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Abstract—The objective of the work described here was to evaluate the depth of the carpal tunnel (DCT) in pa-
tients with idiopathic carpal tunnel syndrome (CTS) and healthy volunteers by ultrasonography (US), through
measurement of the distance from the flexor retinaculum to the surface of the capitate bone at the carpal tunnel
outlet, and compare it with other ultrasonographic and electrophysiologic parameters in CTS. The study was con-
ducted in 60 non-diabetic patients with idiopathic carpal tunnel syndrome (unilateral n 5 37, bilateral n 5 23)
evidenced by electrophysiologic diagnosis according to the criteria of the American Association of Electrodiagnos-
tic Medicine (AAEM). Furthermore, 40 hands from 20 healthy volunteers were examined. Median nerve cross-
sectional area (CSA); flattening ratio (FR), the ratio of the length to the width of the median nerve; and DCT at
the canal outlet were measured for all participants. The mean age was 35.6 ± 9.48 y. The female-to-male ratio
was 47:13 in the CTS patients. The sensitivity and specificity were 82% and 95% for CSA, 75% and 60% for
FR and 75% and 87.5% for DCT, respectively. Differences between patients and healthy controls were significant
for all three parameters, greatest for DCT, followed by CSA and then FR.We conclude that DCT increased in CTS
and this new parameter is comparable in sensitivity and specificity to CSA and FR. DCT increased independently
of the cause of the CTS (decrease in size of canal or increase in contents). (E-mail: Sarah.ohrndorf@charite.
de) � 2015 World Federation for Ultrasound in Medicine & Biology.
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INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common form
of entrapment neuropathy. In Scandinavian countries, its
prevalence ranges from 8% at ages 35–44 to 15.8% at
ages 55–64 (Atroshi et al. 1999). It affects 3% to 6% of
the adult general population (LeBlanc and Cestia 2011).
Carpal tunnel syndrome is compression of the median
nerve at the carpal tunnel and can result in sensory and
motor disturbances in areas of the hand supplied by this
nerve, leading to pain and loss of function (Werner and
Andary 2002).

The exact pathophysiology of CTS is not fully un-
derstood. Two theories have been put forward to explain
its etiology. According to the first theory, the increase in
pressure on the median nerve leads to transient ischemic
episodes linked to microvascular disorders without
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changing the size of the carpal tunnel or the volume of
the nerve; according to the second theory, median nerve
compression results in a reduction in tunnel volume or
an increase in the volume of tunnel contents (Rossignol
et al. 1998).

In this study our aim was to shed light on the second
theory by measuring depth of the canal in non-diabetic
individuals with CTS and its correlation to other ultraso-
nographic parameters in patients with electrophysiologi-
cally confirmed CTS (Visser et al. 2008). Evaluation of
the dimensions of the carpal tunnel has been inadequately
addressed in the literature on CTS, as most previous
studies evaluated the dimensions of the carpal tunnel in
normal individuals and not in CTS patients. These
studies, which were performed on healthy patients or ca-
davers, employed either computed tomography (CT) or
magnetic resonance imaging (MRI), or used a silicon
cast to fill the carpal tunnel to measure these dimensions
(Bower et al. 2006; Mani et al. 2011; Pacek et al. 2010;
Widgerow et al. 1996).
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Fig. 2. Longitudinal measurement of the DCT from the surface
of the median nerve perpendicularly to the capitate bone.

DCT 5 depth of the carpal tunnel.
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Ultrasonography is a useful non-invasive painless
bedside test preferred by most patients. In many studies,
it has been used to evaluate CTS through measurement of
median nerve cross-sectional area (CSA) and calculation
of the flattening ratio (FR) (Visser et al. 2008). Sono-
graphic measures of CTS are usually obtained at the inlet
level, as it is believed that measures at the outlet are tech-
nically more difficult and have less inter-rater reliability,
though the sensitivity and specificity at both levels are
comparable (Moghtaderi et al. 2012; Moran et al. 2009).

METHODS

All patients recruited into the study were informed
about the methodology and goals and signed a written
consent. The study protocol was approved by the local
ethics committee of Sohag Faculty of Medicine, Egypt.
Personal and medical information was kept confidential
and was not made available to a third party. Patients clin-
ically suspected of having CTS were recruited from the
neurology and rheumatology outpatient clinics of Sohag
University Hospital. They were then referred to the
neurologist for clinical and neurophysiologic examina-
tions and, then, to the rheumatologist for ultrasono-
graphic examination. Only the rheumatologist was
blinded to the patients’ diagnosis.

A descriptive cross-sectional study was carried out
on the hands of 60 non-diabetic patients (unilateral
n5 37, bilateral n5 23) aged$20 y with uni- or bilateral
carpal tunnel syndrome and 40 hands of 20 healthy volun-
teers in the same age group attending the rheumatology
and neurology outpatient clinics of Sohag University
Hospital from January to March 2014.

