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The Nerve/Tunnel Index: A New
Diagnostic Standard for Carpal Tunnel
Syndrome Using Sonography
A Pilot Study 

arpal tunnel syndrome is the most common entrapment
neuropathy caused by compression of the median nerve
within the carpal tunnel area. Clinical symptoms of carpal

tunnel syndrome include tingling and burning sensations and weak-
ness of grasp power. It is 7 times more prevalent in women than in
men.1,2 Diagnosis is based on subjective symptoms and physical ex-
amination and subsequently confirmed by electromyography,2,3
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ORIGINAL RESEARCH

Objectives—To define the relationship between body indices of healthy adults and
cross-sectional areas of the carpal tunnel and median nerve and to obtain the nerve/tun-
nel index, which represents a new standard for diagnosing carpal tunnel syndrome using
sonography. 

Methods—Body indices (height, weight, and body mass index) were analyzed in 60
healthy adults, and electromyography and sonography were also performed. The cross-
sectional areas of the proximal and distal median nerve and carpal tunnel were obtained
by sonography. The proximal and distal nerve/tunnel indices were obtained by calcu-
lating the ratio between the proximal and distal cross-sectional areas of the median nerve
to those of the carpal tunnel and multiplying the value by 100.

Results—Although the proximal cross-sectional areas of the median nerve and body
indices showed statistically significant relationships with weak positive correlations, the
proximal and distal areas of the carpal tunnel showed relatively stronger correlations
with body indices. Between sexes, there were significant differences in the proximal me-
dian nerve cross-sectional area (mean ± SD: male, 10.48 ± 3.21 mm2; female, 8.81 ±
3.21 mm2; P < .05) and proximal carpal tunnel area (male, 182.50 ± 21.15 mm2; 
female, 151.23 ± 21.14 mm2; P < .05). There was no difference in the proximal
nerve/tunnel index (male, 5.80% ± 1.72%; female, 5.91% ± 1.63%). There was a statis-
tically significant difference in the distal carpal tunnel cross-sectional area (male, 138.90
± 20.95 mm2; female, 121.50 ± 18.99 mm2; P < .05) between sexes, but the distal me-
dian area (male, 9.99 ± 3.42 mm2; female, 8.46 ± 1.84 mm2) and distal nerve/tunnel
index (male, 7.15% ± 2.00%; female, 7.01% ± 1.38%) showed no significant differences.
The proximal index was significantly higher than the distal index (proximal, 5.85% ±
1.66%; distal, 7.08% ± 1.71%). 

Conclusions—The nerve/tunnel index is unaffected by body indices or sex and thus
may be a useful and objective standard for diagnosing carpal tunnel syndrome.
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which is a useful diagnostic modality for differentiating
carpal tunnel syndrome from other peripheral neu-
ropathies whose symptoms mimic those of carpal tunnel
syndrome.4,5

However, electromyography is both invasive and
painful. Magnetic resonance imaging and sonography are
other alternative modalities that assist in the diagnosis of
carpal tunnel syndrome.6 Because of its reduced costs and
feasibility in comparing sides, sonography has recently
been more popular.6–8 It can depict soft tissue lesions and
easily differentiates between various causes of carpal tun-
nel syndrome, including ganglion cysts, neurogenic tu-
mors, and tenosynovitis. It is also used to detect a bifid
median nerve and persistent median artery.4,5

Currently, to diagnose carpal tunnel syndrome using
sonography, many researchers propose using measure-
ments of the cross-sectional area of the median nerve or
obtaining either the flattening or swelling ratio.3,9,10 The
flattening ratio is obtained by measuring the thickness and
width of the median nerve at level of the carpal inlet,
whereas the swelling ratio is obtained by dividing the cross-
sectional area of the median nerve proximal to the flexor
retinaculum by the cross-sectional area of the same nerve
at the distal end of the flexor retinaculum.3,9,10 However,
there is no definite consensus on the normal values and
ranges of these sonographic indices.11

