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Carpal tunnel syndrome (CTS) is the most common entrapment neuropathy caused by
impairment of the median nerve due to compression as it passes through the carpal
tunnel.

The current gold standard in diagnosing CTS and nerve damage is by electrophysio-
logical nerve conduction study (NCS). However, 10 to 25% of NCS results are falsely
negative. Moreover, NCS remains an expensive and time-consuming procedure for
patients. Ultrasonography serves as a real-time, well-tolerated, portable, and noninva-
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Introduction

Carpal tunnel syndrome (CTS) is the most common entrap-
ment neuropathy caused by impairment of the median nerve
due to compression as it passes through the carpal tunnel
(carpal—from the Greek word karpos, meaning “wrist”). Sir
James Paget (1854) was the first to describe the features of
CTS! and is defined as “a constellation of clinical symptoms
and signs caused by compression and slowing of the median
nerve at the wrist.”? Diagnosis of CTS is usually based on
characteristic symptoms.

The current gold standard in diagnosing CTS and nerve
damage is by electrophysiological nerve conduction study
(NCS).2 However, 10 to 25% of NCS results are falsely nega-
tive. Moreover, NCS remains an expensive and time-consum-
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sive tool for assessing the carpal tunnel.

This study aims to assess the role of high-frequency ultrasound of the median nerve at
the wrist in evaluating CTS and correlate with NCS to determine whether sonography
can be used as an alternative to NCS in diagnosing and grading CTS.

ing procedure for patients.*> Ultrasonography serves as a
real-time, well-tolerated, portable, and noninvasive tool for
assessing the carpal tunnel. Although previous studies tried
to determine the appropriate sonographic cutoff values to
accurately diagnose and grade the severity of CTS, there is
lack of consensus in the literature among different
investigators.

Aims and Objectives

This study aims to assess the role of high-frequency ultra-
sound of the median nerve at the wrist in evaluating CTS and
correlate with NCS results to determine whether sonography
can be used as an alternative to NCS in diagnosing and
grading CTS.
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Ultrasound of Median Nerve in the Diagnosis of CTS

UL.ART

PROXIMAL CARPAL TUNNEL

Fig. 1 Ultrasound of proximal carpal tunnel: arrowheads, flexor
retinaculum; FCR, flexor carpi radialis tendon; FPL, flexor pollicis
longus tendon; MN, median nerve; T, flexor digitorum superficialis
and profundus tendons.

DISTAL CARPAL TUNNEL

Fig. 2 Ultrasound of distal carpal tunnel: H, hamate; MN, median
nerve; arrowheads, flexor retinaculum; T, flexor digitorum
superficialis and profundus tendons; TR, trapezium.

Anatomy

The carpal tunnel is an osteofibrous canal located in the volar
aspect of the wrist. The boundaries of the carpal tunnel are
the carpal bones forming the floor and the flexor retinaculum
forming the roof. The flexor retinaculum is ~3 to 4 cm wide
and proximally attaches to the scaphoid tubercle on the
radial side and to the pisiform bone on the ulnar side
(proximal carpal tunnel or inlet) (~Fig. 1). Distally the flexor
retinaculum attaches to the trapezoid tubercle on the radial
side and to the hook of the hamate bone on the ulnar side
(distal carpal tunnel or outlet)® (~Fig. 2).

The carpal tunnel contains nine tendons and a nerve: the
flexor pollicis longus, the four flexor digitorum superficialis
(FDS), the four flexor digitorum profundus (FDP), and the
median nerve.

Median Nerve

The median nerve’ arises from the medial and lateral cords of

the brachial plexus and is innervated by the C5-T1 nerve
roots. The median nerve can be followed into the carpal
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CARPAL BONES

Fig. 3 (Ultrasound image showing cross-section (A) and longitudinal
section (B) of the normal median nerve. FR, flexor retinaculum; MN,
median nerve; SCA, scaphoid; PIS, pisiform. T, flexor tendon in
longitudinal plane.

tunnel from its location between the FDS and the FDP in the
mid forearm. At the wrist the median nerve is superficially
located just deep to the palmaris longus tendon and flexor
retinaculum, lateral to the FDS tendons and medial to the
flexor carpi radialis.

Individual fascicles are separated by collagen and are
bundled together by epineurium to form nerves. These
features give nerves a characteristic honeycomb appearance
in the short axis where the hypoechoic nerve fascicles are
surrounded by hyperechoic connective tissue and collagen
(=Fig. 3A, B). In the long axis, peripheral nerves appear
coarse and hypoechoic, a finding that helps to distinguish
nerves from adjacent tendons that appear more echogenic,
compact, and fibrillar.8?