Carpal tunnel syndrome was diagnosed according to
the criteria of the AAEM (Jablecki et al. 2002; You et al.
1999). These criteria included both clinical and
electrophysiologic evidence of CTS. Clinical evidence
of CTS included both major and minor criteria for CTS
diagnosis. Major criteria include: (i) paresthesias of the
hand in a median nerve, median nerve and ulnar nerve
Fig. 1. Normal median nerve with fascicular pattern and trans-
verse measurement of the depth of the carpal tunnel from the

flexor retinaculum to the surface of the capitate bone.
or glove distribution; (ii) paresthesias aggravated by
activities such as driving, holding a book, holding a
telephone and working with the hands raised; (iii)
paresthesias and pain in the hand that awaken the
patient from sleep; and (iv) paresthesias relieved by
shaking the hand or holding it in a dependent position.
The minor criteria for diagnosis of CTS were: (i)
subjective weakness of the hand; (ii) clumsiness of the
hand or dropping of objects; and (iii) positive Tinel or
Phalen sign. The electrophysiologic evidence of slowing
of distal median nerve conduction includes prolongation
of distal sensory and/or motor latency of the median
sensory nerve action potential (SNAP) and/or compound
muscle action potential (CMAP) 6 reduced SNAP/
CMAP amplitude of the median nerve (Keith et al. 2009).

Patients with polyneuropathy were excluded from
the study. Polyneuropathy was diagnosed according to
the recommendation of the AAEM (England et al. 2005).

For motor nerve conduction, compound muscle ac-
tion potential (CMAP) was recorded using (Ag/AgCl)
Fig. 3. Transverse measurement of the DCT from the flexor
retinaculum perpendicularly to the capitate bone.

DCT 5 depth of the carpal tunnel.



Fig. 4. Bifid median nerve with double-barrel appearance that
was present only in patients with carpal tunnel syndrome.
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electrodes (Nihon Koheden Co, Japan) placed over the
motor points of abductor pollicus brevis and abductor
digiti minimi muscles for median and ulnar nerve studies.
The median nerve was stimulated at a distance of 8 cm
from the active electrode, between the tendons of the
flexor carpi radialis and palmaris longus muscles at the
wrist and at the elbow. The ulnar nerve was stimulated
at the wrist at a distance of 8 cm from the recording elec-
trode and at the elbow. Distal motor latency, conduction
velocity, and CMAP amplitude were calculated.

For sensory nerve conduction, sensory conduction
velocity, SNAP amplitude and distal sensory latency
were calculated from antidromically stimulated median
and ulnar nerves using ring electrodes from the second,
fourth and fifth digits for the median nerve and ulnar
nerves. Both nerves were stimulated at the wrist 12 cm
from the active electrodes. Aminimum room temperature
Table 1. Comparison of ultrasonographic and electroph

Measure Patients

Personal data
Age (y) 35.6 6 9
Sex (male:female) 13:47
Body mass index (kg/m2) 25.37 6 2
Dominant hand (yes:no) 51:32*

Electrophysiologic data
Motor latency (ms) 5.2 (3.2–8
Compound muscle action potential (mV) 6.07 (1.5–2
Motor conduction velocity (m/s) 59.6 (40–13
Peak latency (ms) 4.69 (2.6–7
Sensory nerve action potential (mV) 13.03 (1.5–3
Sensory conduction velocity (m/s) 49.2 (28.7–

Ultrasonographic data
Cross-sectional area (cm2) 1.66 6 0.
Flattening ratio 3.6*
Carpal tunnel depth (cm) 1.02 6 0.
Bifid nerve 5

* Test was performed on 83 hands from 60 patients; 37 had unilateral carpa
hand) and 23 had bilateral carpal tunnel syndrome, yielding 46 affected hands

y Values are expressed as the median (range) instead of the mean 6 standar
of 25�C and extremity distal skin temperature .32�C
were maintained for all electrophysiologic studies. C-7,
C-8 and T-1 radiculopathy was excluded by extensor
indices and thenar and hypothenar electromyography.

Distal motor latency .4 ms, distal sensory peak la-
tency.3.5 ms, sensory conduction velocity,45 m/s and
a sensory latency difference of 0.4 ms between median
and ulnar SNAPs in the fourth finger were taken as cutoff
points for diagnosis of CTS according to our laboratory
standards (Uncini et al. 1989). All electrodiagnostic ex-
aminations were performed by the same examiner.

