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ulnar nerve CSA ratio in the diagnosis of
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Abstract

Background: Ultrasonography (US) measurement of median nerve cross-sectional area (m-CSA) at pisiform is
increasingly utilized in identification of carpal tunnel syndrome (CTS), but there is still no agreement about the ideal
cut-off value to employ. The aim of the study was to explore whether the median CSA to ulnar CSA ratio at the
level of pisiform may yield a more accurate diagnosis of CTS. The study included 50 patients with mild idiopathic
CTS (ICTS), assessed clinically and by nerve conduction studies, and 50 matched controls. M-CSA, median nerve
flattening ratio and swelling ratio (m-SR), palmer bowing, and median CSA to ulnar CSA ratio (m-CAS:u-CSA) were
measured for patients and controls. The cutoff values for the US parameters for the diagnosis of ICTS were
evaluated.

Results: Compared to the control group, the ICTS group had significantly higher m-CSA (p < 0.001), higher m-CSA:
u-CSA ratio (p < 0.001), higher m-SR (p = 0.012, and higher palmar bowing (p < 0.001). Use of m-CSA cutoff value of
11.78 mm2 and CSA:u-CSA ratio cut-off point of 2.97 yielded the greatest sensitivity and specificity for the diagnosis
of ICTS.

Conclusion: The m-CSA:u-CSA ratio is slightly superior to the m-CSA in the diagnosis of CTS in terms of sensitivity
and specificity.
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Background
Carpal tunnel syndrome (CTS) is prevalent in the gen-
eral adult population, ranging from 2.7 to 5.8% [1] and
accounts for about 90% of all entrapment neuropathies.
Diagnosis of CTS is largely based on clinical findings
and electro-diagnostic (EDX) testing [2]. CTS is the
most common reason for referral to electro-diagnostic
(EDX) testing. However, EDX testing has its own limita-
tions: it does not allow visualization of intrinsic nerve
abnormalities (such as bifid nerve, persistent median ar-
tery, poor gliding) or structures around the nerve leading
to its entrapment (such as accessory muscles, ganglion

cysts, tophi, arthritis, and tenosynovitis), and it is painful
[3]. Moreover, EDX had a significant proportion of false-
negative and false-positive findings [4]. These issues
have prompted the search for other methods to confirm
CTS diagnosis.
Ultrasonographic (US) visualization of the median

nerve was introduced as a diagnostic alternative that is
painless, non-invasive, and inexpensive [5]. In addition,
ultrasonography is also able to demonstrate the dynamic
movement of the nerve and the surrounding structures
that could contribute to the performance of the nerve
such as poor gliding and entrapment by the surrounding
structures [6]. The most frequently used US method in
the identification of CTS is the evaluation of the cross-
sectional area of the median nerve (m-CSA) at various
levels within the carpal tunnel mostly at inlet, mid-
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tunnel, and outlet [7, 8]. Most studies confirmed the re-
liability of the measurement of m-CSA at pisiform [9,
10]. However, there is still no consensual agreement
about the ideal cut-off value to employ.
A large amount of this inconsistency is related to differ-

ent study designs and measurement methods used, as well
as to factors including the age, body mass index (BMI),
and gender of the patients [8]. To reduce the discrepancies
in the CSA measurements, comparison of the m-CSA to
an unaffected nerve that does not pass through the carpal
tunnel would be appropriate. In EDX of cases with early
and mild CTS, the use of comparative median versus
ulnar latencies had improved the diagnosis of CTS with
good sensitivity and specificity [11, 12]. Consistent with
this concept, the comparative m-CSA to ulnar CSA (u-
CSA) examination can also be less affected by confound-
ing factors [13]. Therefore, the aim of this study is to ex-
plore if the m-CSA to u-CSA ratio at the level of pisiform
could yield a more accurate diagnosis of CTS.