Differentiation of median nerve and the tendons can be
done by toggling the transducer and to look for anisotropy of
the tendons surrounding the median nerve. The tendons will
alternately be hypoechoic and hyperechoic, while the median
nerve will remain hypoechoic and fascicular in appearance.’

Carpal Tunnel Syndrome

CTS is a common, chronic, and disabling condition. The
symptoms of CTS are pain, numbness, and tingling sensation
in the hand. Majority of CTS cases occurs more frequently in
females (65-80%) and between the ages of 40 and 60 years.'?
It is common in women and increased prevalence is seen
with advancing age, obesity and occupation with strenuous,
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repetitive tasks, and in those making extensive use of vibrat-
ing tools."!

Scenario in India: In a study conducted by Murthy and
Meena'? in South Indian population using electrodiagnostic
studies, CTS constituted 7% of all the peripheral nerve
disorders in general and 83.6% of entrapment neuropathies
in particular.

The pathophysiology of CTS is not clearly understood and
is presumed to be compression and tension within the carpal
tunnel.’® The high carpal tunnel pressure in patients with
CTS causes obstruction to venous outflow, back pressure, and
edema formation. The underlying etiology is often uncertain
and multifactorial and, in majority of cases, is idiopathic.
Secondary CTS may be related to abnormalities of the carpal
tunnel or its content. From a meta-analysis conducted in
2008, it was demonstrated that sex, age, genetic and anthro-
pometric factors (size of the carpal tunnel) were the most
important predisposing factors.'*

Clinical Diagnosis

Due to its typical clinical presentation, many cases of CTS are
already diagnosed by patient’s history. The clinical presen-
tation includes numbness, pain, and tingling of the hands
with symptoms occurring more during night. In advanced
stages, hypotrophy of the abductor pollicis brevis and oppo-
nens pollicis muscles may be observed.'®

The most commonly used clinical test for diagnosing CTS
are Phalen’s and Tinel'’s test. The Phalen’s test is considered
positive when symptoms are reproduced by full palmar
flexion of the wrist with the elbow in full extension and
the forearm in pronation.'® The Tinel's sign is considered
positive if electric shock-like sensation or paraesthesia
occurs in the area supplied by the median nerve when
percussion is done over the course of the median nerve
just proximal to the carpal tunnel.'’

The effects of bias on the clinical diagnosis for CTS were
studied by a systematic review, which concluded that unbi-
ased studies are scarce and that the value of confounded
studies for clinical practice is limited.'8

Electrophysiologic Studies

NCS are still the gold standard for the diagnosis of CTS.!®
Demyelination of nerve leads to reduced nerve conduction
velocity that can be detected by NCS. The goal of the electro-
diagnostic evaluation in clinically suspected CTS is to confirm
CTS in an efficient and technically reliable way, while also
being comprehensive enough to exclude mimickers or super-
imposed neurogenic processes.?’

CTS cases are graded according to their electrophysiological
severity with a scale proposed by Stevens?! into mild (pro-
longed sensory or mixed [palmar] distal latency or amplitude
reduction), moderate (above, PLUS prolonged median motor
distal latency), severe (absent sensory response or low ampli-
tude motor response), and very severe CTS (absent routine
sensory and thenar motor responses, lumbrical response may
still be present with prolonged latency).
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Imaging in Carpal Tunnel Syndrome

Ultrasound and magnetic resonance imaging (MRI) are the
two imaging modalities that are used in investigating the
entrapment neuropathies.

High-Frequency Ultrasound

Although ultrasonography is routinely done in CTS espe-
cially in preoperative cases, they have not completely
replaced the electrophysiological studies and parameters
are not clearly defined in relation to Indian context. The use
of diagnostic ultrasound for diagnosing CTS appears to be a
more cost-effective strategy than electrophysiological stud-
ies .22

Magnetic Resonance Imaging

MRI with its higher spatial resolution can detect the mor-
phological changes of the median nerve in CTS. Increased
signal on T2w images, changes in the cross-sectional area
(CSA), and flattening of the median nerve are the most
common abnormalities in CTS patients. The drawbacks of
MRI include its cost, availability, claustrophobia, long scan
times, and contraindications in patients with cardiac pace-
makers or certain metallic implants.23

Imaging criteria for detection of CTS on ultrasonography
and MRI are the same and include:

Swelling of the median nerve—This can be assessed at
varying levels within the carpal tunnel.

Flattening ratio (FR)—Usually the median nerve is swol-
len in the proximal tunnel and flattens in the distal tunnel.
This is measured by the FR.

