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Purpose: This study was designed to verify whether shear-wave elastography (SWE) can be used 
to differentiate ulnar neuropathy at the cubital tunnel from asymptomatic ulnar nerve or medial 
epicondylitis. An additional aim was to determine a cut-off value to identify patients with ulnar 
neuropathy.
Methods: This study included 10 patients with ulnar neuropathy at the cubital tunnel as 
confirmed with electromyography (three women and seven men; mean age, 51.9 years), 10 
patients with medial epicondylitis (nine women and one man; mean age, 56.1 years), and 37 
patients with asymptomatic ulnar nerve and lateral epicondylitis (21 women and 16 men; mean 
age, 54.0 years). Each patient underwent SWE of the ulnar nerve at the cubital tunnel, distal 
upper arm, and proximal forearm. 
Results: Patients with ulnar neuropathy at the cubital tunnel exhibited significantly greater mean 
ulnar nerve stiffness at the cubital tunnel (66.8 kPa) than controls with medial epicondylitis 
(21.2 kPa, P=0.015) or lateral epicondylitis (33.9 kPa, P=0.040). No significant differences were 
observed between patients and controls with regard to ulnar nerve stiffness at the distal upper 
arm or the proximal forearm. A stiffness of 31.0 kPa provided 100% specificity, 80.0% sensitivity, 
100% positive predictive value, and 83.3% negative predictive value for the differentiation 
between ulnar neuropathy and medial epicondylitis.
Conclusion: Cubital tunnel syndrome is associated with a stiffer ulnar nerve than lateral or 
medial epicondylitis. SWE seems to be a new, reliable, and simple quantitative diagnostic 
technique to aid in the precise diagnosis of ulnar neuropathy at the cubital tunnel.
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Introduction

Cubital tunnel syndrome is a common nerve entrapment syndrome of the upper extremity that is 
caused by compression of the ulnar nerve at the cubital tunnel of the elbow [1]. This condition has 
a broad symptom complex of sensory and motor deficiencies and dysesthesia [2,3]. Cubital tunnel 
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syndrome is typically diagnosed using the clinical information 
gained from the patient’s history as well as symptoms, physical 
examination, and electrodiagnostic studies [4]. However, because 
cubital tunnel syndrome has a variety of clinical characteristics, it 
is difficult to differentiate from other diseases that can affect the 
elbow joint based on clinical presentation and an electrodiagnostic 
study. Although an electrodiagnostic study is considered the most 
important diagnostic test for cubital tunnel syndrome, it has some 
critical disadvantages. It is time-consuming, causes pain and injury 
to patients due to needle insertion and electrical stimulation, 
provides limited information regarding lesion localization and 
structural abnormalities, and carries a strong possibility of false-
negative results [5]. Thus, complementary imaging studies such as 
magnetic resonance or ultrasound imaging are required for the 
diagnosis of various neuropathies. Ultrasound imaging in particular 
supports the diagnosis of neuropathy by providing superior spatial 
resolution of small peripheral nerves and detailed information 
regarding lesion localization [6]. Moreover, as a recently-developed 
ultrasound imaging technology, shear-wave elastography (SWE) 
has the potential to provide quantitative values for the soft tissue 
stiffness of tissues, including the muscle [7], tendon [8], joint 
capsule [9], benign soft tissue mass [10], and nerves, and to improve 
the diagnostic performance of ultrasound imaging for various 
neuropathies involving the median, sciatic, tibial, and ulnar nerves 
[11-15].

The aim of this study was to verify whether cubital tunnel 
syndrome can be diagnosed based on quantitative ulnar nerve 
stiffness data obtained with SWE, as well as to compare patients 
with ulnar neuropathy to those with medial epicondylitis and lateral 
epicondylitis to establish a precise cut-off value of this parameter for 
use in ultrasound imaging.

