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Abstract
Background: Ultrasonography is a convenient non-invasive diagnostic tool with wide availability and cost
effectiveness. Musculoskeletal ultrasonography is a growing field used for diagnosis of many musculoskeletal disorders;
carpal tunnel syndrome (CTS) could be one of these disorders. The purpose of this study was to assess the impact of
median nerve ultrasonography in carpal tunnel syndrome on surgical management, and its added value in operative
techniques selection, and in tailoring the surgical steps. Thirty patients with CTS and thirty normal subjects underwent
superficial ultrasonography. The cross-sectional area at different levels and flattening ratios were measured on both
groups. The patients who had failed conservative treatment had surgical carpal tunnel release.
Results: There was significant positive correlation between the need for external neurolysis with increased flattening
ratio with cutoff values > 4, and between the need for approach extension with increased cross-sectional area
difference between pisiform level and pronator quadratus level with cutoff values of cross-sectional area difference > 7.
Conclusions: Ultrasonographic measurements of median nerve in CTS could be helpful in selection and modification
of operative procedure including the surgical approach and need for neurolysis.
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Background
Carpal tunnel syndrome (CTS) is the most frequently
encountered upper limb compression neuropathy; it
mostly occurs in patients subjected to repetitive wrist
motion [1].
Median nerve compression in CTS results in neural
enlargement which could be expressed radiologically by
the increase in cross-sectional area (CSA) [2, 3].
It was found that median nerve CSA enlargement is a
specific criterion for the radiological diagnosis of CTS [4–6].
Different imaging tools have been utilized for assessment
of MN in CTS; they vary from the simple cost-effective tool
as ultrasonography to more complex one as MRI, which
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could include quantitative methods, diffusion-weighted
imaging, and diffusion tensor imaging [7–9].
Ultrasonography is a non-invasive, widely available and
cost effective imaging tool could be used in diagnosis of
CTS. Normally, the median nerve CSA does not vary
greatly along its course. Ultrasonography could elucidate
the enlargement in the median nerve which occurs at or
just proximal to the carpal tunnel level. There is no
consensus on which value of median nerve CSA used for
CTS diagnosis; most studies found a cutoff value ranging
from 9 to 12 mm2 [10–14].
Chronic patients with intermittent, advanced, persistent, or progressive syndromes and who have failed
conservative treatment are better treated with carpal
tunnel release [15].
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Aim of the work

The purpose of this study was to assess the impact of
median nerve ultrasonography in carpal tunnel syndrome (CTS) on surgical management, and its added
value in operative techniques selection, and in tailoring
the surgical steps.
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(a) adult with age group from third to fifth decades, (b)
no history of hand pain/numbness, (c) negative Phalen’s
test and negative Tinel’s sign at either wrist.
A written informed consent has been obtained from
all study participants.

Methods

Study technique

Study participants

All the participants were subjected to superficial ultrasonography using the Toshiba ultrasonography machine
(Xario 200) with a multi-frequency linear array transducer (selected frequency 12 MHz).
The volunteers were examined on both wrists, whereas
the patients were examined on the symptomatic wrists.
The patients were examined while sitting, with a supinated hand. The transducer was kept perpendicular to
the MN at all levels, reducing the anisotropy effect and
improving the visualization of MN borders. All measurements were assessed in axial plane.
The ultrasonographic protocol examined the MN
dimensions at easily obtained three axial levels, all
outcome data was quantitative; the protocol excluded
any subjective median nerve features such as echogenicity changes, restricted motion during finger flexion and
extension, and longitudinal notch signs.
The cross-sectional area (CSA) of the median nerve
was measured in transverse plane at two levels:

Between March 2017 and March 2018, after ethics
committee approval, thirty patients with CTS and other
thirty asymptomatic volunteers were included in the
study.
Inclusion criteria

The CTS diagnosis was primarily based on the following:
1. Positive Phalen’s test (less than 30 s)
2. Positive Tinel’s sign
3. Absence of cervical radiculopathy along C6 and C7
roots
4. The diagnosis was confirmed by
electrophysiological nerve conduction studies that
were considered abnormal when:
a. Distal motor latency of > 4.5 ms
b. And/or sensory latency of > 3.5 ms
c. And/or median-ulnar nerve sensory latency
difference in peak latencies of > 0.4 ms
Exclusion criteria: bifid median nerve and carpal tunnel
masses as ganglion cysts and neurofibroma

The thirty asymptomatic volunteers were recruited in
the study as a control group, their inclusion criteria were

1. At the pisiform bone (PS) within the proximal
carpal tunnel (Fig. 1).
2. Over the transversely oriented fibers of the
pronator quadratus muscle (PQ) before entering the
carpal tunnel (Fig. 1).