Palmer bowing of the flexor retinaculum—This is
seen secondary to increased pressure in the carpal tunnel.

The benefits of ultrasound over MRI include cost-effec-
tiveness, portability, real-time and dynamic imaging, and the
ability to scan extremity quickly and efficiently. Ultrasound
can also be performed on patients who are not eligible for
MRI. Any abnormal findings detected can be easily compared
with the contralateral side

Inclusion Criteria

 Patients aged 18 years and above with clinical suspicion of
CTS by symptoms and clinical examination were included.

Exclusion Criteria

» Previous wrist surgery or injury.

* Anatomical variants like bifid median nerve on ultrasound
examination.

* Clinical suspicion of any other neuropathies, for example,
cervical spondylosis, brachial plexopathy.

Equipment and Setting Specifications

Real-time gray scale ultrasonographic examination was per-
formed using PHILIPS HD 15 ultrasound system. The trans-
ducer used for the study was L12-3MHz linear array
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Fig. 4 Wrist position and sonographic technique.

transducer. Hard copy image of the cases was acquired and
also saved on PACS as soft copy for reviewing.

NCS was subsequently performed using an electromyog-
raphy machine (Nihon Kohden, Tokyo, Japan) by a neurolo-
gist on the same day after completing the ultrasound.

Ultrasound Protocol

The patients were seated supine facing the examiner with
the forearm extended and the fingers semiextended in a
comfortable position (~Fig. 4).

The various parameters assessed include the following.

Cross-Sectional Area of the Median Nerve

Axial images of the median nerve were taken at three levels
and CSA was calculated at each level. CSA was measured by
direct tracing with electronic calipers around the margin of
the nerve excluding the hyperechoic epineural rim?*
(~Fig. 5A, B).

* Level 1—located just proximal to the tunnel inlet (CSA1).

» Level 2—located at the pisiform bone level (CSA2), at the
tunnel inlet.

» Level 3—located at the hamate bone level, at the tunnel
outlet (CSA3).

The area difference is calculated as:

 Cross-sectional difference between inlet and proximal to
the inlet (CSA2-1/CSA2-1)

 Cross-sectional difference between inlet and outlet, inlet
outlet ratio (CSA2-3/CSA 2-3).

Flattening of the Median Nerve
» FRwas calculated using the ratio of mediolateral diameter

to anteroposterior diameter of median nerve on cross-
section image at the tunnel outlet (~Fig. 6).

Bowing of the Flexor Retinaculum

» Presence of increased palmar bowing of the flexor reti-
naculum was detected by measuring the apex of the flexor
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OUTER HYPERECHOIC RIM AVOIDED

Fig.5 (A, B)Ultrasound image showing correct method of measuring
cross-sectional area of the median nerve. Hyperechoic epineural rim
should be excluded from the caliper while taking cross-sectional area
measurement.

+ Length
X Length

0.600 cm
0.182 cm

FLATTENING RATIO

Fig. 6 Ultrasound image showing method of measuring flattening
ratio of the median nerve.

retinaculum from a straight line between the tubercle of
trapezium and the hook of hamate at the distal tunnel
(=Fig. 7).

Observation and Results

Statistical Analysis

Data was entered into Microsoft Excel data sheet and was
analyzed using SPSS 22 version software. Categorical data
was represented in the form of frequencies and proportions.
Chi-square was used as test of significance. Continuous data
was represented as mean and standard deviation. Indepen-
dent t-test was used as test of significance to identify the
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+ Length
X Length

Fig. 7 Diagram and ultrasonographic image showing method of
measuring palmar bowing the flexor retinaculum.

Nerve Conduction Study
Negative Mild Moderate Severe
Mean SD Mean SD Mean SD Mean SD
CSA1 8.4 0.7 8.0 0.8 9.1 1.0 9.6 0.6
CSA2 10.6 1.1 11.8 1.4 14.7 1.4 17:5 1.6
CSA 3 9.6 0.9 10.8 12 13.4 L3 15.8 1.3
CSA 2-1 2.3 0.5 3.8 12 5.7 1.2 79 1.6
CSA 2-3 1.1 0.3 1.1 0.2 1.4 0.2 1.8 0.3
20
18
16
14 - i -
12 mCSA1
mCSA2
19 CSA3
8 mCSA2-1
6 uCSA2-3
4
2
, Bk
Negative Mild Moderate Severe

Fig. 8 Mean cross-sectional area (CSA) values with respect to nerve
conduction study (NCS) grading. SD, standard deviation.

mean difference between two groups. p-Value < 0.05 was
considered as statistically significant.

