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Abstract

Background: Carpal tunnel syndrome (CTS) is a
common peripheral nerve entrapment disorder that is
diagnosed using clinical signs and symptoms and
confirmed via nerve conduction studies (NCSs). While
NCS is a semi-invasive procedure, magnetic resonance
imaging (MRI) is a non-invasive diagnostic tool that
detects macroscopic nerve abnormalities and
evaluates a patient's surgical or medication treatment
options. This study assessed magnetic resonance
neurography (MRN)'s diagnostic and grading value by
comparing it to electrodiagnostic studies in patients
with CTS and healthy individuals.

Methods: This was a cross-sectional study on 27 wrists
with CTS and 27 healthy wrists. After history taking and
physical examination, we employed an NCS to confirm
and determine the severity of CTS, then MRN and
diffusion tensor imaging (DTI) were used to calculate
apparent diffusion coefficient (ADC), fractional
anisotropy (FA), and cross-sectional area (CSA).
Results: 18 patients with CTS (27 median nerves) and
15 healthy controls (27 median nerves) were evaluated.
The mean FA in the CTS group was significantly lower
(0.38 £ 0.05Vs. 0.45 + 0.06, P < 0.001).
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Magnetic resonance neurography in CTS

The mean CSA and ADC were higher in patients with
CTS but not statistically significant. FA's diagnostic
cut-off was 0.42, with a sensitivity of 70.4% and a
specificity of 63%.

Conclusion: MRN with DTI can be an effective and
non-invasive diagnostic technique for the detection of
CTS. The FA measure demonstrated adequate
sensitivity and specificity for differentiating patients
with CTS from healthy individuals.

Introduction

Carpal tunnel syndrome (CTS) is the most
prevalent peripheral nerve entrapment disorder
globally. CTS is caused by compression of the
median nerve at the wrist. Paraesthesia and
dysesthesias are the early symptoms of the disease,
followed by weakness and thenar muscle atrophy
as the disease progresses.!2

CTS is diagnosed using clinical data and nerve
conduction studies (NCSs). However, according to
research, NCS sensitivity ranges from 49% to 86%,
its false-negative rate is between 16 % and 34%, and
it is considered to be a somewhat invasive
method.? The search for a less invasive diagnostic
method with greater sensitivity and specificity
appears to be more important than ever. Magnetic
resonance imaging (MRI) is considered a potential
non-invasive diagnostic method. Although MRI is
not a typical method for diagnosing CTS, studies
showed that MRI had good diagnostic value in
evaluating CTS and detecting macroscopic
changes in nerves and soft tissues. Additionally,
MRI may determine if a patient is a candidate for
surgery or medical therapy.4®

Little research has been conducted in our country
and geographical region to replace NCS with MRI as
a diagnostic technique for CTS. In addition, very few
regional studies have investigated the role of MRI in
determining the severity of CTS. Considering the role
of ethnicity in many of neurological disorders®® and
implementing 3-Tesla MRI which most of regional
studies did not use’12 this study assessed the
diagnostic and grading significance of magnetic
resonance neurography (MRN) in patients with CTS
by comparing the findings of MRN in patients with
CTS and healthy individuals.

Materials and Methods

Patients: We conducted a cross-sectional study
using the convenience sampling method on
27 wrists with CTS diagnosis (9 mild CTS,
9 moderate CTS, 9 severe CTS according to NCS)
and 27 healthy wrists of patients referred to the
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neurology clinic at the Imam Hospital Complex,
Tehran, Iran, from January 2018 to December
2019. The study protocol was approved by the
ethics committee of Tehran University of Medical
Sciences (IR. TUMS.IKHC.REC.1400.405).

The inclusion criteria for the patient group were
clinical diagnosis of primary CIS by an
experienced neurologist, confirmed by NCSs. We
excluded patients with CTS with secondary causes,
such as pregnancy, hypothyroidism, fracture,
radiculopathy, surgery, and acute trauma, as well
as those with systemic neurological disease. Age
and sex-matched healthy controls were recruited
from the patients referred to the neurology clinic
for reasons other than CTS.

Electromyography (EMG) and NCS: All
participants underwent NCS testing. Motor and
sensory NCSs were conducted on the ulnar and
median nerves at the wrist and elbow levels. CTS
severity was classified as mild [prolonged distal
sensory latency (DSL) with/without a decrease in
amplitude], moderate [prolonged DSL and distal
motor latency (DML)], and severe [prolonged DSL
and DML with a reduction/loss in sensory nerve
action potential (SNAP) or compound muscle
action potential (CMAP) amplitude].

MRN: MRI and diffusion tensor imaging (DTI)
were performed using a 3-T scanner. An
experienced radiologist, who was blinded to the
clinical tests and NCSs, calculated the
cross-sectional area (CSA) of the median nerve
using T2-weighted images and fractional
anisotropy (FA), and apparent diffusion coefficient
(ADC) using DTI images (Figure 1).

Study size: Using the Bao et al.® study, the
significance level of a = 0.01, power of 1 - § =0.95,
and the minimum detectable difference between
two groups (d = 4.6), the required sample size was
calculated as 27 patients in each group.