Ultrasonography was performed with a 7- to
12-MHz (Logiq e, General Electric, China) linear probe.
US examination was performed while the participant was
sitting, with the elbow flexed and thewrist facing upward.
We obtained longitudinal and transverse scans of the
median nerve at the canal outlet, which was considered
the distal edge of the flexor retinaculum (Wong et al.
2002). In the canal outlet area, the capitate bone has a
characteristic capsule reflection that is easy to identify
by US in both longitudinal and transverse scans, and
because differentiation of the carpal bone is difficult,
especially on a transverse scan, and to avoid faulty mea-
surements, this level was used to measure DCT. On
tracing the nerve distally on the transverse scan, the flexor
retinaculum and the capitate capsule appear together at
one point. Measurements were made at this point to
ensure accuracy. Mani et al. (2011) used the same level
to measure DCT. To make a logical comparison, CSA
and FR were measured at the same level. The median
nerve was identified by being the most superficial
structure in the carpal tunnel under the flexor retinac-
ulum, by its fascicular pattern and by the hyper-echoic
ysiologic measurements of patients and controls

Controls p Value

.5 35.1 6 6.04 0.812
3:17 0.747

.35 24.04 6 2.86 0.025
20:20 0.229

.9)y 2.8 (2.1–3)* ,0.0001
1.5) 6.2 6 1.47 0.768
1.7) 45.3 (40–60) 0.001
.6) 2.47 6 0.49 ,0.0001
0.04) 25.76 6 3.79 ,0.0001
68.4) 51.45 6 6.59 0.027

46 1.02 6 0.13 ,0.0001
3.17 6 0.51 ,0.001

19 0.79 6 0.1 ,0.0001
0 0.424

l tunnel syndrome (28 in the dominant hand and 9 in the non-dominant
.
d deviation for non-normally distributed data.



Fig. 5. Receiver operating characteristic curve for the cross-
sectional area of the median nerve at the carpal tunnel outlet.

Fig. 7. Receiver operating characteristic curve for the depth of
the carpal tunnel at the outlet.
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sheath (El Miedany et al. 2004). CSA, FR and DCT (dis-
tance from the flexor retinaculum surface to the capitate
bone surface’s highest point) were measured in all partic-
ipants. A CSA.1.33 cm2 and FR. 3.2 were considered
diagnostic of CTS (Wong et al. 2002). CSAwas measured
by following the nerve surface on the transverse section;
Fig. 6. Receiver operating characteristic curve for the flattening
ratio of the median nerve.
the hyper-echoic epineural rim was thereby excluded
(Tsai et al. 2013). FR was calculated as the ratio of the
maximum length of the median on the transverse section
to its maximum width (Tsai et al. 2013). CSA and FR
were obtained twice, and if the values differed, the
mean of the two measurements was considered. DCT
was measured in two planes, longitudinal and transverse
views, and the measurement was considered when it was
the same in the longitudinal and transverse views; a dif-
ference up to 2 mm was accepted (Figs. 1–4). All
ultrasonographic examinations were performed by the
same examiner to avoid interobserver bias. During US
measurements, the probe just touched the skin to avoid
induction of artifacts (Jeong et al. 2011). A perpendicular
angle of the probe was maintained in all examinations
(Jeong et al. 2011).
Fig. 8. Comparison of mean ultrasonographic measures of
cases and controls. DCT 5 depth of the carpal tunnel.



Table 2. Spearman correlations (r) between ultrasonographic and electrophysiologic measurements

Circumference Flattening ratio Depth

r p r p r p

0.729 ,0.001 0.659 ,0.001 0.583 ,0.001
Compound muscle action potential AMP 20.116 0.306 20.134 0.237 20.110 0.330
Motor conduction velocity 0.270 0.015 0.269 0.016 0.243 0.030
Onset latency 20.003 0.983 20.129 0.429 0.116 0.476
Peak latency N 0.669 ,0.001 0.573 ,0.001 0.582 ,0.001
Sensory nerve action potential AMP 20.596 ,0.001 20.509 ,0.001 20.537 ,0.001
Sensory conduction velocity 20.251 0.025 20.201 0.073 20.261 0.019
Flattening ratio mod 0.935 ,0.001 0.987 ,0.001 0.511 ,0.001
CR mod 0.964 ,0.001 0.956 ,0.001 0.552 ,0.001
Flattening ratio mod1 0.806 ,0.001 0.893 ,0.001 0.351 0.001

AMP 5 amplitude.
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Data are expressed as the arithmetical
mean 6 standard deviation or median (range) depending
on normality as determined with the Kolmogorov–
Smirnov test. Student’s t-test and the Mann–Whitney
test were used for normally and non-normally distributed
variables, respectively. Comparisons of percentages in
qualitative data were tested using the c2 test or Fisher’s
exact test. The correlation between two quantitative
values was determined using Spearman’s correlation
test. The sensitivity and specificity of US measurements
in CTS patients were obtained by determining the cutoff
point using receiver operating characteristic (ROC) curve
analysis. Statistical Package for the Social Sciences
(SPSS) software (Version 11.0, SPSS, Chicago, IL,
USA) was used in all statistical analyses. A p
value , 0.05 was considered to indicate significance.