In a comparative cadaveric study, sonography was
proven to accurately measure the cross-sectional area of not
only the median nerve but also the carpal tunnel.12 Hence,
we measured distal and proximal cross-sectional areas of
the median nerve and carpal tunnel in healthy adults with
relation to sex, height, weight, and body mass index (BMI)
and developed the nerve/tunnel index, the ratio of the
cross-sectional area of the median nerve to that of the carpal
tunnel. We also analyzed the relationship between these fac-
tors with the intentions of presenting new standards for di-
agnosing carpal tunnel syndrome with sonography and
testing the inter-rater reliability of median nerve and carpal
tunnel area measurement using sonography. 

Materials and Methods

This study was conducted from March 2010 to May 2010.
Study participants consisted of 60 healthy adults (30 male
and 30 female) with no signs or symptoms of carpal tunnel
syndrome. Exclusion criteria were previous trauma or his-
tory of surgery around the wrist; hereditary or acquired dis-
eases, which can cause peripheral neuropathy; mass lesions
in the carpal tunnel area, which can cause median nerve
compression, including ganglion cysts, neurogenic tumors,

flexor tenosynovitis, and accessory flexor digitorum su-
perficalis; and atypical nerve and vessel shapes, such as a
bifid median nerve or persistent median artery. The mean
ages ± SDs of the male and female participants were 25.39
± 3.69 and 23.79 ± 3.22 years, respectively. The study pro-
tocol was approved by the Institutional Review Board. In-
formed consent was obtained from all participants before
proceeding with the study. The investigation was governed
by ethical principles for experimentation in humans estab-
lished by the Declaration of Helsinki.

A physiatrist with at least 3 years of clinical experience
performed history taking to exclude median nerve injury
caused by previous trauma to the wrist and to check for
typical symptoms, such as paresthesia and numbness from
the thumb to the lateral fourth digit and worsening of
symptoms at night or after repetitive activities of the hand
and wrist. Physical examinations such as the Phalen test
and Tinel sign test were done. The right median nerve was
examined with electrodiagnostic equipment (Medelec
Synergy; Oxford Instruments Medical, Old Woking, Sur-
rey, England) to obtain the conduction velocity and the
amplitude and latency of the motor and sensory nerves.
These values were analyzed to exclude the presence of
carpal tunnel syndrome. A radiologist with at least 3 years
of experience in musculoskeletal sonography performed
the sonographic examinations and measured the proximal
and distal cross-sectional areas of both the median nerve
and carpal tunnel using a 5- to 12-MHz linear array trans-
ducer (iU22; Phillips Healthcare, Bothell, WA). The par-
ticipant was asked to lie supine with the forearm supinated
and a shallow pillow underneath the wrist during the sono-
graphic examination.

Proximal and distal cross-sectional areas of the median
nerve and carpal tunnel were measured at the scaphoid-
pisiform and trapezium-hamate levels, respectively. 
The carpal tunnel’s superior and inferior boundaries were
the flexor tendon sheath and flexor retinaculum, respec-
tively (Figures 1 and 2). Cross-sectional areas of both the
proximal and distal median nerve and carpal tunnel were cal-
culated directly by continuous tracing of the boundaries of
the nerve and carpal tunnel along the echogenic boundary.

The proximal and distal nerve/tunnel indices were ob-
tained by calculating the ratio between the proximal or dis-
tal cross-sectional area of the median nerve to that of the
carpal tunnel and multiplying the value by 100: eg, proxi-
mal nerve/tunnel index = (proximal median nerve cross-
sectional area)/proximal carpal tunnel cross-sectional area)
× 100. The inter-rater reliability of the sonographic exami-
nation was established by conducting assessments separately
by both a radiologist and a physiatrist in 30 participants.
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Data were analyzed statistically using the SPSS ver-
sion 14.0 statistical package for Windows (Korean version;
SPSS Inc, Chicago, IL). Correlation analyses were per-
formed to determine relationships between body indices
such as height and weight with sonographic measurement
of the proximal and distal cross-sectional areas of the me-
dian nerve and carpal tunnel. Independent t tests between
male and female participants were performed for age,
height, weight, BMI, and sonographic measurements.

