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Background: To explore the value of diffusion tensor imaging (DTI)-derived metrics in quantitative 
evaluation of carpal tunnel syndrome (CTS).
Methods: This prospective cross-sectional study included 39 wrists from 24 symptomatic CTS patients, 
who underwent clinical, electrophysiological, and magnetic resonance imaging (MRI) evaluations. In 
addition, 10 wrists of 6 healthy participants were included as controls. Clinical and nerve conduction study 
(NCS) findings were evaluated and graded according to the Boston Carpal Tunnel Questionnaire (BCTQ) 
and the American Association of Neuromuscular and Electrodiagnostic Medicine (AANEM), respectively. 
We performed MRI using a 1.5 Tesla scanner. Mean diffusivity (MD), fractional anisotropy (FA), axial 
diffusivity (AD), and radial diffusivity (RD) of the median nerve at the distal radioulnar joint (DRUJ) (d), the 
inlet of the carpal tunnel (CT) at the pisiform level (i), the middle of the CT (m) and the outlet of the CT 
at the level of the hook of hamate (o), cross-sectional area at the inlet of the CT (iCSA), and the difference 
between MD and FA of the DRUJ and the outlet of CT (Delta MD and Delta FA) were measured.
Results: The CTS patients had significantly lower FA [for example, oFA: mean difference 0.09, 95% 
confidence interval (CI): 0.05 to 0.12] and significantly higher MD than healthy participants (for example, 
iMD: mean difference 0.3, 95% CI: 0.03 to 0.57). There was a negative correlation between iCSA with iFA 
and between mFA and oFA (−0.5<R<−0.4). There was a positive correlation between distal motor latency 
time and Delta MD (R=0.57) and a negative correlation between distal motor latency time and Delta 
FA (R=−0.51). The FA demonstrated a somewhat strong negative correlation with the Boston scores for 
symptom and function.
Conclusions: The DTI-derived quantitative metrics add potential value to the evaluation of CTS. 
Alterations in the FA of the median nerve along the CT are the most significant features of CTS and reflect 
the degree of median nerve compression and clinical deficit. With a cutoff value of 0.45, FA at the carpal 
outlet has a sensitivity and specificity of 87.5% and 85.7% in the diagnosis of CTS, respectively.
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Introduction

Diffusion tensor imaging (DTI) is a noninvasive magnetic 
resonance imaging (MRI) technique to measure the 
diffusion of water within biological tissues (1). It has been 
used to identify microstructural changes in tissues via 
alterations in quantitative parameters (2-6). The most 
common DTI-derived metrics are mean diffusivity (MD), 
fractional anisotropy (FA), axial diffusivity (AD), and radial 
diffusivity (RD). Numerous studies have successfully used 
DTI to explore peripheral nerves, including the median 
nerve in carpal tunnel syndrome (CTS) (7-11).

In CTS, the median nerve is compressed within 
the carpal tunnel (CT) at the wrist level (12). It is the 
most common peripheral nerve entrapment syndrome 
(13,14). The diagnosis of CTS is made based on medical 
history, clinical tests, and nerve conduction study (NCS) 
(12,15). Imaging modalities, including ultrasound and 
MRI, are increasingly being used as diagnostic tools in 
evaluating CTS, especially to rule out potential causes of 
secondary CTS (16-18). In addition to ultrasound, MRI 
has the advantages of providing valuable information on 
CT anatomy in an objective and unbiased way. While 
conventional MRI provides only qualitative information, 
DTI allows quantitative evaluation of the microstructure 
through alterations in water diffusion (19). The metrics 
of MD and FA present the degree and the anisotropic 
nature of water molecules diffusion within tissues; AD can 
reflect axon integrity, while changes in RD and FA may 
indicate myelin sheath injury (20). In published studies, 
the diagnostic capacity of DTI was compared with those of 
conventional MRI and NCS to determine the role of DTI 
in the diagnosis of CTS (8-11). The DTI-derived metrics 
have been found to have potential value in the diagnosis 
of idiopathic CTS (10,21,22). In this study, we aimed to 
explore the value of DTI-derived metrics in quantitatively 
evaluating CTS.