In the patient group, motor latency, CMAP, motor
conduction velocity (MCV), peak latency, SNAP, sensory
conduction velocity (SCV) and FR were not normally
distributed and thus expressed as the median (range),
whereas age and CSAwere normally distributed and ex-
pressed as the mean 6 standard deviation.
Fig. 9. Correlation between DCT and motor latency.
DCT 5 depth of the carpal tunnel.
In the control group, motor latency and MCV were
not normally distributed and the remaining parameters
were normally distributed.

Ultrasonographic and electrodiagnostic measure-
ments were made on all participants, patients and healthy
volunteers.
RESULTS

The mean age 6 standard deviation of the patients
with CTS was 35.6 6 9.5 y, and for the healthy controls,
35.16 6.04 y; thus, the two groups were comparable with
respect to age. Among the patients, 78.4% were female,
and among the healthy volunteers, 85% were female
(Table 1).
Electrophysiology
For the patient group, median motor latency was

5.2 ms (range: 3.2–8.9 ms), CMAP was 6.07 mV (1.5–
21.5 mV) and MCV was 59.6 m/s (40–131.7 m/s). There
were two patients with aMartin–Gruber anastomosis who
had spuriously fast median conduction velocities: peak
latency was 4.69 ms (2.6–7.6 ms), SNAP was 13.03 mV
(1.5–30.04 mV) and SCV was 49.2 m/s (28.7–68.4 m/s).

For the control group, motor latency was 2.8 ms
(2.1–3 ms), CMAP 6.2 6 1.47 mV, MCV 45.3 m/s
(40–60) m/s, peak latency 2.47 6 0.49 ms, SNAP
25.76 6 3.79 mV and SCV 51.45 6 6.59 m/s.

The difference in motor latency between the two
groups was highly significant with a p-value , 0.0001.
The difference in CMAP was not significant
(p 5 0.768). The differences in MCV (p 5 0.001) and
peak latency (p , 0.0001) were significant. The differ-
ence in SNAP was highly significant (p , 0.0001).
Ultrasonography
The mean CSA for CTS patients was

1.66 6 0.46 cm2, and that for healthy volunteers,
1.02 6 0.13 cm2. There was a significant difference in



Fig. 10. Correlation between DCTand both motor conduction velocity and sensory conduction velocity. DCT5 depth of
the carpal tunnel.
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the CSA at the canal outlet between the patient and
healthy control groups (p , 0.0001). A cutoff value of
1.33 cm2 yielded a sensitivity of 80% and a specificity
of 95% (Fig. 5).

With respect to FR, the median for patients was 3.6
(range: 2.8–6.8), and that for healthy volunteers,
3.17 6 0.51, the difference being significant (p , 0.001).
Therewas a positive correlation between FR and distal sen-
sory latency, with a cutoff value for FR of 3.2 yielding a
sensitivity of 75% and a specificity of 60% (Fig. 6).

In the patient group, DCTwas 1.02 6 0.19 cm, and
in the healthy controls, 0.796 0.1 cm, the difference be-
tween the two groups being significant (p, 0.0001). The
cutoff value was found to be 0.88 cm, which yielded a
sensitivity of 75% and specificity of 87.5% (Fig. 7).

A bifid median nerve was found in 12.5% of CTS
hands and was not found in the healthy controls (Fig. 4).

Table 1 summarizes sonographic and electrophysio-
logic results, and Figure 8 summarizes sonographic re-
sults of our cases.
Fig. 11. Correlation between DCT and patient age.
DCT 5 depth of the carpal tunnel.
Using the Spearman correlation test to study the
concordance between the electrophysiologic and sono-
graphic results of our patients, we found that motor
latency, MCV, peak latency, FR mod and CR mod were
positively and significantly correlated with the three
sonographic parameters (CSA, FR and DCT). SNAP
amplitude and SCV were negatively and significantly
correlated with sonographic parameters, exception for
the correlation between SCV and FR, which turned out
to be not significant. CMAP amplitude and onset latency
did not significantly differ from any of the sonographic
findings. Table 2 summarizes these correlations, and
Figures 9–12 illustrate the correlations between DCT
and motor latency, motor and sensory conduction
velocity, age and body mass index.

We also found that DCTwas significantly related to
age and male sex and negatively related to body mass in-
dex in controls, but positively related in patients (Table 3,
Fig. 13). DCTwas negatively correlated to handedness in
controls, but positively related in patients (Table 3,
Fig. 12. Correlation between DCT and patient BMI.
DCT 5 depth of the carpal tunnel; BMI 5 body mass index.



