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Abstract

Purpose: Imaging is gaining a more prominent role in the diagnosis of carpal tunnel syndrome (CTS), especially ultra-
sonography. Shear wave elastography (SWE) is a novel qualitative method to study mechanical changes in tissue.
In this study, we aim to assess the role of SWE in diagnosing and staining of the disease.

Material and methods: A total of 124 wrists were included in the study. Seventy wrists had CTS, and 54 were included
as the control group. All of the wrists with CTS had staging done with nerve conduction study. All patients under-
went ultrasonography by an expert radiologist and had the SWE and cross-section of the median nerve determined.
These values were compared among the 2 groups and different stages of CTS. The receiver operating characteristic
curve was utilized to assess the diagnostic role of each of the variables.

Results: Cross-section area (CSA) and SWE were significantly different between the 2 groups (p = 0.0001). CSA was
also significantly different among various stages of CTS. SWE was not significantly different among moderate and
severe stages of CTS. Both of the variables had a good ability to distinguish mild CTS from healthy wrists (p = 0.0001).

Conclusion: SWE can be used in diagnosing CTS and in the staging of the disease.
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Introduction

Carpal tunnel syndrome (CTS) is characterized by ana-
tomical changes in the median nerve, which leads to
the compromise of normal physiological function [1].
The median nerve passes the canal alongside 9 tendons of
the flexor muscles, with the flexor retinaculum doming
them under the carpal bones. Increased pressures in the
carpal tunnel (above the average 2-10 mmHg) can cause
traction- and compression-related alterations in the micro-

scopic nerve anatomy [2]. Studies show that the factors
mentioned above cause an abnormal decline in the nerve
microcirculation, which ultimately leads to oedema and
hypoxia of the nerve and causes myelin damage, which in-
terferes with normal signal transduction [3].

Currently, the most utilized method of diagnosis
is physical examination combined with secondary dia-
gnostic modalities, such as nerve conduction studies
performed alongside electromyography, and imaging
methods, such as ultrasound and magnetic resonance
imaging [4].
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Shear wave elastography (SWE) is a recent extension
to the diagnostic abilities of ultrasonography, which en-
ables quantitative measurements of the elasticity of tis-
sue. A mechanical study of the median nerve by strain
elastography has shown mixed results in assessing carpal
tunnel ligament stiffness, the correlation between median
nerve is and strain, the pressure of the carpal tunnel, and
the elasticity of the nerve [5]. Application of a quantitative
method may further the diagnostic implications of ultra-
sonography in the carpal tunnel, and may even be used as
a follow-up marker in subjects.

Considering all of the mentioned points above and
the potential benefit of quantitative data in the manage-
ment and follow-up of patients, the aim of this study is the
quantitative measurement of median nerve (MN) stiffness
by SWE, in conjunction with cross-section area (CSA) of
the median nerve to determine whether it can be useful
in the diagnosis and staging of CTS.

Material and methods

Patients

The present study was conducted on 124 consecutive sub-
jects presenting to a tertiary medical centre with subspe-
cialized out-patient clinics. The study group was selected
from patients with a definite diagnosis of CTS, which was
approved by a nerve conduction study and physical exa-
mination by an orthopaedic surgeon subspecialized in
hand surgery. The control group was selected from healthy
volunteers. Exclusion criteria for both groups of subjects
included those with prior wrist injury or surgery in the vo-
lar aspect of the hand, anatomical anomalies from birth,
diabetes mellitus, other neuropathies, a mass lesion in the
carpal tunnel, and those refusing to participate in the study.

Nerve conduction study

Nerve conduction study (NCS) was performed by an
electrophysiologist with at least 20 years of experience,
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according to the guidelines and recommendations is-
sued by the American Association of Neuromuscular and
Electrodiagnostic Medicine (AANEM) [6]. Patients were
classified as mild, moderate, and severe CTS based on the
measurement of the median nerve conduction velocity
[7,8]. The electrophysiologist was blinded to the clinical
characteristics of patients before performing the NCS.

