PARIPEX - INDIAN JOURNAL OF RESEARCH | Volume - 10 | Issue - 01 |January - 2021 | PRINT ISSN No. 2250 - 1991 | DOI : 10.36106/paripex

ORIGINAL RESEARCH PAPER

Radiodiagnosis

SENSITIVITY AND SPECIFICITY OF MEDIAN  RKEYWORDS: median nerve,
NERVE ULTRASONOGRAPHY IN DIAGNOSIS OF | ultrasonography, carpal tunnel
CARPAL TUNNEL SYNDROME syndrome, diagnosis

Dr. Maripi Post graduate, Department of Radiodiagnosis / Maharajah’s institute of
Gnani* medical sciences/ NTRUHS/ India.*Corresponding Author
. ] Senior resident, Department of Radiodiagnosis / Maharajah's institute of
Dr. Sirisha Naidu medical sciences/ NTRUHS/ India.
. Professor, Department of Radiodiagnosis / Maharajah's institute of medical
Dr. Ch-Madhavi . .icnces/ NTRUHS/ India.
Dr.G.S.Kejriwal Professor & HOD , Department of Radiodiagnosis / Maharajah's institute of

medical sciences/ NTRUHS/ India.

Background: Although controversial, recent studies have demonstrated advantages of sonographic techniques in the
diagnosis of carpal tunnel syndrome (CTS). The purpose of this study was to assess the utility of median nerve
ultrasonography in the diagnosis of CTS in Indian patients.

Methods: Ninety patents with clinically suspected CTS were studied. Based on gold standard electromyography/nerve
conduction velocity studies, wrists with CTS were divided into three groups on the basis of severity of CTS, ie, mild,
moderate, and severe. In addition, both sides of the wrist were examined using sonography. Transverse images of the
median nerve were obtained and median nerve cross-section areas were measured at three levels, ie, immediately
proximal to the carpal tunnel inlet, at the carpal tunnel inlet, and at the carpal tunnel outlet. Furthermore, flexor
retinaculum thickness was evaluated.

Results: The mean age of the studied patients was 48.52 + 12.17 years. Median values of the median nerve cross-section
at the carpal tunnel inlet, carpal tunnel outlet, and proximal carpal tunnel significantly differed between the wrists with
and without CTS (P < 0.05). Comparisons between the CTS groups (mild, moderate, and severe) and non-CTS wrists
demonstrated that the median cross-sections of median nerve at the carpal tunnel inlet, carpal tunnel outlet, and inlet
proximal carpal tunnel were significantly greater in the severe CTS group than in the other three groups (P < 0.05).The
results showed that the median nerve cross-section at the three levels of carpal tunnel could only fairly differentiate
severe CTS from other cases.

Conclusion: The present study demonstrated that median nerve ultrasonography cannot replace the gold standard test
(nerve conduction velocity) for the diagnosis of CTS because of low overall sensitivity and specificity, although it might

ABSTRACT

provide useful information in some patients.

INTRODUCTION

Carpal tunnel syndrome (CTS) affects approximately 8% of
the population worldwide and results in median nerve
compression in the wrist. CTS is diagnosed on the basis of
clinical signs and symptoms and is confirmed by an electro-
diagnostic study, which is the most reliable method currently
available." However, sonography could be an alternative
method for the diagnosis of CTS, but the precise diagnostic
value of this method is controversial.” Polykandriotis et al
reviewed 30 patients using ultrasound as the method for CTS
diagnosis.’ Kwon et al used sonography to demonstrate that
the cross-section of the median nerve in the carpal tunnel
inlet is significantly greater in CTS patients than in control
groups. The optimal cutoffs were a median nerve cross-
sectional area of 10.7 mm® at the tunnel inlet, and this resulted
in 63% sensitivity and 66% specificity." These numbers
indicate a relatively high rate of false negative and false
positive results with ultrasonography. Furthermore,Wong et al
studied 120 suspected CTS patients, and demonstrated
average median nerve cross-sections in the carpal tunnel
inlet and outlet of 9 mm’ and 12 mm’, respectively. The
sensitivity and specificity rates were 94% and 65%,
respectively.’ Thus, the latter study revealed at least good
sensitivity of median nerve sonography in the diagnosis of
CTS. Although controversial, several recent studies have
demonstrated advantages of sonography techniques for the
diagnosis of CTS.