Fig. 1 a Illustration drawing for CSA calculation of the median nerve. b Ultrasonographic cross-sectional area calculation of the median nerve at
the level of pisiform bone (area A = 18 mm2) and at the level of pronator quadratus muscle (area B = 11 mm2); CSA difference = (18 − 11) = 7.
SC, scaphoid; C, capitate; TR, triquetrum; PS, pisiform
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The study used a freehand area tool on the ultrasound
machine for CSA measurement to establish high accuracy of the measurements. The CSA difference between
the two levels (PS-PQ) was calculated.
The flattening ratio (FR) at the distal carpal tunnel
opposite the hamate was measured also in the axial
plane by dividing the median nerve transverse diameter
by the anteroposterior diameter (Fig. 2).

using SPSS, 16 (SPSS Inc, IL, USA). Independent t test
and Mann-Whitney test were used for normal and nonnormal quantitative data respectively. Correlation coefficient (r) was calculated using Spearman correlation test
to find out the linear relationship between ultrasonographic and operative data.
P values less than 0.05 were considered statistically
significant.

Treatment and operative details

Results
The study group included twelve males and eighteen
females with mean age 43.93 ± 4.51 (range 35-52 years),
whereas the control group included fifteen males and
fifteen females, with their mean age 36.7 ± 4.86 (range
29-45 years).

All patients received conservative treatment in addition
to wrist splinting for 4-6 weeks.
Surgical management was considered in 24 patients
after failed conservative treatment with persistent signs
and symptoms. After written informed consents, surgery
for carpal tunnel release was performed as 1-day surgery
under general anesthesia, using open (mini-palm) longitudinal approach.
Incision at the intersection of the Kaplan cardinal line
and the radial border of the fourth ray ending at the
wrist crease begins distally at the Kaplan cardinal line
and extends proximally approximately 2 cm, dissection
through the subcutaneous fat, and palmaris brevis
muscle to expose the transverse carpal ligament, release
the most ulnar aspect of the ligament close to the hook
of hamate under direct visualization, release the distal
forearm fascia proximally, explore the median nerve to
ensure adequate decompression versus the possible need
for either wound extension or external neurolysis, superficial skin closure using 3-0 nylon, place the hand in a
soft compressive dressing.
Statistical analysis

Results were recorded and represented as range, means
± standard deviations (SD). Statistical analysis was done

Descriptive statistics

The descriptive statistics of median nerve dimensions of
the study and control groups was summarized in Table 1.
Comparison between the two groups showed higher
values in CTS group regarding CSA at the pisiform, CSA
difference (PS-PQ), and FR at the hamate; these differences were statistically significant.
Twenty four out of the thirty patients had failed
conservative treatment and had received operative carpal
tunnel release using (mini-palm) open longitudinal
approach. They were six males and eighteen females
with mean age 44.13 ± 4.19 (range 37-52 years). The
surgical team was blinded to the ultrasonographic findings of the median nerve.
The other six patients showed satisfactory results with
conservative treatment, all were males, their mean age
was 42.5 ± 5.01 (range 35-48 years).
All the operatively treated patients were followed up
for 6 months with 0% infection rate, complete resolution

Fig. 2 a Illustration drawing for median nerve flattening ratio calculation. b Ultrasonographic median nerve flattening ratio calculation at the level
of hamate (flattening ratio = Distance A/Distance B) = (4.4/1.8) = 2.4. TZ, trapezium; TD, trapezoid; C, capitate; H, hamate
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Table 1 Comparison between MN dimensions in normal
individuals and CTS patients
MN variable

Normal (n = 60 wrists)

CTS (n = 30)

(1)

Area PQ

Correlation analysis
P
0.305

Range

(8–10)

(8–11)

Mean ± SD

9.28 ± 0.58

9.46 ± 1.11

(1)

Area PS

< 0.001

Range

(9, 10)

(10–20)

Mean ± SD

9.86 ± 0.34

14.26 ± 2.91

Range

(2.2-2.8)

(2.2-4.3)

Mean ± SD

2.46 ± 0.16

3.68 ± 0.71

Range

(0-1)

(1–10)

Mean ± SD

0.58 ± 0.49

4.76 ± 2.34

(1)

Flattening ratio

< 0.001

(2)

Area PS- Area PQ

< 0.001

CSA cross-sectional area, PQ pronator quadratus muscle, PS pisiform bone
(1)
Independent sample t test for parametric quantitative data
(2)
Mann-Whitney test for non-parametric quantitative data
Significant difference at p value < 0.05

of symptoms had observed at a mean duration 3.8 ± 5.2
week (range 3-8 weeks).
At 6 month follow up, there were no recorded cases of
recurrence or persistence of symptoms.
The MN dimensions of non-surgically treated patients
were lower than that of the surgically treated patients
and the differences were statistically insignificant. There
was a significant difference between the median nerve
CSA at the pisiform and at the pronator quadratus in all
patients (Table 2).
Table 2 Comparison between the MN dimensions of the
surgically and non-surgically treated patients
MN variable

