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Abstract
We assessed pulmonary function in hereditary motor and sensory neuropathy. Fourteen neuropathy patients without spinal deformity
(group 1), 14 with spinal deformity (group 2), and 16 individuals with idiopathic spinal deformity (group 3) matched to group 2 for age,
height and Cobb angle, were included. Hereditary motor and sensory neuropathy severity was measured with Charcot–Marie–Tooth
Neuropathy Score. All participants exhibited mild decrease in maximal inspiratory pressure at the mouth. One-way analysis of variance
yielded signiﬁcant main eﬀects for lung volumes – slow vital capacity, forced expiratory volume in 1 s, and total lung capacity (p’s < .01),
attributable to greater volumes in group 1 compared to groups with spinal deformity – and transfer factor for carbon monoxide
(p = .013), reﬂecting diﬀerences between groups 1 vs. 2. Slow vital capacity and total lung capacity correlated with maximal inspiratory
pressure at the mouth in group 2, whereas slow vital capacity correlated with muscle work in group 3 (p’s < .05). Decreased lung volume
may be due to impaired respiratory muscle strength in hereditary motor and sensory neuropathy with spinal deformity and due to spinal
deformity in idiopathic patients.
Ó 2012 Elsevier B.V. All rights reserved.
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1. Introduction
Hereditary motor and sensory neuropathy (HMSN),
also known as Charcot–Marie–Tooth disease (CMT), is
the most common type of inherited neuropathy [1]. The
most common clinical symptom is bilateral distal muscle
weakness of the legs, with some patients also exhibiting
⇑ Corresponding author. Address: Department of Rehabilitation and
Sports Medicine, Second Medical Faculty, Charles University and
University Hospital Motol, V Uvalu 84, Prague 5, 150 06, Czech
Republic. Tel.: +420 22443 9264; fax: +420 22443 9220.
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weakness of the arms as well. Gait abnormalities, foot
deformity and distal sensory deﬁcits of the legs are also
typical [2,3]. Finally, spinal deformities are present in some
patients [4–7].
Some individuals with HMSN report a variety of respiratory problems, although this is usually not a dominant
symptom [8]. Previous studies have described excessive
weakness of the diaphragm and other respiratory muscles
in HMSN patients, including severe cases of respiratory
failure as a result of diaphragmatic paresis [9–11]. However, the current scientiﬁc literature usually considers
abnormalities in ventilation to be marginal in HMSN
patients. There are only a few studies available describing
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Table 1
Clinical characteristics of patients.
Variable

Simple
HMSN

Scoliotic
HMSN

Idiopathic
scoliosis

n
Gender (m/f)
Age, years (mean ± SD)
Height, cm (mean ± SD)
BMI (mean ± SD)
Cobb angle, degrees
(mean ± SD)
-Moderate (<50%)
-Severe (P50%)
Uppermost vertebrae
(mean ± SD)
CMTNS (mean ± SD)

14
4/10
38.1 ± 11.4
168.4 ± 7.1
23.7 ± 3.4
–

14
7/7
38.9 ± 14.0
169.0 ± 7.9
24.0 ± 5.2
41.4 ± 18.7

16
1/13
30.4 ± 13.6
169.1 ± 7.3
20.1 ± 1.9
42.4 ± 13.7

–
–
–

10 (71%)
4 (29%)
Th 8 (±2)

9 (64%)
5 (36%)
Th 7 (±0.9)

15.6 ± 4.3

22.0 ± 3.5

–

Notes: HMSN – hereditary motor and sensory neuropathy; n – number; m
– male; f – female; SD – standard deviation; BMI – body mass index; Th –
thoracic; CMTNS – Charcot–Marie–Tooth Neuropathy Score. A dash
indicates no data.

in detail the pulmonary function changes associated with
HMSN [8,12,13]. Several theories exist that explain the
respiratory problems found in HMSN. Besides true neurogenic paresis of the respiratory muscles [9–11], other factors like vocal cord dysfunction [8,14,15], autonomic
nervous system dysfunction [16], musculoskeletal dysfunction reﬂected in insuﬃcient integrated postural-respiratory
function of the diaphragm [17], along with other abnormalities of the respiratory muscles and structural spinal deformities [18,19] may signiﬁcantly impact pulmonary function.
The main purpose of this study was to examine whether
pulmonary function in HMSN patients might be aﬀected
by structural spinal deformity. Based on previous research,
we expected respiratory muscle strength and ventilatory
volumes to be decreased in HMSN patients with spinal
deformity. We also expected that the degree of spinal
deformity would correlate with the extent of pulmonary
muscle function disturbance.
2. Methods
This study was approved by the institutional ethical
committee. Subjects underwent an in-person interview to
ensure that they met the inclusion criteria of the study.
All testing procedures were thoroughly explained to the
participants with a detailed description of the X-ray and
pulmonary functional assessments. All subjects reported
that they understood the test procedures and gave their
informed consent.
The sample consisted of all 28 patients with an electromyographically conﬁrmed diagnosis of HMSN who came
to the Clinic of Rehabilitation and Sports Medicine, University Hospital Motol, Prague, Czech Republic and consented to this research. In 25 patients, the neuropathy
was classiﬁed as demyelinating and in 3 patients it was classiﬁed as of the axonal type. The Charcot–Marie–Tooth
Neuropathy Score (CMTNS) [20] was utilized to measure
HMSN impairment in each patient. The CMTNS for the