AIM OFTHESTUDY
The aim of the present study was to assess the utility of median
nerve sonography in the diagnosis of CTS patients in India.

MATERIALS AND METHODS
In a cross-sectional study, conducted in MIMS, Dept of
Radiodiagnosis, 90 patents with clinically suspected CTS

aged 15-65 years who had symptoms such as paresthesia and
painful hands, particularly at night, were studied from
December 2018 to December 2019. On admission, patients
underwent clinical examination, hand muscle atrophy was
assessed, and Tinel's and Phalen's tests were performed.
Patients with traumatic fractures and wrist injuries resulting in
anatomical changes that would disrupt ultrasonography were
excluded. Demographic information including gender, age,
occupation, previous history of disease, pregnancy in female
patients, medication history, laboratory test results, results of
electromyography/nerve conduction velocity (EMG/NCV)
studies, and severity of involvement were recorded. In
addition, imaging findings were recorded to evaluate the
semnsitivity and specificity of sonography. The study protocol
was approved by the institutional ethics committee. Written
informed consent was obtained from all patients prior to the
study.

The EMG/NCYV standard median nerve apparatus TOENINNIES
NeuroScreen Plus was utilized and EMG/ NCV studies were
performed. Wrists with and without CTS were distinguished,
and involved wrists were divided into three groups on the
basis of the severity of CTS, ie, mild, moderate, and severe.
Patients included in the mild group showed median distal
sensory latency of greater than 3.5 milliseconds, or the
sensory latency difference of > 0.5 milliseconds between the
median and ulnar nerves. The moderate group had median
nerve sensory nerve action potential ampli- tude reduction
(less than 50% compared with the normal side or less than 25
mV) or median nerve distal motor latency prolonged by more
than 4.5 milliseconds.The severe group had severely reduced
compound muscle action potential amplitude of the median
nerve (less than 50% compared with the normal side or below
4 mV) or demonstrated denervation of muscles upon needle
examination.
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Both sides (right and left wrists) were examined by a
blinded radiologist using sonography (Aloka 3500 Pro Probe
Linear 7.5-10 mHz). Transverse images of the median nerve
were obtained, and median nerve cross-section areas were
measured at three levels, ie, immediately proximal to the
carpal tunnel inlet, at the carpal tunnel inlet, and at the carpal
tunnel outlet. Furthermore, flexor retinaculum thickness was
evaluated.

Data were presented as the mean * standard deviation, and
median and interquartile range or percentage, whenever
appropriate. Statistical analysis was performed using SPSS for
Windows (v 12.0; SPSS Inc, Chicago, IL). Kruskal- Wallis test
and post hoc Mann-Whitney U test were used for analysis. A
receiver-operator characteristic curve analysis was
performed to obtain critical values allowing the utility of
ultrasound examination in prediction of severe CTS. A P
value less than 0.05 was considered to indicate statistical
significance.

RESULTS AND ANALYSIS

The mean age of the studied patients was 48.52 + 12.17 (range
23-65) years; 68 were female and 22 were male. Ninety
patients (180 wrists) were evaluated. Sixty-five patients had
bilateral involvement, 19 involved the right hand, and six
involved the left hand. The average duration of involvement
was 24.4 * 39.5 months (15 days to 20 years). The most
common complaints were numbness and paresthesia (n = 86,
95.6%), hand pain (n = 85, 94.4%), pain during the night (n =
80,88.9%),and hand atrophy (n=16,17.8%).

In 25 wrists (13.9%), no evidence of median nerve
involvement was found. The EMG/NCYV results indicated that
34 (18.9%), 99 (85%), and 22 (12.2%) wrists had mild,
moderate, or severe involvement, respectively. Kruskal-
Wallis testing revealed statistically significant differences in
median values of the median nerve cross-section at the carpal
tunnel inlet, carpal tunnel outlet, proximal carpal tunnel
between the wrists with median nerve entrapment, and wrists
without nerve involvement (P = 0.006, 0.001, and 0.002,
respectively).There was no statistically significant difference
between the two groups (wrists with and without CTS) with
respect to flexor retinaculum thickness (P= 0.420,Table 1).