Materials and Methods

Subjects
Institutional review board approval was obtained (CAU IRB No. 
1907-013-16575), and the requirement for informed consent 
was waived because of the retrospective nature of the study. Our 
study included a review of 77 consecutive patients who had elbow 
pain and underwent elbow ultrasonography at our institution 
between October 2018 and December 2018. Twenty patients 
were excluded due to the lack of an elastography image (n=10), 
postoperative status (n=2), or a low reliability measurement 
index (RMI) (RMI≤0.4) (n=8). Therefore, this study included 10 
patients with ulnar neuropathy at the cubital tunnel as confirmed 
with electromyography (three women and seven men; mean age, 
51.9±18.8 years), 10 patients with medial epicondylitis (nine 

women and one man; mean age, 56.1±9.8 years), and 37 patients 
with asymptomatic ulnar nerve and lateral epicondylitis (21 women 
and 16 men; mean age, 54.0±8.8 years).

Imaging Protocol
All patients underwent B-mode ultrasound and SWE with a 
Samsung RS85 ultrasonography apparatus equipped with a 2-to 
9-MHz linear transducer (Samsung Medison Co., Ltd., Seoul, Korea). 
Ultrasound imaging and SWE were performed concurrently by 
one of two radiologists with more than 10 years of experience in 
musculoskeletal radiology. The examining radiologist was blinded 
to the patient’s clinical history and to the results of the physical 
examination and electrodiagnostic study. The examination was 
performed with the patient in a sitting position, facing the examiner. 
The arm to be examined, in the neutral position and with the elbow 
flexed at 30o, was placed comfortably on a cushion located on 
the patient’s knee. To minimize the pressure on the skin surface, 
the probe was coated with sufficient hydrogel and placed on the 
examined area. During B-mode ultrasound examination of the 
elbow, the transducer was kept perpendicular to the ulnar nerve. The 
cross-sectional area (CSA) of the ulnar nerve was measured using a 
manual tracing measurement tool within the hyperechoic line that 
surrounds the ulnar nerve. This parameter was measured at three 
levels of the cubital tunnel: at the medial epicondyle, 4 cm proximal to 
the epicondyle, and 4 cm distal to the epicondyle. The echogenicity 
of the ulnar nerve at the cubital tunnel was assessed on a transverse 
B-mode image for the evaluation of ulnar nerve neuropathy. Ulnar 
nerve stiffness was measured at three levels along a longitudinal 
axis of the ulnar nerve: in the middle of the cubital tunnel at the 
level of the medial epicondyle, 4 cm proximal, and 4 cm distal to 
the cubital tunnel at the level of the medial epicondyle (i.e., on the 
distal upper arm and proximal forearm, respectively). The transducer 
was kept parallel to the skin surface, and special attention was paid 
to avoid direct compression of the ulnar nerve. In addition, the ulnar 
nerve was kept in the center of the selected square region of interest 
(ROI, 5 mm in diameter). Shear modulus data for the selected square 
ROI were acquired automatically by the ultrasonographic software. 
The nerve stiffness at each level was measured twice at an interval 
of 2-3 minutes, and the measurement with the higher RMI value 
was used as the nerve stiffness value. The results were expressed 
in kilopascals (kPa). Representative images of the control group, 
characterized by low values for nerve stiffness, are shown in Fig. 1.

Statistical Analysis
The normality of the distribution of the data associated with 
the study variables was verified with the Shapiro-Wilk test. The 
significance of intergroup differences in sex, the affected side, 
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and the echogenicity of the ulnar nerve at the cubital tunnel was 
analyzed with the Fisher exact test, and that of differences in the 
numerical characteristics of continuous variables was verified with 
the Kruskal-Wallis test with the Dunn post-hoc test, the t test, or 
the Mann-Whitney test. The relationship between CSA and SWE 
values was evaluated using the Pearson correlation coefficient. 
The diagnostic accuracy of ulnar nerve stiffness and CSA in the 
detection of ulnar neuropathy was verified using receiver operating 
characteristic (ROC) curve analysis. Sensitivity, specificity, and 
positive and negative predictive values (PPV and NPV, respectively) 
of each potential predictor of ulnar neuropathy were calculated, 
along with the area under the ROC curve (AUC) and the associated 
95% confidence intervals (CIs). All statistical analysis was performed 
with statistical software (SPSS version 25.0, IBM Corp., Armonk, NY, 
USA), with the threshold for statistical significance set at P≤0.05.