entire sample of HMSN patients ranged from 9 to 30
points (see Table. 1). The patients were subcategorized into
two groups. Group 1 consisted in 14 HMSN patients with
normal spinal curves. Group 2 included 14 HMSN patients
with spinal deformity of various severity and shape. Standing radiographs of anterior–posterior and lateral views of
the cervical, thoracic, and lumbosacral spinal regions were
taken in all patients to identify the presence, character (i.e.,
hyperkyphosis vs. lateral curvature), and degree of spinal
curvature. Cobb angles were determined for any frontal
and sagittal plane deviations [21]. In accordance with the
Scoliosis Research Society, we have deﬁned scoliosis as a
lateral spinal curvature with a Cobb angle exceeding 10°
[22]. All kyphotic curvatures over 40° were considered
pathologic [23]. For the purpose of this paper, the primary
or greatest curve was reported (Table 1), even in cases
where multiple scoliotic curves were present. For better
assessment of the inﬂuence of respiratory muscle function
and spinal deformity on lung volumes we also included
patients with idiopathic spinal deformity (scoliosis or
kyphoscoliosis; group 3, n = 16), who were matched for
age, height and Cobb angle to the patients in group 2.
All patients underwent a comprehensive examination of
pulmonary function. Spirometric assessments were performed using a calibrated spirometer (ZAN 100 ﬂowhandy
II, ZAN, Oberthulba, Germany). Static lung volumes were
measured by methane dilution with synchronous measurement of transfer factor for carbon monoxide (TLCO) using
the single-breath method (ZAN 300, ZAN, Oberthulba,
Germany). The predicted values for the lung function
parameters were derived from those published by the European Community for Coal and Steel [24]. Measurements of
maximal inspiratory and expiratory pressures at the mouth
(PImax, PEmax), pressure at the mouth 100 ms after the
beginning of a quiet inspiration (P0,1) and duty cycle were
performed using a commercially available system (ZAN
100 ﬂowhandy II with automatic shutter, ZAN, Oberthulba,
Germany) according to the American Thoracic Society/
European Respiratory Society standard [25] and normal
values were adopted from those published by Black et al.
[26]. The non-invasive tension-time index for inspiratory
muscles was calculated according to the following equation:
TTmus ¼ PI=PImax  TI=Ttot
where PI = 5P0,1 * TI and TI/Ttot is the ratio of mean
inspiratory time to total time of respiratory cycle. Neuromuscular coupling was assessed by the ratio of P0,1/Vt (tidal volume). All measurements were performed in triplicate
and expressed as percent predicted or absolute values,
where the best of at least three reproducible values were
used for data processing. Restrictive lung function was deﬁned as TLC < 80% predicted [24].
2.1. Statistical analysis
Results are expressed as mean ± SD. The Kolmogorov–
Smirnov test was used to conﬁrm normality of score
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distribution. Associations between variables were examined by Pearson correlation coeﬃcients and comparisons
among the groups were conducted using one-way analysis
of variance (ANOVA) with posthoc Bonferroni’s multiple
comparisons. Statistical signiﬁcance was assessed using
the conventional two-tailed .05 level. All analyses were
performed using the statistical software GraphPad Prism,
version 4.0.
3. Results
Values for pulmonary function measures across the
three groups are presented in Table 2 and correlations
across these measures are shown in Tables 3 and 4. Patients
with HMSN without spinal deformity (group 1) had normal lung volumes and transfer factor for carbon monoxide,
but only three of them (21%) had strength of inspiratory
muscles within normal limits. For the group as a whole,
some decrease in maximal inspiratory pressure at the
mouth (PImax) was identiﬁed (5.4 ± 3.5 kPa, 58.4 ± 30.5%
predicted) [26]. On the contrary, none of the participants
in group 1 had expiratory muscle strength within normal
limits, with moderate to severe decrease of the mean PEmax
value to 6.9 ± 2.7 kPa, 43.0 ± 14.0% predicted [26]. The
decrease of respiratory muscle strength apparently had
no inﬂuence on slow vital capacity (SVC) and total lung
capacity (TLC), which were found to be normal in all subjects. However, it was correlated with the ratio of residual
volume to total lung capacity (RV/TLC; r = .63, p = .015
for PImax, and r = .68, p = .008 for PEmax). None of the
pulmonary function parameters correlated with the
CMTNS (p’s > .05).
The patients with HMSN and spinal deformity (group
2) had borderline impaired lung volumes (relative to the