We present the following article in accordance with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) reporting checklist (available at 
https://qims.amegroups.com/article/view/10.21037/qims-
21-910/rc).

Methods

Patients diagnosed with CTS at Hue University of 
Medicine and Pharmacy Hospital between April 2020 and 
August 2021 were included in this study. This prospective 
cross-sectional study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). The 
study was approved by the Ethics Committee of the 
University of Medicine and Pharmacy, Hue University, 
Vietnam (No. H2020/159). All participants provided their 
written informed consent. The reporting of this study 
conforms to the STROBE guidelines (23). The inclusion 
criteria were clinical and NCS findings according to the 
American Academy of Neurology (24). The exclusion 
criteria were general contraindications for MRI, a prior 
history of surgery or trauma of the wrist, and predisposing 
factors for secondary CTS, such as those with diabetes 
mellitus, gout, and inflammatory arthropathy diseases (17).  
Age-matched healthy participants without clinical 
symptoms or a history of neurological symptoms were 
randomly selected and included for control purposes.

Clinical and electrophysiological study

The diagnostic criteria for CTS according to the American 
Academy of Neurology include at least 1 clinical sign and 
evidence of median nerve impairment through the CT 
on electrophysiology, while other nerves are normal (25). 
Participants were clinically evaluated using the Boston 
Carpal Tunnel questionnaire (BCTQ), including the 
functional and symptom Boston scores (26), followed 
by NCS. The CTS of patients was classified into mild, 
moderate, and severe stages based on NCS findings 
(electrophysiological stages) as described by Steven et al. (27).

The BCTQ includes 11 symptom questions and 
8 function questions. The symptom severity scale is 
categorized as asymptomatic, mild, moderate, severe, and 
very severe. Functional status was staged as no difficulty or 
mild, moderate, intense, or very severe difficulty (cannot 
perform the activity at all due to hand and wrist symptoms). 
Based on the mean value of each score, symptom severity 
and functional status were graded as follows: normal: =1; 
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mild: ≤2, moderate: ≤3, severe ≤4, and very severe: ≤5 (26).

MRI technique

The MRI scans were performed using a 1.5 T MRI system 
(Siemens Magnetom Amira, Erlangen, Germany) and a 
standard 16-channel wrist coil. All participants were scanned 
‘feet first’ in a supine neutral position, with palms facing the 
body, all fingers straightened, and thumbs pointing upwards. 
The imaging protocol included a single-shot echo planar 
imaging sequence with the following imaging parameters: 
repetition time (TR) 4,000 ms, echo time (TE) 95 ms, 
b-factor (s/mm2) and averages (0, 800 and 4, respectively), 
30 slices of 2.5 mm thickness with no gap in between, 
bandwidth of 1,100 with a field of view (FOV) of 16×16 cm,  
matrix size of 64×64 (in-plane resolution of 2.5×2.5 mm2),  
acceleration factors of 2 (GRAPPA), 30 diffusion directions, 
voxel-size 2.5×2.5×2.5 mm3, and scan duration 8.28 minutes.  
Conventional MRI sequences, including T1-weighted 
(T1W) axial with the following parameters: TR =500 ms,  
TE =13 ms, slide thickness of 3 mm, FOV of 100 mm, 
matrix of 320×320, and scan duration 2.53 minutes, fat-
suppressed T2-weighted (T2FS) with the following 
parameters: TR =6,170 ms, TE =83 ms, slide thickness of 
3 mm, FOV of 100 mm, matrix of 320×320, scan duration 
2.59 minutes, and 3-dimensional T2-weighted (3D T2W) 
sequences were performed for morphological evaluation. 
The total acquisition time was approximately 18 minutes. 
No specific preprocessing approach was applied other than 
distortion correction. 