Ultrasonographic imaging

Ultrasonographic (US) examinations of the hands of the
patients and healthy subjects were performed by a radiolo-
gist with more than 13 years of experience in musculoskel-
etal imaging. US imaging was performed using an Aix-
Plorer scanner (AixPlorer Ultimate, Supersonic Imaging,
Paris, France) equipped with high-frequency broadband
(5-18 MHz) linear array transducer (SL 18-5). The radio-
logist was blinded to the NCS test results and the clinical
characteristics of the patients. US examination was per-
formed within 7 days of the NCS, and the CSA of the me-
dian nerve was measured at the level tunnel inlet (level of
pisiform bone) (Figure 1).

Protocol of shear wave elastography

Subjects were seated facing the radiologist with arms ex-
tended forward and resting on a hard, flat-surface hand
rest, with wrists extended 30 to 45 degrees, forearms su-
pinated, and fingers semi-flexed. The axial B-mode im-
ages of the nerve were taken at the level of the pisiform
and scaphoid bones (tunnel inlet level). The probe was
oriented so that the US beam remained perpendicular to
the median nerve, and the wrist was maintained in a su-
pine position with no external pressure applied during
the supersonic SWE (SSWE) examination. So that any un-
wanted and confounder alterations in CSA remained lim-
ited, SSWE was performed in dual mode (i.e., elastograms
displayed alongside greyscale sonograms in real-time).
The radiologist chose the best static SSWE display im-
ages in a rectangular region of interest (ROI), which was

Figure 1. Transverse ultrasonogram was used to evaluate the cross-sectional area of the median nerve at the carpal tunnel in a patient with severe carpal

tunnel syndrome
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Figure 2. Transverse ultrasound shear wave elastogram was used to evaluate median nerve stiffness measurement in a patient with severe carpal tunnel

syndrome

fixed in all the measurements for each subject. Median
nerve stiffness was measured by manual curser around
the median nerve (Figure 2). The manual ROI around the
median nerve in the quantitative analysis provided the
CSA of the ROI, and the maximum, minimum, standard
deviation of median nerve stiffness in kilopascals (kPa).

Statistical analysis

Statistical analysis was done using SPSS (version 23.1.0,
Chicago, II, Us). Quantitative data were presented as mean
+ standard deviation. The mean values of CSA and SWE
were compared between the 2 groups using an indepen-
dent t-test. One-way ANOVA, coupled with Fisher’s least
significant difference (LSD) post hoc test, was used to com-
pare CSA and SWE values among various grades of CTS
based on NCS. Roc curve analysis was performed for the
diagnostic abilities of SWV and CSA, the area under the
curve was calculated, and the Youden’s index was defined
for each variable.

Ethical considerations

The present study was conducted after gaining ethical ap-
proval by the local ethics board of the university where it
was performed. All patients had signed written informed
consent forms before inclusion. This study was in agree-
ment with the latest version of the Helsinki declaration.

Results

A total of 124 hands with CTS were included in our study.
The mean age of those being included was 50.8 + 10.2 years
(range: 19-77 years). Seventy hands were previously diag-
nosed with CTS, and 54 hands were included as the con-
trol group. Of those diagnosed with CTS, NCS revealed
that 18 had mild, 26 had moderate, and 26 had severe CTS.
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The mean CSA of the median nerve was 0.12 £ 0.04 cm?
in the study group and 0.05 + 0.015 cm? in the control
group. The difference between the 2 groups was statisti-
cally significant (p = 0.0001).

The median nerve stiffness was 56.55 + 20.5 kPa in
the patient group and 23.71 + 10.3 kPa in the control
group, with the difference being statistically significant
(p = 0.0001).

CSA and median nerve stiffness values were com-
pared between the 4 groups of patients identified by NCS
(healthy hands and mild, moderate, and severe CPS).
Analysis of variance revealed that both factors were signif-
icantly different among the groups. CSA was significantly
different when comparing any of the 4 groups to each
other, while median nerve stiffness did not show a statisti-
cally significant difference when comparing severe CTS to
moderate CPS.

