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Abstract
Objectives This study aimed to evaluate whether diffusion tensor imaging (DTI) parameters and cross-sectional area (CSA) can
differentiate between the sciatic nerve of Charcot–Marie–Tooth (CMT) disease type I (demyelinating form) patients and that of
controls.
Methods This prospective comparison study included 18 CMT type I patients and 18 age/sex-matched volunteers. Magnetic
resonance imaging including DTI and axial T2-weighted Dixon sequence was performed for each subject. Region of interest
analysis was independently performed by two radiologists on each side of the sciatic nerve at four levels: hamstring tendon origin
(level 1), lesser trochanter of the femur (level 2), gluteus maximus tendon insertion (level 3), and mid-femur (level 4). Fractional
anisotropy (FA), mean diffusivity (MD), axial diffusivity (AD), and radial diffusivity (RD) were calculated. The CSA of the
sciatic nerve bundle was measured using axial water-only image at each level. Comparisons of DTI parameters between the two
groups were performed using the two-sample t test and Mann–Whitney U test. Interobserver agreement analysis was also
conducted.
Results Interobserver agreement was excellent for all DTI parameter analyses. FA was significantly lower at all four levels in
CMT patients than controls. RD,MD, and CSAwere significantly higher at all four levels in CMT patients. ADwas significantly
higher at level 2 in CMT patients.
Conclusion DTI assessment of the sciatic nerve is reproducible and can discriminate the demyelinating nerve pathology of CMT
type I patients from normal nerves. The CSA of the sciatic nerve is also a potential parameter for diagnosing nerve abnormality in
CMT type I patients.
Key Points
•Diffusion tensor imaging parameters of the sciatic nerve at proximal to mid-femur level revealed significant differences between
the Charcot–Marie–Tooth disease patients and controls.

• The cross-sectional area of the sciatic nerve was significantly larger in the Charcot–Marie–Tooth disease patients.
• Interobserver agreement was excellent (intraclass coefficient > 0.8) for all diffusion tensor imaging parameter analyses.
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Abbreviations
AD Axial diffusivity
CMT Charcot–Marie–Tooth disease
CSA Cross-sectional area
DTI Diffusion tensor imaging
FA Fractional anisotropy
MD Mean diffusivity
MRI Magnetic resonance imaging
RD Radial diffusivity
ROC Receiver operating characteristic
ROI Region of interest

Introduction

Charcot–Marie–Tooth disease (CMT) is among the most com-
mon hereditary neuromuscular disorders, which are a geneti-
cally and phenotypically heterogeneous group of disorders [1,
2]. It includes hereditary disorders associated with motor and
sensory deficits of the peripheral nervous system character-
ized by symmetric distal predominant muscle wasting, weak-
ness, and sensory loss [1]. This symptom is most evident in
the lower limbs and slowly progresses in a lengthdependent
manner [3]. CMT is classically divided into two types: the
more common type I, the demyelinating form, characterized
by a slow nerve conduction velocity (NCV), and type II, the
axonal form, with only normal or slightly reduced NCV but
mainly reduced amplitude of motor and sensory responses in
neurographic recordings [3].

CMT is most often diagnosed clinically, but it may go
unrecognized before overt clinical features such as pes cavus
or hammer toe become evident because of its insidious onset
[1, 4]. Imaging studies are increasingly being conducted,
which may aid in the evaluation of CMT patients. Reported
imaging findings of the nerve structure in CMT patients have
revealed nerve hypertrophy with fascicular swelling [5–8].
Muscle change as a result of denervation, which represents a
more advanced stage and is more evident on magnetic reso-
nance imaging (MRI), has recently attracted clinical interest
[9–12]. Beyond this, little attention has been paid to the eval-
uation of peripheral nerves in CMT patients and quantitative
analysis of imaging parameters.

