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Background: Ultrasonography has received broad acceptance as an effective peripheral nervous imaging 
examination. Shear wave elastography (SWE) can quantitatively assess the stiffness of nerves; however, little 
research has been conducted on elastography for ulnar nerve dislocation. The purpose of this study was thus 
to investigate the characteristics of multimodal ultrasound, including high-resolution ultrasonography and 
SWE, for asymptomatic ulnar nerve dislocation at cubital tunnel.
Methods: In this prospective cross-sectional study, 41 participants were recruited in Shandong Provincial 
Hospital Affiliated to Shandong First Medical University in July 2022. The inclusion criteria for participants 
were being in good health and being 18–60 years of age. Meanwhile, the exclusion criterion was a history 
of upper limb pain or fractures, peripheral neuropathy, or systemic or immunological diseases. Finally, 38 
participants were enrolled. Two ultrasound doctors measured the maximum diameter, the maximum cross-
sectional area (CSA), and the shear modulus of the ulnar nerve at the cubital tunnel independently. Another 
two ultrasound doctors determined whether dislocation was present during dynamic elbow flexion and 
extension and divided the elbows into a dislocation group and a control group. The descriptive statistics and 
independent sample t-test were used for data analysis, and intragroup correlation coefficient (ICC) was used 
to determine the consistency of evaluation between observers.
Results: Ulnar nerve dislocation was observed in 15.8% (12/76) of the ulnar nerves. There was no 
significant difference in the maximum diameter between the dislocation group (0.194±0.022 cm) and the 
control group (0.181±0.023 cm) (t=1.888; P=0.063). The CSA and SWE of the ulnar nerve were 0.064±0.009 
cm2 and 43.629±6.737 kPa in the dislocation group, respectively, and were 0.050±0.008 cm2 and 31.293±7.858 
kPa in the control group, respectively. There were significant differences between the two groups in terms of 
CSA (P<0.001) and SWE (P<0.001). The ICCs of the maximum diameter, CSA, and SWE values between 
observers were 0.970, 0.900, and 0.915, respectively.
Conclusions: Multimodal ultrasound consisting of high-resolution ultrasonography combined with 
elastography can comprehensively and quantitatively evaluate the morphological changes and mechanical 
properties of the dislocated ulnar nerve and monitor disease progress.
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Introduction

The ulnar nerve passes through the cubital tunnel in the 
elbow. The arcuate ligament covering the tunnel forces 
the ulnar nerve to stretch in the cubital tunnel during 
elbow flexion, thus preventing dislocation. Childress (1) 
classified ulnar nerve instability (UNI) into subluxation 
(type A) and dislocation (type B) from the cubital tunnel. 
UNI can be completely asymptomatic and is present 
in a significant portion of the general population (2-5). 
The clinical implications of ulnar nerve dislocation are 
controversial. Some studies suggest it is not clinically 
meaningful, as cross-sectional area (CSA) and morphology 
changes of the dislocated ulnar nerve may be accompanied 
by normal electrodiagnostic examinations (6-8). However, 
other researches indicate that during elbow movement, the 
dislocated ulnar nerve can undergo transient deformation 
influenced by the humeral medial epicondyle. Repetitive 
abnormal dynamic compression related to elbow flexion 
may produce shear stress, resulting in frictional neuritis and 
contributing to further ulnar neuropathy at the elbow (7,9). 

Ultrasonography has received broad acceptance as an 
effective peripheral nervous imaging examination (10,11). 
Pisapia et al. (8) found that ultrasonography can detect 
the morphologic changes of ulnar nerve dislocation 
earlier than can other imaging findings. The ultrasonic 
manifestations of ulnar neuropathy at the elbow include 
enlargement and swelling of the nerve, loss of normal 
fascicular pattern, increases in nerve CSA, and increased 
stiffness (12-14). Noticeably, ultrasonography can be used 
to dynamically observe the dislocation process and to assess 
the surrounding tissues (15). 

Shear wave elastography (SWE), as a recently developed 
ultrasound technique, can quantitatively assess the stiffness of 
peripheral nerves (16). Significant increases in elastographic 
measurements may be caused by reduced fluid diffusion 
across the cellular membrane due to neuropathy (17). 