Methods
Subjects
This case-control study included 50 patients with mild
idiopathic CTS (ICTS group) who were collected from
the Rheumatology and Rehabilitation Outpatient Clinic,
in the period from January 2018 to September 2018. All
patients met the following inclusion criteria: (1) age
from 18–65 years, (2) diagnosed clinically with CTS ac-
cording to the criteria of The American Academy of
Neurology practice parameters [14] and confirmed by
EDX (prolonged median nerve distal motor latencies >
4.4 ms or prolonged median nerve distal sensory laten-
cies > 3.5 ms). Clinical diagnosis of CTS was based on
the presence of at least one of the following symptoms:
(i) numbness, tingling, or paresthesia in the median
nerve distribution; (ii) symptoms are precipitated by re-
petitive hand activities and relieved by resting and shak-
ing the hand; and (iii) nocturnal awakening by these
sensory manifestations. The clinical diagnosis of CTS
was supported by the presence of positive Tinel’s sign
and/or Phalen’s sign. The study included also 50
matched volunteers with no current or previous history
of CTS. Prior to the inclusion in the study, the aim and
procedures were explained in details to the patients and
controls, and a written consent was obtained from each
participant. The study procedures were approved by the
Institutional Research Board.
The exclusion criteria for patients and controls in-

cluded the presence of diseases with symptoms that
mimic CTS, e.g., cervical radiculopathy, proximal en-
trapment, or polyneuropathy; previous surgical interven-
tion for CTS; history of wrist fracture and recent wrist
joint trauma; causes of secondary CTS, e.g., pregnancy,
diabetes mellitus, thyroid function disorders, or

rheumatic diseases; anatomical abnormalities of the me-
dian nerve detected by US examination; and ulnar nerve
entrapment at the wrist.

Clinical and laboratory evaluation
All participants were subjected to thorough medical his-
tory taking and clinical examination. The data collected
included demographic data such as age and sex, BMI,
current clinical symptoms, and co-morbidities. The phys-
ical examinations included thorough sensory and motor
examination for both ulnar and median nerves. Blood
samples were obtained from every participant after over-
night fasting to test for fasting blood sugar, T3, T4, SUA
(serum uric acid), ESR (erythrocyte sedimentation rate),
CRP (C-reactive protein), and RF (rheumatoid factor).

EDX examination
All EDX testing were performed by an experienced phys-
ician, with the skin temperature > 32 °C, using a standard-
ized device (Neurowerk, EMG 2 channels, SIGMA
Medizin-Technik, Germany, serial no.: 65258614). The
median motor nerve conduction studies were performed.
The motor distal latency, peak amplitude, and motor
conduction velocity were measured. The median nerve
sensory conduction parameters were performed anti-
dromically. The distal peak sensory latency, peak ampli-
tude, and conduction velocity were measured [14].
For motor conduction testing of the ulnar nerve, the

active recording electrode was placed over the abductor
digiti minimum muscle while the ulnar nerve is stimu-
lated at the wrist, 8 cm proximal to the active recording
electrode. Sensory ulnar nerve conduction was measured
anti-dromically, with a recording electrode on the little
finger with the distance between the stimulation and re-
cording electrodes of 14 cm [14]. Motor and sensory dis-
tal latencies, peak amplitude, and conduction velocity
were measured and compared to normal values to
exclude ulnar nerve entrapment and neuropathy.

US examination
All US examinations were performed by an experienced
operator who was blinded to all clinical findings of the
patients. US were done with a 7–13MHz linear array
probe with a standardized device (Siemens Acuson
P300, Italy). US examinations were performed at the
same day of EDX examinations. US examination was
done with the wrist placed at the neutral position. The
US operator had applied only a slight compression force
to avoid the induction of artificial deformation of the
examined nerves. The following tests were performed:

1) The m-CSA was measured 3 times at the level of
the most protuberant portion of the pisiform bone.
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The average of the three measurements was calcu-
lated [15, 16].

2) Measurement of the flattening ratio (ratio of the
transverse diameter to the anteroposterior diameter
of the median nerve) at the level of the hook of
hamate [17].

3) Median nerve swelling ratio (m-SR):m-CSA was
also measured 4 cm proximal to the distal end of
radius. The mean of the three measurements is
calculated. The m-SR was calculated as m-CSA at
the pisiform/m-CSA 4 cm proximal to the distal
end of the radius [18].

4) Palmar bowing was assessed by the measurement of
the length of a vertical line from the flexor
retinaculum most-bulging point to a line from the
notch of the hamate to the trapezoid tubercle. The
mean value of three palmar bowing measurements
will be calculated [18].

5) Three measurements of the u-CSA at the same level
of median nerve were performed. The mean of the
three measurements is calculated. The m-CSA:u-
CSA ratio was obtained by dividing m-CSA by the
u-CSA [18].