All statistical analyses were conducted using
SPSS software (version 25, IBM Corporation,
Armonk, NY, USA). We used mean + standard
deviation (SD) to report quantitative variables and
frequency to report qualitative variables. We had
no missing data for all variables. The chi-square test
(non-parametric test) was used to compare nominal
variables between study groups, while the t-test and
analysis of variance (ANOVA) (parametric tests)
were used to evaluate quantitative variables. The
receiver operating characteristic (ROC) and the
measurement of the area under the curve (AUC)
were used to assess the diagnostic value and define
the cut-off for MRN parameters. P-value < 0.05 were
considered statistically significant.
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Figure 1. Representative fractional anisotropy (FA) pictures
a) FA in a patient with healthy wrist; b) FA in a patient with moderate carpal tunnel syndrome (CTS); c) FA in a patient

with severe CTS

Results

Characteristics: 18 patients with CTS (27 median
nerves) and 15 healthy controls (27 median nerves)
were evaluated. 13 (72.2%) patients in the CTS
group and 13 (86.7%) in the control group were
women (P = 0.413). The mean age was 47.7 £ 5.5 for
the CTS group and 48.9 + 5.5 years for the control
group (P = 0.418). 13 median nerves (48.1%) of the
right hand were investigated in the CTS group,
compared to 15 right median nerves (55.6%) in the
control group (P = 0.586). There was no significant
difference between the two groups regarding age
and gender (Table 1).

Table 1. Participants' characteristics

Variable CTS Control P
Gender [n (%)] 0.413
Men 5 (27.8) 2 (13.3)
Women 13(72.2) 13(86.7)
Age (year) 47.7+55 489+55 0418
(mean = SD)
Hand [n (%)] 0.586
Right 15 (55.6) 13 (48.1)
Left 12 (44.4) 14 (51.9)

CTS: Carpal tunnel syndrome; SD: Standard deviation

MRN parameters: The mean CSA was 14.8 +2.4
mm? in the CTS group and 13.8 + 2.5 mm? in the

control group, but this difference was not
statistically significant (P = 0.137). The mean FA
was significantly lower in the CTS group
(0.38 £ 0.05 vs. 0.45 + 0.06, P < 0.001). The mean
ADCwas 1.52+0.22 x 103 mm?/s in the CTS group
and 1.42 = 0.10 x 10> mm?/s in the control group,
which was also statistically not significant but by a
narrow margin (P = 0.054) (Figures 1 and 2).

Even though all MRN parameters revealed less
severe measures (lower CSA and ADC and higher
FA) in individuals with mild CTS compared to
those with severe CTS, ANOVA and Bonferroni
tests revealed no significant association between
MRN parameters and CTS severity (Table 2).

Diagnostic values of MRN parameters: Using
the ROC test, AUC for the CSA and ADC was not
in the significant range, indicating that the CSA and
ADC had a low diagnostic value for identifying
individuals with CTS [CSA: AUC = 0.645
(95% Confidence interval (CI): 0.493-0.797),
P =0.068; ADC: AUC = 0.650 (95% CI: 0.497-0.803),
P = 0.058]. However, the AUC for the FA was
within the significant range, indicating that it had
a high diagnostic value [AUC = 0.791 (95%
CI: 0.672-0.911), P = 0.001]. A diagnostic cut-off of
0.42 showed a sensitivity of 70.4% and a specificity
of 63% for identifying patients with CTS (Figure 3).

Table 2. Relationship between magnetic resonance neurography (MRN) parameters and carpal tunnel syndrome

(CTS) severity
MRN parameters  Mild CTS  Moderate CTS Severe CTS  P” p™
(n=9) (n=9) (n=9) Mildvs.  Mildvs. Moderate
(mean + SD) (mean £ SD) (mean + SD) moderate severe VS. severe
CSA 14.30 £ 2.62 14.51 + 2.53 15.67+2.00 0.438 >0.999 0.710 0.944
FA 0.40+0.04 0.39£0.07 0.37+0.05 0.341 >0.999 0.465 0.979
ADC 141+0.17 1.52 £0.27 1.62+0.18 0.134 0.796 0.142 >(0.999

*Analysis of variance (ANOVA); ""Bonferroni post hoc

MRN: Magnetic resonance neurography; CTS: Carpal tunnel syndrome; CSA: Cross-sectional area; FA: Fractional anisotropy;

ADC: Apparent diffusion coefficient; SD: Standard deviation
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Figure 2. Magnetic resonance neurography (MRN) parameters of patients with carpal tunnel syndrome

(CTS) and controls

A) Comparing the mean fractional anisotropy (FA) between two groups with CTS and healthy controls; B) Comparing
the mean apparent diffusion coefficient (ADC) between two groups with CTS and healthy controls; C) Comparing the
mean cross-sectional area (CSA) between two groups with CTS and healthy controls

Discussion

DTI has recently been proposed as a promising
diagnostic tool for peripheral neuropathies.’* We
examined MRN parameters using DTI in patients
with CTS. We found that CSA and ADC values
were not statistically different between the CTS
group and healthy controls; however, the FA was
significantly lower in patients with CTS than in
healthy individuals.