3

age- and gender-based norms [24]), with the mean TLC
of 80.3 ± 14.5 (%predicted); eight patients (57%) had normal TLC, while the rest had restrictive or mixed ventilatory
defect. Similar as group 1, patients in group 2 also presented with a mild PImax decrease (5.7 ± 1.9 kPa, 58.4 ±
20.1%predicted). Lung volumes and the inspiratory muscle
function have shown a close relationship; PImax (%predicted) correlated signiﬁcantly with SVC (%predicted,
r = .55, p = .044), TLC (%predicted, r = .54, p = .047)
and transfer coeﬃcient for carbon monoxide (KCO, %predicted, r = .78, p = .001), while TTmus correlated with
SVC (%predicted, r = .58, p = .031), functional residual
capacity (FRC, %predicted, r = .56, p = .038), KCO
(%predicted, r = .59, p = .028) and the neuromuscular coupling expressed as the ratio of P0,1/Vt (kPa/l, r = .78,
p = .001). The scoliotic curve angle had the closest relationship to age (years, r = 67, p = .008). It also correlated negatively with the ratio of forced expiratory volume in 1 s to
slow vital capacity (FEV1/SVC %, r = .64, p = .015) and
positively with the ratio of RV/TLC (%, r = .59, p = .028).
CMTNS correlated negatively with TLC (%predicted,
r = .56, p = .036), while the relationship with SVC (%predicted) approached statistical signiﬁcance (r = .50,
p = .068). Expiratory muscle strength did not correlate signiﬁcantly with lung volumes, Cobb angle, or CMTNS.
The patients with idiopathic spinal deformity (group 3)
had similar lung volumes as patients in group 2 with
TLC 87.9 ± 18.8 (%predicted), only 4 patients (29%) had
restrictive and 1 patient (7%) obstructive ventilatory defect.
PImax (%predicted) was only slightly reduced in this group
of patients, 6 patients (43%) had inspiratory muscle
strength within normal limits. Among tests of respiratory
muscle function, only TTmus showed correlation with
lung volumes (SVC, TLC and FRC), with the strongest

Table 2
Pulmonary function in subgroups of patients, mean ± SD.
Group

Simple HMSN

Scoliotic HMSN

Idiopathic scoliosis

p-Value

SVC (%pred)
FEV1 (%pred)
FEV1/SVC (%)
TLC (%pred)
FRC (%pred)
RV (%pred)
RV/TLC (%)
TLCO (%pred)
KCO (%pred)
PImax (%pred)
PImax (kPa)
PEmax (%pred)
PEmax (kPa)
P0.1 (kPa)
TTmus
P0.1/Vt (kPa/l)

102.6 ± 9.8
100.1 ± 10.2
82.8 ± 6.4
102.6 ± 7.2
110.0 ± 16.7
130.4 ± 29.0
37.6 ± 6.4
98.1 ± 8.1
101.6 ± 9.2
58.4 ± 30.5
5.4 ± 3.4
43.0 ± 14.0
6.9 ± 2.7
0.18 ± 0.08
0.17 ± 0.12
0.32 ± 0.15

76.9 ± 12.7
77.3 ± 15.1
82.9 ± 8.4
80.3 ± 14.5
94.3 ± 20.3
109.7 ± 27.6
40.1 ± 6.1
81.4 ± 16.2
110.2 ± 22.8
58.4 ± 20.1
5.7 ± 1.9
37.9 ± 16.0
6.6 ± 2.3
0.2 ± 0.06
0.14 ± 0.07
0.41 ± 0.21

84.7 ± 22.2
81.5 ± 21.0
83.1 ± 6.1
87.9 ± 18.8
97.4 ± 25.0
114.7 ± 28.6
38.4 ± 9.2
86.7 ± 17.1
108.5 ± 18.2
71.7 ± 16.0
6.1 ± 1.9
49.2 ± 14.5
7.1 ± 2.4
0.2 ± 0.11
0.14 ± 0.09
0.37 ± 0.35

<.001
.001
.970
.002
.219
.222
.411
.013
.404
.104
.729
.139
.837
.553
.625
.613

Notes: HMSN – hereditary motor and sensory neuropathy; SVC – slow vital capacity; pred. – predicted; FEV1 – forced expiratory volume in 1 s; FEV1/
SVC – forced expiratory volume in 1 s to slow vital capacity; TLC – total lung capacity; FRC – functional residual capacity; RV – residual volume; RV/
TLC residual volume to total lung capacity; TLCO – transfer factor for carbon monoxide; KCO – transfer coeﬃcient for carbon monoxide; PImax – maximal
inspiratory pressure at the mouth; PEmax – maximal expiratory pressure at the mouth; P0,1 – pressure at the mouth 100 ms after the beginning of a quiet
inspiration; TTmus – tension–time index for inspiratory muscles; P0.1/Vt – pressure at the mouth 100 ms after the beginning of a quiet inspiration to tidal
volume; Data presented as mean ± SD, p-values relate to separate one-way analyses of variance.
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Table 3
Correlations between measures of lung volume and pulmonary function.
SVC
(%pred)

FEV1
(%pred)