Statistical analysis
All statistical analyses were performed by the use of
SPSS v.20. Categorical data were expressed as number
and percent. The chi-square test was used to compare
variables with categorical data. Variables with continu-
ous data were expressed in mean ± standard deviation
(SD). The Student t test was used for comparison be-
tween the two variables containing continuous data. The
95% confidence interval of the mean difference was cal-
culated. ROC curves were drawn to determine the diag-
nostic utility of the m-CSA and m-CSA:u-CSA ratio for
the identification of patents with CTS. The diagnostic
value of the generated cut-off points of the m-CSA and
m-CSA:u-CSA ratio was also calculated. The 95% confi-
dence interval of the diagnostic value of the suggested
cut-off points was calculated. Significance was set as the
p value ≤ 0.05.

Results
Fifty patients with mild ICTS (47 females and 3 males)
were enrolled in the study. The duration of the ICTS
ranged from 3 to 15months with an average of 8.5 ± 4.0
months. Tinel’s test was positive in 70% of the hands,
and Phalen’s test was positive in 78% of the hands in the
ICTS group (Table 1).
Most patients (n = 48) were right-handed, and 8 had

bilateral ICTS while 42 had unilateral ICTS. In patients
with bilateral ICTS, the data of the dominant hand was
included in the statistical analysis. The study included
also 50 healthy volunteers as the control group (45

females and 5 males). Most of the volunteers (n = 49)
were also right-handed. In the control group, the
dominant hand was examined in each subject. No
statistical significance was found regarding the age,
sex, and BMI between the ICTS group and the con-
trol group (Table 1).

US findings
Compared to the control group, the ICTS group had sig-
nificantly higher m-CSA (p < 0.001), higher m-CSA:u-CSA
ratio (p < 0.001), higher m-SR (p = 0.012), and higher pal-
mar bowing (p < 0.001); meanwhile, the differences re-
garding the u-CSA and the flattening ratio were
insignificant between ICTS patients and controls (Table 2)

Diagnostic utility of the m-CSA and m-CSA:u-CSA ratio
ROC curves were drawn to determine the diagnostic
utility of the m-CSA and m-CSA:u-CSA ratio for the
identification of patients with CTS. The areas under the
curve (AUC) of the m-CSA and the m-CSA:u-CSA ratio
were 0.792 (95% CI 0.716–0.868) and 0.897 (95% CI
0.862–0.939) respectively (Figs. 1 and 2).
According to the data generated by the ROC curve,

11.78 mm2 was selected for the cut-off point of the m-
CSA while 2.97 was selected for the cut-off point of the
m-CSA:u-CSA ratio. The sensitivity, specificity, and
positive and negative predictive values for each of these
cut-offs are shown in Table 3.

Correlation between US findings and the median nerve
EDX parameters
M-CSA is significantly correlated with median nerve dis-
tal motor latency (p = 0.041), CMAP (p = 0.044), sensory

Table 1 Comparison of the age, sex, BMI, and clinical findings
between the ICTS group and the control group

ICTS group Control group p

Age (years)

Range 22–60 23–60

Mean ± SD 40.4 ± 11.9 41.6 ± 11.1 0.598

Sex (n, %)

Females 47 (94.0%) 45 (90.0%)

Males 3 (6.0%) 5 (10.0%) 0.461

BMI (kg/m2)

Range 20.2–28.9 20.0–28.9

Mean ± SD 24.2 ± 2.7 24.0 ± 2.7 0.717

Duration (months)

Range 3–15

Mean ± SD 8.5 ± 4.0

Tinel’s test +ve 35 (70.0%)

Phalen’s test +ve 39 (78%)
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Table 2 Comparison of the US findings between the ICTS group and the control group

ICTS group Control group Mean difference 95% CI of the difference p

m-CSA (mm2)

Range 7–20 6–12

Mean ± SD 14.6 ± 3.7 8.7 ± 1.6 5.92 4.79–7.05 < 0.001

u-CSA (mm2)

Range 3–6 3–6

Mean ± SD 3.96 ± 1.1 3.78 ± 0.99 0.18 0.24–0.59 0.394

m-CSA:u-CSA ratio

Range 2.00–5.33 1.11–3.33

Mean ± SD 3.76 ± 0.79 2.36 ± 0.45 1.39 1.14–1.65 < 0.001

m-SR

Range 0.5–1.6 0.4–1.4

Mean ± SD 1.06 ± 0.4 0.87 ± 0.3 0.18 0.04–0.33 0.012

Palmar bowing (mm)