Table 3. Effect of age, gender, body mass index and bifid nerve on the ultrasonographic findings for both patients and controls

Measure

Cross-sectional area (cm2) Flattening ratio Depth of carpal tunnel (cm)

Cases Controls Cases Controls Cases Controls

Age (y)
Spearman r 20.017 20.024 0.059 20.030 0.416 0.357
p Value 0.919 0.885 0.716 0.852 0.008 0.024

Sex
Male 1.53 6 0.18 0.95 6 0.22 3.53 6 0.40 2.37 6 0.67 1.29 6 0.32 0.89 6 0.08
Female 1.67 6 0.47 0.92 6 0.08 3.95 6 1.24 2.37 6 0.46 1 6 0.16 0.76 6 0.07
p Value 0.626 0.486 0.568 0.994 0.008 ,0.001

Bifid nerve
Yes 2.32 6 0.52 — 5.34 6 1.25 — 1.08 6 0.14 —
No 1.57 6 0.37 — 3.72 6 1.06 — 1.01 6 0.19 —
p Value ,0.001 — 0.003 — 0.451 —

Dominant hand
Yes 1.68 6 0.48 0.96 6 0.15 4.02 6 1.31 2.46 6 0.63 1.07 6 0.2 0.78 6 0.1
No 1.63 6 0.43 0.9 6 0.09 3.73 6 0.97 2.28 6 0.34 0.94 6 0.13 0.8 6 0.08
p Value 0.742 0.128 0.476 0.276 0.028 0.500

Body mass index
Spearman r 0.275 0.012 0.203 0.017 0.375 0.032
p Value 0.085 0.943 0.210 0.918 0.017 0.847
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Fig. 14). The patients with bifid nerves had non-
significantly higher DCT values than patients with non-
bifid nerves (Table 3, Fig. 15).

DISCUSSION

The gold standard for CTS diagnosis is electrophys-
iologic examination. It has some advantages in early
diagnosis and in mild cases, but in severe cases and severe
peripheral polyneuropathy, it provides no information. In
addition, it is a painful invasive technique and has limited
ability to detect a bifid median nerve (AAEM et al. 2002).

Ultrasonography is a relatively new and comple-
mentary imaging method for the diagnosis of CTS. It is
a painless, non-invasive technique that gives a direct
view of the carpal tunnel and the cause of the nerve
compression; furthermore, it is able to detect congenital
anomalies of the median nerve. Nevertheless, US exami-
nation is dependent on the operator and requires that
Fig. 13. Sex differences in ultrasonographic measures.
DCT 5 depth of the carpal tunnel.
examiners be trained before conducting a study
(Beekman and Visser 2003).

In our study, CSA, FR and DCT were measured at
the canal outlet (although measurement of CSA and FR
is more difficult here). At the canal outlet, the capitate
bone has a characteristic capsule reflection that is easy
to identify and provides an ideal measurement of DCT.
For the measurement at the canal inlet, there is no fixed
agreement: some consider the canal inlet at the pisiform
level, and others, at the level of the distal radioulnar joint
or the proximal edge of the flexor retinaculum (Hammer
et al. 2006). Many studies maintain that the canal outlet
measurements of CSA and FR are comparable to and
also (sometimes) more sensitive than inlet measurements,
but other studies maintain that measurements proximal to
the inlet yield the best results. Nevertheless, ethnicity,
whether the patient is diabetic or not, age and body
mass index play a role in deciding which level of
Fig. 14. Differences in ultrasonographic measures between the
dominant hand and non-dominant hand. DCT 5 depth of the

carpal tunnel.



Fig. 15. Effect of the bifid nerve on ultrasonographic findings.
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measurement is more sensitive (Ahmad 2011, Coraci
et al. 2014; Mondelli et al. 2008; Paliwal et al. 2014;
Tsai et al. 2013).

Cross-sectional area sensitivity varies widely among
studies, from 48% to 89% (Beekman and Visser 2003;
Duncan et al. 1999; El Miedany et al. 2004; Yesildag
et al. 2004), and specificity varies from 62% to 100%
(Ajeena 2013; Dejaco et al. 2013; Picerno et al. 2013).
The CSA cutoff varies from 0.9 to 1.5 cm (Ahn et al.
2009; Keles et al. 2005; Wiesler et al. 2006). In our
study, sensitivity was 80% and specificity was 95% at a
cutoff value of 1.33 cm.

Flattening ratio sensitivity ranged from 37% to
100% in previous studies (Buchberger et al. 1991; Yesil-
dag et al; 2004), FR specificity was between 50% and
75%; cutoff values ranged from 3.0 to 4.2 cm (Ahmad
2011; Kim et al. 2014). In our study, sensitivity was
75% and specificity was 60% at a cutoff value of 3.2 cm.

Most previously used ultrasonographic parameters
involved measurement of the nerve itself; however,
DCT is an evaluation of canal dimensions. The results
of our study indicate that depth increases in most patients
(non-diabetic) with CTS in comparison to healthy volun-
teers. This parameter has a sensitivity and specificity
comparable to those of CSA and FR, although CSA is
more sensitive and specific, but the difference between
diseased and healthy individuals was highest for DCT.
In a study on cadavers (Pacek et al. 2010), the depth of
the carpal tunnel was 0.83 6 0.09 cm, whereas the
DCT in our study was 1.02 6 0.19 cm in CTS patients
and 0.79 6 0.1 cm in healthy controls. The small differ-
ence between the two studies may be explained by the dif-
ference in ethnicity between the two groups and also by
the use of cadavers in the study by Pacek et al. (2010).
Another study obtained a mean DCT of 1.4 cm in an
asymptomatic population, but had not performed electro-
physiologic studies confirm that those volunteers did not
have CTS; this also could explain the difference between
the two studies (Mani et al. 2011). It appears counterintu-
itive to find that DCT is greater in diseased than in healthy
individuals; however, even if the cause of CTS is a small
canal, the increased pressure inside the canal results in an
increase in canal dimensions. These results were also ob-
tained in one previous study (Sernik et al. 2008).

