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ABSTRACT

Introduction: Ulnar tunnel syndrome at the
elbow is a common pathology. The ultrasound
cross-sectional area is a well-known metric
widely accepted in radiology for the description
of nerve entrapment. However, the pathological
cut-off value remains challenging. The objec-
tives of this study were to (1) describe the
ultrasound cross-sectional area measurement of
the ulnar nerve at three locations, and (2) to
evaluate the inter-observer reliability by two
independent ultrasonographers.
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Methods: One-hundred ulnar nerves of 50
asymptomatic individuals were scanned using
B-mode and power Doppler ultrasonography.
The ultrasound cross-sectional area measure-
ments of the ulnar nerve were performed at
three different levels: 2 cm proximal to the
epicondyle, at the level of the epicondyle, and
2 cm distal to the epicondyle.

Results: In our healthy population, we found
21, 24 and 7% of ultrasound cross-sectional area
ulnar nerve > 8 mm?, respectively, at three dif-
ferent levels of measurement and 4, 7, and 0%
US-CSA ulnar nerve > 10 mm?. The intraclass
correlation coefficient measured at three differ-
ent site levels were good (0.7943, 0.7509) to
moderate (0.5701).

Conclusions: Almost one-quarter of our heal-
thy population had an ultrasound cross-sec-
tional area ulnar nerve more than 8 mm? and
few more than 10 mm?. A cut-off of ultrasound
cross-sectional area ulnar nerve measurement
more than 10 mm? could be considered as
pathological. No abnormal elbow ulnar nerve
vascularization has been seen. This is the first
step towards normal B-mode ulnar nerve values
at the elbow to further detect pathological US
findings as ulnar nerve entrapment.

Keywords: Cross-sectional area; Elbow; Ulnar
nerve; Ulnar nerve entrapment; Ulnar tunnel
syndrome; Ultrasonography
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Key Summary Points

In ulnar nerve entrapment, the ultrasound
cross-sectional area is commonly used.

There is no consensus for pathological cut-
off value between 8 and 10 mm?.

Almost one-quarter of our healthy
population had their ulnar nerve more
than 8 mm?.

Only a few of them had an ulnar nerve
more than 10 mm?.

A cut-off of more than 10 mm? could be
considered as pathological.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13607321.

INTRODUCTION

The ulnar nerve entrapment at the elbow (ulnar
tunnel syndrome, UTS) is the second most
common and debilitating nerve compression
syndrome after the median nerve entrapment at
the wrist [1-3]. The prevalence of UTS is repor-
ted to be between 1.8 and 5.9% in the
metropolitan population [4] while the inci-
dence is reported around 30/100,000 persons-
years [5]. The lack of diagnostic gold standard
limits the wutility of clinical examination
through magnetic resonance imaging, ultra-
sonography (US), X-rays, or electromyographic
measurements [6-8]. US has been regarded as a
useful and effective medical imaging tool for
clinical diagnosis of UTS [7, 9]. However, to
date, there is no consensus; neither on the
diagnostic methods nor on the pathological

values of the US imaging-based measurements
of the ulnar nerve [1, 7-11].

The ulnar nerve ultrasound cross-sectional
area (US-CSA) is a well-known parameter
described in the literature to detect the mor-
phological changes as the description of nerve
entrapment [1, 7, 9, 12]. It is reported that ulnar
nerve US-CSA is increased in patients with ulnar
nerve pathology, particularly in the entrapment
(2, 13, 14].

Jacob et al. [15] has reported a mean ulnar
nerve US-CSA of 7.9 mm? [7.5-8.3 mm?] at the
medial epicondyle for healthy patients. How-
ever, some studies use a threshold value of 10
mm? for pathological value [7, 15]. Yoon et al.
[12] considered a measurement ratio between
proximal and distal ulnar nerve US-CSA > 2.8 as
pathological. Thus, there is still a lack of con-
sensus in the literature to assess the UTS diag-
nosis and monitoring [16]. Furthermore, there
is an unmet need considering the ulnar nerve
vascularization as increased intra and epineural
vascularization could be a sign to detect UTS.
Ghanei et al. [17] showed the interest to detect
ulnar nerve vascularization as a high specificity
in UTS.