Range 0.9–2.1 0.8–1.9

Mean ± SD 1.68 ± 0.4 1.15 ± 0.3 0.53 0.40–0.67 < 0.001

Flattening ratio

Range 1.3–4.0 1.3–4.0

Mean ± SD 2.57 ± 0.9 2.61 ± 0.8 0.04 − 0.38–0.29 0.805

Fig. 1 ROC curve analysis of the ability of the m-CSA in the diagnosis of CTS at the cut-off point of 11.78 mm2 (AUC = 0.792)

El-Bahnasawy et al. Egyptian Rheumatology and Rehabilitation           (2020) 47:34 Page 4 of 8



latency (p = 0.023), and sensory amplitude (p = 0.033).
Similarly the m-CSA:u-CSA ratio is significantly corre-
lated with median nerve distal motor latency (p = 0.026),
CMAP (p = 0.027), sensory latency (p = 0.008), and sen-
sory amplitude (p = 0.012) (Table 4).

Discussion
The main findings of the present study were (a) ICTS
group had significantly higher m-CSA, m-CSA:u-CSA ra-
tio, m-SR, and palmar bowing than controls; (b) m-CSA:
u-CSA ratio at the cut-off point of 2.97 can diagnose CTS
with sensitivity and specificity of 0.840 and 0.880 respect-
ively while m-CSA mm2 can diagnose CTS with sensitivity
and specificity of 0.780 and 0.820 respectively.

In the present study, ICTS patients had a significantly
higher m-CSA pisiform than the controls, which is in
agreement with the findings reported by previous studies
[6, 17, 18]. Similarly, the CTS patients in this study had
a significantly higher m-CSA:u-CSA ratio than controls.
This finding is consistent with the findings of several
previous studies [18, 19].
Previous studies that assessed the ability of the m-CSA

for the diagnosis of CTS have emerged conflicting results
regarding the proper cut-off point or the diagnostic utility
of this procedure. The m-CSA cut-off value varied from 9
to 15mm2, the sensitivity of US m-CSA measurements
differed between 62 and 97% while specificity varied be-
tween 57 and 100% for the diagnosis of CTS among other
studies [20–24]. Inconsistencies between studies can be

Fig. 2 ROC curve analysis of the ability of the m-CSA:u-CSA ratio in the diagnosis of CTS at the cut-off point of 2.97 (AUC = 0.897)

Table 3 The diagnostic values of the m-CSA and m-CSA:u-CSA ratio for diagnosis of CTS

m-CSA (at cut-off point of 2.97) m-CSA:u-CSA ratio (at cut-off point of 11.78)

Value 95% CI Value 95% CI

Sensitivity 0.780 0.640–0.885 0.840 0.709–0.928

Specificity 0.820 0.686–0.914 0.880 0.757–0.955

PPV 0.813 0.702–0.889 0.875 0.766–0.937

NPV 0.789 0.685–0.865 0.846 0.743–0.913

Accuracy 0.800 0.708–0.873 0.860 0.776–0.921

PPV positive predictive value, NPV negative predictive value
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attributed to the differences in selection criteria of patients
and controls, the methods used in the diagnosis of CTS,
and levels of the measured m-CSA.
In the present study, using the cut-off point of 11.78

mm2, the m-CSA showed sensitivity and specificity of 0.780
and 0.820 respectively at the level of pisiform bone in the
diagnosis of CTS. In agreement with our findings, Atan and
Günendi reported that m-CSA at the cut-off point 11.95
mm2 had a sensitivity of 0.80 and a specificity of 0.80 at
level of pisiform bone in the diagnosis of CTS [25]. How-
ever, the m-CSA varies depending on the person’s biomet-
ric characteristics. US m-CSA measurement was found to
be increased with increasing age and with increasing BMI,
and it is greater in males [26–28]. Accordingly, the specifi-
city of US m-CSA measurement decreases. These facts
prompted the measurement of the u-CSA at the same level
of m-CSA measurement to calculate m-CSA:u-CSA ratio
in order to improve diagnostic accuracy for CTS.
Yurdakul et al. assessed the utility of the m-SR, palmar

bowing, and m-CSA at the level of the pisiform bone and

calculated the m-CSA:u-CSA ratio for the diagnosis of CTS.
They reported that all of the US measurements were signifi-
cantly higher in CTS patients than in the control group.
These findings are in consistency of our findings [18].
However, Yurdakul et al. stated that the SR and palmar

bowing are useful when there was a motor affection in the
later stages of CTS [18]. In support to these observations,
Buchberger et al. reported that SR, palmar bowing, and
flattening ratio measurements are reliable for the diagno-
sis of CTS in late stages [16]. Also, Mohamed et al. found
that ultrasonographic measurements of CSA at the inlet
and flexor retinaculum have a relatively higher diagnostic
accuracy than FR for CTS [29].
As shown in the results of the present study, the m-