Surgical patients
(n = 24)

Non-surgical
patients (n = 6)

P < 0.001

(1)

Area PQ

P

P < 0.001

Range

(8–11)

(8–11)

Mean ± SD

9.42 ± 1.1

9.67 ± 1.2

0.64

(1)

Area PS
Range

(10–20)

(11–14)

Mean ± SD

14.25 ± 3.01

12.67 ± 1.5

Range

(2.2-4.3)

(2.2-4)

Mean ± SD

3.68 ± 0.71

3.13 ± 0.74

Range

(1–10)

(2–4)

Mean ± SD

4.83 ± 2.44

3 ± 0.89
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0.32

(1)

Flattening ratio

0.07

(2)

Area PS-Area PQ

0.106

CSA cross sectional area, PQ pronator quadratus muscle, PS pisiform bone
(1)
Independent sample t test for parametric quantitative data
(2)
Mann-Whitney test for non-parametric quantitative data
significant difference at p value < 0.05

Intraoperative external neurolysis of the median nerve
was found to be necessary in twelve patients to free the
nerve trunk from surrounding fibrous tissue that was
seen adherent to the superficial epineurium, and all
these patients had flattening ratio > 4 (Fig. 3).
There was a significant positive correlation between
the need for external neurolysis and the flattening
ratio, the correlation coefficient was high (r = 0.69, P
< 0.0001) (Table 3).
There was an insignificant positive correlation between
the need for external neurolysis and CSA difference (PSPQ), the correlation coefficient was low (r = 0.21, P = 0.16)
(Table 3).
Intraoperative severe median nerve compression was
observed in five patients as marked volar bulging of the median nerve after incision of the transverse carpal ligament
with bulbous nerve swelling required—in the surgeon preference—extending the (mini-palm) longitudinal incision
proximal to the flexor crease of the wrist for adequate and
under vision division of the distal forearm deep fascia, all
these five patients had CSA difference (PS-PQ) > 7 (Fig. 4).
Correlating this need for approach extension with the
CSA difference (PS-PQ) resulted in a significant positive
correlation with high correlation coefficient (r = 0.68, P
= 0.0001) (Table 3).
There was a significant positive reasonable correlation
(r = 0.42, P = 0.0205) when correlating the need for
approach extension with the flattening ratio, these five
patients had flattening ratio > 4.2 despite there were
another three patients with flattening ratio > 4.2 had no
need for approach extension (Table 3).
Correlation between the flattening ratio of the surgical
patients and the electrophysiological nerve conduction
studies resulted in significant positive correlation between
the flattening ratio and motor distal latency with high correlation coefficient (r = 0.63, P = 0.0005) and significant
negative correlation between the flattening ratio and
motor amplitude (r = −0.69, P < 0.0001) (Table 4).
The mean post-operative follow-up period was 5.6 +
1.2 months. Twenty-one patients (87.5 %) were symptomfree, and twenty two patients (91.6%) had normal function.
There was an insignificant difference between the patients
who had extended approach and/or external neurolysis
and the others.

Discussion
The entrapment of the MN occurs between the transverse carpal ligament and carpal bones, with subsequent
CSA enlargement which occurs at the level of proximal
carpal tunnel (the level of pisiform), the MN size appears
to be not affected at more proximal level above the
carpal tunnel (the level of pronator quadratus) [12].
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Fig. 3 Histogram of the flattening ratio and need for neurolysis

Many sonographic studies had compared MN dimensions between CTS patients and controls and found that
CSA at the proximal carpal tunnel was higher in CTS
patients than control group. Accordingly, the CSA difference (PS-PQ) was also higher in CTS patients than
the control group [16–19].
Sonographic median nerve FR was also assessed as
a differentiating parameter for neuropathy and a cutoff value of 3 was accepted to be significant for CTS
[16, 17, 20].
The current study showed that CTS patients had
statistically significant higher values of CSA at the
pisiform, CSA difference (PS-PQ) and FR at the hamate.
In the current study, the CSA at the pisiform, CSA difference (PS-PQ), and FR in the non-surgically treated
patients were lower than that of the surgically treated
patients, these differences were statistically insignificant
and this might be due to small population size.
Surgical approaches for carpal tunnel release include
longitudinal approach mini-palm or extended open,
double incision, transverse mini incision, and endoscopic
carpal tunnel release. The longitudinal approaches
Table 3 Correlation between the relevant operative data and
ultrasonographic data
Correlation variables