Observations

The study was conducted on 88 wrists of 57 patients with
clinical symptoms of CTS. Two wrists with clinical symptoms
were excluded from the study. One affected wrist had bifid
median nerve with persistent median artery and the other
had prior history of surgery.

The measurements of the median nerve and flexor reti-
naculum were taken and compared with the findings of NCS.

CTS were observed more commonly among 40 to 60 years
of age (average of 49.3 years).

CTS was bilateral in 31 and unilateral in 26 patients. Right
wrist was more commonly affected than left with no signifi-
cant association between side of the affected hand and
severity of CTS. Most of the cases are idiopathic (46.6. %).
Thirty-one affected wrists (35.2%) had diabetes mellitus, 18
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CSA NCS [Noof| Area | P value Asymptotic 95% Cut off Value for
Severity | Subje | Under Confidence Interval | CSA 1 with highest
cts | the Lower Upper sensitivity and

Curve Bound Bound specificity (mm?)
CSA1 |Negative 5 10341] 0.234 0.152 0.530 8.35
CSA 1 |Mild 28 [0.150]<0.001*| .063 0.238 8.45
CSA 1 |Moderate | 30 |0.590 | 0.167 0.466 0.714 8.95
CSA 1 |Severe 25 |0.815]<0.001*| 0.729 0.901 9.15
CSA 1 |Total 83 |0.659| 0.234 0.470 0.848 8.35

Positive

ROC Curve

Sensitivity

T T T T
00 02 04 08 08 10
1 - Specificity

Diaganal segments are produced by ties.

Fig. 9 Validity of cross-sectional area (CSAT) in comparison with
nerve conduction study (NCS) grade.

(20.4%) rheumatoid arthritis, 12 (13.6%) hypothyroidism,
and 1 wrist had flexor tenosynovitis.

The average body mass index (BMI) of the studied patients
was 24.1 kg/m? On further analysis, significant association
was observed between the severity of CTS and increasing
BMI. Hence, BMI was a risk factor for increased severity of
CTS.

The findings observed are as follows:

With increase in severity of NCS, there was increase in
mean CSA1, CSA2, CSA3, CSA2-1, and CSA2-3 values
(=~Fig. 8).

Validity of CSA1 to detect severity of NCS is represented by
receiver operating characteristic (ROC) curve. With increase
in severity, area under the curve (AUC) was found increasing.
Hence, CSA1 can detect severe NCS cases at the cutoff value at
9.15. However, there is wider confidence interval for CSA1
with p-value of 0.234 (~Fig. 9).

Validity of CSA2 to detect severity of NCS is represented by
ROC curve. With increase in severity, AUC was found increas-
ing. Hence, CSA2 can detect severe cases at the cutoff value at
15.75. Values > 15.75 will be severe and < 15.75 will be mild
to moderate. Values < 12.1 will be negative (~Fig. 10).

Validity of CSA3 to detect severity of NCS is represented by
ROC curve. With increase in severity, AUC was found increas-
ing. Hence, CSA3 can detect severe cases at the cutoff value at
14.15. Values > 14.15 will be severe and < 14.15 will be mild
to moderate. Values < 10.65 will be negative (=~Fig. 11).

Validity of CSA2-1 to detect severity of NCS is repre-
sented by ROC curve. With increase in severity, AUC was
found increasing. Hence, CSA2-1 can detect severe cases at
the cutoff value at 6.25. Values >6.25 will be severe and
<6.25 will be mild to moderate. Values<2.75 will be
negative. Area under ROC curve was highest for CSA2-1
(0.967); hence, it was superior to all other CSAs in the study
(~Fig. 12).
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CSA | NCS [ Noof | Area [Pvalue| Asymptotic 95% | Cut off Value for CSA Area 95% Confidence | Cut off Value for
Severity |Subjects| Under Confidence Interval [with highest sensitivit; NCs Noof | Under Interval CSA2-CSAIl with
o CSA . . P value . .
the Lower Upper and specificity Severity | Subjects | the Lower |Upper |highest sensitivity and
Curve Bound Bound Curve Bound |Bound specificity
ICSA2 [Negative | 5 | 0.083 [ 0.002% | 0.007 0.159 12.1 CSA2- . .
(CSA 2 Mild 28 0.098 | 0.000 | 0.034 | 0.163 12.85 csar |Negtive | 5 | 0033 (700001 | 0000 | 0.069 275
ICSA 2 [Moderate| 30 | 0.571 | 0275 | 0452 0.691 14.75 csA2- | .
CSA 2 [Severe 25 | 0.960 [<0.001*| 0.924 | 0.995 15.75 csap  |Mild 28 | 0154 | 0.001* | 0.071 | 0.236 435
ICSA 2 [Total 83 0917 [0.039% | 0.841 0.993 11.05 CSA2-
[Positive Moderate| 30 | 0.557 | 0.386 | 0.438 | 0.675 5.65
CSAl
w0 S0ccurve C8A2- | oovere 25 | 0930 | 0.001* | 0.877 | 0.984 625
CSAl
CSA2- |Total
*
ool oAl |posiive 83 0.967 | 0.001% | 0.931 | 1.000 2.85
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Fig. 10 Validity of cross-sectional area (CSA2) in comparison with . r . y
. 0o 02 04 06 08 10
nerve conduction study (NCS) grade. 1- Specificity