FEV1/SVC
(%)

TLC
(%pred)

FRC
(%pred)

RV
(%pred)

RV/TLC
(%)

TLCO
(%pred)

KCO
(%pred)

CMTNS

Simple HMSN
PImax (%pred)
PImax (kPa)
PEmax (%pred)
PEmax (kPa)
P0,1 (kPa)
TTmus
P0,1/Vt (kPa/l)

.03
.17
.08
.27
.43
.06
.51

.16
.03
.19
.05
.50
.31
.53

.01
.12
.13
.21
.28
.11
.00

.17
.28
.04
.37
.49
.03
.38

.28
.27
.09
.17
.47
.08
.13

.29
.29
.09
.33
.21
.02
.03

.63*
.55*
.68**
.56*
.02
.65*
.25

8.17
.11
.07
.02
.06
.47
.02

.07
.09
.01
.30
.37
.10
.34

.12
.03
.10
.33
.32
.21
.21

Scoliotic HMSN
PImax (%pred)
PImax (kPa)
PEmax (%pred)
PEmax (kPa)
P0,1 (kPa)
TTmus
P0,1/Vt (kPa/l)

.54*
.37
.34
.18
.28
.58*
.45

.43
.52
.23
.30
.52
.69**
.70**

.20
.42
.30
.53
.56*
.40
.55*

.54*
.45
.39
.32
.34
.53
.43

.43
.58*
.18
.38
.48
.56*
.43

.38
.43
.22
.30
.34
.46
.32

.09
.29
.06
.24
.57*
.34
.60*

.20
.30
.01
.17
.17
.08
.13

.78***
.83***
.44
.58*
.60*
.59*
.66*

.50
.25
.32
.05
.05
.06
.03

Idiopathic scoliosis
PImax (%pred)
PImax (kPa)
PEmax (%pred)
PEmax (kPa)
P0,1 (kPa)
TTmus
P0,1/Vt (kPa/l)

.24
.44
.17
.09
.66**
.72**
.56*

.18
.43
.29
.01
.68**
.77***
.55*

.32
.20
.29
.32
.05
.24
.10

.32
.44
.16
.06
.66**
.60*
.58*

.49
.67**
.27
.03
.62*
.55*
.50

.36
.29
.24
.18
.41
.15
.46

.11
.27
.36
.20
.60*
.50
.52*

.02
.21
.29
.09
.52*
.41
.45

.45
.43
.01
.10
.50
.41
.48

.
.
.
.
.
.
.

Notes: Pearson correlations are shown; *p < .05, **p < .01, ***p < .001. Results signiﬁcant at a .05 level are highlighted in bold. HMSN – hereditary motor
and sensory neuropathy; SVC – slow vital capacity; pred. – predicted; FEV1 – forced expiratory volume in 1 s; FEV1/SVC – forced expiratory volume in
1 s to slow vital capacity; TLC – total lung capacity; FRC – functional residual capacity; RV – residual volume; RV/TLC residual volume to total lung
capacity; TLCO – transfer factor for carbon monoxide; KCO – transfer coeﬃcient for carbon monoxide; PImax – maximal inspiratory pressure at the mouth;
PEmax – maximal expiratory pressure at the mouth; P0,1 – pressure at the mouth 100 ms after the beginning of a quiet inspiration; TTmus – tension-time
index for inspiratory muscles; P0.1/Vt – pressure at the mouth 100 ms after the beginning of a quiet inspiration to tidal volume.

correlation being with SVC (%predicted, r = .72,
p = .003). Expiratory muscle strength showed correlation
with neither lung volumes nor Cobb angle. Besides to
TLCO and KCO, SVC (%predicted) showed inverse relationship to P0,1 (r = .66, p = .008) and to the ratio of P0,1/Vt
(r = .56, p = .029). The Cobb angle showed inverse relationship with lung volumes (SVC, TLC and FRC), namely
FRC (%predicted, r = .72, p = .005) and positive correlation with P0,1 (kPa, r = .57, p = .033). Its relationship
with TTmus approached statistical signiﬁcance (r = .48,
p = .083). (Table 4).
Comparison among all three groups (Table 2) showed
virtually no diﬀerence in respiratory muscle function,
while there were statistically signiﬁcant main eﬀects for
lung volume measures, namely the SVC (F[2,40] = 9.95,
p < .001), FEV1 (F[2,40] = 7.85, p = .001) and TLC
(F[2,40] = 7.35, p = .002), with all three main eﬀects
attributable to greater average lung volume scores in
group 1 compared to group 2 (p’s < .01), and group 1
compared to group 3 (p’s < .05). There was also a significant main eﬀect for TLCO (F[2,40] = 4.85, p = .013),
which reﬂected better scores in group 1 compared to
group 2 (p < .05).