Comparisons of the proximal and distal cross-sectional
areas of the median nerve with the carpal tunnel area and
nerve/tunnel index were performed by a paired t test. P <
.05 was considered significant for every comparison.

Results

General Characteristics and Electromyographic
Findings
There was no statistically significant difference in age be-
tween the sexes (P = .07), but the height, body weight, and
BMI of the male participants were greater than those of the
female participants. The mean height, body weight, and
BMI of all participants were 167.91 ± 7.45 cm, 62.00 ±
12.42 kg, and 21.85 ± 2.97 kg/m2, respectively (Table 1).
There were no abnormal electromyographic findings in
the right median nerve (Table 2), and no participants had
sonographic findings indicating the presence of a bifid me-
dian nerve or persistent median artery. 

Differences Between Sexes in the Proximal and Distal
Cross-sectional areas of the Median Nerve and Carpal
Tunnel and Proximal and Distal Nerve/Tunnel Indices
There were statistically significant differences in the prox-
imal and distal cross-sectional areas of the median nerve
and carpal tunnel between the male and female partici-
pants. However, statistically significant differences in the
proximal and distal nerve/tunnel indices were not ob-
served between the sexes (Table 3). 
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Figure 1. Cross-sectional areas of the median nerve and carpal tunnel at

the scaphoid-pisiform level. A, Proximal carpal tunnel, median nerve

(arrow), and flexor tendon groups shown between the pisiform (P) and

scaphoid (S). B, Dot-outlined proximal median nerve and carpal tunnel.

Figure 2. Cross-sectional areas of the median nerve and carpal tunnel

at the trapezium-hook of the hamate level. A, Proximal carpal tunnel,

median nerve (arrow), and flexor tendon groups shown between the

trapezium (T) and hook of the hamate (H). B, Dot-outlined distal me-

dian nerve and carpal tunnel.

Table 1. Patient Characteristics

Characteristic Male Female P

Age, y 25.39 ± 3.69 23.79 ± 3.22 .07

Height, cm 173.90 ± 4.45 161.93 ± 4.38 .001

Weight, kg 71.20 ± 9.94 52.80 ± 6.33 .001

BMI, kg/m2 23.61 ± 2.79 20.10 ± 1.97 .001

Data are mean ± SD. BMI indicates body mass index.

Table 2. Electromyographic Findings

Electrodiagnostic Index Value

Nerve conduction velocity, m/s 61.73 ± 4.23 (52.30–73.30)

Motor amplitude, mV 17.89 ± 4.16 (8.30–27.70)

Motor latency, ms 2.59 ± 0.27 (2.00–3.45)

Sensory amplitude, mV 69.71 ± 19.71 (42.00–114.00)

Sensory latency, ms 2.29 ± 0.24 (1.85–2.95)

Data are mean ± SD (range).



Relationships Between Body Indices and Sonographic
Findings
Statistically significant relationships were observed be-
tween the height, weight, and BMI and the proximal cross-
sectional area of the median nerve with weak positive
associations. However, the distal area of the median nerve
was only related to height with a weak positive association,
and the proximal and distal nerve/tunnel indices were not
significantly related to the body indices. In contrast, the
proximal and distal cross-sectional areas of the carpal tun-
nel were influenced by the body indices with a relatively
strong positive correlation (Table 4).

Comparisons of the Proximal to Distal Cross-sectional
area of the Median Nerve, Proximal to Distal Cross-
sectional area of the Carpal Tunnel, and Proximal to
Distal Nerve/Tunnel Index
There were significant differences between distal and prox-
imal measurements. The proximal cross-sectional areas of
the median nerve and carpal tunnel were wider than the
respective distal areas. However, the distal nerve/tunnel
index was significantly higher than the proximal index
(Table 5).

