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Abstract

Objective To evaluate the accuracy of two different sono-
graphic median nerve measurement calculations in predicting
carpal tunnel syndrome (CTS) severity in a study population
with clinically and electrophysiologically confirmed CTS.
Methods 643 wrists of 427 patients (325 females and 102 males,
age range: 17-90 years, mean+SD: 57.94+14.7) were included
with CTS diagnosis based on clinical and nerve conduction
studies (NCS). Cross-sectional area (CSA) measurement of the
median nerve was performed at the carpal tunnel level (CSAc)
and at the pronator quadratus muscle level (CSAp). Two
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parameters were calculated: delta (A-CSA), which is the difference

between proximal and distal measurements, and ratio (R-CSA),

calculated by dividing distal over proximal measurements.

Results Patients were classified into mild, moderate and se-

vere CTS based upon NCS. The mean A-CSA (4.2+2.6, 6.95

+2.2 and 10.7+4.9 mm?) and mean R-CSA (1.5+0.4, 1.95+

0.4 and 2.440.7) values were significantly different between

all groups (p<0.001). Optimal cut-off values for A-CSA and

R-CSA were 6 mm? and 1.7, respectively, to distinguish mild

from moderate disease, and 9 mm? and 2.2, respectively, to

distinguish moderate from severe disease.

Conclusion Threshold values for the calculated sonographic

parameters A-CSA and R-CSA are useful in predicting CTS

severity compared to NCS.

Key Points

* Tivo proposed parameters were calculated (A-CSA, R-CSA)
and compared to NCS.

* A defined sonoanatomical proximal landmark was used for
the calculation.

* Both parameters showed ability to detect CTS severity com-
parable to NCS.

* Cut-off values could be determined for both parameters.

Keywords Carpal tunnel syndrome - Median nerve -
Peripheral neuropathies - Ultrasound - Nerve conduction
studies

Abbreviations
CTS Carpal tunnel syndrome

NCS Nerve conduction studies

CSA Cross-sectional area

CSAc  Cross-sectional area at the carpal tunnel
CSAp  Cross-sectional area proximally
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A-CSA  Delta cross-sectional area
R-CSA Ratio

Introduction

Carpal tunnel syndrome (CTS) is the most common peripheral
entrapment neuropathy, caused by compression of the median
nerve within the wrist area [1, 2]. A minority of studies sug-
gest that the prevalence of CTS may be as high as 3 % or4 %
[3]; however, most publications report a prevalence of approx-
imately 2 % of the adult population in the USA, affecting 4-10
million patients [4, 5].

An emerging role for ultrasound (US) in the diagnosis of
CTS has been described in the past few years [6—10].

Cross-sectional area (CSA) measurement of the median
nerve is the most important and commonly used US parameter
for CTS diagnosis. Measurements obtained at different points
along the carpal tunnel (inlet and outlet) compared with CSA
measurements at the mid forearm may further improve the
diagnostic utility of US [11-16].

Several studies have calculated a ratio between a proximal
measurement of the median nerve at the mid forearm and a
distal measurement of the median nerve at the carpal tunnel inlet
(R-CSA) [9, 10]. Other studies have suggested using the CSA
difference between a proximal median nerve measurement at
the level of the pronator quadratus and a measurement within
the carpal tunnel, resulting in a delta CSA (A-CSA). Although
these two recently proposed parameters (R-CSA, A-CSA) dem-
onstrate better discriminating performance than CSA measure-
ment alone, no correlation was found with NCS severity, and
threshold values for NCS grades were not defined [17—-19].

The goal of this study was to evaluate the role of US in the
prediction of CTS severity by correlating two recently pro-
posed parameters (A-CSA and R-CSA) to nerve conduction
studies (NCS) in order to establish threshold values for sono-
graphic grading of CTS.