Post hoc comparisons between the CTS groups (mild,
moderate, and severe) and non-CTS wrists demonstrated that
the median cross-sections of median nerve at the carpal
tunnel inlet, carpal tunnel outlet, and inlet proximal carpal
tunnel were significantly greater in the severe CTS group than
the other three groups (P < 0.05).There were no differencesin
this regard between the control wrists and wrists with mild
CTS (P > 0.1). Although wrists with moderate CTS tended to
have higher median cross-sections of median nerve at the
carpal tunnel inlet and outlet compared with control and mild
CTS wrists, the differences did not reach statistical
significance (0.05 < P < 0.1). There was no statistically
significant difference between the groups with respect to
flexor retinaculum thickness (P >0.1).

In receiver-operator characteristic curve analysis, the area
under the curve was insignificant for mild-to-moderate CTS
(P > 0.08). Receiver-operator characteristic curve analysis
was also performed to assess the utility of ultrasound
examination in prediction of severe CTS. The results showed
that the median nerve cross-section at the three levels of the
carpal tunnel could fairly predict severe CTS from other cases
(Figure 1). With a cutoff point of > 12.5 mm2 for the median
nerve cross-section at the carpal tunnel inlet, the sensitivity
and specificity of ultrasonography was 71.4% and 59.1%,
respectively (area under the curve = 0.678, P=0.008).Witha
cutoff point of > 11.5 mm2 for the median nerve cross-section
at the carpal tunnel outlet, the sensitivity and specificity of
ultrasound examination was 76.2% and 57.1%, respectively
(area under the curve = 0.724, P = 0.001). Finally, with a cutoff

point of > 11.5 mma2 in the proximal carpal tunnel inlet, the
sensitivity and specificity of ultrasonography was 76.2% and
56.5%,respectively (area under the curve =0.713,P =0.002).

Table 1 Median nerve cross-section areas at different
levels and flexor retinaculum thickness across groups

No | Mild [Moderate(Severe| CTS
CTS | CTS CTS CTS |(total)

Carpal tunnel inlet | 11.10 | 11.41 12.40 15.10 | 12.56
(cross-section, mm?)|+ 3.11|+ 2.56| +4.01 |+4.74|+3.99
Carpal tunnel outlet| 10.15 | 10.47 11.25 13.86 |11.44
(cross-section, mm?’)|+ 2.87|+ 2.20| +3.29 |#*4.04 |+ 3.35

Proximal carpal |10.24|10.65 11.12 13.93 |11.42
tunnel (cross- +2.60(+2.41| +3.17 |+3.73|t3.26

section, mm”)
Flexor retinaculum | 1.30 | 1.39 1.71 1.86 [1.66 *
thickness (mm) |[+1.92(+1.72| +2.38 |+2.65|2.28

Abbreviation: CTS, carpal tunnel syndrome.

REPRESENTATIVE CASESWITHIMAGES

CASELl :64-year-female with nerve conduction studies proven
carpal tunnel syndrome.A and B, Gray-scale sonogram at
carpal tunnel depicts swelling of median nerve with cross-
sectional area of 0.14cm2 in addition to nerve edema
(longitudinal section) and palmar bowing of flexor
retinaculum C, Transverse color Doppler sonograms at carpal
tunnel inlet show no intraneural vasculature .
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CASE 2: 35years female with positive nerve conduction study
and clinical symptoms of Carpal tunnel syndrome. A, Gray-
scale sonogram at carpal tunnel depicts median nerve swelling
of cross-sectional area of 0.12cm2with flattening B.color
Doppler sonograms at carpal tunnel shows intraneural
vasculaturity

CASE 3: B4years male with rheumatoid arthritis, positive
nerve conduction study and clinical symptoms of Carpal
tunnel syndromeA, B and C Gray-scale sonogram at carpal
tunnel depicts median nerve swelling (white arrow) of cross-
sectional area of 0.12cm2 , nerve flattening and palmar
bowing of flexor retinacu-lum (arrows). Also there is mild
peritendinous fluid collection in carpal tunnel s/o
tenosynovitis, D,Transverse color Doppler sonograms at
carpal tunnel shows no intraneural vasculature
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DISCUSSION