DTI analysis

We performed DTI analysis using Inline Siemens Neuro 
3D software (E11 Version, Siemens Healthineers, Munich, 
Germany). Median nerve fiber tractography was performed 
from a single voxel seed region of interest (ROI) manually 
drawn at the center of the median nerve with the reference 
based on anatomic images. The FA, RD, MD, and AD 
were extracted from tractography. The number of tracts 
and mean values of FA, AD, RD, and MD for each tract 
were retrieved automatically. The following parameters 
were used for fiber tracking: manual ROI (1 voxel/ROI 
position), FA threshold 0.20, samples per voxel length 2, 
step length 1.25 mm, angle threshold 30 degrees, with 
a Runge-Kutta (fourth-order method) deterministic 
tractography algorithm (28,29). The FA, AD, RD, and MD 
values were automatically retrieved from the median nerve 

passing through the CT at the following 4 focal anatomical 
sites: the distal radioulnar joint (DRUJ), which is located 
approximately 3 cm above the distal wrist crease (d), the 
inlet of the CT at the pisiform level (i), the middle of the 
CT (m), and the outlet of the CT at the level of the hook of 
hamate (o). The cross-sectional area (CSA) of the median 
nerve was measured on T2FS at the tunnel inlet (iCSA). 
Delta FA and Delta MD represented the differences in FA 
and MD at the DRUJ and the outlet of the CT, respectively. 
An example of the median nerve at the DRUJ and CT 
outlet and reconstructed tractography of the median nerve 
through the CT in a patient with CTS is shown in Figure 1.

Statistical analysis

The mean values of age, body mass index (BMI), FA, 
AD, RD, and apparent diffusion coefficient (ADC) at 4 
anatomical sites along the CT were calculated. Quantitative 
data were expressed as mean values ± standard deviation 
(SD). Normality of quantitative data was determined 
using Kolmogorov–Smirnov tests of normality. The chi-
square test (corrected to Fisher’s exact test as appropriate), 
independent-sample t-test, and one-way analysis of 
variance (ANOVA) (or nonparametric tests if nonnormally 
distributed) were used for group comparisons of DTI 
parameters and CTS severity. The Pearson coefficient 
was utilized for assessment of correlations between 2 
continuous datasets (DTI parameters with Boston scores, 
NCS findings, and iCSA). The level of correlation (R-value) 
was calculated. Univariate linear regression was utilized for 
calculating beta-coefficients and 95% confidence intervals 
(CI) of the difference. The receiver operating characteristic 
(ROC) curve was plotted to calculate the value of DTI 
parameters in the diagnosis of CTS. The software package 
SPSS 25.0 (IBM Corp., Armonk, NY, USA) was used for 
statistical data analysis. A P value <0.05 was considered to 
indicate statistical significance.

Results

General features

A total of 24 participants (5 males; mean age, 46.3±10.7 years)  
who met the inclusion criteria were recruited, among whom 
15 patients had bilateral disease and 9 patients had unilateral 
disease. A total of 39 wrists with CTS comprised the study 
sample. In addition, 10 wrists from healthy volunteers  
(2 males; mean age, 41.9±10.8 years) were included as the 
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control group (Table 1). There were no cases with missing 
data during the whole process. There were no significant 
differences between the CTS group and the control group 
in gender, age, or BMI.

Clinical and electrophysiology findings

The variables and mean values for the CTS group were as 
follows: disease duration, 33±23 months; symptom Boston 
score, 2.6±0.8; function Boston score, 2.1±0.8; distal motor 
latency time, 4.2±1.2 ms; and sensory conduction velocity, 
42.2±14.8 m/s (Table 2). 

MRI findings

The FA and MD at the outlet of the tunnel (oFA and oMD) 
of patients and controls are shown as boxplots in Figure 2. 
There was a statistically significant difference between the 
2 groups in FA at all 4 abovementioned levels, MD at the 
DRUJ, inlet and outlet of the CT, AD at the outlet of the 
CT, and RD at the middle of the CT (P<0.05) (Table 2). 

