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Estimation of ultrasound reference values
for the upper limb peripheral nerves in adults
A cross-sectional study
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Abstract
The objective of this study is to estimate the reference values for the upper limb peripheral nerves in adults.
The demographics and physical characteristics of 69 adult healthy volunteers were evaluated and recorded. In addition, the side to

side differences of the estimated reference values and their correlations with the age, weight, height, and bodymass index (BMI) were
evaluated.
Cross-sectional area reference values of the upper limb nerves did not correlate with height; however, they correlated with age,

weight, and BMI in some scanned sites.
The data obtained in this study could be helpful in future diagnosis of peripheral nerve disorders of the upper limb.

Abbreviations: BMI = body mass index, CSA = cross-sectional area.
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1. Introduction

During the past decade, high-resolution ultrasound gained more
popularity, as a promising imaging modality in the diagnosis of
the different peripheral nerve disorders. Several studies reported
the cross-sectional area reference values for different peripheral
nerves.[1–5] Some of these studies involved local population,[1–8]

others involved extremes of age,[9] or even single peripheral
nerves, either in a single site, or several sites for a single nerve
along its course.[10–13] One of the important studies for
evaluation of normal cross-sectional area values, is that of
Cartwright et al[1]; however, another important study conducted
by Kerasnoudis et al,[2] obtained clear difference in different
values, which mandated further studies in different population
groups for the standardization of the CSA reference values,
especially, those which sex-matched, and others correlating
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different demographic factors with the obtained CSA reference
values.

2. Methods

1.1. Participants

The local institutional review board committee approved the
study protocol and all participants provided an informed consent
before enrollment. Sixty-nine healthy adult volunteers, 20 to 70
years’ old, were recruited from November 2015 to April 2016, at
a university Hospital. For each participant, the age, height,
weight, and body mass index (BMI) were recorded before
ultrasound scanning. The participants were free of any
neuromuscular disease as indicated by clinical examination
and history. Subjects who accepted electrophysiological studies,
were enrolled to rule out the possibility of sub-clinical
neuropathy. Electrodiagnostic studies were performed by an
investigator blinded to the results of the clinical evaluation.

1.2. Technique

The ultrasound scanning of the upper nerves was carried out
using Philips ultrasound diagnostic scanner, (Epic 7 version 1.5,
Ultrasound system: Philips, Bothell) using a L18–5 MHZ linear
transducer. All studies were performed by a radiologist (MB)
with 10 years’ experience in neuromuscular ultrasound, and were
results reviewed by another sonologist (AA), with 3-year
experience in neuromuscular ultrasound. Each examination
was performed bilaterally and for 3 times to assess for intrarater
reliability. To minimize anisotropy, the probe was positioned in a
perpendicular position to the nerve. In each subject, 8 sites were
scanned bilaterally. The median nerve was scanned at 3
predetermined sites, with the elbow in a flexed position,
examination was done in the palmar aspect, first site was at
themid-carpal tunnel level, then the probe wasmoved proximally
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Figure 1. Short axis scan of the median nerve in the carpal tunnel. Figure 4. Short axis scan of the median nerve at the level of the elbow.
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10cm in the forearm, the third site was at the elbow level, at the
level of the brachial artery. The ulnar nerve was scanned at 4 sites,
with the elbow in a flexed position, and the forearm supinated;
first the ulnar nerve was identified between the pisiform bone and
the ulnar artery, then the probe was moved upwards in the
forearm, 10cm above the Guyon canal, the third position was at
the level of the medial epicondyle; the fourth position was 1 inch
above the medial epicondyle. The radial nerve was scanned at the
level of the mid arm. The cross-sectional area at each scanned site
was measured by circumferential tracing inside the hyperechoic
rim of each nerve (Figs. 1–5), and the identification of each nerve
was made by identifying its anatomical site as mentioned above
Figure 2. Short axis scan of the median nerve Mid forearm.

