 78% (CI 56%-93%)

CMTX1 females vs CMT2/I-CMT Specificity 74% (CI 56-87%)
Sensitivity 59% (CI 36%-79%)

FIGURE S5 | Assessment of the specificity of SHS for CMTX1 among
CMTs through ADM/APBr. ADM, abductor digiti minimi; APB, abduc-
tor pollicis brevis; CMAP, Compound muscle action potential; CTS, car-
pal tunnel syndrome; HNPP, Hereditary Neuropathy with Liability to
Pressure Palsies.

neuromuscular junction in small hand muscles may determine
intrinsic differential muscle vulnerability, potentially contribut-
ing to the development of the SHS.

We acknowledge a few limitations to this study. First, we ex-
cluded from the study patients with CTS based on clinical
symptoms or previous history of surgery, rather than neuro-
physiological criteria. Second, as far as Aim 2 is concerned, we
acknowledge the limitation of using retrospective data. Third,
we were able to perform hand muscle MRI only in a few pa-
tients. Some patients living very distant from the centre refused
to perform MRI; some others were incapable of remaining still
with their hands during MRI due to hand weakness/tremor.
As MRI is a novel approach to SHS investigation, only larger
studies will help draw robust conclusions on its sensitivity and
specificity.

In conclusion, we demonstrated that up to 59% of patients
with CMTX1 develop SHS, which is an atrophy pattern in the
hand characterized by thenar-hypothenar dissociated atrophy.
In CMTX1, SHS worsens along with disease severity and du-
ration, and is independent of gender and hand dominance.
Interestingly, MRI STIR sequences might be useful to detect the
dissociated thenar-hypothenar denervation pattern in patients
still asymptomatic for SHS.

Moreover, ADM/APBr could potentially be a useful diagnostic
tool to properly address genetic testing (rule in) for GJBI, es-
pecially in males. Concurrently, as variants of uncertain sig-
nificance (VUS) are increasingly found with next-generation
sequencing techniques, SHS, when present, might be helpful to
support, with prudence, GJBI VUS pathogenicity in males with
demyelinating/intermediate neuropathy.

Functional consequences of SHS are relevant. It is therefore cru-
cial for clinicians to recognize when SHS is present and provide
advice to improve patients’ quality of life, such as using custom-
ized cutlery (thicker, with ergonomic handles or modified grips),
Velcro fastenings instead of buttons, or adaptive keyboards or
voice control devices for computers and phones. A multidisci-
plinary approach with an occupational therapist should always
be pursued.
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Pathogenesis of SHS remains extremely unclear, as SHS has
been described over the years in ALS-upper motor neuron pre-
dominant forms, ALS-lower motor neuron predominant forms,
pure lower motor neuronopathies, and, with CMTX1, peripheral
sensorimotor neuropathy. Further studies on axonal excitability
in CMTX1 are required to further entangle the pathophysiologi-
cal role of PNS in the development of SHS.
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