FA

Figure 3 shows the correlation between FA at the inlet 

Figure 1 MRI of median nerve at the carpal tunnel. (A) Median nerve (arrow) at the distal radioulnar joint. (B) Median nerve (arrow) at the 
outlet of the carpal tunnel in a patient with CTS. (A) and (B) axial T2-weighted spectral attenuated inversion recovery. (C) Reconstructed 
tractography of the median nerve through the carpal tunnel. MRI, magnetic resonance imaging; CTS, carpal tunnel syndrome.

Table 1 Age, BMI, gender, and clinical background of the CTS group and control group

General features CTS group (n=35) Control group (n=8) P

Age (years) 46.3±10.7 41.9±10.8 0.237

BMI (kg/m2) 23.5±2.6 22.1±1.0 0.202

Female gender [n (%)] 21 (87.5) 4 (66.7) 0.254

Clinical symptom At least one symptom of CTS (AAEM) Asymptomatic 1.000

CTS, carpal tunnel syndrome; BMI, body mass index; AAEM, American Association of Electrodiagnostic Medicine.
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Figure 2 Boxplots of FA value (left) and MD value (right) at the outlet of the carpal tunnel in patients and controls. FA, fractional 
anisotropy; MD, mean diffusivity; o, outlet of the carpal tunnel.

Table 2 Boston score, distal motor latency, DTI parameters of the patients and control group

DTI parameters CTS group (mean ± SD) Control group (mean ± SD) P value Mean difference 95% CI (lower, upper)

Symptom Boston score 2.60±0.85 1.00±0.00 <0.001 1.60 1.32, 1.88

Functional Boston score 2.13±0.84 1.00±0.00 <0.001 1.13 0.86, 1.40

dFA 0.46±0.06 0.54±0.07 <0.001 0.09 0.05, 0.13

iFA 0.42±0.05 0.54±0.07 0.001 0.115 0.06, 0.17

mFA 0.41±0.04 0.49±0.04 <0.001 0.07 0.04, 0.10

oFA 0.41±0.05 0.49±0.03 <0.001 0.09 0.05, 0.12

dMD (mm2/s) 1.34±0.26 1.11±0.24 0.007 0.24 0.07, 0.43

iMD (mm2/s) 1.46±0.17 1.16±0.37 0.032 0.30 0.03, 0.57

mMD (mm2/s) 1.47±0.15 1.38±0.12 0.086 0.105 0.01, 0.20

oMD (mm2/s) 1.49±0.18 1.31±0.19 0.009 0.18 0.03, 0.32

dAD (mm2/s) 1.81±0.57 2.00±0.68 0.273 -0.19 -0.61, 0.23

iAD (mm2/s) 2.19±0.33 2.19±0.24 0.922 0.015 −0.21, 0.24

mAD (mm2/s) 2.38±0.34 2.26±0.26 0.297 0.12 −0.11, 0.35

oAD (mm2/s) 2.47±0.28 2.19±0.38 0.011 0.585 0.67, 0.50

dRD (mm2/s) 0.93±0.47 0.69±0.51 0.182 0.23 −0.11, 0.57

iRD (mm2/s) 1.15±0.26 0.98±0.24 0.075 0.166 −0.017, 0.35

mRD (mm2/s) 1.21±0.24 0.92±0.08 <0.001 0.285 0.19, 0.38

oRD (mm2/s) 1.14±0.25 0.83±0.16 <0.001 0.32 0.15, 0.49

CTS, carpal tunnel syndrome; DTI, diffusion tensor imaging; CI, confidence interval; d, i, m, and o, at the distal radioulnar joint, the inlet, 
the middle, the outlet of the carpal tunnel, respectively; FA, fractional anisotropy; MD, mean diffusivity; RD, radial diffusivity.
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and at the outlet of the CT and CSA of the median 
nerve. The oFA demonstrated the lowest mean value 
(0.40±0.05) compared to FA values at the other levels. 
There was a negative correlation between iCSA and 
iFA, mFA, and oFA, with oFA showing the strongest 
negat ive  corre la t ion  (R=−0 .45 ,  be ta-coe f f i c ient 
−0 .005,  95% CI:  −0 .007 to  −0.003)  (Table s  3 ,4 ) . 
Additionally, oFA and mFA demonstrated a somewhat 
strong negative correlation with the symptom Boston 
score and function Boston score (Table 3). The oFA 

demonstrated a correlation with electrophysiological 
stages (Table 5). 