4. Discussion
The results of the study indicate that respiratory muscle
function is often at least slightly impaired in patients with
HMSN, independent of the presence of spinal deformity.
HMSN involves predominantly peripheral nerves of lower
and upper extremities. The most common clinical symptoms are bilateral muscle weakness of the legs and often
of the arms as well, distal sensory deﬁcit of the legs, foot
deformities and gait abnormalities [2,3].
There are several studies focusing on respiratory muscle
function in HMSN [8–13], however, to the best of our
knowledge, this study is the ﬁrst to assess respiratory muscle function in HMSN patients with spinal deformities. To
further delineate the eﬀects of HMSN and spinal deformity
on pulmonary function, we also used patients with idiopathic spinal deformity as positive controls, paying special
attention to including only those patients with idiopathic
spinal deformity who matched the HMSN patients with
spinal deformity for age, height and Cobb angle.
The number of patients who have PImax within normal
limits was rather low in all groups (three, four and two
patients in group 1, 2 and 3, respectively), suggesting that
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Table 4
Correlations between the Cobb angle and other study measures.
Angle and other study measures

Scoliotic HMSN

Idiopathic scoliosis

SVC (%pred)
FEV1 (%pred)
FEV1/SVC (%)
TLC (%pred)
FRC (%pred)
RV (%pred)
RV/TLC (%)
TLCO (%pred)
KCO (%pred)
PImax (%pred)
PImax (kPa)
PEmax (%pred)
PEmax (kPa)
P0,1 (kPa)
TTmus
P0,1/Vt (kPa/l)

.03
.42
.64*
.22
.29
.29
.59*
.11
.27
.25
.17
.21
.14
.33
.29
.41

.58*
.63*
.26
.59*
.72**
.20
.46
.31
.51
.38
.37
.10
.06
.57*
.48
.37

Notes: Pearson correlations are shown; *p < .05, **p < .01. HMSN –
hereditary motor and sensory neuropathy; SVC – slow vital capacity;
pred. – predicted; FEV1 – forced expiratory volume in 1 s; FEV1/SVC –
forced expiratory volume in 1 s to slow vital capacity; TLC – total lung
capacity; FRC – functional residual capacity; RV – residual volume; RV/
TLC residual volume to total lung capacity; TLCO – transfer factor for
carbon monoxide; KCO – transfer coeﬃcient for carbon monoxide; PImax –
maximal inspiratory pressure at the mouth; PEmax – maximal expiratory
pressure at the mouth; P0,1 – pressure at the mouth 100 ms after the
beginning of a quiet inspiration; TTmus – tension-time index for inspiratory muscles; P0.1/Vt – pressure at the mouth 100 ms after the beginning of
a quiet inspiration to tidal volume.