Inter-rater Reliability
The intraclass correlation coefficients were 0.84, 0.76, 0.81,
and 0.74 for the proximal median nerve, proximal carpal
tunnel, distal median nerve, and distal carpal tunnel cross-
sectional areas, respectively.

Discussion

There have been many previous reports of the use of sonog-
raphy for diagnosing carpal tunnel syndrome.2,3,10,13,14 Pre-
viously studied diagnostic standards described measuring
the cross-sectional area of the median nerve and calculat-
ing the flattening ratio using sonography.7,8,10,11 Most re-
searchers have agreed that the cross-sectional area of the
median nerve in carpal tunnel syndrome is larger than that
in the unaffected population. However, normal ranges and
cutoff values for the median nerve cross-sectional area var-
ied among researchers.6,15 Therefore, a lack of consensus
remains regarding the most appropriate median nerve
cross-sectional area threshold in establishing the diagno-
sis of carpal tunnel syndrome.16 Buchberger et al10,13 doc-
umented that the cross-sectional area of the median nerve
was abnormal if it was greater than 6 ± 10 mm2 at the dis-
tal radioulnar joint, 6 ± 11 mm2 at the hamate, and 10 mm2

at the capitate. However, Duncan et al4 stated that the area
of the median nerve was abnormal if it was greater than 9
mm2. According to the study by Park et al,7 which included
76 healthy participants (35 male and 41 female), when
comparing the sexes, the male cross-sectional areas of the
median nerve measured at the radioulnar joint, pisiform
level, and hamate level were greater than the female areas,
with mean areas of 6.44 ± 0.02, 6.34 ± 0.02, and 6.31 ± 0.02
mm2 at the proximal radioulnar joint, capitate level, and
hamate level, respectively. These values were smaller com-
pared with other studies. They deduced that the differ-
ences in height and weight between Asian and white
populations accounted for the results.7
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Table 3. Comparison of Proximal and Distal Cross-sectional Areas of the Median Nerve and Carpal Tunnel and Proximal and Distal

Nerve/Tunnel Indices by Sex

Sonographic Index Male Female P

Proximal CSA of median nerve, mm2 10.48 ± 3.21 8.81 ± 3.21 .023

Proximal CSA of carpal tunnel, mm2 182.50 ± 21.15 151.23 ± 21.14 .001

Proximal nerve/tunnel index, % 5.80 ± 1.72 5.91 ± 1.63 .791

Distal CSA of median nerve, mm2 9.99 ± 3.42 8.46 ± 1.84 .037

Distal CSA of carpal tunnel, mm2 138.90 ± 20.95 121.50 ± 18.99 .001

Distal nerve/tunnel index, % 7.15 ± 2.00 7.01 ± 1.38 .755

Data are mean ± SD. CSA indicates cross-sectional area.

Table 4. Pearson Correlation Coefficients Between Sonographic

and Body Indices

Sonographic Index Height Weight BMI

Proximal CSA of median nerve 0.300a 0.357b 0.357b

Proximal CSA of carpal tunnel 0.594b 0.594b 0.470b

Proximal nerve/tunnel index –0.061 0.017 0.06

Distal CSA of median nerve 0.275a 0.228 0.229

Distal CSA of carpal tunnel 0.531b 0.447b 0.383b

Distal nerve/tunnel index –0.033 –0.35 0.003

BMI indicates body mass index and CSA, cross-sectional area. 
aSignificant at P < .05 (2 tailed).
bSignificant at P < .01 (2 tailed).