MD, RD, and AD

There was no correlation among MD, AD, and RD at all 
4 different levels and Boston score, distal motor latency 
time of the median nerve, and iCSA (Table 3). The oMD 
demonstrated a correlation with electrophysiological stages 
(Table 5).

Figure 3 Scatterplots of correlation between FA at the inlet of the carpal tunnel and CSA of the median nerve (left) and correlation between 
FA at the outlet of the carpal tunnel and CSA of the median nerve (right). FA, fractional anisotropy; CSA, cross-sectional area; i,and o, inlet, 
and outlet of the carpal tunnel, respectively.

Table 3 Correlations between DTI parameters with Boston scores and electrophysiological parameters

DTI parameters
Symptom Boston score Function Boston score Distal motor latency time iCSA

R P value R P value R P value R P value

iFA −0.42 0.007 −0.31 0.055 P=0.285 −0.42 0.008

mFA −0.40 0.012 −0.34 0.032 P=0.995 −0.42 0.006

oFA −0.40 0.011 −0.37 0.002 P=0.307 −0.45 0.004

dFA

P>0.05
d, i, m, dMD

d, i, m, dRD

d, i, m, dRD

Delta FA P=0.36 P=0.26 −0.51 0.01 P=0.448

Delta MD P=0.36 P=0.57 0.57 <0.001 P=0.542

DTI, diffusion tensor imaging; d, i, m, and o, at the distal radioulnar joint, the inlet, the middle, the outlet of the carpal tunnel, respectively; 
FA, fractional anisotropy; MD, mean diffusivity; RD, radial diffusivity; Delta FA = oFA − dFA; Delta MD = oMD – dMD; iCSA, cross-sectional 
area at the inlet of the tunnel.
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Table 4 The univariate linear regression analysis of factors affecting DTI parameters

DTI parameters iFA mFA oFA Delta FA Delta MD

Symptom Boston score

Beta-coefficient −0.04 −0.03 −0.04

P value <0.001 <0.001 <0.001 0.835 0.595

95% CI (lower, upper) −0.06, −0.03 −0.04, −0.02 −0.05, −0.02

Function Boston score

Beta-coefficient −0.04 −0.03 −0.04

P value <0.001 <0.001 <0.001 0.679 0.785

95% confidence interval (lower, upper) −0.06, −0.02 −0.05, −0.02 −0.05, −0.02

Distal motor latency time

Beta-coefficient −0.03 0.16

P value 0.142 0.644 0.662 <0.001 <0.001

95% confidence interval (lower, upper) −0.04, −0.02 0.08, 0.23

iCSA

Beta-coefficient −0.007 −0.005 −0.005

P value <0.001 <0.001 <0.001 0.49 0.243

95% confidence interval (lower, upper) −0.009, −0.004 −0.007, −0.003 −0.007, −0.003

DTI, diffusion tensor imaging; CI, confidence interval; d, i, m, and o, at the distal radioulnar joint, the inlet, the middle, the outlet of the 
carpal tunnel, respectively; FA, fractional anisotropy; Delta FA = oFA – dFA; Delta MD = oMD – dMD; CSA, cross-sectional area.

Table 5 The relation between DTI parameters with clinical stage 
and electrophysiological stage

DTI parameters
Electrophysiological stage  

(P value)
Clinical stage  

(P value)

dFA 0.35 0.129

d, i, mMD >0.05 >0.05

d, i, m, oRD >0.05 >0.05

d, i, m, oAD >0.05 >0.05

iFA 0.174 0.011

mFA 0.075 0.03

oFA 0.035 0.082

oMD 0.042 0.265

Delta FA 0.504 0.209

Delta MD 0.389 0.186

DTI, diffusion tensor imaging; d, i, m, and o, at the distal 
radioulnar joint, inlet, middle, and outlet of the carpal tunnel, 
respectively; FA, fractional anisotropy; MD, mean diffusivity; 
AD, axial diffusivity; RD, radial diffusivity; DeltaFA = oFA − dFA; 
DeltaMD = oMD – dMD.