CSA | NCs Noof | Area |Pvalue| Asymptotic 95% | Cut off Value for CSA
Severity |Subjects| Under Confidence Interval 3 with highest
the Lower Upper sensitivity and
Curve Bound Bound specificity
ICSA 3 [Negative 5 0.072 | 0.001* |  0.002 0.143 10.65
CSA 3 Mild 28 0.102 | 0.000* | 0.036 0.168 11.9
ICSA 3 Moderate | 30 0.574 | 0.254 0.456 0.693 13.35
ICSA 3 Severe 25 0.955 | 0.001* | 0917 0.993 14.15
ICSA 3 [Total 83 0.928 | 0.001* | 0.857 0.998 10.95
Positive
\ ROC Curve
=
nﬂ—/ff /
06
]
@ 04
02 /
00 D'? 0'4 D‘S UYB 10
1 - Specificity

Diagonal segments are producad by ties.

Fig. 11 Validity of cross-sectional area (CSA3) in comparison with
nerve conduction study (NCS) grade. ROC,

Validity of CSA2-3 to detect severity of NCS is represented
by ROC curve. With increase in severity, AUC was found
increasing. Hence, CSA2-3 can detect severe cases at the
cutoff value at 1.45. Values > 1.45 will be severe and < 1.45
will be mild to moderate. Values < 1.25 will be negative
(=~Fig. 13).

Difference in mean palmar bowing and FR was observed
with increasing severity of NCS. With increase in severity of
NCS value of palmar bowing and FR decreased significantly
till moderate grade, whereas increase was observed at severe
grade (~Fig. 14).

Indian Journal of Radiology and Imaging

Diagonal segments are produced by ties.

Fig. 12 Validity of cross-sectional area (CSA2-1) in comparison with
nerve conduction study (NCS) grade. ROC

CSA NCS Noof | Area |Pvalue| 95% Confidence |Cut off Value for
Severity | Subjec | Under Interval CSA2-CSA3
ts the Lower | Upper with highest
Curve Bound | Bound | sensitivity and
specificity
CSA2- Negative 5 1.25
CSA3 0.254 | 0.066 0.076 0.432
CSA2- Mild 28 1.25
*
CSA3 0.143 | 0.001 0.066 0.220
CSA2- Moderate 30 1.35
CSA3 0.515 | 0.822 0.396 0.633
CSA2- Severe 25 1.45
*
CSA3 0.930 | 0.001 0.877 0.982
CSA2- Total 83 1.25
CSA3 Positive 0.746 | 0.066 0.568 0.924
, ROC Curve
08+
= 06
z
@ 9
02
00 02 04 05 08 10
1 - Specificity

Diagonal ssgments are produced by ties.

Fig. 13 Validity of cross-sectional area (CSA2-3) in comparison with
nerve conduction study (NCS) grade. ROC

Significant association was observed between NCS and
CSA2, CSA3, and CSA2-1. There was no significant associa-
tion between NCS and CSA1, CSA2-CSA (~Table 1). Overall,
CSA2-1 had highest diagnostic accuracy, followed by CSA2
and 3 (~Fig. 15).

Vol. 32 No. 1/2022 © 2022. Indian Radiological Association. All rights reserved.

21



22 Ultrasound of Median Nerve in the Diagnosis of CTS Kanagasabai

Mild

Negative

Nerve Conduction Study
Negative Mild Moderate Severe
Mean | SD | Mean | SD | Mean | SD | Mean | SD
Palmar Bowing 4.1 2.0 37 |15 32 [15] 45 |15
Flattening Ratio 3.0 1.0 25 107 23 [(08] 3.0 |08
Area | Pvalue | Asymptotic 95% Confidence Cut off With
Interval Highest Sensitivity
Lower Bound | Upper Bound and specificity
Palmar Bowing | 0.439 | 0.646 0.213 0.664 3.35
Flattening Ratio | 0.366 | 0.317 0.159 0.573 2.45
5
4.5
4
3.5
3 .
2.5 A
2 -
1.5 -
1 .
0.5 -
O .