The use of SWE in the diagnosis of ulnar nerve 
dislocation has not been extensively researched. We thus 
conducted a study to identify the characteristics of high-
resolution ultrasonography and SWE in asymptomatic 
ulnar nerve dislocation at cubital tunnel. To this end, using 
high-resolution ultrasound, we measured the maximum 
diameter and CSA of the ulnar nerve at the cubital tunnel of 
an asymptomatic dislocation group and a control group and 
compared the stiffness of ulnar nerve between these groups 
using SWE. The aim of this study was to verify whether 
multimodal ultrasound techniques, specifically high-

resolution ultrasonography combined with elastography, can 
evaluate morphological changes and mechanical properties 
of the dislocated ulnar nerve and monitor disease progress. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-23-301/rc).

Methods

Ethical approval for this prospective, cross-sectional study 
was obtained from the Ethics Committee of Shandong 
Provincial Hospital Affiliated to Shandong First Medical 
University (No. MR-37-23-023994). This study was 
conducted according to the principles outlined in the 
Declaration of Helsinki (as revised in 2013). In July 2022, 
41 participants were recruited in Shandong Provincial 
Hospital Affiliated to Shandong First Medical University. 
One participant refused to continue due to time constraints. 
Inclusion criteria included being healthy and being  
18–60 years of age; meanwhile, the exclusion criteria included 
a history of pain or numbness of the upper limbs, peripheral 
neuropathy, systemic disease or immunological disorders 
(diabetes mellitus, gout, rheumatoid arthritis, etc.), a history 
of upper limb fractures or surgery, and subluxation of the 
ulnar nerve from the cubital tunnel. Two participants were 
excluded due to having systemic disease. Finally, 76 ulnar 
nerves from 38 healthy adult participants aged 21–52 years (21 
males and 17 females; mean age 34.8 years) were enrolled 
in the study. All participants provided signed informed 
consent. 

Each participant was subjected to B-mode ultrasound 
and SWE, both of which were conducted with a Canon 
Aplio i800 ultrasound machine (Canon Medical Systems, 
Otawara, Japan) and an ultrasound solid gel pad. B-mode 
ultrasound examinations were performed using a L24 linear 
array transducer (i24LX8, Canon Medical Systems), and 
SWE was performed with an L18 linear array transducer 
(i18LX5, Canon Medical Systems).

Two senior musculoskeletal ultrasound doctors with 
more than 5 years of experience independently performed 
the examinations. Every participant was positioned in 
the supine position, with their arm abducted to 75°, their 
elbow fully extended, and their wrist supinated. First, a 
high-frequency linear array transducer was placed on a 
fictitious line between the humeral media epicondyle and 
the ulna olecranon process to scan the nerve in short axis. 
The probe was then rotated 90° to scan the nerve in the 
long axis and to observe the thickness, echogenicity, and 
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adjacent anatomical structures of the ulnar nerve in the 
cubital tunnel. Following this, the maximum diameter 
was measured in long axis, and the maximum CSA was 
measured in the short axis. The maximum diameter and 
CSA were measured three times, from which an average 
was calculated. The SWE was measured in the long axis 
with the elbow fully extended using an elastic imaging 
model of the Canon Aplio i800 equipment. The ulnar 
nerve was placed in the central area of the Q-box (1 cm × 
1 cm) and the selected region of interest (ROI; 2 mm in 
diameter). Ultrasonographic software (Canon Shear Wave 
Elastography USSW-AI900A software) was then used to 
automatically obtain shear modulus data, with the shear 
modulus values being expressed in kilopascals (kPa). SWE 
was measured three times at an interval of at least 5 seconds, 
and an average was taken. The imaging depth was 2–2.5 cm 
while the depth of focus was 1 cm for all measurements. 
During the examination, the transducer was held parallel 
to the skin and maintained perpendicular to the nerve, with 
the pressure on the pad being minimized. Finally, another 
two senior musculoskeletal ultrasound doctors with more 
than 5 years of experience determined whether dislocation 

was present during dynamic elbow flexion and extension 
performed actively by the participants according to the 
criteria proposed by Childress (1). The ulnar nerves at 
the elbow were then divided into a dislocation group and 
control group. 