Materials and methods

This study was approved by the university ethics committee.
Informed written and verbal consents were obtained from all
patients. The study was conducted on 643 wrists in 427 con-
secutive patients (325 females and 102 males) with an age
range from 17-90 years (mean+SD: 57.93+14.73) in the pe-
riod from January 2010 to December 2013. All patients
showed characteristic clinical symptoms of CTS and the diag-
nosis was confirmed by NCS performed 1 week prior to US
examination. CTS severity was classified on the basis of the
electrophysiological results as mild, moderate and severe accord-
ing to the modified scoring system of Padua et al. [20] (Table 1).
In the current study we limited our analysis to three grades of
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Table 1  Definition of carpal tunnel syndrome (CTS) grades

CTS grade Definition

Mild (group 1) Minimally abnormal segmental or comparative

test results

Moderate (group 2) Moderate abnormal digit-wrist sensory nerve
conduction velocity, and/or abnormal distal

motor latency

Severe (group 3) Absent sensory responses, abnormal distal
motor latency, reduced motor responses,

or absent motor and sensory responses

Abnormal according to Padua et al. [20]

disease severity (mild, moderate and severe), and did not include
a category for extremely severe CTS since both severe and ex-
tremely severe CTS are treated with the same therapeutic option.

The examining radiologist was blinded to patient symp-
toms and to NCS results, and did not ask the patients for any
clinical information.

Any participant with a history of a systemic disease such as
rheumatoid arthritis, diabetes mellitus or thyroid dysfunction
was excluded from the study. Pregnancy, history of distal ra-
dius fracture, provisional diagnosis of cervical radiculopathy
as well as previous history of treatment for CTS (surgery or
corticosteroid injection) were additional exclusion criteria.

Our study aimed to assess the ability of high resolution US
measurements of the median nerve to classify the severity of
CTS; therefore a healthy control group was not included.

A musculoskeletal radiologist with 15 years’ experience in
musculoskeletal US performed the examination with a 15-
6 MHz linear array transducer (LOGIQ E9, GE Healthcare,
USA) or an 18-5 MHz linear array transducer (HI VISION
Prerius, Aloka Medical, Tokyo, Japan). Subjects were seated
facing the examiner with their arms extended, their wrists
resting on a flat surface, their forearms supine and their fingers
semi-extended. Real-time axial US imaging of the median
nerve was performed from the distal forearm to the carpal
tunnel outlet. Two measurements of the median nerve CSA
were obtained as previously described [17]: the distal CSA
measurement was obtained at the point of maximal median
nerve change in shape within the carpal tunnel between its
inlet and exit points. The largest CSA obtained between the
scaphoid-pisiform level and the trapezium-hamate level — the
inlet and exit levels of carpal tunnel — was registered as CSAc.
A second measurement obtained more proximally at the level
of the proximal third of the pronator quadratus muscle in the
distal forearm, was defined as the proximal CSA (CSAp). The
median nerve was depicted between the flexor pollicis longus and
the flexor digitorum superficialis tendons at the level of the pro-
nator quadratus muscle. Transducer pressure was minimized at
this site during median nerve examination and transducer angle
was maintained perpendicular to the nerve course in order to
improve the reproducibility of our sonographic measurements. It
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must be stressed that a perpendicular orientation of the transducer
relative to the nerve is mandatory during the entire examination.

Measurement of the CSA was performed by tracing a con-
tinuous caliper around the margin of the median nerve. The
trace was performed along the inner border of the perineural
echogenic rim, corresponding to the perineurium around the
hypoechoic median nerve. Measurements at each level (distal
and proximal) were repeated three consecutive times with the
mean used for the statistical calculations.

Two parameters (A-CSA and R-CSA) were calculated for
each wrist using the two previously described parameters: The
difference (A-CSA) was calculated by subtracting CSAp from
CSAc, the ratio (R-CSA) was calculated by dividing CSAc by
CSAp (CSAC/CSAp).

Statistical analysis

Statistical analysis was performed with Stata 12.1 (College
Station, TX, USA). The unit of analysis for this study was
the individual wrist. Each wrist was evaluated independently.