Moderate Severe

Fig. 14 Comparison of palmar bowing and flattening ratio with different grades of nerve conduction study (NCS).

Discussion

This study describes the findings of ultrasound in 88 wrists of
57 patients with symptoms for CTS. The findings were
correlated with the results of NCS. Of the 88 studied wrists,
NCS was reported as negative in 5 (5.7%), mild in 28(31.8%),
moderate in 30 (34.1%), and severe in 25 (28.4%). The age of
patients varied between 23 and 71 years (average age of 49.3
years) and CTS was more commonly observed among 40 and
60 years of age. Women (43, 75.4%) were more commonly
affected than men

In our study based on the ROC curve, cutoff value of CSA1
with sensitivity and specificity of 66.27 and 60% was
8.35mm? with diagnostic accuracy of 65.9%. Though most
of the severe cases (mean of 9.6 + 0.6 mm?) can be diagnosed
with a cutoff of 8.35 mm?, it was less diagnostic in mild and

Indian Journal of Radiology and Imaging

moderately affected cases. Thus, CSA1 measurement cannot
be used as independent criteria for diagnosing CTS. However,
it can be used as an additional contributory criterion for
calculating area difference of the median nerve.

The cutoff value of CSA2 with sensitivity and specificity
(87.5% and 80%) based on the ROC curve was 11.05 mm?,
which had diagnostic accuracy of 87.5%. With increase in
severity, CSA2 was found increasing and hence it can used to
grade the severity of CTS. Value of > 15.75 mm? will be severe
and <15.75 mm? will be mild to moderate cases. The mild
and moderate cases (mean of 11.8+14mm? and
14.7 + 1.4 mm?) can also be adequately graded in most cases
with cutoff of 12.85 and 14.75mm?, respectively. Values
<12.1 mm? will be negative. Thus, CSA2 is an independent
predictor and can be used as criteria for diagnosing and
grading the severity of CTS.

Vol. 32 No. 1/2022 © 2022. Indian Radiological Association. All rights reserved.



Ultrasound of Median Nerve in the Diagnosis of CTS

Kanagasabai

Table 1 Association between NCS, CSA, palmar bowing and flattening ratio using the cutoff values from ROC curves

NCS p-Value
Positive Negative
Count % Count %
CSA1 Positive 55 66.3 2 40.0 0.232
Negative 28 33.7 3 60.0
CSA2 Positive 73 88.0 1 20.0 <0.001"
Negative 10 12.0 4 80.0
CSA3 Positive 67 80.7 0 0.0 <0.001"
Negative 16 19.3 5 100.0
CSA2-1 Positive 79 95.2 0 0.0 <0.001"
Negative 4 4.8 5 100.0
CSA2-3 Positive 54 65.1 2 40.0 0.258
Negative 29 34.9 3 60.0
Power Doppler Positive 34 41.0 0 0.0 0.068
Negative 49 59.0 5 100.0
Palmar bowing Positive 52 62.7 4 80.0 0.434
Negative 31 37.3 1 20.0
Flattening ratio Positive 41 49.4 3 60.0 0.645
Negative 42 50.6 2 40.0

Abbreviations: CSA1, cross-sectional area 1; NCS, nerve conduction study; ROC, receiver operating characteristic.

Note: p value <0.001 and signifies statistical significance of these values.

The cutoff value of CSA3, 10.95 mm?, had sensitivity and
specificity of 80.72 and 100% with diagnostic accuracy of
81.82%. With increase in severity, CSA3 was found increasing
and it can also be used to grade the severity of CTS. Values
>14.15 mm? will be severe and <14.15 mm? will be mild to
moderate. The mild and moderate cases (mean of 10.8 +-1.2
and 13.4 + 1.3 mm?) can also be adequately graded in most
cases with cutoff of 11.9 and 13.35 mm?, respectively. Values
<10.65 mm? will be negative. Thus, CSA3 is an independent
predictor for diagnosing and grading CTS.

The cutoff value of 2.85 mm? for CSA2-1 based on the ROC
curve had highest sensitivity and specificity of 95.18 and
100% among all the parameters with a diagnostic accuracy of
95.45%. With increase in severity, CSA2-1 was found increas-
ing and can detect severe cases at the cutoff value at
6.25mm? (mean of 7.9+1.6mm?), moderate cases at
5.65mm? (mean of 5.7+1.2mm?), and mild cases at
4.35mm? (mean of 3.8 +1.2mm?). Values <2.75 mm? will
be negative. The symptomatic cases with negative NCS
(mean 2.3 +0.5mm?) can also excluded based on CSA2-1
cutoff of 2.85 mm?, Thus, CSA2-1 is the single best predictor
and can be used as the best independent criteria for diagnos-
ing and grading the severity of CTS.