Results

The demographic information of the patients is summarized in 
Table 1. The results of the CSA measurements in the patients with 
ulnar neuropathy and the controls are presented in Table 2. No 
statistically significant differences in the CSA of the ulnar nerve at 
the cubital tunnel were present among the three groups (P=0.081). 
However, patients with ulnar neuropathy at the cubital tunnel had 
significantly higher CSA (mean, 13.73 mm2) of the ulnar nerve at the 
cubital tunnel than the control patients (mean, 8.76 mm2; P=0.002). 
Statistically significant differences were observed between the 
patients and the control group with regard to the CSAs at the 
distal upper arm and proximal forearm. Hypoechogenicity of the 
ulnar nerve at the cubital tunnel was found in eight patients with 
ulnar neuropathy, 22 with lateral epicondylitis, and six with medial 

Fig. 1. A 58-year-old woman with right lateral epicondylitis. 
Elastography images of the ulnar nerve at the elbow are shown. A. The shear-
wave elastography (SWE) value of the ulnar nerve at the level of the distal 
upper arm was 7.2 kPa. B. The SWE value of the ulnar nerve at the level of the 
cubital tunnel was 15.6 kPa. C. The SWE value of the ulnar nerve at the level of 
the proximal forearm was 18.6 kPa. RMI, reliability measurement index.
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(mean, 21.2 kPa; P=0.015) or lateral epicondylitis (mean, 33.9 
kPa; P=0.040). No statistically significant differences were found 

epicondylitis, and no statistically significant difference with regard to 
this parameter was present among the three groups (P=0.295).

The results of the SWE measurements in the patients with ulnar 
neuropathy and the controls are presented in Table 3. Statistically 
significant differences were observed in the SWE values of the ulnar 
nerve at the cubital tunnel among the three groups (P=0.048). 
Patients with ulnar neuropathy at the cubital tunnel had significantly 
higher SWE values (mean, 66.8 kPa) for the ulnar nerve at the 
cubital tunnel (Fig. 2) than controls with medial epicondylitis 

Fig. 2. A 68-year-old man with severe right ulnar neuropathy on 
electromyography. Elastographic presentation of the ulnar nerve at 
the level of the cubital tunnel is shown. The shear-wave elastography 
value of the ulnar nerve at the cubital tunnel was high (160.2 kPa). 
RMI, reliability measurement index.

Right
160.2 kPa
Depth 0.7cm
RMI 0.8

Site A

Table 2. Mean CSA values by location in ulnar neuropathy, medial epicondylitis, and lateral epicondylitis

CSA value Ulnar neuropathy Medial epicondylitis Lateral epicondylitis P-value of three groups
P-value of ulnar neuropathy vs. 

no ulnar neuropathy
Proximal CSA (mm2) 8.88±2.40 5.93±2.13 5.85±2.06 0.007 <0.001a)

Tunnel CSA (mm2) 13.73±7.24 8.02±3.78 8.96±3.51 0.081 0.002a)

Distal CSA (mm2) 7.49±3.00 4.85±1.00 5.61±2.45 0.094 0.038b)

Values are presented as mean±SD.
CSA, cross-sectional area; SD, standard deviation.
a)Statistical analysis was performed using the t test. b)Statistical analysis was performed using the Mann-Whitney test.