In the present study, the efficacy of ultrasound for the
diagnosis of CTS was evaluated. Electrodiagnostic studies
(EMG/ NCV) were used as gold standard diagnostic
procedures.®’ Although no statistically significant difference
was found between CTS and control wrists with respect to
median nerve cross-section areas at different carpal levels,
the median values for wrists with severe CTS were
significantly higher than for other groups. However, receiver-
operator charac- teristic curve analysis showed that although
median nerve ultrasonography could fairly predict severe
CTS (area under the curve, 0.50-0.75), the overall sensitivity
and specificity of ultrasonography was low.

Recent studies have demonstrated that the average cross-
section of the median nerve in the outlet and inlet of the carpal
tunnel was significantly greater in CTS patients than in control
groups. Furthermore, these studies demonstrated that the
best cutoff point for the median nerve cross-section was 9-15
mm’, and that sensitivity and specificity varied between 70%
and 89% and between 57% and 97%, respectively.”*

Ashraf et al studied 70 CTS cases and 80 individuals without
CTS (controls) in India. The average diameter of the median
nerve in the experimental group was significantly higher than
in the control group. It has been reported that the optimal
cutoff point in this field is more than 9.3 mm’ (sensitivity 80%
and specificity 77%)." Our findings are in agreement with the
results of previous studies. The average of these parameters
was higher in the patients than in the control group, but these
differences were not statistically significant. In addition, low
sensitivity and specificity was evident using these cutoff
points. Unlike the results of previous studies, we
demonstrated nonsignificant differences between the two
groups for the mean of median nerve cross-sections in
different areas. This could be due to the low number of
samples included in this study and the fact that 25 cases were
included in the control group; some studies included only
control subjects without complaint or history of CTS.In tunnel
inlet and outlet (cutoff points 11.5 mm’ and 12.5 mm’,
respectively).Therefore, the use of ultrasound in such patients
should be limited to distinguishing severe CTS from milder
forms. However, further investigations are required in view of
the small sample size used in the present study. In addition,
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due to the nature of CTS, median nerve swelling levels are
located inside and outside the carpal tunnel. Therefore,
determining a definitive cutoff point is impracticable.’

In the present study, the thickness of the flexor retinaculum
was evaluated,and despite the aforementioned limita- tions of
the study, these findings were comparable with those
reported by Wong et al.” Kele[ et al demonstrated that thick-
ness of the flexor retinaculum can be used in the diagnosis of
CTS. In this study, flexor retinaculum thickness > 3.7 mm
(sensitivity 71.4% and specificity 55%) was considered
significant in the evaluation of CTS patients.’

The results presented herein demonstrate that ultrasonography
could not replace the gold standard test (NCV) for diagnosis
of CTS (especially mild and moderate CTS, that accounts for
most cases) because of low overall sensitivity and specificity
CTS. However, further studies with a larger sample size,
selection of normal individuals as the control group, and
following up patients with false positive results are required to
confirm the usefulness of sonography for the diagnosis of CTS.
Ultimately, although median nerve ultra- sonography findings
at wrist may differ, at least in wrists with severe nerve
entrapment, from controls, our results did not show that
ultrasonography is of sufficiently good sensitivity and
specificity in diagnosis of CTS. this study, the control group
was selected from CTS patients suffering from CTS only on
one side. Therefore, the normal side of the inflamed median
nerve could be asymptomatic and undetected using
electrodiagnostic criteria. This could result in the absence of
significant differences despite apparent differences between
the two groups.
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Figure 1 Receiver operating characteristic curve for
median nerve cross-section at the three levels of carpal
tunnel to predict the case of severe carpal tunnel
syndrome from other cases.

CONCLUSION

To the best of our knowledge, the role and influence of CTS
severity in patients has not been studied. In the current study,
the average thickness of the median nerve measured at three
different points was significantly greater in the severe CTS
group (criteria EMG/NCYV) than in the other CTS groups and
hands without CTS; differences between mild and moderate
CTS cases and the control group were not significant. Higher
sensitivity and specificity (76.19% and 72.08%, respectively)
were detected in the proximal.
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