The cutoff of inlet-outlet ratio (CSA2-3) based on the ROC
curve was 1.25mm? that had sensitivity and specificity of
65.06 and 60% and diagnostic accuracy of 64.77%. Though
most of the severe and moderate cases with a cutoff of
1.45mm? (mean 1.8 +0.3) and 1.35mm? (mean 1.4+0.2)
can be diagnosed with the value of 1.25mm?, it is less

Indian Journal of Radiology and Imaging

diagnostic in mild cases (mean of 1.1+0.2 mm?). Hence,
inlet-outlet ratio cannot be used as an independent sono-
graphic criterion.

The mean cutoff value of palmar bowing was 3.35 mm,
with sensitivity and specificity of 66.65 and 20% and diag-
nostic accuracy of 60.23%. Thus, it cannot be used as an
independent criterion and not important for diagnosing CTS.

The mean cutoff value for FR was 2.45 mm with sensitivity
and specificity of 49.4 and 40% and diagnostic accuracy of
48.86%, which is statistically insignificant be used as an
independent criterion for CTS.

Hence, in diagnosing and grading CTS, three gray scale
parameters (CSA2-1, CSA2, and CSA3) were found to be
statistically significant in our study. Other parameters
cannot be used alone to accurately diagnose CTS
(=Table 2).

Conclusion

Ultrasonography can be an effective, reliable, and cost-effec-
tive alternative to NCS in the diagnosing and grading CTS.

Ultrasound may be used as a primary modality in patients
presenting with clinical suspicion of CTS, while NCS can be
used in cases with equivocal results on ultrasound.

There was a good correlation between the ultrasound
findings and NCS.

Among the ultrasound parameters evaluated, CSA differ-
ence between tunnel inlet and just proximal to tunnel
(CSA2-1) had the highest diagnostic accuracy (95.45%).
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Paramete|CSA - 1| CSA - [CSA — 3| CSA2- | CSA2 -| Power |Palmar|Flattenin
Doppler|Bowing g
r 2 CSA1 | CSA3 Ratio
Sensitivity . . . . . .
66.27% | 87.5% [80.72% | 95.18% | 65.06% | 40.96% |66 65% | 49.4%
Specificityl coe | 80% | 100% | 100% | 60% | 100% | 20% | 40%
Positive
Predictive | 96.49%(98.65%| 100% | 100% |96.43% | 100% |92.86%| 93.18%
Value
Negative
Predictive [9.677% [28.57%| 23.81% | 55.56% | 9.375% | 9.25% |[3-125%| 4.545%
Value
Diagnostic
Accuracy |63.91% | 87.5% | 81.82% | 95.45% | 64.77% | 44.32% (60.23%| 48.86%
Diagnostic Accuracy
120.00%
100.00% 87.50“0 8182% 95'45A)
80.00% T65.91% 64.7/ 7% 60.23%
60.00% - T 4432% —48:86%-
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Fig. 15 Comparison of sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic accuracy of various

parameters. CSAT, cross-sectional area 1.

Table 2 The cutoff values for diagnosing and grading the severity of carpal tunnel syndrome derived from our study:

Ultrasound parameter CSA2-1 CSA2

CSA3

Cutoff value with highest 11.05mm? (87.5 and 80%)
sensitivity and specificity for

diagnosing CTS

2.85mm? (95.18 and 100%)

10.95 mm? (80.72 and 100%)

Diagnostic accuracy 95.45% 87.5% 81.82%
Cutoff for severe cases 6.25 mm? 15.75 mm? 14.15 mm?
Cutoff for moderate cases 5.65 mm? 14.75 mm? 13.35 mm?
Cutoff for mild cases 4.35mm? 12.85 mm? 11.9mm?
Cutoff for negative cases 2.75mm? 12.1 mm? 10.65 mm?

Abbreviations: CSA1, cross-sectional area 1; CTS, carpal tunnel syndrome.

Indian Journal of Radiology and Imaging Vol. 32 No. 1/2022 © 2022. Indian Radiological Association. All rights reserved.