Delta FA and Delta MD

There was a strong positive correlation between Delta MD 
and distal motor latency time of the median nerve (R=0.57) 
(Table 3, Figure 4). There was a strong negative correlation 
between Delta FA and distal motor latency time of the 
median nerve (R=−0.51) (Table 3, Figure 4).

ROC curve analysis

With a cutoff value of 0.45, oFA was the best predictor of 
a diagnosis of CTS, with a sensitivity of 90%, specificity 
of 84.6%, and accuracy of 92.1%. It was also shown that 
dFA and iCSA can be used to increase the sensitivity of the 
diagnosis (100%, 97.4%) (Table 6, Figure 5).

Discussion

Main findings

This study aimed to assess the changes of water diffusion 
within the median nerve in patients with CTS by using 
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DTI, and yielded 2 main findings. The first was the 
correlation of DTI-derived metrics with clinical and 
electrophysiological parameters. The second was the 
diagnostic value of different diffusion-derived quantitative 
parameters in CTS.

Diffusion-derived metrics versus clinical and 
electrophysiological parameters

The FA expresses the anisotropic diffusion of water 
molecules within biological tissue (28,30). Within neural 
structures, water molecules tend to diffuse along the main 
direction of the white matter tracts or peripheral nerves 
due to directional axonal structures (31,32). Hence, normal 
white matter tracts or peripheral nerves usually show high 
AD. Decreased FA may be caused by damage to the axonal 
structure or edema (33). Many studies have successfully used 
diffusion-derived metrics to investigate the effect of brain 
tumors or other conditions on cerebral white matter tracts 
(34-37). The DTI method has also been used to investigate 
CTS (7,10,21,38). In previous studies, the diagnostic ability 
of DTI was compared to structural parameters or nerve 
conduction studies; however, the quantitative aspect of 
diffusion-derived metrics has not been fully investigated. In 
the current study, the change in diffusion metrics was shown 
to be correlated with clinical scores and NCS findings. The 
FA at the CT outlet showed the most significant change 
among diffusion metrics. Interestingly, there was a negative 
correlation of oFA with both the symptom and function 
Boston scores. The oFA was also the best predictor in the 
diagnosis of CTS. Moreover, oFA was able to distinguish 
different severity stages. Reduced FA along with increased 
MD and RD within the CT may be attributed to the 
edema caused by acute compression. The most significant 
change was found at the outlet of the CT where the flexor 

Figure 4 Scatterplots of correlations between Delta FA and distal motor latency time of the median nerve (left) and between Delta MD and 
distal motor latency time of the median nerve (right). Delta FA = oFA − dFA; Delta MD = oMD – dMD; FA, fractional anisotropy; MD, 
mean diffusivity; d and o, at the distal radioulnar joint and outlet of the carpal tunnel, respectively. 

Table 6 The value of the DTI-derived metrics and iCSA of the 
median nerve in the diagnosis of CTS

DTI parameters Cutoff Sensitivity (%) Specificity (%) AUC (%)

dFA 0.46 100 56.4 83.3

iFA 0.46 90 79.5 87.9

mFA 0.43 90 71.8 89.5

oFA 0.45 90 84.6 92.1

dMD (mm2/s) 1.13 84.6 60 77.4

iMD (mm2/s) 1.33 71.8 70 74.6

oMD (mm2/s) 1.43 76.9 80 74.9

oAD (mm2/s) 2.17 79.5 60 73.6

mRD (mm2/s) 1.00 79.5 90 86.9

oRD (mm2/s) 1.00 76.9 90 86.4

iCSA (mm2) 10.9 97.4 80 95.4

AUC, area under the curve; DTI, diffusion tensor imaging; iCSA, 
cross-sectional area at the inlet of the tunnel; CTS, carpal 
tunnel syndrome; d, i, m, and o, at the distal radioulnar joint, 
inlet, middle, and outlet of the carpal tunnel, respectively; FA, 
fractional anisotropy; MD, mean diffusivity; AD, axial diffusivity; 
RD, radial diffusivity.
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Figure 5 ROC curves and areas under the curve of DTI parameters. ROC, receiver operating characteristic; DTI, diffusion tensor imaging. 
FA, fractional anisotropy; MD, mean diffusivity; d, i, m, and o, at the distal radioulnar joint, the inlet, the middle, the outlet of the carpal 
tunnel, respectively.