respiratory muscle dysfunction may not be an accidental
ﬁnding among patients with HMSN or spinal deformity.
In accordance with previous reports [12,13], we noticed a
larger observed decrease in PEmax than PImaxin all three
groups, which may be attributed to greater involvement
of abdominal muscles in pulmonary function of the participants in this study. However, this possibility requires further investigation [13]. We used percent predicted values to
classify a decrease of respiratory muscle strength, but there
is disagreement in the literature with regard to what represents normal values, particularly in healthy adults [27].
Generally, the reported threshold indicative of muscle
weakness tends to be lower than 80% predicted [27], which
was used here. Therefore, the level of impairment of respiratory muscle function reﬂected in our results could be less
severe than that indicated by the percent predicted.
The mean values of an array of parameters of respiratory muscle function were not statistically diﬀerent among
groups. However, the group diﬀerence in PImax was not so
far from statistical signiﬁcance (p = .104), with highest values in patients with idiopatic spinal deformity (group 3).
Group 3 also had the lowest mean values of P0,1 and
TTmus, albeit these were not statistically diﬀerent among
groups (p > .05). Future research should examine the possibility that HMSN may have greater impact on respiratory
muscle function than spinal deformity per se.
The abnormality of lung function found in all groups of
patients was restrictive in type, characterized by decrease of
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SVC and TLC with normal expiratory airﬂow. Despite the
fact that respiratory muscle function was impaired similarly in all groups of patients, there were statistically significant group diﬀerences in measures of lung volume, with
patients with HMSN with spinal deformity (group 2) having the lowest mean values for lung volume measures. A
relatively consistent pattern of results emerged for the lung
volume measures. The Bonferroni’s multiple comparison
posthoc test consistently pointed to statistical diﬀerences
between groups 1 and 2, and 1 and 3, respectively. The
same was true for transfer factor for carbon monoxide
(TLCO). While mean values of KCO were increased in all
groups, TLCO reﬂected the magnitude of impairment of
lung volumes and hence the magnitude of alveolar volume
(VA). This ﬁnding has already been established in patients
with extrapulmonary lung volume restriction, either in
respiratory muscle dysfunction or in decreased compliance
of the chest wall [28,29]. In our study, both groups with
spinal deformity had lower lung volumes than patients with
simple HMSN. Therefore, lung volume seemed to be primarily inﬂuenced by the presence of spinal deformity. This
is in accordance with Aboussouan et al. [8] who reported
that reduction of lung volume in HMSN patients with
spinal deformities may be independent of phrenic nerve
dysfunction.
Despite careful matching of patients with spinal deformities, the association between lung volumes and the
degree of Cobb angle was somewhat diﬀerent between the
groups 2 and 3. We found statistically signiﬁcant correlation between lung volumes and the Cobb angle in patients
with idiopathic spinal deformity (group 3), while in group 2
the Cobb angle was mildly associated only with the airway
patency. Previously, Newton et al. [30] were able to show
such associations even in patients with mild to moderate
spinal deformity. Other research has also suggested an
increasing probability of lung volume restriction with a
greater Cobb angle [30,31]. The severity of pulmonary
impairment, however, cannot be derived from the angle
of scoliosis alone [30,32,33]. In this study, 3 out of 5
patients in group 2 and 2 out of 4 patients in group 3 with
a Cobb angle greater than 50 degrees had normal lung
function. These ﬁndings go along with previous reports
which found many other characteristics of spinal deformity
besides the angle of the scoliotic curve which we did not
measure, such as degree of kyphosis [33], number of
involved vertebrae [30,32], uppermost vertebra involved
in scoliosis [32] the degree of spine rotation [33–35], or
curve rigidity [35,36], signiﬁcantly inﬂuencing the pulmonary function. Therefore, the Cobb angle seems to be only
partially responsible for the reduced lung volumes.
The association of lung volume and respiratory muscle
function was also diﬀerent between the groups 2 and 3.
In group 2, both SVC and TLC were closely related to
PImax and TTmus, while in patients with idiopathic spinal
deformity (group 3), SVC showed close correlation with
P0,1, TTmus and the ratio of P0,1/Vt. These ﬁndings
suggested that, in group 3, the decreased lung volumes
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potentially attributable to spinal deformity had an important impact on respiratory muscle function. Elevated respiratory drive expressed as P0,1 and the non-invasive index of
inspiratory muscles expressing energy demand on ventilation seemed to reﬂect mainly ventilatory compensation of
decreased lung volumes. On the other hand, in group 2,
the extent of lung volume restriction seemed to be at least
in part attributable to the respiratory muscle function.
Further research is required to determine if compromised respiratory muscle function is a result of polyneuropathy itself or, rather, decondition, since the patients
with HMSN may be less active and participate less in
sports and exercise than their age- and sex-matched
peers. Studies addressing diaphragm and phrenic nerve
function in HMSN exist, conﬁrming frequent prolongation
of phrenic nerve conduction (up to 96–100%). However,
only a few patients report having respiratory problems
[8]. Also more research is required to establish respiratory
impairment in relation to genetic characterization of
HMSN.
Exercise intolerance and fatigue are common complaints
in patients with HMSN and decondition in HMSN population has been reported [37]. Nathanson [38] found that
HMSN individuals with abnormal lung function tended
to be older than those with normal lung function and it
can be assumed that older patients would be more prone
to sedentary lifestyle with subsequent physical deconditioning. A combined protocol of electromyographic studies of
respiratory musculature and cardiopulmonary exercise
testing may help to clarify this issue in HMSN patients.
Future research should also explore whether scoliosis,
kyphoscoliosis and hyperkyphosis impact respiratory function diﬀerentially.
Finally, several limitations should be acknowledged. A
small sample size was used. However, the prevalence of
cases with both CMT and spinal deformity is very low in
the Czech Republic. In our previous study [4], these
patients comprised only 26% of the overall study sample
that underwent examination. Movement limitations, commuting, and the non-intervention nature of this study are
additional barriers with respect to patient recruitment. It
is likely that more results would reach the threshold for statistical signiﬁcance with a larger sample. Although the
groups were similar with respect to age, there were signiﬁcant group diﬀerences with respect to sex. However,
these diﬀerences were at least partially accounted for by
the use of age- and sex-adjusted antropometric parameters
expressed as norm-based percentage, not the raw values.
It may be argued that the observed deﬁcits in respiratory
muscle function in group 2 could be attributable to the differences in the CMTNS score between groups 1 and 2.
However, the CMTNS score can increase not only as muscles weaken because of the increasing severity of the disease, but also due to other factors. Spinal deformity in
CMT is considered neuromuscular in nature. Therefore,
greater impairment is associated with greater occurrence
of scoliosis. Supporting the line of reasoning that CMTNS