Despite the importance of US-CSA metric,
few studies evaluated the inter-observer ulnar
nerve US-CSA reliability [18, 19].

Thus, the objective of this study was (1) to
describe US-CSA in asymptomatic ulnar nerves
and (2) to evaluate the interobserver reliability
of these measurements assessed by two inde-
pendent ultrasonographers.

METHODS

Study Population

Fifty healthy volunteers participated in this
study. This study was approved by the regional
ethical committee and each volunteer signed
the informed consent form. The ethic commit-
tee that approved this study was CPP Ouest 2
Angers: Dossier 2017/38. Reference number:
2017-A01360-53. The study was conducted in
accordance with the Declaration of Helsinki and
its later amendments. The rheumatology
department recruited healthy individuals
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between 18 and 70 years of age, with no history
of musculoskeletal pathologies, and who were
willing to volunteer for a sonographic evalua-
tion. Exclusion criteria were upper limb mus-
culoskeletal pathologies such as subluxation of
the ulnar nerve, tendonitis, and ulnar tunnel
syndrome. Among volunteers, no one suffered
from any disease such as the Char-
cot-Marie-Tooth syndrome, which is likely to
increase the ulnar nerve US-CSA. [12] Demo-
graphic and medical history data were collected
including age, sex, weight, height, dominant
side, use of medical antecedent (if any), and
occupation. We studied 50 consecutive healthy
individuals seen at the rheumatology depart-
ment of the Brest teaching hospital (France)
between September 2017 and February 2018.

Ultrasound Evaluation

All of the US evaluation was performed by two
ultrasonographers: an expert having 20 years of
US experience and an intermediate user having
2 years of US experience. For each volunteer,
the ulnar nerve was scanned using greyscale and
power Doppler (PD) with 2 MyLab® Eight US
systems (ESAOTE®, Genoa, Italy) resulting in an
image dataset of 100 ulnar nerves. PD settings
were as follows: repetition frequency was set at
750 Hz and color gain was set just below the
level at which color noise appeared (no flow
visualized at the body bone surface). The flow
was assessed in two planes and confirmed by
pulse wave Doppler to exclude artefacts. Low
wall filters were used. After assessing greyscale
images, PD was performed to detect vascular-
ization in the longitudinal and transverse scan.

Ultrasound Procedure

The same procedure was realized twice for each
patient in different rooms with two identical
ultrasound devices on the same day. Each vol-
unteer was placed in a lateral recumbent posi-
tion to adequately expose elbows for image
acquisition. US images were acquired at three
levels: at 2 cm proximal to the epicondyle, at
the level of the epicondyle, and at 2 cm distal to
the epicondyle [7, 20]. For each ulnar nerve, a

longitudinal and transverse scan in greyscale
and PD was performed to assess, respectively,
the echostructure and surface of the nerve, and
the vascularization.

Statistical Analysis

The mean ulnar nerve US-CSA, the standard
deviation (SD), and the minimal and the max-
imal values were extracted. Mean ulnar nerve
US-CSA values were compared between the
dominant and non-dominant side using Stu-
dent’s paired ttest. Mean ulnar nerve US-CSA
values between the male and female population
were compared using Student’s ttest. Mean
ulnar nerve US-CSA were compared between
them in the entire cohort at the three different
locations levels using a one-way ANOVA with
Tukey post hoc test. The sample size calculation
agreed with recent work [18] with n > 50 ulnar
nerves to analyze reliability. The statistical
power was 80% for a population of 43 patients
(86 ulnar nerves). The intraclass correlation
coefficient (ICC) was calculated on the ulnar
nerve US-CSA measured by both physicians and
individually on each level of the US image
acquisition. The interobserver correlation was
evaluated by the Bland and Altman method and
the ICC was computed with a risk («) set to 0.05.
ICC values were categorized into poor (ICC <
0.5), moderate (0.5 <ICC <0.75), good
(0.75 <ICC < 0.90), and excellent (ICC >
0.90). [21, 22]. The statistical analysis was car-
ried out with MedCalc Statistical Software ver-
sion 19.4.1 (MedCalc Software bv, Ostend,
Belgium; https://www.medcalc.org) with the
level of significance set at p < 0.05.