Figure 3 demonstrates the linear regression model be-
tween CSA and SWE values (p = 0.001). The regression
coefficient was 0.607.

The area under the ROC curve for median nerve stiff-
ness and CSA was 0.936 (0.895-0.978) and 0.960 (0.929-
0.990), respectively. Each of the variables showed an excel-
lent diagnostic profile based on ROC curves (p = 0.0001).
The ROC curve is shown in Figure 4. A CSA more of than
0.07 had a sensitivity of 88.8 and specificity of 88.4 in diag-
nosing CTS.

A median nerve stiffness of more than 33.9 kPa had
a sensitivity of 90.28% and specificity of 88.4% in diag-
nosing CTS.

The diagnostic profile of SWE and CSA in differenti-
ating mild cases from normal subjects was also assessed.
The area under the curve was 0.87 (0.782-0.957) and 0.907
(0.826-0.988) for SWE and CSA, respectively (p = 0.0001).
The corresponding ROC curve is shown in Figure 5.

Binominal regression of the 2 variables (SWE and
CSA) was used to assess their effects on the likelihood

© Pol J Radiol 2021; 86: e638-e643
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Figure 3. Scatter plot and the trend line for shear wave elastogram (SWE)

and cross-section area (CSA). Regression coefficient equalled 0.607
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Figure 5. ROC curve presenting the diagnostic profile of cross-section area
(CSA) and shear wave elastogram (SWE) in differentiating mild carpal tunnel
syndrome from normal wrists

of participants having CTS. The results revealed a signifi-
cant contribution of each of the 2 variables (p = 0.0001 for
CSA and p = 0.001 for SWE) and an overall statistically
significant model (y? [2] = 128.9, p = 0.0001). The model
correctly predicted 87% of the variance in CTS among
participants (Nagelkerke’s R?).

The overall sensitivity of the model was 95.2% and
specificity was 95.8%.

An ROC curve based on this model yielded an area
under the curve of 0.977 (0.951-1). Figure 6 depicts the
associating ROC curve.
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Figure 4. ROC curve of the diagnostic profile of shear wave elastogram
(SWE) and cross-section area (CSA) in differentiating carpal tunnel syndrome
cases (all stages included) and healthy wrists
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Figure 6. ROC curve of the bivariate model using shear wave elastogram
(SWE) and cross-section area (CSA) as entry predictors (AUC=0.97,0.951-1.0)

Discussion

In the present study, we evaluated the diagnostic value of
SWE and the cross-section of the median nerve in CTS.
Our results demonstrate a favourable diagnostic profile
for both of the parameters, and we also show that these
variables can be used in classifying CTS based on severity.

Ultrasonography has been used in the diagnosis
of peripheral neuropathies such as CTS for some time.
Conventionally, strain elastography has been considered.
In contrast to SWE, strain elastography is a qualitative
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method, in which the operator exerts manual force to tis-
sue via a transducer that senses the degree of deforma-
tion compared to the surrounding tissue. This method
is highly operator dependent, and the technical specifi-
cations of the imaging, such as the size of the region of
interest, may hinder the reproducibility of any results.
Furthermore, interpretation of qualitative data may prove
confusing and inaccurate, especially in the follow-up of
patients undergoing conservative treatment. Amid these
limitations, clinical studies show contradictory results.
He et al. showed that SWE values were significantly dif-
ferent among the median and tibial nerve of patients with
diabetic neuropathy and the control group. It also had
a higher area under the curve compared to CSA (0.927
compared to 0.798 in the tibial nerve) [9]. Similar results
were seen in ulnar neuropathy associated with diabetes
and ulnar tunnel syndrome [10, 11].