With respect to handedness and sex, our results
agree with those of Mani et al. (2011), but we should
also take in consideration that their study did not include
patients. Also, regarding the relation of DCT with body
mass index, our results are in agreement with those of
Hleb�s et al. (2014), and as for DCT and age, our results
agree with those of Pierre-Jerome et al. (1997).

Most of the previous studies used electrodiagnostic
measures as a gold standard reference. However, this
may be problematic because of their false-negative rate,
which can be as high as 20% and, thus, would increase
the false-positive rate of sonographic measures when
electrodiagnostic measures are used as the gold standard
(Roll et al. 2011). To avoid this high proportion of false-
negative results, we used the criteria of the AAEM, which
include both clinical and electrophysiologic evidence of
CTS. Sonographic and electrodiagnostic measures should
be made on the same day to obtain valid results. Controls
should be age and sexmatched (Roll et al. 2011), as in our
study. Studies performed without standardization of room
and skin temperature yield biased electrodiagnostic mea-
sures (Roll et al. 2011). In our study, skin and room tem-
perature was standardized.

In conclusion, measurement of DCT is a new prom-
ising method for the detection of CTS. Much more work
is needed to compare DCT values of different ethnic
groups or body mass index groups and to improve the
methodology of measurement.

Acknowledgments—We thank Professor Dr. Marina Backhaus for
providing ultrasonography training in the rheumatology department at
the Charit�e Universit€atsmedizin, Berlin, Germany, and Dr. Mai Fahmy
for recruiting patients at Sohag University in Egypt. Furthermore, we
thank Dr. Lisa Pessler and Dr. Frank Pessler for critical reading and edit-
ing of the article.
REFERENCES

Ahmad TS. Ultrasonography in the evaluation of carpal tunnel syn-
drome: Diagnostic criteria and comparison with nerve conduction
studies. Neurol Asia 2011;16:57–64.

Ahn SY, Hong YH, Koh YH, Chung YS, Lee SH, Yang HJ. Pressure
measurement in carpal tunnel syndrome: Correlation with electro-
diagnostic and ultrasonographic findings. J Korean Neurosurg Soc
2009;46:199–204.

Ajeena I. Nerve conduction study evidenced carpal tunnel syndrome
among females: An ultrasonic assessment. Klin Neurophysiol
2013;44:P160.

American Association of Electrodiagnostic Medicine (AAEM). Amer-
ican Academy of Neurology (AAN), and American Academy of
Physical Medicine and Rehabilitation (AAPMR). Practice param-
eter for electrodiagnostic studies in carpal tunnel syndrome: Sum-
mary statement. Muscle Nerve 2002;25:918–922.

Atroshi I, Gummesson C, Johnsson R, Ornstein E, Ranstam J, Rosen I.
Prevalence of carpal tunnel syndrome in a general population.
JAMA 1999;282:153–158.

http://refhub.elsevier.com/S0301-5629(15)00416-0/sref1
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref1
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref1
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref2
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref2
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref2
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref2
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref3
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref3
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref3
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref4
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref4
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref4
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref4
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref4
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref5
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref5
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref5


US evaluation of carpal tunnel depth d A. M. M. Y. ELSAMAN et al. 2835
Beekman R, Visser LH. Sonography in the diagnosis of carpal tunnel
syndrome: A critical review of the literature. Muscle Nerve 2003;
27:26–33.

Bower JA, Stanisz GJ, Keir PJ. An MRI evaluation of carpal tunnel di-
mensions in healthy wrists: Implications for carpal tunnel syndrome.
Clin Biomech (Bristol, Avon) 2006;21:816–825.

Buchberger W, Schon G, Strasser K, Jungwirth W. High-resolution ul-
trasonography of the carpal tunnel. J Ultrasound Med 1991;10:
531–537.

Coraci D, Santilli V, de Franco P, Padua L. Comment to ‘‘ultrasonic
assessment of females with carpal tunnel syndrome proved by nerve
conduction study.’’. Neural Plast 2014;2014:893963.

Dejaco C, Stradner M, Zauner D, Seel W, Simmet NE, Klammer A,
Heitzer P, Brickmann K, Gretler J, Furst-Moazedi FC,
Thonhofer R, Husic R, Hermann J, Graninger WB, Quasthoff S. Ul-
trasound for diagnosis of carpal tunnel syndrome: Comparison of
different methods to determine median nerve volume and value of
power Doppler sonography. Ann Rheum Dis 2013;72:1934–1939.