Table 3. Mean SWE values and RMI by location in ulnar neuropathy, medial epicondylitis, and lateral epicondylitis

SWE value Ulnar neuropathy Medial epicondylitis Lateral epicondylitis P-value of three groups
P-value of ulnar neuropathy vs. 

no ulnar neuropathya)

Proximal pressure (kPa) 25.4±16.6 23.2±16.9 28.4±22.3 0.819 0.850

RMI 0.76±0.16 0.69±0.14 0.70±0.19 0.156 0.287

Tunnel pressure (kPa) 66.8±52.1 21.2±5.2 33.9±23.6 0.048 0.020

RMI 0.68±0.19 0.75±0.12 0.67±0.14 0.849 0.616

Distal pressure (kPa) 27.5±7.2 28.5±27.3 31.6±18.1 0.382 0.916

RMI 0.72±0.18 0.80±0.12 0.78±0.13 0.620 0.206
Tunnel/proximal pressure 3.41±2.76 1.46±1.08 2.30±3.31 0.075 0.025

Tunnel/distal pressure 2.57±2.32 1.12±0.66 1.35±1.33 0.072 0.022
SWE, shear-wave elastography; RMI, reliability measurement index.
a)Statistical analysis was performed using the Mann-Whitney test.

Table 1. Demographic data across groups

Diagnosis
Ulnar 

neuropathy 
(n=10)

Medial 
epicondylitis 

(n=10)

Lateral 
epicondylitis 

(n=37)
P-value

Sex 0.024

Male 7 1 16

Female 3 9 21

Age, mean±SD (year) 51.9±18.8 56.1±9.8 54.0±8.8 0.706

Affected side 0.689

Right 5 6 24

Left 5 4 13

SD, standard deviation.
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between patients and controls with regard to ulnar nerve stiffness at 
the distal upper arm or the proximal forearm. In addition, the ratios 
of tunnel pressure to proximal pressure and tunnel pressure to distal 
pressure in the patients with ulnar neuropathy were higher than 
in the controls (P=0.025 and P=0.022, respectively). The Pearson 
correlation coefficient between the CSA and SWE values indicated a 
weak positive relationship (r=0.143), but this relationship was not 
statistically significant (P=0.290).

An ROC curve illustrating the diagnostic accuracy of SWE (Fig. 3) 
demonstrated an AUC value of 0.736 (95% CI, 0.560 to 0.912). An 
ulnar nerve stiffness value of 33.5 kPa provided 70.2% specificity, 
80.0% sensitivity, 36.4% PPV, and 94.3% NPV for the differentiation 
between ulnar neuropathy and other diseases. In addition, an ulnar 
nerve SWE value of 31.0 kPa provided 100% specificity, 80.0% 
sensitivity, 100% PPV, and 83.3% NPV for the differentiation 
between ulnar neuropathy and medial epicondylitis. ROC curves 

representing the diagnostic accuracy of the SWE ratios of tunnel 
pressure to proximal pressure and tunnel pressure to distal pressure 
in ulnar neuropathy exhibited AUC values of 0.728 (95% CI, 0.551 
to 0.904) and 0.732 (95% CI, 0.555 to 0.909), respectively (Fig. 
3). The cut-off ratios of tunnel pressure to proximal pressure and 
tunnel pressure to distal pressure with 70.0% sensitivity and 
74.5% specificity were 2.1 and 1.7, respectively. In contrast, an 
ROC curve of the diagnostic accuracy of CSA measurement had an 
AUC value of 0.713 (95% CI, 0.541 to 0.885). A CSA value of 10.0 
mm2 provided 60.0% sensitivity, 68.1% specificity, 30.0% PPV, and 
89.2% NPV for the differentiation between ulnar neuropathy and 
other diseases.