According to our results and previous reports, the
cross-sectional area of the median nerve is variable ac-
cording to different measurement standards used by dif-
ferent researchers. In addition, our study shows that the
cross-sectional area of the median nerve is correlated with
body indices, albeit with a weak positive correlation coef-
ficient. In accordance with the greater prevalence of carpal
tunnel syndrome in women, our results showed different
median nerve areas in the male and female participants.
Therefore, it is difficult to present normal reference values
of the cross-sectional area of the median nerve without
considering sex and body indices. The absence of an
agreed-on standard value makes the cross-sectional area of
the median nerve a difficult parameter for diagnosing
carpal tunnel syndrome. However, because the proximal
and distal nerve/tunnel indices are not influenced by ei-
ther sex or body indices (height, weight, body region, and
BMI), they may be useful sonographic parameters for di-
agnosing carpal tunnel syndrome.

Although the mechanism of carpal tunnel syndrome is
due to compression of the median nerve within the carpal
tunnel, the underlying etiology is often uncertain.6,17 How-
ever, Buchberger et al10 reported that sonographic findings
of retinacular bowing were observed in 18 patients with a
diagnosis of carpal tunnel syndrome, and the distance be-
tween the most anterior portion of the transverse carpal
ligament and the tubercle of the trapezium and hook of the
hamate was increased greater than 3.7 mm on average.
Bianchi and Martinoli11 documented that most patients
with carpal tunnel syndrome had concomitant finger flexor
tenosynovitis, which may often lead to increased intra–
carpal tunnel pressure causing the transverse carpal liga-
ment to become convex. Thus, they suggested that if the
vertical distance between the most anterior portion of the
transverse carpal ligament and the imaginary line from the
tubercle of the trapezium to hook of the hamate is greater
than 4 mm, it can be a pathologic sign of secondary carpal
tunnel syndrome due to finger flexor tenosynovitis. If
carpal tunnel syndrome is a secondary condition resulting
from finger flexor tenosynovitis, the cross-sectional areas of
both the median nerve and carpal tunnel will increase. Such

similar rates of change in cross-sectional areas will cause
only a minimal change in the nerve/tunnel index. There-
fore, in such a case, the nerve/tunnel index would have lim-
ited value in diagnosing carpal tunnel syndrome because
of its low sensitivity. Thus, if the nerve/tunnel index in a
patient with carpal tunnel syndrome is not substantially
different from that of the unaffected population, it would
imply that flexor tenosynovitis may be the cause of the
carpal tunnel syndrome. Duncan et al4 performed sonog-
raphy and magnetic resonance imaging in 102 affected
hands of 68 patients with carpal tunnel syndrome. They
reported that the clear primary cause in most patients with
carpal tunnel syndrome was not found. Secondary causes
of carpal tunnel syndrome were found in 35%, and among
the secondary causes, 3 patients had a diagnosis of flexor
tenosynovitis. According to El Miedany et al,6 16 of 60 pa-
tients with unilateral carpal tunnel syndrome had a diag-
nosis of flexor tenosynovitis. Furthermore, in comparing
asymptomatic and symptomatic hands, the cross-sectional
area of the median nerve and the flattening ratio showed
statistical differences, but the flexor retinaculum thickness
and anteroposterior dimensions of the carpal tunnel turned
showed no statistically significant differences.18 Therefore,
the nerve/tunnel index will show increased values in idio-
pathic carpal tunnel syndrome except in cases in which the
cause of carpal tunnel syndrome is a benign tumor such as
a fibroma, ganglion cyst, or schwannoma.

In our study of healthy adults without carpal tunnel
syndrome, the cross-sectional areas of the proximal median
nerve and carpal tunnel were greater than those of the distal
median nerve and carpal tunnel, and the distal nerve/tunnel
index was also larger than the proximal index. These find-
ings indicate that the proportion of the median nerve to the
carpal tunnel is relatively larger at the distal than at the prox-
imal portion of the carpal tunnel. Taking the previously
mentioned animal studies, sonographic studies, and our
study together, the median nerve may be more easily com-
pressed at or around the distal carpal tunnel.