Similar to our work, several prior studies have
demonstrated the usefulness of DTI in identifying
patients with CTS from healthy individuals.
However, the reported mean values for MRN
parameters were slightly different. In earlier
investigations, patients with CTS had a CSA value
of 9.0 to 17.6 mm?, an FA value of 0.359-0.640, and
an ADC value of 0.99-1.03 x 103 mm?2/s.%101516
In our study, participants with CTS had mean CSA,
FA, and ADC values of 14.8 + 2.4 mm?, 0.38 £+ 0.05,
and 1.52 + 0.22 x 10> mm?/s, respectively.

In accordance with our findings, most prior
investigations have demonstrated the value of FA
in the diagnosis of patients with CTS.%1¢ Wafaie
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etal. showed that the mean FA of the median nerve
in patients with CTS was significantly lower than
in the healthy control group; however, in their
study, the ADC values in the CTS group were also
significantly higher than the control group,’
whereas in our study, even though the ADC values
in the CTS group were greater, the difference was
not statistically significant. Like Wafaie et al.,
several studies discovered significant differences
in FA and ADC parameters between patients with
CTS and healthy individuals.’¢?® Nonetheless,
some studies support our findings that only FA
was significantly different between patients and
controls and that the average ADC values were
comparable between patients with CTS and
controls.120-22 There are also discrepancies in
published studies about CSA. Although a number
of studies have found a significant increase in CSA
in patients with CTS compared to the control
group, in compliance to our findings, most studies
stated that CSA had little diagnostic value for
differentiating patients with CTS from healthy
individuals.1316
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Figure 3. Receiver operating characteristic (ROC) analysis for diagnosing carpal tunnel syndrome (CTS)
A) ROC analysis for the diagnostic value of fractional anisotropy (FA); B) ROC analysis for the diagnostic value of apparent
diffusion coefficient (ADC); C) ROC analysis for the diagnostic value of cross-sectional area (CSA)

CTS is defined as chronic median nerve
compression. Edema, fibrosis, and abnormalities in
vascular permeability, especially in the first few
months of the disease, are among the reasons for
the observed changes in MRN and DTI parameters
in patients with CTS.13 Initial changes are caused
by the blood barrier breakdown, followed by
subperineural and endoneurial edema, perineural
and epineural fibrosis, demyelination, and
Wallerian degeneration. All these changes can
affect the water diffusion process in nerve fibers
and, subsequently, the DTI parameters, ADC in
particular.’® Several recent studies have shown
that Wallerian degeneration can significantly
reduce anisotropy while minimally increasing
ADC.% Therefore, a more significant decrease in
FA compared to a smaller increase in ADC can be

https://cjn.tums.ac.ir

anticipated in patients with CTS. As a result, FA
could serve as a more sensitive parameter for
diagnosing CTS than ADC.

While evaluating the association between CSA,
FA, and ADC parameters with CTS severity,
although the incremental pattern of CSA and ADC
and the decrementing pattern of FA were observed
with increasing severity of CTS, the difference was
not statistically significant. In support of our
findings, multiple prior studies have found a
non-significant increase in ADC and decrease in
FA while comparing individuals with severe CTS
to those with mild and moderate CTS.?

Few studies have investigated the association
between MRN values and NCS parameters;171?
however, selection bias in our study design
prevented us from evaluating this association. In
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Kwon et al’s study, the highest correlation
coefficient was between FA and sensory and
motor amplitude, and only FA had a significant
correlation ~ with NCS  parameters and
electrophysiological grading.® These findings
suggest that advances in DTI techniques will
provide further evidence on whether and to what
extent DTI can detect electrophysiological changes
in peripheral nerves.

In addition, we investigated the diagnostic
value of MRN and DTI parameters and defined the
diagnostic cut-off using ROC analysis. The
diagnostic cut-off for FA was 042, with a
sensitivity of 70.4% and a specificity of 63%.
However, CSA and ADC parameters did not have
a good diagnostic value for identifying patients
with CTS. Consistent with our findings, earlier
studies have demonstrated that FA has a higher
diagnostic value than ADC and CSA in patients
with CTS.911,13,16,19,20

In the study by Wafaie et al.,” the diagnostic cut-
off for FA was found to be 0.54, with a sensitivity
of 89.4% and a specificity of 95.7%. In the study by
Guggenberger et al.,1¢ the diagnostic cut-off for FA
was 0.47, with a sensitivity of 70% and a specificity
of 71%, which is comparable to our findings.
Variations in imaging protocols, the anatomical
position of the studied median nerve, and software
for interpreting DTI data could all affect the
reported FA values of patients, leading to disparities
in diagnostic cut-offs and specificity values.

The relatively small sample size was the most
significant limitation of this study, as it diminished
the statistical power of the analyses, particularly
the intragroup comparisons of patients with CTS
(comparison of CSA, FA, and ADC parameters in
severity grading groups). Only one experienced
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