Diffusion tensor imaging (DTI) is an emerging imaging tech-
nology that exploits the capability of MRI to obtain directional
information of water molecule diffusion within biologic tissue.
Using the anisotropic diffusion property of nerve tissue, DTI
can provide useful quantitative data such as fractional anisotro-
py (FA) or mean diffusivity (MD) [13, 14]. With these param-
eters, DTI has been reported to have great potential in the as-
sessment of degeneration and regeneration in nerve structure
[15]. Axial diffusivity (AD) and radial diffusivity (RD), which
represent diffusivity parallel and perpendicular to the orientation
of the fiber, respectively, are also promising DTI parameters

which may have high clinical value [16]. Studies have shown
that these parameters are related to axonal and myelin sheath
integrity [16–18]. DTI was initially applied in brain imaging,
but recently, numerous studies on its application in peripheral
nerve imaging have obtained promising results [19–21].
However, limited data have been collected for DTI application
in peripheral nerves other than the median nerve [22].

We hypothesized that DTI parameters can reveal the differ-
ence between the demyelinated sciatic nerves of CMT type I
patients and the normal sciatic nerves of healthy controls.
Thus, we sought to determine the potential value of DTI in
diagnosing sciatic neuropathy by performing a prospective
comparison study encompassing CMT type I patients and
healthy controls. We also hypothesized that cross-sectional
area (CSA) of the sciatic nerves significantly differs between
the two groups, so their measurements were performed.

Materials and methods

Study population

The sample size needed to detect meaningful differences in the
mean FA of the sciatic nerve between the CMT type I and
control groups was prospectively calculated with an alpha val-
ue of 0.05 and a beta value of 0.2. The expected difference in
FA between the two groups was assumed to be 0.1 (standard
deviation, 0.1) based on the results of a previous study [23].
The sample size (N) was calculated using the following equa-
tion: N = 2(1.96 + 0.84)2σ2/δ2, where σ and δ are the standard
deviation of FA and the expected mean difference of FA be-
tween the two groups, respectively. The calculated sample size
for each group was 16. The expected dropout rate was set at
10%, and therefore, the number of patients per group was 18.

Between February and June 2017, 18 patients with CMT
type I, diagnosed through genetic analysis and electrophysio-
logic study (Supplementary Tables 1 and 2), underwent pro-
spective MRI. Seventeen patients who underwent genetic anal-
ysis were diagnosed as CMT type IA. They all had peripheral
myelin protein 22 (PMP22) duplication. One patient who did
not undergo genetic testing was diagnosed with CMT type I
based on clinical history and electrophysiologic study results
suggesting severe demyelinating sensorimotor polyneuropathy.
The cohort was limited to patients aged between 20 and
40 years (mean age, 30.1 years ± 4.3 years; age range, 23–
37 years; 8 males and 10 females). None of the patients had
other neuromuscular disorder or diabetes. They had no contra-
indication to MRI, such as claustrophobia or metal in the body.
Patients were enrolled on a first-come, first-served basis.

A public notice was posted on a bulletin board at our insti-
tution to recruit 18 age- and sex-matched healthy controls with
no history of peripheral neuropathy or pathologic condition
related to the lower extremities, or contraindications to MRI.
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The desired ages and sex distribution were included in the
public notice, and 18 people volunteered (Supplementary
Table 3).

A neurologist with 21 years of experience performed a
physical examination to assess for signs of neurologic abnor-
mality before MRI. All 18 age- and sex-matched controls
(mean age, 28.2 years ± 1.2 years; age range, 20–36 years; 8
males and 10 females) revealed no neurologic abnormality on
physical examination.

Investigational review board approval was obtained for the
study, and all patients and volunteers gave written informed
consent prior to MRI. No dropout occurred in either the study
or control group, and therefore, the data obtained from 18
patients in each group were used for analysis.

MRI acquisition

MRI images were acquired using a 3.0-T MRI system
(Ingenia; Philips Healthcare) and a 16-channel anterior coil

and posterior built-in coil. After localization, the following
MRI sequences were obtained for morphologic imaging of
the patients: axial T1-weighted turbo spin-echo sequences
(TR/TE, 450–650/15 ms; section thickness, 2 mm; intersection
gap, 1 mm; field of view, 350 × 350 mm; acquisition matrix,
320 × 320; imaging time, 162 s; number of slices, 67), coronal
T1-weighted turbo spin-echo sequences (TR/TE, 450–650/
15 ms; section thickness, 5 mm; intersection gap, 0.5 mm; field
of view, 350 × 350 mm; acquisition matrix, 320 × 320; imag-
ing time, 200 s; number of slices, 25), and axial T2-weighted
Dixon sequences (TR/TE, 4635.5/80 ms; section thickness,
2 mm; intersection gap, 1 mm; field of view, 350 × 350; acqui-
sition matrix, 320 × 320; imaging time, 194 s; number of
slices, 67). Water-only, fat-only, in-phase, and out-of-phase
images were obtained from the Dixon sequences.