RESULTS

Fifty healthy volunteers were included. Demo-
graphic description of these volunteers is
reported in Table 1. US-CSA measure was not
significantly different between dominant and
non-dominant side at any of the three levels of
scanning location (Table 2). However, signifi-
cant differences were found between males and
females 2 cm proximal to the epicondyle and
2 cm distal to the epicondyle. The mean ulnar
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Table 1 Characteristic description of the population

Number of subjects 50

Subjects < 40 years 32

Subjects > 40 years 18

Subjects < 24 BMI 35

Subjects > 25 BMI 15

Number of ulnar nerves analyzed 100

Sex ratio F/M 26/24

Mean age (years) £ SD [min-max] 36 & 11.44
[19-67]

Mean BMI (kg/m”) + SD

[min—-max]|

23 £+ 3.71 [18-33]

nerve US-CSA measured 2 cm proximal to the
epicondyle was not statistically different than at
the level of the epicondyle (p = 0.899). Even if
no hourglass syndrome was clearly visualized
with US, we found that the mean ulnar nerve
US-CSA measured 2 cm proximal to the epi-
condyle was statistically different than 2 cm
distal to the epicondyle (swelling ratio 1.12,
p =0.031). Besides, the mean ulnar nerve US-
CSA measured at the level of the epicondyle was
statistically different than 2 cm distal to the
epicondyle (swelling ratio 1.14, p = 0.045). As
per the available measurement techniques in
the MyLab® Eight US system, the calculation of
the ulnar nerve US-CSA was obtained with no
decimal point and as a whole number (Fig. 1).
The highest prevalence of ulnar nerves whose
ulnar nerve US-CSA was greater than 8 mm? and
10 mm? was observed at the level of the epi-
condyle in 24% and 7% of our healthy popu-
lation, respectively (Fig.2). The lowest
prevalence of ulnar nerves whose ulnar nerve
US-CSA was greater than 8 mm? and 10 mm?
was observed at the level of 2 cm distal to the
epicondyle in 7% and 0% of our population,
respectively (Fig. 2).

The reliability results revealed the ICC of
0.79, 0.75, and 0.57 at proximal, epicondyle,
and distal levels, respectively. These results were
expressed with the Bland and Altman method

(Fig. 3). Concerning the ulnar nerve vascular-
ization, we found no Doppler signal around or
inside the nerve whatever the scanning tech-
nique in the longitudinal or transverse scan.

DISCUSSION

Accurate clinical diagnosis of UTS in adults is an
under-researched area with a lack of clinical
guidelines. Clinicians and surgeons need imag-
ing modalities to assess UTS for diagnosing,
monitoring, and follow-up. Ultrasonography is
an accessible tool with emerging interest.
However, there is still an unmet need concern-
ing the cut-off values for establishing the ulnar
nerve US-CSA for UTS detection. This study
reported ulnar nerve US-CSA measurement in a
healthy adult population and proposed guide-
lines and cut-off value(s) for future clinical
classification of ulnar nerve US-CSA. US imag-
ing was used to acquire ulnar nerve images at
three locations and the procedure adapted to
quantify US-CSA was reported to have excellent
inter-observer reliability. We found that ulnar
nerve US-CSA measured at both levels
(7.07 + 1.95 mm? at 2 cm proximal to the epi-
condyle, and 7.17 + 2.11 mm? at the level of
the epicondyle) were more important than at
2 cm distal to the epicondyle (6.29 + 1.54 mm?;
p =0.031 and p = 0.045; respectively). In con-
sequence, there was a proximal to distal gradi-
ent in the measurement of the ulnar nerve CSA
when following it in its ulnar tunnel course. At
the distal level, ulnar nerve US-CSA inter-
agreement ICC was moderate (0.57) suggesting
that the location of the measurement was more
difficult to assess for non-expert sonographers.
However, we reported the same significant dif-
ferences considering the ulnar nerve US-CSA at
the proximal versus distal level measurement
and at the level of epicondyle (p = 0.02) versus
distal level measurement (p =0.04) for the
expert sonographer. We found no ulnar nerve
vascularization using PD at any levels. The
epineural and intraneural vascularization would
not have been detected in our study, which
could be explained by the Doppler sensitivity of
the machine and the frequency of the probe.
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Table 2 Ulnar nerve CSA measurement according to sides, gender, age, and BMI