Discussion

In this study, patients with ulnar neuropathy at the cubital tunnel 
(mean, 13.73 mm2 and 66.8 kPa) presented with greater CSA and 

Fig. 3. Receiver operating characteristic (ROC) curves for the diagnostic 
accuracy of shear-wave elastography (SWE) values for the ulnar nerve 
at the cubital tunnel (A), SWE ratios of cubital tunnel to proximal 
pressure (B) and cubital tunnel to distal pressure of the ulnar nerve (C) 
in the detection of ulnar neuropathy. 
A. The area under the ROC curve (AUC) for the SWE value for the ulnar 
nerve at the cubital tunnel was 0.736 (95% confidence interval [CI], 0.560 
to 0.912). B. The AUC value of the ratio of cubital tunnel to the proximal 
pressure of the ulnar nerve was 0.728 (95% CI, 0.551 to 0.904). C. The 
AUC value of the ratio of the cubital tunnel to the distal pressure of the 
ulnar nerve was 0.732 (95% CI, 0.555 to 0.909). 
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SWE values of the ulnar nerve at the cubital tunnel than control 
participants with medial epicondylitis or lateral epicondylitis. 
Using ROC analysis, the cut-off range for SWE-determined ulnar 
neuropathy was found to be 31.0 to 33.5 kPa, which provided 
optimal accuracy and showed comparable diagnostic performance 
to the CSA value.

The diagnosis of ulnar neuropathy is based primarily on medical 
history, physical examination, and an electrodiagnostic study, 
the last of which is traditionally used for confirmation. However, 
electrodiagnostic studies have a sensitivity of 37%-86% [16] and 
are time-consuming and invasive procedures. Therefore, ultrasound 
imaging may be helpful as an alternative or complementary study 
in the diagnosis of compressive neuropathy. On B-mode ultrasound 
images, compressive neuropathy can be diagnosed based on the 
typical morphological features of compressive neuropathy, including 
hypoechoic thickening proximal to the compression site, loss of the 
normal fascicular pattern, and perineural soft tissue edema. Several 
quantitative ultrasound studies for the diagnosis of neuropathy have 
been conducted with a focus on CSA measurements [17-19]. These 
studies have suggested that reference CSA values for the ulnar nerve 
at the cubital tunnel range from 6 to 9 mm2, and the frequently-
used cut-off value is 10 mm2, which has been found to have a broad 
range of sensitivity ranging from 24.5% to 80% [17]. Our results 
were similar to the previous findings. In the present study, the cut-
off value of CSA was 10.0 mm2, and this cut-off value provided 
68.1% specificity and 60.0% sensitivity for the differentiation 
between ulnar neuropathy and other diseases.

SWE is an advanced quantitative ultrasound technique that can 
be used to evaluate soft tissue elasticity. In compressive neuropathy, 
a higher pressure within the canal could cause ischemia, edema, 
inflammation, and finally fibrosis in the intraneural space and the 
synovium [20]. All of these changes to the compressed nerve may 
result in increased nerve stiffness. Therefore, SWE could be a valuable 
complement in the diagnosis of compressive neuropathy. Some 
studies have been conducted to analyze the potential application of 
elastography in the assessment of compressive neuropathies such as 
carpal tunnel syndrome, ulnar tunnel syndrome, and cubital tunnel 
syndrome [13,21-24]. Most of these evaluations of compressive 
neuropathies have been focused on carpal tunnel syndrome. One 
article demonstrated a clinical application of elastography in cases 
of cubital tunnel syndrome, with a mean SWE value of 96.38 kPa 
for patients with cubital tunnel syndrome and a mean value of 
33.08 kPa for healthy control participants [13]. In comparison, our 
study showed that the mean SWE value of patients with cubital 
tunnel syndrome was 66.8 kPa, while those of controls with medial 
epicondylitis or lateral epicondylitis were 21.2 kPa and 33.9 kPa, 
respectively. Our results for the control groups were thus similar to 