DTI was performed using single-shot echo planar imaging
and the inversion recovery technique for fat suppression (TR/
TE, 7576.4/78.5 ms; section thickness, 3 mm; no intersection
gap; field of view, 350 × 350; acquisition matrix, 128 × 128;

Fig. 1 An example of region of interest (ROI) analyses of the sciatic
nerve in a 24-year-old male Charcot–Marie–Tooth disease type I
patient. Axial Dixon water-only images (a–d) and the b800 maps (e–h)
where the ROI analyses of the sciatic nerve were performed: hamstring
tendon origin (a, e, level 1), lesser trochanter of the femur (b, f, level 2),

gluteus maximus tendon insertion (c, g, level 3), and mid-femur (d, h,
level 4). A magnified image of the ROI at each level is shown in the
corner. Chosen pixels within the right sciatic nerve were marked green
on the b800 maps (e–h) using designated software. An illustration (i)
depicts the four levels where ROI analyses were performed
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imaging time, 651.6 s; number of slices, 67; and delta [time
from the center of the first gradient to the center of the second
gradient]/delta [plateau duration of the diffusion gradient],
39.5/27.1ms). Imageswere obtained at levels from the anterior
inferior iliac spine through the distal femur in the axial plane.
Parallel imaging was performed using sensitivity encoding
(SENSE; Philips Healthcare). Diffusion gradients were applied
in six directions with b values of 0 and 800 s/mm2. Diffusion
encoding was done with monopolar gradient pulses.

Data analysis

First, two radiologists evaluated the DTI image quality by
consensus, which was defined by several factors, including
motion artifact and diagnostic acceptability. A 4-point scale
was used: 1, very poor image quality; 2, suboptimal image
quality; 3, mild limitation in image quality but no loss of
pathology; and 4, optimal. Grades 3 and 4 were considered
acceptable.

Fig. 2 An example of region of
interest (ROI) analysis of the
sciatic nerve in a 25-year-old male
volunteer (a–e) and a 26-year-old
male Charcot–Marie–Tooth
disease type I patient (f–j). ROIs
along the boundary of the right
sciatic nerve for cross-sectional
area measurement at level 2 in the
water-only image (a, f). Chosen
pixels marked green within the
right sciatic nerve at level 2 in b0
map (b, g), b800 map (c, h),
fractional anisotropy map (d, i),
and mean diffusivity map (e, j)
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The dcm2nii tool (www.nitrc.org/projects/dcm2nii/)
was used to convert the DICOM images to NIfTI format
and extract the diffusion gradient directions. Parametric
maps of FA, AD, RD, and MD were calculated using the
Diffusion Toolkit software (www.trackvis.org/dtk) to
generate diffusion maps. Region of interest (ROI) analysis
was independently performed by two radiologists (Y.C.Y.
and H.S.K., with 14 years and 5 years of experience in
musculoskeletal radiology, respectively), using the
MRIcro® software (www.mricro.com, version 1.4) on a
b800 map. To clarify the position of the sciatic nerve on
DTI, axial, b0 map, and coronal T1 and T2 water-only
images displayed on separate monitors were used as a ref-
erence. ROIs were drawn on each side of the sciatic nerve
at four levels (Figs. 1 and 2): hamstring tendon origin (lev-
el 1), where the uppermost part of the semimembranosus
tendon is visualized; lesser trochanter of the femur (level 2)
, where it is visualized most prominently; gluteus maximus
tendon insertion (level 3), where the uppermost part of the
tendon insertion is visualized; and mid-femur (level 4),
determined using a cross-reference tool and coronal im-
ages. A single slice of image was chosen for analysis at
each level, and ROIs were carefully drawn pixel-by-pixel
to fall within the visualized boundary of the nerve.
Considering the limited resolution, signal-to-noise ratio,
and small caliber of the nerve, ROI analysis was not per-
formed at the distal thigh level. A training session was
conducted in advance of measurement to familiarize both
radiologists with the areas of measurement and defining
ROI for the sciatic nerves. One radiologist (H.S.K., with
5 years of experience in musculoskeletal radiology) mea-
sured the CSA of the sciatic nerve bundle on water-only
images at each level where DTI parameters were measured.