For the tabulation of CSAc, A-CSA and R-CSA, the anal-
ysis was stratified by severity of disease in each wrist on the
basis of NCS. Histograms and box plots of A-CSA and R-
CSA were plotted at each level of disease severity to allow a
visual demonstration of the distribution of A-CSA and R-CSA
scores as a function of NCS. Mean and standard deviation
(SD) were calculated for CSAc, A-CSA and R-CSA in each
severity group. One-way analysis of variance (ANOVA) was
applied to determine whether each CSAc, A-CSA and R-CSA
varied significantly with severity of disease. A significant result
in the ANOVA was followed by unpaired t-tests to document
significant differences for each of these three parameters in mild
versus moderate disease, and in moderate versus severe disease. A
p-value <0.05 was considered significant for these comparisons.

Paired receiver operating characteristic (ROC) analysis was
performed to compare the diagnostic accuracy of A-CSA to that
of R-CSA for the classification of CTS severity based upon the
area under the ROC curves (AUC). As the two wrists on an
individual patient are paired and may not represent statistically
independent observations, the statistical comparison of ROC
AUC was repeated independently for the subsets of right wrists
and left wrists to verify the presence of statistically significant
results. The optimal cut-off points for distinguishing mild from
moderate disease and for distinguishing moderate from severe
disease were determined by Youden’s index to maximize the
sum of sensitivity and specificity.

Results

Each wrist was classified into one of three main groups ac-
cording to CTS severity based on the results of NCS; group 1
represented mild CTS (n=272 wrists), group 2 represented

moderate CTS (n=152 wrists) and group 3 represented severe
CTS (n=219 wrists).

The mean+SD CSAc was 12.52+2.74 mm? in group 1
patients, 14.66+2.50 mm? in group 2 patients, and 18.81+
5.31 mm? in group 3 patients. ANOVA and follow-up t-tests
demonstrated a significant difference in CSAc among patients
with mild, moderate and severe CTS (p<0.001).

Histograms and box plots of A-CSA and R-CSA are pre-
sented at each level of disease severity (Figs. 1 and 2). These
graphs clearly demonstrate that although there is an overlap in
values of A-CSA and R-CSA at different levels of disease
severity, there is a clear tendency for higher values of A-
CSA and R-CSA with greater severity of disease. Further-
more, the box plots demonstrate little overlap among the in-
terquartile ranges for these parameters at the different levels of
disease severity.

The mean A-CSA was 4.21+2.56 mm? for group 1, 6.95+
2.18 mm? for group 2 and 10.68+4.92 mm? for group 3 pa-
tients (Figs. 5, 6 and 7). ANOVA and follow-up t-tests demon-
strated a significant difference in A-CSA among patients with
mild, moderate and severe CTS (p<0.001).
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Fig. 1 Histograms of ultrasound parameters, stratified on the basis of
NLG score. a ROC curves for A-CSA; b ROC curves for R-CSA
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Fig. 2 Box plots of ultrasound parameters, stratified on the basis of NLG
score. The interquartile range is shown by the shaded gray box. Outlier
scores are represented by the points outside the error bars. Note that there
is little overlap among the interquartile scores. a Box plot for A-CSA; b
Box plot for R-CSA

The mean+SD R-CSA was 1.53+0.35 in group 1, 1.95+
0.39 in group 2 and 2.38+0.67 in group 3 patients (Figs. 5, 6
and 7). ANOVA and follow-up t-tests demonstrated a signifi-
cant difference in R-CSA among patients with mild, moderate
and severe CTS (p<0.001).

ROC analysis revealed good discriminating ability with the
use of A-CSA and R-CSA (AUC=0.859 for A-CSA and
AUC=0.841 for R-CSA in the differentiation between mild
and moderate disease severity). A good ROC discriminating
ability was noted for distinguishing moderate from severe
disease with AUC=0.783 for A-CSA and AUC=0.710 for
R-CSA in the differentiation between group 2 and 3 patients
(moderate and severe groups). Discrimination between mild
and severe disease was even better, with AUC=0.934 for A-
CSA, and AUC=0.915 for R-CSA (Figs. 3 and 4).