BMI

US-CSA frequency Age

Entire

Gender

Side

ulnar nerve CSA measurement

2 40 years <25 > 25

< 40 years

> 10 mm?

(%)

2

> 8 mm

Females Males cohort
(%)

Non-

Dominant

(mm?)

dominant

656 £ 1.82 7.80 £ 1.83 6.68 £ 190 7.77 £ 1.75

696 £ 176 7.06 +£2.07 662+ 188 744+ 188 7.07+£ 195 21

Surface at 2 cm proximal to the

epicondyle

0.0090
6.62 195 805+ 196 687 £208 7.77 + 1.87

0.0015

0.032

0.71

p value

7

24

698 £220 731 +190 7.17 £2.11
0.42

720 £ 217 7.08 £ 1.97

0.68

Surface at the level of the epicondyle

0.0451

0.0007

p value

6.08 &+ 136 672 £ 1.67 6.13 £ 148 6.73 + 1.48

588 £ 144 677 £145 629+ 154 7

6.16 £ 1.39

646 £ 1.61

Surface at 2 cm distal to the

epicondyle

0.0648

0.0389

0.0027

0.16

p value

2, age < 40 years and > 40 years, BMI < 25 and BMI > 25 (mean in

2 and > 10 mm

Results are presented according to the dominant or non-dominant side, gender, US-CSA frequency > 8 mm

mm?* & SD)

Results of the current study found no differ-
ence between the dominant and non-dominant
side in a healthy cohort, whereas differences
were found in gender at proximal and distal
epicondylar levels. This study revealed that men
had an increased ulnar nerve measurement at
the proximal and distal level compared to
women. On the contrary, at the level of the
epicondyle, no significant differences were
observed. These results were in accordance
Jacob et al. [15] who reported similar observa-
tions. On the contrary, Jacob et al. [15] reported
no differences between right and left sides (not
based on handedness). Yalcin et al. [20] repor-
ted no significant difference between the dom-
inant and non-dominant side.

Our study reported the mean ulnar nerve US-
CSA values of 7.07 £ 1.95 mm? at 2 cm proxi-
mal to the epicondyle, 7.17 + 2.11 mm? at the
level of the epicondyle and 6.29 + 1.54 mm? at
2 cm distal to the epicondyle. Jacob et al. [15]
reported a mean ulnar nerve US-CSA value at
the epicondyle level of 7.9 + 3.1 mm? on a
healthy cohort of 200 volunteers (123 females)
whereas Wiesler et al. [7] reported a mean ulnar
nerve US-CSA of 6.5+ 1 mm? on a healthy
cohort of 30 volunteers (19 females) and
showed no significant measures differences at
three different levels of measurement. In com-
parison, we found differences in measurement
and this could be attributed to the different
scanning protocol and measurement position
for Jacob et al. [15] and Wiesler et al. [7].
Another explanation could be the location of
the ulnar nerve measurement. Jacob et al. [15]
measured ulnar nerve US-CSA only at the epi-
condylar level. Wiesler et al. [7] studied ulnar
nerve US-CSA at three levels similar to the cur-
rent study and found that the mean ulnar nerve
CSA in healthy volunteers was 6.5 mm? (range,
5-10; SD 1 mm?) at the ulnar tunnel level. The
last issue could be the difference between pop-
ulations. According to Jacob et al. [15], age
could be a factor influencing ulnar nerve US-
CSA values with an increase in ulnar nerve US-
CSA after 40 years of age. Our study included
volunteers with the age range of 19-67 years old
and we showed similar results with ulnar nerve
US-CSA statistically increased in
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Fig. 1 Example of manual segmentation at the three different levels: 2 cm proximal to the epicondyle, at the level of the epicondyle and 2 cm distal to the

epicondyle. The nerve is highlighted by green dots

patients > 40 years compared to
those < 40 years (Table 2).