Axial T1-weighted images were referred to in order to con-
firm the boundary of the nerve bundle.

Statistical analysis

Statistical analyses were performed using SAS (version 9.4;
SAS Institute). Interobserver agreement regarding DTI was
calculated using intraclass correlation coefficients, interpreted
as follows: 0.8–1.0, excellent; 0.6–0.8, good; and < 0.6, poor
agreement.

The DTI parameters and CSA of the sciatic nerve in the
CMT patients and controls were compared at each level using
two-sample t tests or Mann–Whitney U tests, as appropriate.
Data of the left and right sciatic nerves were averaged together
for comparison. The absence of laterality effect was confirmed
in all the parameters byMann–WhitneyU tests (Supplementary
Table 4). Comparison of body mass index (BMI) between the
two groups was conducted using the Mann–Whitney U test to
confirm the presence of a significant difference that may affect
CSA of the sciatic nerve. Normality of data distribution was
assessed using the Kolmogorov–Smirnov test. A p value < 0.05
was considered significant.

Receiver operating characteristic (ROC) curve analy-
ses were performed for the parameters with mean values
differing significantly between the two groups to evalu-
ate their performance as a discriminator of normal and
pathologic sciatic nerves. The optimal cutoff value of
each parameter was determined using the Youden index.
On the basis of the optimal cutoff value, the area under
the curve (AUC) sensitivity, specificity, accuracy, and
positive and negative predictive values were evaluated
for each parameter.

Table 1 Interobserver agreement
in diffusion tensor imaging
analyses

FA AD RD MD

ICC 95% CI ICC 95% CI ICC 95% CI ICC 95% CI

Level 1

Right 0.91 0.83–0.95 0.90 0.90–0.90 0.92 0.92–0.92 0.93 0.91–0.91

Left 0.93 0.87–0.97 0.93 0.93–0.93 0.89 0.89–0.89 0.91 0.90–0.90

Level 2

Right 0.96 0.92–0.98 0.88 0.88–0.88 0.95 0.95–0.95 0.90 0.93–0.93

Left 0.95 0.90–0.97 0.94 0.94–0.94 0.96 0.96–0.96 0.93 0.96–0.96

Level 3

Right 0.92 0.84–0.96 0.96 0.96–0.96 0.96 0.96–0.96 0.96 0.96–0.96

Left 0.96 0.92–0.98 0.97 0.97–0.97 0.98 0.98–0.98 0.96 0.98–0.98

Level 4

Right 0.92 0.85–0.96 0.96 0.96–0.96 0.92 0.92–0.92 0.98 0.94–0.94

Left 0.92 0.86–0.96 0.95 0.95–0.95 0.92 0.93–0.93 0.94 0.94–0.94

ICC intraclass coefficient, CI confidence interval, FA fractional anisotropy, AD axial diffusivity, RD radial diffu-
sivity, MD mean diffusivity
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Results

After the two radiologists evaluated the DTI image quality by
consensus, images of three of the controls were rated as grade
2 (suboptimal image quality) and were consequently exclud-
ed. The other DTI images were considered acceptable (8 at
grade 3; 25 at grade 4).

Interobserver agreement was excellent for all DTI pa-
rameter analyses (Table 1), and data obtained by one of
the reviewers was used for comparison. FA values were
significantly lower at all four measured levels in the CMT
patients compared with those of the controls (Table 2,
Fig. 3). RD, MD, and CSA were significantly higher at
all four measured levels in the CMT patients compared
with those of the controls. AD was significantly higher at
level 2 in the CMT patients. There was no significant
difference of BMI between the two groups (p = 0.270;
volunteers: median ± standard deviation, 21.60 ± 3.09; in-
terquartile range, 20.60–25.10; CMT patients: median ±
standard deviation, 23.06 ± 4.99; interquartile range,
21.48–27.63).