Comparisons of the AUC between A-CSA and R-CSA
demonstrated no significant difference for distinguishing mild
from moderate disease in the overall group (p=0.07) or among
the subgroup of right-sided wrists, although there was a
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Fig. 3 ROC curves comparing A-CSA and R-CSA parameters between
groups 1 and 2

statistically significant difference among the left-sided wrists
(AUC=0.83 for A-CSA vs. 0.79 for R-CSA; p=0.02). The A-
CSA parameter was significantly superior for distinguishing
moderate from severe disease in the overall group (p<0.001)
as well as among the subgroups of right-sided wrists (AUC=
0.79 for A-CSA vs. 0.72 for R-CSA; p<0.001) and left-sided
wrists. (AUC=0.77 for A-CSA vs. 0.71 for R-CSA; p=0.018).
Finally, the A-CSA parameter was superior for distinguishing
mild from severe disease in the overall group (p=0.003) as
well as in the subgroup for left-sided wrists (AUC=0.92 for A-
CSA vs. 0.90 for R-CSA; p<0.02), although the difference in
AUC failed to meet our test for significance for right-sided
wrists (AUC=0.94 for A-CSA vs. 0.93 for R-CSA; p=0.06).
Taking these results together, both A-CSA and R-CSA dem-
onstrated good discriminating severity for disease severity
with a tendency for A-CSA to outperform R-CSA by a small
margin (Figs. 5, 6, and 7).

The sensitivities and specificities of US-measured A-CSA
with threshold values of 5, 6, 7 and 8 mm? for the differenti-
ation between group 1 and 2 patients and threshold values of
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Fig. 4 ROC curves comparing A-CSA and R-CSA parameters between
groups 2 and 3
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Fig. 5 a Transverse ultrasound
image of the median nerve
(outlined) at the proximal level
(level of the pronator quadratus
muscle) in a 53-year-old female
patient with mild CTS, the CSAp
is 7 mm? R = radius, PQ =
pronator quadratus muscle. b
Transverse ultrasound image of
the median nerve (outlined) at the
distal level (level of the carpal
tunnel) showing a CSAc of

12 mm?. The A-CSA therefore is
5 mm?, whereas the R-CSA is
1,71 consistent with the grading
of a mild CTS sonographically.
FCR = flexor carpi radialis tendon

124

1A 0.12cm2

7, 8,9 and 10 mm? for the differentation between group 2 and
3 patients are presented in Table 4. The optimal Youden’s
index was obtained using a A-CSA threshold of 6 mm? to
differentiate mild from moderate CTS, with which 224 of
272 patients with mild CTS (group 1) and 121 of 152 patients
with moderate CTS (group 2) were correctly diagnosed. The
optimal Youden’s index to differentiate moderate from severe
CTS was obtained by using a A-CSA threshold value of
9 mm?, with which 134 of 152 patients with moderate CTS
(group 2) and 138 of 219 patients with severe CTS (group 3)
were correctly diagnosed (Tables 2 and 3)

The sensitivities and specificities of US-measured R-CSA
with threshold values of 1.5, 1.6, 1.7 and 1.8 for the differenti-
ation between group 1 and 2 patients and threshold values of
1.8, 2, 2.2 and 2.4 for the differentation between group 2 and 3

patients are presented in Table 4. The optimal Youden’s index
was obtained by using a R-CSA threshold of 1.7 to distinguish
mild from moderate CTS, with which 215 of 272 patients with
mild CTS (group 1) and 117 of 152 patients with moderate CTS
(group 2) were correctly diagnosed. The optimal Youden’s in-
dex was obtained using a R-CSA threshold of 2.2 to distinguish
mild from moderate CTS with which 128 of 152 patients with
moderate CTS (group 2) and 116 of 219 patients with severe
CTS (group 3) were correctly diagnosed (Tables 2 and 4).