Statistical analysis was performed using SPSS version 
25.0 (IBM Corp., Armonk, NY, USA). The normal 
distribution of the study variables was verified with the 
Shapiro-Wilk test. Data are presented as the mean ± 
standard deviation (SD) and range. The independent 
samples t-test was used to assess the differences between 
mean maximum diameter, CSA, and the elasticity of the 
dislocation group and control group. A two-sided P value 
<0.05 was regarded as statistically significant. Intragroup 
correlation coefficient [ICC (2, k)] values (18) were used to 
evaluate intraobserver consistency.

Results

The grouping results about ulnar nerve dislocation or not 
were completely concordant between the two examiners. 
Ulnar nerve dislocation at the elbow was observed in 
15.8% (12/76) of the participants (Figure 1). In the control 
group, the diameter of ulnar nerve was uniform, showing 
hypoechoic strips, within which high echo separation was 
apparent, and the internal fasciculus was clearly displayed. 
The sonogram of the ulnar nerve in the dislocation group 
showed decreased nerve echo and unclear internal fasciculus 
structure (Figure 2). SWE measurement of the ulnar nerve 
at the cubital tunnel for the dislocation group and control 
group is shown in Figure 3.

There was no significant difference between the maximum 
diameter of the ulnar nerve at the cubital tunnel in the 
dislocation group (0.194±0.022 cm) and that at corresponding 
site in the control group (0.181±0.023 cm) [t=1.888; 95% 
confidence interval (CI): 0.00075–0.02789; P=0.063]. The 
CSA and SWE of the ulnar nerve in elbow area in dislocation 
group were 0.064±0.009 cm2 and 43.629±6.737 kPa,  
respectively, while those in the control group were 
0.050±0.008 cm2 and 31.293±7.858 kPa, respectively. 
The differences between the two groups were statistically 
significant (CSA: 95% CI: 0.00928–0.01916, P<0.001; SWE: 
95% CI: 7.14221–16.79737, P<0.001) (Table 1).

The ICC values indicated good consistency between 
the observers in evaluating the maximum diameter (0.970; 
95% CI: 0.951–0.981), CSA (0.900; 95% CI: 0.837–0.938), 
and SWE (0.915; 95% CI: 0.858–0.948) values of the ulnar 
nerve at the cubital tunnel. 

A B

Figure 1 The different locations of the ulnar nerve in the extended 
position and extreme flexion position in the dislocation group. 
(A) The ulnar nerve in the cubital canal located posteriorly to 
the medial epicondyle of the humerus in the extended position. 
(B) The nerve crossed the medial epicondyle of the humerus 
completely and was displaced to fully anterior to the epicondyle in 
the extreme flexion position. The arrows indicate the short axis of 
the ulnar nerve, and the arrowheads indicate the apex of the medial 
epicondyle of the humerus. ME, medial epicondyle of humerus; 
UN, ulnar nerve; A, anterior to the medial epicondyle of the 
humerus; P, posterior to the medial epicondyle of the humerus.
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Figure 2 High-frequency sonographic characteristics of the ulnar nerve at the cubital tunnel of the dislocation group and control group. (A) 
High-frequency ultrasonography (24 MHz) showed that the diameter of ulnar nerve in the control group was uniform, showing hypoechoic 
strips, within which high echo separation was apparent, and the internal fasciculus was clearly displayed. (B) In the dislocation group, the 
ulnar nerve echo was decreased, and the internal fasciculus structure was not clearly displayed.

Figure 3 SWE measurement of the ulnar nerve at cubital tunnel of the dislocation group and control group. (A) The SWE value in the 
dislocation group was higher, and (B) the SWE value in the control group was lower. SWE, shear wave elastography.

Table 1 The maximum diameter, CSA, and SWE values of ulnar nerve at the cubital tunnel

Parameter Dislocation group (n=12) Control group (n=64) P value

Diameter (cm) 0.194±0.022 0.181±0.023 0.063

CSA (cm²) 0.064±0.009 0.050±0.008 <0.001

SWE (kPa) 43.629±6.737 31.293±7.858 <0.001

Data are presented as the mean ± SD. CSA, cross-sectional area; SWE, shear wave elastography.