Duncan I, Sullivan P, Lomas F. Sonography in the diagnosis of carpal
tunnel syndrome. AJR Am J Roentgenol 1999;173:681–684.

El Miedany YM, Aty SA, Ashour S. Ultrasonography versus nerve con-
duction study in patients with carpal tunnel syndrome: Substantive
or complementary tests? Rheumatology 2004;43:887–895.

England JD, Gronseth GS, Franklin G, Miller RG, Asbury AK,
Carter GT, Cohen JA, Fisher MA, Howard JF, Kinsella LJ,
Latov N, Lewis RA, Low PA, Sumner AJ. Distal symmetric poly-
neuropathy: A definition for clinical research. Report of the Amer-
ican Academy of Neurology, the American Association of
ElectrodiagnosticMedicine, and the American Academy of Physical
Medicine and Rehabilitation. Neurology 2005;64:199–207.

Hammer HB, Hovden IA, Haavardsholm EA, Kvien TK. Ultrasonogra-
phy shows increased cross-sectional area of the median nerve in pa-
tients with arthritis and carpal tunnel syndrome. Rheumatology
(Oxford) 2006;45:584–588.

Hleb�s S, Majheni�c K, Vidmar G. Body mass index and anthropometric
characteristics of the hand as risk factors for carpal tunnel syndrome.
Collegium Antropol 2014;38:219–226.

Jablecki CK, Andary MT, Floeter MK, Miller RG, Quartly CA,
Vennix MJ, Wilson JR. Practice parameter: Electrodiagnostic
studies in carpal tunnel syndrome. Report of the American Associ-
ation of Electrodiagnostic Medicine, American Academy of
Neurology, and the American Academy of Physical Medicine and
Rehabilitation. Neurology 2002;58:1589–1592.

Jeong JS, Yoon JS, Kim SJ, Park BK, Won SJ, Cho JM, Byun CW. Use-
fulness of ultrasonography to predict response to injection therapy in
carpal tunnel syndrome. Ann Rehabil Med 2011;35:388–394.

Keith MW, Masear V, Chung K, Maupin K, Andary M, Amadio PC,
Barth RW, Watters WC 3rd, Goldberg MJ, Haralson RH III,
Turkelson CM, Wies JL. Diagnosis of carpal tunnel syndrome.
J Am Acad Orthop Surg 2009;17:389–396.

Keles I, Karagulle Kendi AT, Aydin G, Zog SG, Orkun S. Diagnostic
precision of ultrasonography in patients with carpal tunnel syn-
drome. Am J Phys Med Rehabil 2005;84:443–450.

Kim MK, Jeon HJ, Park SH, Park DS, Nam HS. Value of ultrasonogra-
phy in the diagnosis of carpal tunnel syndrome: Correlation with
electrophysiological abnormalities and clinical severity. J Korean
Neurosurg Soc 2014;55:78–82.

LeBlanc KE, Cestia W. Carpal tunnel syndrome. Am Fam Physician
2011;83:952–958.
Mani B, Sarawagi R, Cherian RA. Review of the dimensions of the me-
dian nerve and carpal tunnel using sonography in asymptomatic
adults. J Med Imaging Radiat Oncol 2011;55:126–131.

Moghtaderi A, Sanei-Sistani S, Sadoughi N, Hamed-Azimi H. Ultra-
sound evaluation of patients with moderate and severe carpal tunnel
syndrome. Prague Med Rep 2012;113:23–32.

Mondelli M, Filippou G, Gallo A, Frediani B. Diagnostic utility of ultra-
sonography versus nerve conduction studies in mild carpal tunnel
syndrome. Arthritis Rheuma 2008;59:357–366.

Moran L, Perez M, Esteban A, Bellon J, Arranz B, del Cerro M. Sono-
graphic measurement of cross-sectional area of the median nerve in
the diagnosis of carpal tunnel syndrome: Correlationwith nerve con-
duction studies. J Clin Ultrasound 2009;37:125–131.

Pacek CA, Tang J, Goitz RJ, Kaufmann RA, Li ZM. Morphological
analysis of the carpal tunnel. Hand (NY) 2010;5:77–81.

Paliwal PR, Therimadasamy AK, Chan YC, Wilder-Smith EP. Does
measuring the median nerve at the carpal tunnel outlet improve ul-
trasound CTS diagnosis? J Neurol Sci 2014;339:47–51.

Picerno V, Torzini A, Filippou G, Adinolfi A, Bertoldi I, Sabatino VD,
Galeazzi M, Frediani B, Giannini F. The useful of US in diagnosis of
carpal tunnel syndrome in diabetics: A proposal for new reference
values. Clin Neurophysiol 2013;124:e223.