does not reﬂect respiratory muscle function accurately is
the lack of diﬀerences between PImax and PEmax between
groups 1 and 2 (see Table 2), which suggests that these
two groups are comparable with respect to the strength
of the diaphragm, or even that the diaphragm exerts
greater strength in group 2 (due to the CMTNS-related
deﬁcits in trunk muscles). More thorough assessment of
muscle function that includes the evaluation of pressure
in the esophagus and the transdiaphragmatic pressures
may be necessary in order to conﬁrm the speciﬁc function
of individual respiratory muscle groups in these patients
and hence determine the exact contribution of muscle
impairment to deﬁcits in lung function.
Finally, a control group was not available. Again, it can
be argued that the use of normative data ameliorates this
limitation to some point. In addition, great variability exists
in values that are considered “normal”, partly stemming
from general lifestyle factors and individual ﬁtness, which
could introduce a bias into comparisons with a healthy control group. Recent research suggests that muscle weakness
is indicated at PImax values lower than 40 cm H2O for
men and 35 cm H2O for women [27], which is substantially
below the 80% norm we used. Finally, the stated purpose of
this study was comparisons of the three groups of patients
distinct with regard to neuropathy and spinal deformity.
5. Conclusions
Our ﬁndings indicate that dysfunction of respiratory
muscles is quite common in patients with HMSN and
cannot be easily predicted from the magnitude of lung
volumes. Furthermore, expiratory muscles appear more
aﬀected than inspiratory ones. Patients with HMSN who
develop spinal deformity usually have decreased lung volume, which seems to be primarily caused by impaired respiratory muscle strength. On the other hand, in patients with
idiopatic spinal deformity, the magnitude of lung volumes
seems to be mainly inﬂuenced by the spinal deformity itself.
Acknowledgements and support
This study was supported by the foundation Movement
without Help, Prague, Czech Republic, and by Grant
OPPK CZ.2.16/3.1.00/24022.
References
[1] Dyck PJ, Thomas PK. Peripheral neuropathy. 4th ed. Philadelphia: Elsevier Saunders; 2005.
[2] Shy ME. Charcot–Marie–Tooth disease: an update. Curr Opin
Neurol 2004;17(5):579–85.
[3] Pareyson D, Marchesi Ch. Diagnosis, natural history, and management
of
Charcot–Marie–Tooth
disease.
Lancet
Neurol
2009;8(7):654–67.
[4] Horacek O, Mazanec R, Morris CE, Kobesova A. Spinal deformities
in hereditary motor sensory neuropathy. Spine 2007;32(22):2502–8.
[5] Walker JL, Nelson KR, Stevens DB, Lubicky JP, Ogden JA,
VandenBrink KD. Spinal deformity in Charcot–Marie–Tooth disease. Spine 1994;19(9):1044–7.

Please cite this article in press as: Horacek O et al., Pulmonary function in patients with hereditary motor and sensory neuropathy: A comparison of
patients with and without spinal deformity, Neuromuscul Disord (2012), http://dx.doi.org/10.1016/j.nmd.2012.05.008

ARTICLE IN PRESS
O. Horacek et al. / Neuromuscular Disorders xxx (2012) xxx–xxx
[6] Daher HY, Lonstein JE, Winter RB, Bradford DS. Spinal deformities
in patients with Charcot–Marie–Tooth disease: a review of 12
patients. Clin Orthop 1986;202:219–22.
[7] Hensinger RN, MacEwen GD. Spinal deformity associated with
heritable neurological conditions: spinal muscular atrophy, Friedreich’s ataxia, familial dysautonomia, and Charcot–Marie–Tooth
disease. J Bone Joint Surg Am 1976;58(1):13–24.
[8] Aboussouan LS, Lewis RA, Shy ME. Disorders of pulmonary
function, sleep, and the upper airway in Charcot–Marie–Tooth
disease. Lung 2007;185(1):1–7.
[9] Gilchrist D, Chan CHK, Deck HN. Phrenic involvement in Charcot–
Marie–Tooth Disease. A pathologic documentation. Chest
1989;96(5):1197–9.
[10] Laroche CM, Carroll N, Moxham J, Stanley NN, Evans RJ, Green
M. Diaphragm weakness in Charcot–Marie–Tooth disease. Thorax
1988;43(6):478–9.
[11] Dyer EL, Callahan AS. Charcot–Marie–Tooth disease and respiratory failure. Chest 1987;92(5):957.
[12] Carter GT, Kilmer DD, Bonekat HW, Lieberman JS, Fowler Jr WM.
Evaluation of phrenic nerve and pulmonary function in hereditary
motor and sensory neuropathy, type I. Muscle Nerve
1992;15(4):459–62.
[13] Eichacker PQ, Spiro A, Sherman M, Lazar E, Reichel J, Dodick F.
Respiratory muscle dysfunction in hereditary motor sensory neuropathy, type I. Arch Intern Med 1988;148(8):1739–40.
[14] Li QH, Liu KX, Feng JL, et al.. A new mutation in the GJB1 gene of
a Chinese family with Charcot–Marie–Tooth disease associated with
vocal cord paresis. Zhonghua Yi Xue Yi ChuanXueZaZhi
2010;27(5):497–500.
[15] Sevilla T, Jaijo T, Nauﬀal D, et al.. Vocal cord paresis and
diaphragmatic dysfunction are severe and frequent symptoms of
GDAP1-associated neuropathy. Brain 2008;131(Pt 11):3051–61.
[16] Stojkovic T, de Seze J, Dubourg O, et al.. Autonomic and respiratory
dysfunction in Charcot–Marie–Tooth disease due to Thr124Met
mutation in the myelin protein zero gene. Clin Neurophysiol
2003;114(9):1609–14.
[17] Kolar P, Sulc J, Kyncl M, et al.. Postural function of the diaphragm
in persons with and without chronic low back pain. J Orthop Sport
Phys Ther 2012;42(4):352–62.
[18] Johnston CE, Richards BS, Sucato DJ, Bridwell KH, Lenke LG.
Spinal Deformity Study Group. Correlation of preoperative deformity magnitude and pulmonary function tests in adolescent idiopathic scoliosis. Spine 2011;36(14):1096–102.
[19] Menon B, Aggarwal B. Inﬂuence of spinal deformity on pulmonary
function, arterial blood gas values, and exercise capacity in thoracic
kyphoscoliosis. Neurosciences 2007;12(4):293–8.
[20] Shy ME, Blake J, Krajewski MS, et al.. Reliability and validity of the
CMT neuropathy score as a measure of disability. Neurology
2005;64(7):1209–14.
[21] Cobb J. Outline for the study of scoliosis. Instructional course
lectures. J Am Acad Orthop Surg 1948;5:261–75.