Compared to ulnar nerve US-CSA values of
the ulnar nerve in a healthy cohort, Yalcin et al.
[20] found a US-CSA normal ulnar nerve value
between 5.5 and 5.7 mm? at the three levels of
measurement and Weisler found an ulnar nerve
US-CSA values at 6.5 mm? at the epicondyle.
Both authors compared asymptomatic and
symptomatic ulnar nerve and found that mea-
surement of the ulnar nerve US-CSA was higher
for the symptomatic side. A cut-off value of
10 mm? or higher for CSA yields a sensitivity of
93% (14/15 elbows) and a specificity of 98%
(59/60 elbows). The positive and negative pre-
dictive values were 93% (14/15 elbows) and
98%, respectively (59/60 elbows).

Regarding the cut-off values to consider a
pathological ulnar nerve CSA, Chiou et al. [11]
found a cut-off of 7.5 mm?2. However, in their
study, they did not use the conventional auto-
matic US surface setting for measuring the ulnar
nerve. Jacob et al. [15] reported normal values of
mean ulnar nerve US-CSA of 7.9 mm? [7.5-8.3
mm?]. Other authors advanced a threshold to a
value of 10 mm? [7, 15].

Wiesler et al. reported [7] a cut-off of
10 mm?, with a specificity of 98% and sensitiv-
ity of 93%, a positive predictive value of 93%
and a negative predictive value of 98%. The
measurements were also performed according
to a comparable method at the same three
levels. We found similar results since, in their
study on a healthy population, 4, 7, and 0% of
ulnar nerves had an ulnar nerve US-CSA higher
than 10 mm?, respectively, at 2 cm proximal to
the epicondyle, at the level of the epicondyle
and at 2 cm distal to the epicondyle. If we take
into account our results of ulnar nerve cut-off
values, we could estimate that using a cut-off
value of 8 mm? will lead to a sensitivity of 79,
76, and 93% of the healthy population at
proximal, epicondylar, and distal levels. How-
ever, with a cut-off value set at 10 mm?, we
would achieve the sensitivity of 96, 93, and
100% at proximal, epicondylar, and distal
levels. This is in accordance with recent litera-
ture. Ulnar nerve CSA of healthy participants, at
different levels locations, rarely exceeded
10 mm?. In consequence, authors considered
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this value as a cut-off point [23]. In most of the
relevant literature, the inter-observer reliability
of the US-CSA measurement has not been
reported. In our study, we performed a reliabil-
ity exercise between two ultrasonographers on
healthy controls and showed that the inter-ob-
server reliability for measuring ulnar nerve US-
CSA was good whatever the operator’s level of
experience (either expert or novice) at 2cm
proximal to the epicondyle and at the level of
the epicondyle while it was moderate at 2 cm
distal to the epicondyle. In previous studies, the
US inter-reliability was studied by Thoirs et al.
in 2005 on ten healthy subjects and obtained a
good result: the Pearson’s co-efficient was 0.56
with no statistical difference between sonogra-
phers p=0.70 [19]. A recent study [18] also
evaluated inter and intra-observer reliabilities in
measuring the ulnar nerve US-CSA at the level
of the medial epicondyle and obtained good
results in intra-observer reliability and moderate
results for inter-observer reliability.

The main limitation of our study was that
our population was from a single center. The
size of the population sample studied is one of
the highlights of this study with 100 healthy
ulnar nerves.

CONCLUSIONS

US ulnar nerve measurement surface at the
elbow in a healthy population is a simple,
dynamic, and reliable technique at two levels
locations (2 cm proximal to the epicondyle and
at the epicondyle). A cut-off value of > 10 mm?
seemed to be a good value to detect UTS in case
of suspicion of symptomatic clinical findings.
This is the first step towards normal US B-mode
ulnar nerve measurements at the elbow to fur-
ther detect pathological US findings as UTS.
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