Martin et al. did not find a significant difference in
strain values among 17 CTS patients and 26 control sub-
jects [12], while Emara et al. reported a significant dif-
ference not only in CTS patients and control cases but
also between different severities of CTS [13]. A systemic
review by Lin et al. reported a standardized mean differ-
ence of 1.307 (95% CI: 0.876-1.737, I = 78.9%) for the
strain ratio in CTS patients vs. healthy subjects. Although
the study did not yield a significant result, the authors
concluded that there was potential for further investiga-
tion of the use of strain elastography because the stud-
ies had somewhat different imaging techniques, and the
results may have been confounded by them [14]. How-
ever, a study by Yoshii et al. was able to show that strain
elastography of the median nerve could be a prognostic
factor in patients undergoing median nerve release due
to CPS. They suggest that the area under the curve for
the pressure, strain, pressure-strain ratio, motor latency;,
sensory latency, and area were 0.689, 0.773, 0.811, 0.668,
0.637, and 0.562, respectively, which shows a fair diagnos-
tic profile in most cases, with the strain ratio having the
most AUC [15].

SWE is not studied as thoroughly as strain elasto-
graphy. Zhang et al. studied 72 wrists with CPS and
46 healthy wrists and found that the SWV was 5.241
+ 0.545 m/s in CPS wrists and 3.248 + 0.410 M/S in
the control group, with the difference being significant.
The same was also true for CSA. Interestingly, they were
able to show that the SWV values were significantly dif-
ferent between patients with mild or moderate CTS and
severe CTS [16].

Ardakani et al. studied the application of SWE, mor-
phometry, and artificial intelligence techniques in the
diagnosis of CTS. They found that various parameters of
elastographic imaging, including the elasticity mean, the
standard deviation of elasticity, blue index, red index, and
softness index were significantly different among control
subjects and CTS patients. They incorporated the data
generated by elastographic imaging and morphometry
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to 2 models of traditional machine learning and deep
learning models. In the conventional model, an AUC of
0.943, sensitivity of 90%, specificity of 95%, and accuracy
of 92.50% were achieved. The deep learning model yielded
an even better response: the AUC, sensitivity, specificity,
and accuracy were 0.980, 95.00%, 100%, and 97.50%,
respectively [17].

In a recent study by Wee et al., 47 wrists with CTS were
compared to 25 wrists from control patients. The CSA of
CTS wrists was 11.5 + 3.4 mm?” compared to 7.3 £ 1.9 in
normal wrists (p = 0.001). The authors also calculated the
wrist to forearm the CSA ratio of the median nerve and
found that it was significantly different in CTS patients.
Unlike previous studies, the CSA and CSA ratio were not
significantly different among different severities of CTS.
The authors suggested that the optimal median nerve CSA
cut-off value for the diagnosis was 1.45 [18].

In this study, we showed that a significant correla-
tion existed between SWE and CSA. This can be justified
by the fact that as the nerve increases in diameter due
to oedema and fibrous tissue formation, the elasticity de-
creases. CSA is an anatomical factor, and the addition of
SWE or other markers of nerve physiology may be useful
in more accurate analysis of imaging findings, differen-
tiating conditions that only affect 1 of the variables, or
interpreting both of the variables in light of changes made
to the other one. Although our results show a favourable
diagnostic profile for SWE in CTS, our results should be
interpreted with consideration of the limitations of our
study. Our study was conducted on patients presenting to
a single medical centre. Thus, the diversity of our patients
may not reflect that of our general population. Studies
that are performed on multiple centres and include a wide
range of patients with pre-existing conditions such as dia-
betes, peripheral neuronal disease, and athletes or others
with variations in the components of the musculoskeletal
system compared to the general population may reveal the
true diagnostic accuracy of SWE in CTS, as well as other
peripheral neuropathies.

Conclusions

In the present study, we showed that CSA and SWE were
significantly different between CTS wrists and the control
group (p = 0.0001). CSA was also significantly different
among various stages of CTS and could be used as a stag-
ing variable. SWE was not significantly different among
moderate and severe stages of CTS. Both of the variables
had a good ability to distinguish mild CTS from healthy
wrists (p = 0.0001). There was a significant correlation
between CSA and SWE, which can be further utilized in
image analysis and diagnostic approaches.
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