CSA:u-CSA ratio had superiority, albeit modest, diag-
nostic accuracy for CTS over the m-CSA when mea-
sured at the same level. Using the cut-off point of 2.97,
the m-CSA:u-CSA ratio showed a sensitivity and specifi-
city of 0.840 and 0.880 respectively at the level of pisi-
form bone in the diagnosis of CTS. Consistent with the
findings of this study, Atan and Günendi reported that
m-CSA:u-CSA ratio at a cut-off point of 2.95 had a sen-
sitivity of 0.86 and a specificity of 0.72 at the level of
pisiform bone in the diagnosis of CTS [25].
In agreement with the results of the present study,

Jiwa et al. investigated the use of a sonographic m-CSA:
u-CSA ratio in the diagnosis of CTS and reported that a
cut-point of > 2.09 yielded a sensitivity and specificity of
86% and 84% respectively [19].
The study by Yurdakul et al. found that the m-CSA:u-

CSA ratio at the cut-off point of ≥ 1.79 is 70% sensitive

Table 4 Correlation between the m-CSA and m-CSA:u-CSA ratio
with the median nerve EDX parameters

m-CSA m-CSA:u-CSA ratio

r p r p

Distal motor latency 0.290 0.041* 0.315 0.026*

CMAP amplitude 0.287 0.044* 0.313 0.027*

Sensory latency 0.321 0.023* 0.369 0.008*

Sensory amplitude 0.302 0.033* 0.352 0.012*

*Significant

Fig. 3 With the palm facing upward, MSUS shows the proximal carpal tunnel and Guyon’s canal in cross-section with median nerve located
superficially over the flexor tendons and ulnar nerve and artery in the Guyon’s canal

El-Bahnasawy et al. Egyptian Rheumatology and Rehabilitation           (2020) 47:34 Page 6 of 8



and 76% specific in the diagnosis of CTS [18]. However,
they did not compare this measurement with m-CSA
measurement. In our results, we found higher sensitivity
and specificity for the m-CSA:u-CSA ratio in the diagno-
sis of CTS. This can be related to the difference in the
level of assessment of the ulnar nerve as in the study of
Yurdakul et al. where the ulnar nerve was assessed at
the Guyon’s canal (Fig. 3 )[18].
The results of the present study showed that m-CSA

and m-CSA:u-CSA ratio were significantly correlated
with median nerve distal motor latency, CMAP, sensory
latency, and sensory amplitude, albeit that m-CSA:u-
CSA ratio had stronger correlation than m-CSA with all
median nerve EDX parameters. In agreement with our
results, Kwon et al. found that median nerve CSA at in-
let was significantly correlated with the median nerve
motor and sensory latencies as well as with motor and
sensory response amplitudes [30]. Also, in agreement
with the findings of the present study, Yurdakul et al.
found a statistically significant correlation between me-
dian nerve motor and sensory nerve action potential la-
tencies and amplitudes. Lee et al. studied the correlation
between CSA measurements made from the pisiform
bone and EDX values and found that proximal swelling
of the median nerve at the entrance to the carpal tunnel
was correlated with median nerve conduction parame-
ters [31]. Eom et al. measured the median-to-ulnar CSA
ratio at the wrist in patients with CTS and found a sig-
nificant correlation with electrophysiology findings [32].
These findings confirm the utility of the m-CSA:u-CSA
ration in the diagnosis of CTS.
Certain limitations should be considered when

interpreting the results of this study. We did not in-
vestigate the association between the US parameters
and the severity of CTS symptoms, and we could not
evaluate if the m-CSA:u-CSA ratio was useful to dis-
criminate different severities of CTS. However, the
aim of the study focused on the ability of US in diag-
nosis of the CTS.

Conclusion
Diagnosis of CTS can be established on the basis of
measurement of m-CSA at level of pisiform bone and
m-CSA:u-CSA ratio. The m-CSA:u-CSA ratio is slightly
superior to the m-CSA in diagnosis of CTS in terms of
sensitivity and specificity.
The results of ratio measurement should be inter-

preted in conjunction with EDX studies as the presence
of bifid median nerve may give false-positive ratio incre-
ment; on the other side, concomitant entrapment of the
ulnar nerve at the Guyon’s canal could affect diameter
measurement of either nerves and is likely to cause
false-negative ratio decrement.
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