Figure 3. Short axis scan of the ulnar nerve in the Mid forearm.
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and by identification of the peculiar fascicular pattern. Images
and results were saved electronically and analyzed.
1.3. Statistical analysis

Statistical analysis was performed using Statistical Package for
the Social Sciences (SPSS) version 21 software (SPSS Inc, Chicago,
IL). All data were presented as mean± standard deviation (SD)
and range. The mean CSA were compared between both sides
using Wilcoxon signed rank test. The correlations between the
CSA of the scanned nerves, age, weight, height, and BMI were
evaluated using Pearson’s correlation coefficient (r). A P value of
<.05 was considered significant.
3. Results

During the recruitment period, we studied 69 healthy adult
volunteers with a mean age of 38.33±12.13 years (range: 20–
73). The mean height was 161.48±9.8 (range 144–183) and
weight 77.14±18.4 (range 44–128). Table 1 showed different
descriptive statistics, mean reference values of the scanned nerves
together with their reference range. Table 2 showed correlation of
our results with different demographic factors. The intraobserver
reliability calculations resulted in an overall intraclass correlation
coefficient of 0.80.
We compared the cross-sectional area values of the 8 scanned

sites at the right and left sides, no significant differences were
noted. Significant statistical difference between both sexes
(towards the male side) was noted for the median nerve at the
forearm, median nerve at the elbow, and the ulnar nerve at the
medial epicondyle. Significant positive statistical correlation with
age was found for the median nerve at the carpal tunnel in
addition for the all scanned sites for the ulnar nerve.
Figure 5. Short axis scan of the ulnar nerve at the level of the level of the elbow.
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Table 1

Descriptive statistics, mean reference values of the scanned upper limb nerves together with their reference range.

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

Age 69 20.00 73.00 38.3333 12.13123
Weight 69 44.00 128.00 77.1449 18.38276
Height 69 144.00 183.00 161.48 9.88495
BMI 69 15.91 45.54 29.3132 6.64041
Median nerve CT 138 5.00 19.00 9.7710 2.88677
Median nerve FA 138 1.00 14.60 6.4645 2.04960
Median nerve elbow 138 4.00 24.90 11.1261 3.94760
Ulnar nerve Guyon canal 138 1.40 12.00 4.0732 1.56986
Ulnar nerve FA 138 2.00 14.00 5.5232 1.90892
Ulnar nerve elbow 138 3.00 15.00 7.4993 2.35550
Ulnar nerve arm 138 3.00 15.00 7.5543 2.60113
Radial nerve arm 138 1.00 11.00 5.7065 1.93821

BMI=body mass index, CT= carpal tunnel, FA= forearm.
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Significant positive statistical correlation with weight and BMI
was found for the median nerve at the carpal tunnel in addition
for the all scanned sites for the ulnar nerve except for the Guyon
canal. No significant statistical correlation was noted in relation
to height.
4. Discussion

In our study, we scanned 8 sites for 3 important upper limb
peripheral nerves. Statistical difference was observed toward the
male side in 3 sites. Significantly positive statistical correlation of
the CSA reference values with age in four out of eight sites. No
correlation was noted in relation to height. Five of 8 sites showed
correlation with weight and BMI. Our results, in general, were
comparable to the studies especially those of Kerasnoudis et al
andWon et al. For example, the study conducted by Kerasnoudis
et al correlated well with our study, except for the radial nerve
which was measured at the spiral groove, whereas we measured it
at the midarm. Sex differences and age correlation with age were
also found in Kerasnoudis study. Comparing our results with
those of Kerasnoudis et al, the meanmedian nerve CSAwas (8.75
mm2 at the carpal tunnel), (6.7mm2 at the forearm), and at our
study, the median nerve showed the following values (9.8mm2 at
the carpal tunnel), and (6.5mm2 at the forearm). The ulnar nerve
Table 2

Correlations between age, weight height, and BMI, and CSA referen

Median
nerve CT

Median
nerve FA

Median
nerve elbow

Age Pearson correlation .361
∗∗

.191
∗

.126
Sig. (2-tailed) .000 .025 .141
N 138 138 138

Weight Pearson correlation .296
∗∗

.102 .005
Sig. (2-tailed) .000 .234 .951
N 138 138 138

Height Pearson correlation �.037– �.037– .104
Sig. (2-tailed) .664 .665 .225
N 138 138 138

BMI Pearson correlation .375
∗∗

.088 -.011-
Sig. (2-tailed) .000 .307 .903
N 138 138 138

BMI=body mass index, CSA= cross-sectional area, CT= carpal tunnel, FA= forearm.
∗
Significant at .05.