Ultrasound of Median Nerve in the Diagnosis of CTS Kanagasabai

Hyperechoic right flexor tendc vith
surrounding fluid , s/o Tenosynovitis

TNPAISTN FANINZS BiNas § B RSP S & AT AT

v -
- e ———
e e

e =

P ———

REFAEXOR TENDONS

Hyperechoic tendons with surrounding
fluid

Thickening of the flexor retinaculum

MEDIA NNERVE
>

-

€ B
. -

- -

e

Right median nerve displaced by thickened
flexor tendons
P

Area 0.0/9am2

] Cirt 1.27am "

B

Normal morphology of median nerve
oroximal to carpal tunnel

+ Length

NARAYANA MUK
L
* Lernvith 0

347 rn [ e
A T

R
1\5"3
PALMAR BOW!

g o

>almar bowing of the flexor retinaculum

Fig.16 lllustrative cases: Case 1: A46-year-old male with moderate carpal tunnel syndrome in nerve conduction study. Ultrasonography showed
flexor tenosynovitis displacing the median nerve and thickening of the flexor retinaculum. Median nerve was normal proximal to the carpal
tunnel. CSA 1, cross-sectional area 1; FD, flexor digitorum; MN, median nerve.
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Fig. 17 lllustrative cases: Case 2: A 42-year-old female with moderate carpal tunnel syndrome (CTS) in nerve conduction study. All the
parameters cross-sectional area 1 (CSA1), CSA2, CSA3, CSA2-1 (3.9 mm?), and CSA2-3 (1.3 mm?) showed moderate grade. Palmar bowing
(2.8 mm) and flattening ratio (2.3) values were negative for diagnosing CTS.
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Fig. 18 Illustrative cases: Case 3: A 62-year-old female with severe carpal tunnel syndrome in nerve conduction study. All the parameters cross-
sectional area 1 (CSA1), CSA2, CSA3, CSA2-1 (8.8 mm? and CSA2-3 (2 mm?) showed severe grade. Flattening ratio was 3.4.
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Fig. 19 lllustrative cases: Case 4: A 71-year-old female with mild carpal tunnel syndrome CTS in nerve conduction study.
CSA2, CSA3 and CSA2-1 (4.1 mm?) showed mild CTS. CSA1 and CSA2-3 (1mm?) were negative. Flattening ratio was 2.2 and palmar bowing

3.4cm.

The CSA2-1 cutoff value of 2.85 mm? was the single best
independent predictor for carpal tunnel in our study.

The CSA2 and 3 with diagnostic accuracy of 87.5 and 81.82%
canalsobe used as independent parameters for diagnosing CTS
at cutoff value of 11.05 and 10.95 mm?, respectively.

CSA2-CSAT1, CSA2, and CSA3 can also be used for grading
carpal tunnel cases.

Other gray scale parameters CSA1, CSA2-3, palmar bow-
ing of flexor retinaculum, and FR of median nerve had low
diagnostic accuracy as independent parameters.

Power and spectral Doppler analysis may be of supple-
mental value to grade the severity of CTS; however, it cannot
be used as independent criteria.

This is particularly relevant in our country with limited
resources in electrodiagnostic tests, where a reliable sonog-
raphy can be a valuable low-cost tool in evaluating patients
with CTS.

Indian Journal of Radiology and Imaging

 Ultrasound is an operator-dependent modality; the find-
ings of the ultrasound are subjective to interpretive error.
Hence, we recommend strict methodology to accurately
trace the median nerve to avoid errors in measurement of
CSA.

* Further studies in a primary care setup are required to
validate the accuracy of our results especially in less
symptomatic cases.

Ultrasound showing features of flexor tenosynoviits in a
patient with positive neurophysiological study (=Fig. 16).
Mlustrative cases showing Ultrasound features of Carpal tunnel
syndrome in patients with positive neirophysiological studies
(=Figs. 17-19). Negative Usg features in a patinet with sus-
pected CTS. Nerve conduction study was normal in this case
(=Fig. 20). Usg showing bifid media Nerve with persistent
median artery in a case with positive NCS (~Fig. 21).
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Fig. 20 lllustrative cases: Case 5: A 71-year-old female with negative carpal tunnel syndrome (CTS) in nerve conduction study. All parameters
cross-sectional area 1 (CSAT), CSA2, CSA3, CSA2-1 (1.8 mm?), and CSA2-3 (0.8mm?) were negative for CTS. Flattening ratio was 1.2 and palmar
bowing, 1.5 cm also were negative for CTS.

Indian Journal of Radiology and Imaging Vol. 32 No. 1/2022 © 2022. Indian Radiological Association. All rights reserved.




Fig. 21

Ultrasound of Median Nerve in the Diagnosis of CTS Kanagasabai

ULNAR ART

Illustrative cases: Case 6: A 46-year-old male with clinical
symptoms of carpal tunnel syndrome. Ultrasonography showing bifid
median nerve with persistent median artery. MN, median nerve.
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