Discussion

Multiple US parameters have been studied for the diagnosis
of CTS, including retinacular bowing, retinacular thickness,
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Fig. 6 a Transverse ultrasound
image of the median nerve
(outlined) at the proximal level
(level of the pronator quadratus
muscle) in a 42-year-old male
patient with moderate CTS, the
CSAp is 6 mm?. R = radius, PQ =
pronator quadratus muscle. b
Transverse ultrasound image of
the median nerve (outlined) at the
distal level (level of the carpal
tunnel) showing the CSAc is

13 mm?. The A-CSA therefore is
7 mm?, whereas the R-CSA is
2,16 consistent with the grading
of a moderate CTS
sonographically. In addition the
nerve shows loss of echogenicity
because of oedema. FCR = flexor
carpi radialis tendon; arrows
indicate flexor retinaculum

1 A 0.06 cm2

124

1A 0.13cm2

echogenicity of the median nerve, flattening ratio of the me-
dian nerve and measurement of CSA ofthe mediannerve[16,
21-23]. Among these parameters, CSA of the median nerve
is the most popular parameter for CTS detection, although
there is lack of consensus regarding diagnostic cutoff values
for CTS. In order to improve the diagnosis of CTS based
upon CSA, other more specific parameters have been de-
scribed, including theratio between CSA ofthe median nerve
atthe carpal tunnel (distal) and at the mid forearm (proximal),
as well as the ratio between the median nerve CSA and the
carpal tunnel CSA (nerve/tunnel index), and the difference
between CSA of the median nerve both distally and proxi-
mally[1,2,8, 10].

In contrast to earlier studies that utilized the CSA of the
median nerve proximally at the mid forearm [2, 9, 10], recent
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studies [17-19] have defined a landmark for proximal mea-
surement at the level of the pronator quadratus muscle at the
distal forearm. This measurement was thought to provide a
more reproducible landmark for calculation of the proximal
median nerve CSA and to better compensate for the interindi-
vidual variability in the CSA of the median nerve [17]. None-
theless, although calculations based upon this proximal medi-
an nerve measurement showed increased values in diseased
versus normal subjects, and increased values with CTS sever-
ity, these studies could not adequately define CTS severity
subgroups.

Several studies have confirmed the feasibility of distal CSA
measurement of the median nerve not only in the diagnosis of
CTS, but also in the grading of CTS severity [9, 24-27],
especially when using the ratio measurement [8—10].
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Fig. 7 a Transverse ultrasound
image of the median nerve
(outlined) at the proximal level
(level of the pronator quadratus
muscle) in a 65-year-old female
patient with severe CTS, the
CSAp is 7 mm?. PQ = pronator
quadratus muscle. b Transverse
ultrasound image of the median
nerve (outlined) at the distal level
(level of the carpal tunnel)
showing a CSAc of 18 mm?. The
A-CSA therefore is 11 mm?,
whereas the R-CSA is 2,57
consistent with the grading of a
severe CTS sonographically. In
addition the nerve shows loss of
echogenicity because of oedema
and loss of the fascicular pattern.
FCR = flexor carpi radialis
tendon, arrows indicate flexor
retinaculum

Table 2 Specificity, sensitivity and cut-off values between different
carpal tunnel syndrome (CTS) groups

124

1 A 0.07 cm2

'0.18 cm2

CSAc A-CSA  R-CSA
(mm?) (mm?)
Between groups  Specificity 71 % 82 % 79 %
land 2 sensitivity 76 % 80%  77%
Cut-off value 13.5 mm’ 6 mm’ 1.7
Between groups Specificity 87 % 88 % 84 %
2and 3 sensitivity 69 % 63%  53%
Cut-off value 16.5 mm? 9 mm? 22

CSA = cross-sectional area

Table 3  Different delta cross-sectional area (A-CSA) cut-off values
distinguishing between different groups