Overall diagnostic performance for parameters at varying
level is shown in Table 3. The highest AUC was 0.921 (level
1) for FA, 0.865 (level 2) for RD, 0.815 (level 2) for MD, and
0.932 (level 3) for CSA. The AUCwas 0.651 (level 2) for AD.
FA showed sensitivity of 94.4% and specificity of 90.0% at
level 1. Cutoff values for each parameter were 0.435–0.559 for
FA, 0.955 × 10−3–1.222 × 10−3 for RD, 1.350 × 10−3–1.564 ×
10−3 for MD, 50.0–64.0 for CSA, and 2.398 × 10−3 for AD.

Discussion

In this study, the DTI parameters obtained from analysis of the
sciatic nerve differed significantly between CMT type I pa-
tients and controls. At all four measured levels, FA was sig-
nificantly lower while MD and RD were significantly higher
in CMT patients than in volunteers. The diagnostic perfor-
mance of the parameters at each level for discriminating
CMT patients and controls with cutoff values was provided,
which may be used as a reference in the future studies. All
parameters showed high inter-rater reproducibility. These re-
sults may imply a feasibility for clinical application of DTI in
the evaluation of the sciatic nerve in CMT type I patients and,
possibly, in patients with other types of demyelinating
neuropathy.Ta
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Because of the invasiveness and sequelae related to
nerve biopsy, histologic correlation of parameters in the
imaging study of nerve structure is very difficult. In this
regard, CMT patients are appropriate cases for studying the
DTI parameters because the disease typically involves the
bilateral sciatic nerves, which are symmetrical in nature.
We enrolled only CMT type I patients to examine the cor-
relation of DTI parameters with demyelinating neuropathy.
Furthermore, CMT type I has been reported as the most
common type of CMT in most related studies [24]. In ad-
dition, we only included CMT patients in their 20s and 30s
of age. This may have introduced some selection bias.
However, we considered that it would be more meaningful,
with regard to investigating the ability of DTI parameters,
to perform the comparison study between the relatively

early stage of CMT patients and their controls than
performing comparison between patients with far ad-
vanced stage of the disease and controls.

Peripheral nerve pathology is reported to result in de-
creased FA and increased MD regardless of the type of
underlying pathophysiology (e.g., axonal or demyelinat-
ing) in peripheral nerves [25–27]. Some recent studies
have suggested a link between FA values and the demye-
lination process [25, 28, 29]. Recent studies conducted on
median nerves have reported that FA values are signifi-
cantly correlated with electrophysiologic markers of my-
elin sheath integrity [25, 28]. Kakuda et al. [29] also re-
ported significantly lower FA values of tibial nerves in
patients with chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP), the pathologic hallmark

Fig. 3 (continued)
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of which is also the loss of the myelin sheath. Kronlage
et al. [14] also reported significantly lower FA in CIDP
patients, which also showed strong correlation with elec-
trophysiologic markers. Our study results are in agree-
ment with those of the aforementioned studies.

Numerous studies on the central nervous system have
suggested AD and RD as DTI parameters reflecting ax-
onal and myelin sheath integrity, respectively [17, 30,
31]. Compared with DTI application to the central ner-
vous system, DTI application to the peripheral nervous
system is relatively new, and fewer related studies have
been conducted. A recent study by Heckel et al. [28]
showed a significant correlation of AD and RD with the
electrophysiological parameters of axon and myelin
sheath integrity, respectively, in the median nerve. Our
study results showing CMT type I patients with signif-
icantly higher RD at all measured levels of the sciatic
nerve are in agreement with these previous reports.
These results suggest that RD may be a promising
marker that indicated a demyelinating lesion of the pe-
ripheral nerves. Because MD is a mathematical combi-
nation of AD and RD, MD was also significantly higher
in CMT patients, likely reflecting the RD profile. In

addition to demyelination, other histologic changes, in-
cluding increased fatty interfascicular epineurium, occur
in the peripheral nerves of CMT patients [7, 32], but
their contribution to changes in DTI parameters has not
been investigated.