Discussion

Due to the related anatomical structure, the ulnar nerve is 
forced to stretch in the cubital tunnel during elbow motion. 
The underlying anatomic mechanism of ulnar nerve 
dislocation remains unclear, but possible causes include 
congenital anomalies such as a shallow groove or dysplasia, 
deficiency of the arcuate ligament (19,20), and hypertrophy 
of the triceps brachii muscle (21). The mechanism of ulnar 

nerve dislocation involves the volumetric reduction of the 
cubital tunnel when the arcuate ligament is strained during 
elbow flexion (22), which forces the ulnar nerve to displace 
inward (23).

Cubita l  tunnel  syndrome i s  a  h ighly  common 
compressive neuropathy (24), second only second to 
carpal tunnel syndrome. There is controversy concerning 
whether ulnar nerve dislocation from the cubital tunnel 
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can lead to ulnar neuropathy. Some believe there are no 
clinical implications correlated with ulnar nerve dislocation 
because studies have reported ulnar nerve dislocation in the 
healthy population (2-5). Meanwhile, other studies suggest 
that individuals with ulnar nerve dislocation have a higher 
predisposition for developing ulnar neuropathy; moreover, 
an underlying pathological process different from ulnar 
neuropathy that does not involve dislocation of the ulnar 
nerve has been revealed (25,26). Schertz et al. (25) found that 
ulnar nerve dislocation from the cubital tunnel was present 
in 49% of patients verified the presence of ulnar neuropathy 
by positive electromyographic results; however, this was 
present in only 23% of controls without neuropathy. 
Omejec et al. (26) reported that patients with abnormal 
ultrasonic morphology, but a normal electrodiagnostic 
examination were significantly more common in ulnar nerve 
dislocation group compared with controls. In our study, 
there were significant differences in the CSA of the ulnar 
nerve at the cubital tunnel between the dislocation group 
and control group although electrodiagnostic testing was 
not employed. We believe that the friction generated by 
repeated dislocation might have caused inflammation and 
swelling of the ulnar nerve. 

SWE is a novel sonoelastographic technique, which 
can quantitatively and effectively assess nerve stiffness in 
the context of peripheral neuropathy. Miyamoto et al. (27) 
found that in patients with carpal tunnel syndrome, the 
median nerve stiffness increased significantly preceding 
morphological nerve alterations, and thus elastography 
was found to markedly improve the diagnostic accuracy of 
carpal tunnel syndrome. Paluch et al. (13) examined patients 
with ulnar neuropathy and found that their SWE values 
were three-fold higher than those of controls; therefore, 
SWE may aid in the diagnosis of peripheral neuropathies 
earlier than may conventional ultrasound. Wolny et al. (28)  
also confirmed that SWE of the ulnar nerve can be helpful 
in supporting and supplementing the diagnosis of patients 
with cubital tunnel syndrome. In our study, there were 
significant differences in the SWE of the ulnar nerve 
at the cubital canal between the dislocation group and 
control group. This may be attributable to the increased 
intranervous pressure produced by ulnar dislocation causing 
local nerve hypoxia, ischemia, and progressively greater 
stiffness (29).

This study had several limitations. First, operator 
dependency inevitably limited the reproducibility of the 
ultrasound findings. Second, as the cross-sectional study 
design targeted an asymptomatic population aged between 

21 and 52 years, the generalizability of our findings may be 
limited. Third, we did not include electrodiagnostic testing 
or other imaging examinations (diffuse tensor magnetic 
resonance imaging etc.) in our asymptomatic participants, 
and we thus plan to examine their diagnostic value in future 
research. Fourth, we did not compare the rating scores for 
echogenicity of the ulnar nerve.

Conclusions

In asymptomatic individuals with ulnar nerve dislocation, 
the CSA and SWE values of the ulnar nerve at the cubital 
tunnel were significantly increased, and there was good 
agreement between the observers. The multimodal 
ultrasound technique of high resolution ultrasonography 
combined with elastography could comprehensively and 
quantitatively evaluate the morphological changes and 
mechanical properties of the dislocated ulnar nerve and 
monitor disease progress.
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