∗∗
Significant at .01.
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in Kerasnoudis et al study was (4.8mm at Guyon canal); (5.1
mm2 at the forearm); (6.2mm2 at the elbow), whereas in our
study (4mm2 at Guyon canal); (5.5mm2 at the forearm); (7.5
mm2 at the elbow). The second study was that for Won et al,
which correlated well with our results except for the median
nerve at the elbow, and the ulnar nerve at the arm, which showed
some difference, for example, showed the following values:
median nerve, (8.32mm2 at the carpal tunnel), (6.45mm2 at the
forearm), (8.1mm2 at the antecubital fossa), compared to (9.8
mm2 at the carpal tunnel), (6.5mm2 at the forearm), (11.1mm2 at
the elbow). While the ulnar nerve with Won et al showed the
following results (4.93mm2 at the wrist), (6.3mm2 at the
forearm), (7.2mm2 at the cubital tunnel inlet), (5.8mm2 at the
midhumerus), in our study while in our study (4mm2 at Guyon’s
canal); (5.5mm2 at the forearm); (7.5mm2 at the elbow), (7.6
mm2 at the arm).Won et al study showed correlation with height,
weight, and BMI; no correlation was found with height in his
study. The third study was that for Qrimli et al, which showed
very near values to our study, including the radial nerve at themid
arm (Table 3 for comparative data). Our results were also
comparable to Boehm et al, with slight differences. Two studies
showed different values from our study, those by, the first one is
the study by Tagliafico et al, which showed difference in the
results for the ulnar nerve at Guyon canal and the elbow.
ce values of the upper limb nerves.

Ulnar nerve
Guyon Canal

Ulnar nerve
forearm

Ulnar
nerve elbow

Ulnar
nerve arm

Radial
nerve arm

.339
∗∗

.327
∗∗

.238
∗∗

.200
∗

.144
.000 .000 .005 .019 .092

138 138 138 138 138
.005 .281

∗∗
.355

∗∗
.319

∗∗
.081

.956 .001 .000 .000 .346
138 138 138 138 138
�.061– �.013– �.044– .000 �.062–
.477 .883 .612 .996 .467

138 138 138 138 138
.033 .284

∗∗
.303

∗∗
.301

∗∗
.096

.699 .001 .000 .000 .262
138 138 138 138 138
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[2] Kerasnoudis A, Pitarokoili K, Behrendt V, et al. Cross sectional area

Table 3

Correlations between our data, with other studies in literaturel, CSA measured in square millimeters at 8 scanning sites.

Median
nerve CTl

Median
Nerve FA

Median
nerve elbow

Ulnar nerve
Guyon canal

Ulnar nerve
forearm

Ulnar nerve
elbow

Ulnar
nerve arm

Radial
nerve arm

Our study 9.8 6.5 11.1 4 5.5
∗

7.5 7.6. 5.7
Kerasnoudis et al 8.75 6.7 NA 4.8 5.1 6.1 NA NA
Won et al 8.3 6.3 7.2 4.9 6.3 7.2 5.8 NA
Qrimli et al 10 7.1 10.3 5 6.2 6.9 6.9 6.5

CSA= cross-sectional area, CT=Carpal tunnel, NA=not applicable.
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Whereas Cartwright et al showed similar results for the median
nerve at the carpal tunnel, and clear difference for the radial
nerve. Our results were also compatible with the results of Bedewi
et al, considering the ulnar nerve at the elbow. The discrepancy in
the results of some nerves may be attributed to difference in the
local population done for each study; also the probe resolution
has improved in the last few years. In conclusion, the CSA
reference values of the scanned upper limb peripheral nerves were
reported, and correlated with some of the scanned locations with
sex, age, weight, and BMI, and did not correlate with height. The
data obtained in this study, could be helpful in future diagnosis of
peripheral nerve disorders of the upper limb.
1.4. Study limitations

The present study has some limitations. It did not include
intranerve CSA variability, or side-to-side difference ratio CSA
variability. Also the study did not include some relatively
important nerves, like musculocutaneous and axillary nerves.
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