ADwas significantly higher at level 2 in CMT patients than
in normal controls. A decrease of AD, the diffusion of water
parallel to nerve fibers, has been reported to indicate axonal
damage [16, 33]. A previous study suggested that increased
AD may be attributable to increased extra-axonal space
resulting from the reduced axonal caliber of axonal density,
which allows faster water molecule movement parallel to
axons [34]. The difference in AD observed at one of the four
measured levels could imply true histologic difference, but it
may only be a result of the exceptionally sensitive nature of
DTI. Further investigation is necessary to elucidate its true
meaning.

In our study, multiple DTI parameters weremeasured in the
sciatic nerves at various levels. The performance of each pa-
rameter may be considered promising, and these results war-
rant further studies on the clinical application of DTI in pe-
ripheral nerve evaluation. The cutoff values of DTI parameters
with their diagnostic performance for discriminating normal

Table 3 Receiver operating characteristic analysis results for diffusion tensor imaging parameters and cross-sectional area in differentiating the sciatic
nerves of healthy controls and Charcot–Marie–Tooth disease patients

AUC (95% CI) Optimal cutoff Sensitivity Specificity PPV NPV Accuracy

FA

Level 1 0.921 (0.846–0.997) 0.478 0.944 0.900 0.919 0.931 0.924

Level 2 0.915 (0.847–0.982) 0.435 0.833 0.900 0.909 0.818 0.864

Level 3 0.845 (0.754–0.937) 0.455 0.639 0.967 0.958 0.690 0.788

Level 4 0.764 (0.642–0.886) 0.559 0.806 0.700 0.763 0.750 0.758

AD

Level 2 0.651 (0.516–0.786) 2.398 × 10−3 0.444 0.900 0.842 0.574 0.652

RD

Level 1 0.865 (0.771–0.959) 1.222 × 10−3 0.750 0.867 0.871 0.743 0.803

Level 2 0.865 (0.774–0.956) 1.036 × 10−3 0.833 0.833 0.857 0.806 0.833

Level 3 0.790 (0.680–0.900) 1.053 × 10−3 0.611 0.933 0.917 0.667 0.758

Level 4 0.761 (0.643–0.879) 0.955 × 10−3 0.778 0.700 0.757 0.724 0.742

MD

Level 1 0.787 (0.675–0.899) 1.564 × 10−3 0.806 0.667 0.744 0.741 0.742

Level 2 0.815 (0.708–0.921) 1.395 × 10−3 0.806 0.733 0.784 0.759 0.773

Level 3 0.702 (0.571–0.834) 1.516 × 10−3 0.556 0.900 0.870 0.628 0.712

Level 4 0.740 (0.616–0.863) 1.350 × 10−3 0.833 0.633 0.732 0.760 0.742

CSA

Level 1 0.862 (0.768–0.955) 50.0 0.861 0.767 0.816 0.821 0.818

Level 2 0.875 (0.786–0.963) 64.0 0.861 0.833 0.861 0.833 0.848

Level 3 0.932 (0.863–1.000) 63.1 0.889 0.933 0.941 0.875 0.909

Level 4 0.922 (0.843–1.000) 54.7 0.861 0.967 0.969 0.853 0.909

FA fractional anisotropy, AUC area under the curve, CI confidence interval, PPV positive predictive value, NPV negative predictive value, AD axial
diffusivity, RD radial diffusivity, MD mean diffusivity, CSA cross-sectional area
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and demyelinated sciatic nerves at various levels may be used
as reference values for future studies. However, DTI parame-
ters are dependent on acquisition techniques and parameters
[35]. Thus, the cutoff values provided in our study should be
interpreted and applied with caution.

A recent study reported by Vaeggemose et al. [36] showed
significantly lower FA and higher MD in the sciatic nerve of
CMT type I patients compared with those of controls. In this
study, DTI was performed at the distal sciatic nerve (10% of
the distance from the upper part of the patella to the greater
trochanter) without analysis of AD and RD. Our study dem-
onstrated a significant difference of multiple DTI parameters
including AD and RD in the sciatic nerves of proximal and
mid-femur levels, which were not evaluated in previous stud-
ies. In addition, we also provided cutoff values of DTI param-
eters with their diagnostic performance for discriminating nor-
mal and pathologic sciatic nerves, and the study of
Vaeggemose et al. [36] did not analyze. Furthermore, the pa-
tient and volunteer groups in the study of Vaeggemose et al.
were not age-matched, which may have affected the FAvalue
that is reported to be age-dependent [37]. In our study, the
patient and control groups were age- and sex-matched for
comparison.