Discrimination between groups Cut-off value Sensitivity ~Specificity

Groups 1 and 2 5 88 % 65 %
6 80 % 82 %
7 63 % 91 %
8 38 % 95 %
Groups 2 and 3 8 74 % 63 %
9 63 % 88 %
10 51 % 96 %
11 39 % 97 %
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Table 4 Different ratio cross-
sectional area (R-CSA) cut-off

values distinguishing between
different groups

Discrimination between groups Cut-off value Sensitivity Specificity
Groups 1 and 2 1.5 93 % 47 %

1.6 85 % 67 %

1.7 77 % 79 %

1.8 65 % 86 %
Groups 2 and 3 1.8 85 % 35%

2 71 % 47 %

22 53 % 84 %

24 42 % 92 %

Altinok et al. [8] studied the CSA ratio at the forearm
for the diagnosis of CTS in 29 wrists (11 mild and 18
moderate) without including severe cases. Their study did
not define a cut-off value to discriminate between mild and
moderate groups. Our study was able to discriminate be-
tween mild and moderate CTS patient groups with a sen-
sitivity of 77 % and a specificity of 79 % using a cut-off
value of 1.7.

Kang et al. [9], in a study of 148 wrists (110 CTS and 38
controls), proposed cut-off values for the wrist forearm
ratio of 1.89 in the diagnosis of moderate to severe CTS,
and 2.2 for severe CTS. These values are similar to our
results, as we found optimal cut-off values of 1.7 and 2.2
for the distinction between mild and moderate CTS, and
the distinction between moderate and severe CTS, respec-
tively. Although the studies differ in the included study
populations and the level of proximal CSA measurement,
they showed marked agreement in the ability of the inves-
tigational parameter (ratio) to detect CTS severity and dis-
criminate between different subgroups.

In contrast to our study, Mhoon et al. [10] showed that the
ratio obtained from the mid forearm had a high sensitivity of
97 % for detecting electrodiagnostic abnormalities, but a low
specificity of about 29 % using clinical examination as a gold
standard reference for diagnosis. Their use of a different level
of proximal CSA measurement may reduce their specificity
due to greater interindividual variablity, as it provides no fixed
landmark for measurement.

In a recent study [17], A-CSA was proposed as a parameter
showing significant differences between normal subjects and
patients, and its discriminating ability was significantly supe-
rior to distal CSA only of the median nerve. Although both
parameters showed a tendency to be higher in wrists with
highly positive NCS, that study did not demonstrate a signif-
icant difference between patients with mildly positive NCS
and highly positive NCS.

In the current study both A-CSA and R-CSA showed good
discriminating power among wrists with a different severity of
CTS based upon threshold cut-off values. ROC analysis dem-
onstrated that A-CSA cut-off values proved superior to R-
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CSA cut-off values, although this difference was marginally
significant for the comparison of mild to moderate CTS (p=
0.07) and highly significant for the comparison of moderate to
severe CTS (p<0.001).

To the best of our knowledge our series is the largest
reported study in evaluation of the severity of CTS. Fur-
thermore, the use of the proximal CSA measurement at the
distal forearm at the level of pronator quadratus as a fixed
landmark has not been previously published for the calcu-
lation of the R-CSA. The objective of our study was to
validate A-CSA and R-CSA for the differentiation between
CTS patients according to disease severity, with NCS as
the reference standard for diagnosis. We found good dis-
criminating power for both the A-CSA and R-CSA param-
eters in assessment of CTS severity, and calculated optimal
threshold values for each parameter.

Sonographic evaluation of CTS has numerous advan-
tages. US of the carpal tunnel is widely available, quick
and easy to perform, non-invasive and provides a quanti-
tative measurement with validated diagnostic value. As
demonstrated in our study, clinical CTS diagnosis and
grading can be followed by US for confirmation of the
diagnosis and quantitative grading of severity. The appli-
cation of NCS should be reserved for difficult diagnostic
cases, especially those with discordant clinical and sono-
graphic findings. By utilising sonographic evaluation to
confirm the clinical diagnosis of CTS, we can reduce the
dependence on invasive, time-consuming NCS for the di-
agnosis and grading of CTS.
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