According to previous epidemiologic studies, the in-
cidence of carpal tunnel syndrome is higher in middle-aged
women19 and correlates with the BMI and weight.20,21

J Ultrasound Med 2012; 31:23–29 27

Kim et al—The Nerve/Tunnel Index

Table 5. Comparison of Proximal to Distal Cross-sectional Area of the Median Nerve, Proximal to Distal Cross-sectional Area of the Carpal

Tunnel, and Proximal to Distal Nerve/Tunnel Index

Comparison Value P

Proximal vs distal CSA of median nerve, mm2 9.64 ± 2.86 vs 9.22 ± 2.83 <.01

Proximal vs distal CSA of carpal tunnel, mm2 166.87 ± 27.85 vs 130.20 ± 21.27 <.01

Proximal vs distal nerve/tunnel index, % 5.85 ± 1.66 vs 7.08 ± 1.71 <.01

Data are mean ± SD. CSA indicates cross-sectional area.



In our study, the results showed that the nerve/tunnel
index was unrelated to the BMI and weight. Thus, the BMI
and weight should not be considered possible causative
factors of carpal tunnel syndrome because the male me-
dian nerve cross-sectional area, BMI, and weight are
greater than the female values. If they were causative fac-
tors, the incidence of carpal tunnel syndrome in men
would be higher than that in women.

Many other previous studies used the absolute cross-
sectional area of the median nerve without considering sex
in the diagnosis of carpal tunnel syndrome by sonography.
In these cases, the probability of false-positive results in the
diagnosis of carpal tunnel syndrome may increase in men,
whereas false-negative results may increase in women.

Klauser et al16 proposed a new method of diagnosing
carpal tunnel syndrome using the proximal cross-sectional
area of the median nerve at the level of the pronator teres.
They compared the cross-sectional areas of the median
nerve proximally at the pronator teres level and distally at
the scaphoid-pisiform level and verified the difference in
the areas between the proximal and distal median nerves in
healthy participants and patients with carpal tunnel syn-
drome. However, sex and correlations between sono-
graphic measurements and height, weight, and BMI were
not considered.

The creative idea of our study is that we measured
cross-sectional areas of not only the median nerve but also
the carpal tunnel and introduced a ratio of these values. It
was found that there were significant differences in the
proximal and distal measurements for the median nerve
and carpal tunnel.

The limitations of this study included relatively lower
inter-rater reliability for carpal tunnel area dimension
measurement than that of the median nerve. This finding
may have been related to the examiner’s experience in
sonographic evaluation and the resolution of the sono-
graphic machine, but it is speculated that the difference was
mainly due to the effect of acoustic shadowing caused by
the hook of the hamate on measurement of the distal carpal
tunnel area. Therefore, the reproducibility of carpal tun-
nel area dimensions can be dependent on the experience of
the examiner and the resolution of the sonographic equip-
ment. In addition, the inter-rater reliability was tested in
only 30 of the 60 patients, which also may have been a lim-
itation of this study. Finally, the participants did not con-
stitute a population in which carpal tunnel syndrome
occurs most often; they were not obese and ranged in age
from 23 to 25 years. In addition, both wrists were not com-
pared, making it impossible to take right- or left-handed-
ness into consideration.

In conclusion, sonographic measurements of the me-
dian nerve and carpal tunnel were greater in the male than
the female participants, and the proximal and distal cross-
sectional areas of the carpal tunnel showed strong correla-
tions with weight, height, and BMI. However, the proximal
and distal areas of the median nerve were related to the
body indices with a relatively weak positive correlation. 
It is insufficient to diagnose carpal tunnel syndrome by
using the absolute cross-sectional area of the median nerve
obtained with sonography. Although the reproducibility
of carpal tunnel measurement was lower than that of the
median nerve, the intraclass correlation coefficients were
sufficiently high to allow sonographic measurement of the
carpal tunnel cross-sectional area and the nerve/tunnel
index to be used for diagnosis of carpal tunnel syndrome.
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