The DTI analysis of the sciatic nerve at various levels in
our study showed high inter-rater reproducibility. Wada
et al. [20] reported excellent interobserver agreement in
DTI analysis in their recent study on the proximal sciatic
nerve. They used the fiber tracking method for measure-
ment of the FA and MD of the sciatic nerve. In our study,
the fiber tracking method was not used and ROIs were
manually drawn pixel-by-pixel based on visual assess-
ment, which resulted in excellent interobserver agreement.
High inter-rater reproducibility was also observed in the
measurement of the sciatic nerve at the mid-femur (level
4), where the caliber of the sciatic nerve is generally small-
er than proximal segments.

Our results revealed significantly larger sciatic nerve
CSAs in the CMT patients compared with previous re-
ports [7]. This may represent the histopathologic features
of CMT, such as loss of myelination or endoneurial fibro-
sis [7, 32]. However, to the best of our knowledge, little
has been reported on the cutoff value of the sciatic nerve
CSA for discriminating CMT patients and normal controls
when measured at various levels. A recently published
study by Kronlage et al. [38] showed significantly higher
CSA of both the tibial and fibular portions of the sciatic
nerves measured at the mid-thigh level in CIDP patients.
In our study, we did not separately measure the tibial and
fibular portions of the sciatic nerves and the levels where
the measurements were performed also differ from the
study of Kronlage et al. [38]. Data regarding sciatic nerve
CSA of normal subjects from both studies may serve as a
reference for future studies. Additional studies may prove

the value of the sciatic nerve CSA in diagnosing CMT
when used in conjunction with other MRI parameters.

After the evaluation of DTI image quality, the image
sets of three patients were excluded. Clinical application
of peripheral nerve DTI has been challenged because of its
susceptibility to imaging artifacts associated with magnetic
field inhomogeneity, incomplete fat suppression, aliasing,
motion, and distortion [39, 40]. Because DTI was original-
ly developed for the central nervous system, the develop-
ment of dedicated sequences and postprocessing tech-
niques may be necessary to help overcome these potential
obstacles [40].

Our study had several limitations. First, the number of en-
rolled patients was small; however, we used an age- and sex-
matched control group for comparison. Second, the clinical
correlation between neurologic symptoms and imaging pa-
rameters was not tested. Third, measurement errors may have
occurred in the analysis without using image co-registration
between anatomical images and DTI, particularly in the distal
sciatic nerve where the caliber is small. However, the signifi-
cant difference observed between the two groups was similar
to that observed at other levels. Fourth, the general application
of cutoff values in our study may have been limited consider-
ing that MRI parameters may have affected the quantitative
parameters. No general consensus exists on the optimal b val-
ue or the number of diffusion gradient directions for peripheral
nerve DTI [40]. Considering the previous reports that using
more than six diffusion directions improves the measurement
of diffusion tensor [41, 42], six diffusion directions used in our
study may not have been sufficient for exact evaluation of the
diffusion parameters. Furthermore, a difference in slice thick-
ness has been suggested as a factor affecting DTI parameters
by introducing the partial volume effect [29]. Since a single
axial image was used for analysis at each level rather than
averaging the data acquired from multiple consecutive im-
ages, this may also have introduced partial volume effect.
Lastly, signal-to-noise ratios (SNRs) of DTIs were not calcu-
lated. For exact SNR measurement in the parallel imaging,
noise-only data should have been acquired through image
scan without radiofrequency pulses to measure the exact noise
[43], but these were not obtained in our study.

In conclusion, DTI assessment of the sciatic nerve is
reproducible and has a potential value in discriminating
the demyelinating nerve pathology of CMT type I patients
from normal patients. The CSA of the sciatic nerve is also a
potential quantitative parameter for diagnosing nerve ab-
normality in CMT type I patients. Cutoff values of each
parameter reported in our study may be used as a reference
for future studies, but they should be interpreted with cau-
tion considering the MRI acquisition parameters and ana-
tomical locations. Additional studies are required to inves-
tigate potential applications of DTI in other types of demy-
elinating peripheral nerve pathology.
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