Pierre-Jerome C, Bekkelund S, NordstrømR. Quantitative MRI analysis
of anatomic dimensions of the carpal tunnel in women. Surg Radiol
Anat 1997;19:31–34.

Roll SC, Case-Smith J, Evans KD. Diagnostic accuracy of ultrasonogra-
phy vs. electromyography in carpal tunnel syndrome: A systematic
review of literature. Ultrasound Med Biol 2011;37:1539–1553.

RossignolM, Patry L, Sacks S. Carpal tunnel syndrome: Validation of an
interview questionnaire on occupational exposure. Am J Ind Med
1998;33:224–231.

Sernik RA, Abicalaf CA, Pimentel BF, Braga-Baiak A, Braga L,
Cerri GG. Ultrasound features of carpal tunnel syndrome: A pro-
spective case-control study. Skel Radiol 2008;37:49–53.

Tsai NW, Lee LH, Huang CR, Chang WN, Wang HC, Lin YJ, Lin WC,
Lin TK, Cheng BC, SuYJ, Kung CT, Chen SF, LuCH. The diagnostic
value of ultrasonography in carpal tunnel syndrome:A comparison be-
tween diabetic and non-diabetic patients. BMC Neurol 2013;13:65.

Uncini A, Lange DJ, SolomonM, Soliven B, Meer J, Lovelace RE. Ring
finger testing in carpal tunnel syndrome: A comparative study of
diagnostic utility. Muscle Nerve 1989;12:735–741.

Visser LH, Smidt MH, Lee ML. High-resolution sonography versus
EMG in the diagnosis of carpal tunnel syndrome. J Neurol Neuro-
surg Psychiatry 2008;79:63–67.

Werner RA, Andary M. Carpal tunnel syndrome: Pathophysiology and
clinical neurophysiology. Clin Neurophysiol 2002;113:1373–1381.

Widgerow AD, Sacks L, Greenberg D, Becker PJ. Intergroup compari-
sons of carpal tunnel dimensions. J Hand Surg 1996;21:357–359.

Wiesler ER, Chloros GD, Cartwright MS, Smith BP, Rushing J,
Walker FO. The use of diagnostic ultrasound in carpal tunnel syn-
drome. J Hand Surg 2006;31:726–732.

Wong SM, Griffith JF, Hui AC, Tang A,WongKS. Discriminatory sono-
graphic criteria for the diagnosis of carpal tunnel syndrome. Arthritis
Rheum 2002;46:1914–1921.

Yesildag A, Kutluhan S, Sengul N, Koyuncuoglu HR, Oyar O, Guler K,
Gulsoy UK. The role of ultrasonographic measurements of the me-
dian nerve in the diagnosis of carpal tunnel syndrome. Clin Radiol
2004;59:910–915.

YouH, Simmons Z, Freivalds A, KothariMJ, Naidu SH. Relationships be-
tween clinical symptom severity scales and nerve conduction mea-
sures in carpal tunnel syndrome. Muscle Nerve 1999;22:497–501.

http://refhub.elsevier.com/S0301-5629(15)00416-0/sref6
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref6
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref6
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref7
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref7
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref7
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref8
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref8
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref8
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref9
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref9
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref9
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref9
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref9
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref10
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref10
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref10
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref10
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref10
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref10
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref11
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref11
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref12
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref12
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref12
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref13
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref13
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref13
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref13
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref13
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref13
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref13
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref14
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref14
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref14
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref14
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref15
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref15
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref15
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref15
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref15
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref16
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref16
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref16
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref16
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref16
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref16
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref17
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref17
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref17
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref18
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref18
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref18
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref18
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref19
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref19
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref19
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref20
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref20
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref20
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref20
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref21
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref21
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref22
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref22
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref22
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref23
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref23
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref23
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref24
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref24
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref24
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref25
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref25
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref25
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref25
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref26
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref26
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref27
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref27
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref27
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref28
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref28
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref28
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref28
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref29
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref29
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref29
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref30
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref30
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref30
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref31
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref31
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref31
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref32
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref32
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref32
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref33
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref33
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref33
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref33
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref34
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref34
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref34
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref35
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref35
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref35
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref36
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref36
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref37
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref37
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref38
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref38
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref38
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref39
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref39
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref39
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref40
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref40
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref40
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref40
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref41
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref41
http://refhub.elsevier.com/S0301-5629(15)00416-0/sref41

	Idiopathic Carpal Tunnel Syndrome: Evaluation of the Depth of the Carpal Tunnel by Ultrasonography
	Introduction
	Methods
	Results
	Electrophysiology
	Ultrasonography

	Discussion
	References