the result of the previous study, while the mean SWE values and 
diagnostic cut-off SWE value of the cubital tunnel syndrome group 
in our study were lower than previously found. Our study suggested 
that SWE values of 33.5 kPa provided 70.2% specificity and 80.0% 
sensitivity for the differentiation between ulnar neuropathy and 
other diseases, and this diagnostic performance of SWE was higher 
than that of CSA on B-mode images. Paluch et al. [13] suggested 
a cut-off value for ulnar neuropathy of 61 kPa, while Dikici et al. 
[12] suggested a value for tibial nerve diabetic neuropathy of 51 
kPa. Our results may have been affected by the disease severity 
and duration, the patients’ body mass index, or the small number 
of patients. Moreover, Cingoz et al. [24] and Dikici et al. [12] have 
suggested that the severity of neuropathy is correlated with SWE 
values. Our study included only patients who underwent an initial 
ultrasound, most of whom could be estimated to have had mild 
neuropathy. Moreover, the use of an automatically determined ROI 
setting could have influenced the low cut-off SWE value of ulnar 
neuropathy in our study because this ROI included the ulnar nerve 
and some perineural soft tissue. Our cut-off SWE value of the ulnar 
nerve could represent the upper normal limit of ulnar nerve stiffness. 
Our control results showed that the mean SWE value of the medial 
epicondylitis group was slightly lower than that of the lateral 
epicondylitis group. Although no statistically significant difference 
was observed between these mean SWE values, and the number 
of patients with medial epicondylitis is small, this finding could 
suggest that it is unusual for medial epicondylitis to cause structural 
changes of the cubital tunnel and compression of the ulnar nerve. In 
our study, the mean SWE value at the proximal level to the cubital 
tunnel was lower than that at the cubital tunnel, and this result 
aligns with previous findings [13]. The ratios of tunnel pressure to 
proximal pressure and tunnel pressure to distal pressure in patients 
with ulnar neuropathy were higher than in the controls, and the 
diagnostic performances of these ratios were similar to those of 
SWE of the ulnar nerve at the cubital tunnel. In addition, these cut-
off values for the ratios of tunnel pressure to proximal pressure and 
tunnel pressure to distal pressure were similar to the ratios of canal 
pressure to proximal pressure found in previous studies [13,21]. 
These ratios may present adjusted values that account for patient-
specific and machine-specific factors that impact SWE readings.

In this study, eight patients were excluded due to low RMI 
values, and these patients had clinical findings of low body mass 
index, inflammatory changes indicative of calcific tendinitis at the 
common flexor tendon, and a high signal intensity of the ulnar 
nerve on magnetic resonance imaging without the symptoms of 
ulnar neuropathy. In general, relative to strain elastography, SWE is 
considered to be an easier way to obtain objective and reproducible 
measurements of direct tissue elasticity because of the lack of 
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need for manual compression. However, this could suggest that the 
reliability of SWE values is influenced by the nature of the adjacent 
soft tissue.

This study had some limitations, the most critical of which was 
its small sample size. Our results showed diagnostic accuracy 
for cubital tunnel syndrome, which was confirmed with clinical 
symptoms and electrodiagnostic testing used as a reference 
standard. However, electrodiagnostic testing has been reported to 
have low sensitivity. It is possible that we failed to include patients 
with cubital tunnel syndrome whose findings were negative at the 
time of electrodiagnostic testing. Additionally, the ROI of the SWE 
measurement of this ultrasonography equipment was preset for easy 
and simple manipulation, and our SWE measurements may have 
included the ulnar nerve and the adjacent soft tissue. Our study did 
not include an assessment of the interobserver agreement for the 
SWE measurement of the ulnar nerve. Therefore, longitudinal studies 
are needed to show the progressive changes in nerve stiffness, 
especially with regard to treatment.

In conclusion, the ulnar nerve is stiffer in patients with cubital 
tunnel syndrome than in patients with lateral or medial epicondylitis. 
In addition, SWE seems to be a new reliable and simple quantitative 
diagnostic technique to aid in the precise diagnosis of ulnar 
neuropathy at the cubital tunnel.
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