retinaculum was the thickest, which further supported the 
argument. Hence, alterations in diffusion metrics may be 
useful indicators of the compression level. This may set the 
stage for further studies investigating the potentially added 
value of diffusion metrics in predicting the clinical severity 
of CTS, which has implicit prognostic value.

Diagnostic value of diffusion-derived quantitative 
parameters

Numerous studies have been conducted to investigate 
the ability of different MRI parameters to diagnose CTS 
(8,10,21,38). The CSA of the median nerve has been 
found to be a good diagnostic parameter (38-40) as well 
as a good indicator for grading CTS (41). Other MRI 
semiquantitative parameters, such as the flattening ratio of 
the median nerve, the flexor retinaculum bowing ratio, and 
the signal intensity ratio of the median nerve compared to 
that of the hypothenar muscle, have been found to have 
variable values in the diagnosis and grading of CTS (42-44).  
The ADC of the median nerve has been found to be 
of potential value in the diagnosis of CTS (45). Water 
diffusion has been found to increase proximally (DRUJ) 
to distally (pisiform) (45). Our findings are in line with 
previous studies (7,8,10,11,22), in addition to which, we 
tested different DTI-related metrics at different locations 
to find out the best discriminators. In our results, oFA was 
the best predictor of CTS. Our cutoff values of FA at CT 
are similar to those of other published studies, which range 

from 0.42 to 0.54 (8-10,22).   
To evaluate the severity of compression, in addition to 

the oFA, we propose to use the new indices ‘Delta FA’ and 
‘Delta MD’, which reflect alterations in FA and MD when 
moving proximally (DRUJ) to distally (the outlet of the 
CT), respectively. Noticeably, Delta FA and Delta MA were 
found to correlate with the distal motor latency time in 
NCS. Further studies are needed to explore the potential 
value of the indices in evaluating CTS.

Limitations and future directions

The main drawbacks of the current study were the limited 
size of the sample and the cross-sectional study design. A 
larger sample size with longer observation, especially with 
postoperative follow-up, is recommended to further explore 
the potential values of these indices in evaluating CTS. In 
addition, some patients were scanned bilaterally, and as such 
the assumptions of independence were violated and the 
relationship between some variables (Figure 3) appeared to 
be nonlinear, such that the correlation statistics we provided 
may be misleading.

The alterations of diffusion metrics may provide 
information regarding the chronicity of the CTS, along 
with the compression degree. During the acute stage of 
neural compression, edematous changes within nerves 
are obvious (22), while chronic compression of the nerve 
may result in fibrosis (46). Fibrotic changes lead to loss of 
water content and decrease MD, whilst FA can increase 
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(11,47). Therefore, the pattern of DTI metric change may 
indicate the chronicity of compression syndrome. This has 
important implications for the treatment and diagnosis of 
CTS. Patients with a chronically compressed median nerve 
may experience delayed symptom relief after standard CT 
release (48). By contrast, patients receiving early treatment 
are likely to experience more favorable outcomes (49). 
Our findings set the stage for future research exploring 
the potential prognostic value of DTI in CTS and other 
peripheral nerve compression syndromes.

In conclusion, DTI-derived quantitative metrics 
potentially add value to the evaluation of CTS. Alterations 
in the FA of the median nerve along the CT are the most 
significant feature of CTS and reflect the degree of median 
nerve compression and clinical deficit. With a cutoff value 
of 0.45, FA at the carpal outlet has a sensitivity, specificity, 
and accuracy of 90%, 84.6%, and 92.1% in the diagnosis of 
CTS, respectively.
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