7

[22] Goldstein LA, Waugh TR. Classiﬁcation and terminology of scoliosis. Clin Orthop Relat Res 1973;93:10–22.
[23] Propst-Proctor SL, Bleck EE. Radiographic determination of lordosis
and kyphosis in normal and scoliotic children. J Pediatr Orthop
1983;3:344–6.
[24] Quanjer PH, Tammeling GJ, Cotes JE, Pedersen OF, Peslin R,
Yernault JC. Lung volumes and forced ventilatory ﬂows. Report
Working Party Standardization of Lung Function Tests, European
Community for Steel and Coal. Oﬃcial Statement of the European
Respiratory Society. Eur Respir J Suppl 1993;16:5–40.
[25] American Thoracic Society/European Respiratory Society. ATS/ERS
statement on respiratory muscle testing. Am J Respir Crit Care Med
2002;166(4):518–624.
[26] Black LF, Hyatt RE. Maximal respiratory pressures: normal values
and relationship to age and sex. Am Rev Respir Dis
1969;99(5):696–702.
[27] Steier J, Kaul S, Seymour J, et al.. The value of multiple tests of
respiratory muscle strength. Thorax 2007;62(11):975–80.
[28] Fitting JW. Transfer factor for carbon monoxide: a glance behind the
scene. Swiss Med Wkly 2004;134(29–30):413–8.
[29] Cooper BG, Taylor R, Alberti KG, Gibson GJ. Lung function in
patients with diabetes mellitus. Respir Med 1990;84(3):235–9.
[30] Newton PO, Faro FD, Gollogly S, Betz RR, Lenke LG, Lowe TG.
Results of preoperative pulmonary function testing of adolescents
with idiopathic scoliosis. A study of six hundred and thirty-one
patients. J Bone Joint Surg Am 2005;87(9):1937–46.
[31] Ran H, Zhi-hong W, Jiang-na H, et al.. Spinal factors aﬀecting
pulmonary function in patients with scoliosis. Zhongguo Yi Xue Ke
Xue Yuan Xue Bao 2011;33(2):194–9.
[32] Kearon C, Viviani GR, Kirkley A, Killian KJ. Factors determining
pulmonary function in adolescent idiopathic thoracic scoliosis. Am
Rev Respir Dis 1993;148(2):288–94.
[33] Upadhyay SS, Mullaji AB, Luk KD, Leong JC. Relation of spinal
and thoracic cage deformities and their ﬂexibilities with altered
pulmonary functions in adolescent idiopathic scoliosis. Spine
1995;20(22):2415–20.
[34] Upadhyay SS, Mullaji AB, Luk KD, Leong JC. Evaluation of
deformities and pulmonary function in adolescent idiopathic right
thoracic scoliosis. Eur Spine J 1995;4(5):274–9.
[35] Jackson RP, Simmons EH, Stripinis D. Coronal and sagittal plane
spinal deformities correlating with back pain and pulmonary function
in adult idiopathic scoliosis. Spine 1989;14(12):1391–7.
[36] Leong JC, Lu WW, Luk KD, Karlberg EM. Kinematics of the chest
cage and spine during breathing in healthy individuals and in patients
with adolescent idiopathic scoliosis. Spine 1999;24(13):1310–5.
[37] El Mhandi L, Millet GY, Calmels P, et al.. Beneﬁts of intervaltraining on fatigue and functional capacities in Charcot–Marie–
Tooth disease. Muscle Nerve 2008;37(5):601–10.
[38] Nathanson BN, Yu DG, Chan CK. Respiratory muscle weakness in
Charcot–Marie–Tooth disease. A ﬁeld study. Arch Intern Med
1989;149(6):1389–91.

Please cite this article in press as: Horacek O et al., Pulmonary function in patients with hereditary motor and sensory neuropathy: A comparison of
patients with and without spinal deformity, Neuromuscul Disord (2012), http://dx.doi.org/10.1016/j.nmd.2012.05.008