Flattening ratio

PS-PQ CSA

r

P

r

P

Need for neurolysis

0.69

< 0.0001

0.21

0.16

Need for approach extension

0.42

0.0205

0.68

0.0001

Spearman Correlation P probability, r correlation coefficient
r = 0–0.2, very low and probably meaningless; r = 0.2–0.4, a low correlation
r = 0.4–0.6, a reasonable correlation; r = 0.6–0.8, a high correlation
r = 0.8–1.0, a very high correlation; P < 0.05 = significant

permit the surgeon to extend the incision when there is
an indication for more release [21–23].
To date, there is no publication assesses the impact of
preoperative median nerve ultrasonography on surgical
decisions.
In the current study, the data of median nerve ultrasonography was analyzed retrospectively on the light of
the operative notes, and it was found that the mini-palm
longitudinal approach had to be extended in five patients
for adequate decompression; and all these five patients
had median nerve CSA difference (PS-PQ) > 7 with
significant-high correlations.
This CSA difference could be recommended as a
cutoff value at which surgeon should put in mind that
surgical field extension might be demanded.
External neurolysis means the removal of fibrotic
tissue outside a nerve trunk. Median nerve neurolysis is
not a routine step in primary carpal tunnel release;
however, external neurolysis could be needed if fibrous
adhesions are found intra operatively [24].
Asami A et al. studied external neurolysis of the
median nerve in severe CTS cases who had no electrophysiologic reaction; they found that all patients
regained some degree of hand function post-operatively,
so they recommended external neurolysis for severe
CTS to achieve satisfactory results [24].
There is no consensus on specific preoperative advisory
measures to recommend planning external neurolysis.
In the current study, twelve patients needed intraoperative external neurolysis of the median nerve to free the
nerve trunk from surrounding fibrous tissue that was
seen adherent to the superficial epineurium; all of them
had median nerve flattening ratio > 4 with significant-
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Fig. 4 Histogram of the cross sectional area difference and need for wound extension

high correlations. This value could be assigned as a
cutoff value at which surgeon should put the possible
need of median nerve external neurolysis in mind.
The high FR may reflect severe nerve compression,
and long-standing severe compression may lead to fibrosis around the nerve.
The flattening ratio was correlated significantly with
both motor distal latency and motor amplitude, this
could reflect the reliability of the flattening ratio as a
parameter of the severity of carpal tunnel syndrome.
The need for either neurolysis or wound extension
might consider choosing a traditional open longitudinal
approach rather than endoscopic or “minimal-incision”
as transverse approach to permit possible approach
extension.
The current study could define cutoff values of flattening ratio > 4 for the possible need for external neurolysis
and cutoff values of CSA difference (PS-PQ) > 7 for
possible need for wound extension.

Five patients out of eight with flattening ratio > 4.2
were found to need intraoperative wound extension for
adequate decompression. Although the correlation was
significant and reasonable, this might require a larger
sample size study for more accurate evaluation.
To the best of the authors’ knowledge, no study up to
date was conducted to evaluate the implication of the
ultrasonographic data of median nerve dimensions on
surgical carpal tunnel release.

Conclusions
Ultrasonography of median nerve in CTS could assist selection of operative approach and decision, recommending choosing longitudinal approach when flattening ratio
> 4 and/or cross-sectional area difference between pisiform level and pronator quadratus level > 7 to allow for
the possible need for wound extension
Median nerve external neurolysis could be recommended when flattening ratio of median nerve > 4.

Table 4 Correlation between the flattening ratio and electro-diagnostic study parameters

Flattening ratio

Factors (range) mean ± SD

N = 24
r

p

Motor distal latency (ms) (3.6-8) 5.021 ± 1.351

0.63

0.0005

Motor amplitude (mv) (2–7) 4.346 ± 1.526

−0.69

< 0.0001

Motor nerve conduction velocity (m/s) (15-55) 38.33 ± 12.13

−0.59

0.0013

Sensory peak latency (ms) (3.3-6) 4.258 ± 0.756

0.36

0.042

Sensory amplitude (mv) (10–18) 14.42 ± 2.32

−0.24

0.1314

Sensory nerve conduction velocity(m/s) (15-40) 26.46 ± 7.29

−0.26

0.1099

ms millisecond, mv millivolt, m/s meter/second
Spearman Correlation P probability, r correlation coefficient
r = 0–0.2, very low and probably meaningless; r = 0.2–0.4, a low correlation
r = 0.4–0.6, a reasonable correlation; r = 0.6–0.8, a high correlation
r = 0.8–1.0, a very high correlation; P < 0.05 = significant
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The need for wound extension should be put in mind
when the median nerve cross-sectional area difference
between pisiform level and pronator quadratus level > 7.
Larger sample size study is needed for more validation
of linear relationship between the surgical details and
sonographic cutoff values.
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