
Introduction 

Ulnar neuropathy at the elbow (UNE) is the second most 
common mononeuropathy after carpal tunnel syndrome [1]. 
Neurophysiologic studies, including motor nerve conduction 
studies (NCS) and needle examinations, are commonly used to 
confirm the diagnosis of UNE. Although short segmental incre-
mental studies have played a role in the localization of demyelin-
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ating UNE [2,3], this method of diagnosing UNE has several 
limitations. First, localization is not easy in some patients with 
mild lesions or in those who have severe axonal injuries with low 
distal compound muscle action potential (CMAP) amplitudes 
[1,4]. Second, there can be errors in distance and latency mea-
surements [3,4]. Third, the sensitivity and specificity of this 
method are not very high [2,4]. 

Ultrasonography can also be used for the diagnosis of ulnar 
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neuropathy, but its sensitivity and specificity are likewise lower 
than ideal [5,6]. Magnetic resonance imaging (MRI) has be-
come increasingly important for the evaluation of UNE. Previ-
ous studies evaluating the diagnostic value of MRI findings of 
hyperintensity and nerve swelling showed varying results for 
sensitivity and specificity [5,7]. 

Although there have been many studies on UNE, few have in-
vestigated the relationship between MRI and electrodiagnostic 
studies in patients with UNE using segmental and inching stud-
ies to localize the location and determine its severity. The aim of 
this study was to investigate the correlations between MRI and 
NCS, especially segmental and inching studies, in patients with 
UNE. 

Materials and Methods 

1) Subjects 
Electronic medical records were searched for 194 patients di-

agnosed with or suspected of having UNE through electrodiag-
nosis from 2014 to 2018. In total, 46 patients who underwent el-
bow MRI and NCS were included in this retrospective study 
conducted at a single center. Patients who did not have a formal 
MRI reading or for whom the location of the lesion was difficult 
to identify through electrodiagnosis were excluded from the 
study. This study was exempt from Asan Medical Center Institu-
tional Review Board review (No. 2022-0619). 

2) Localization 
The location of the lesion, based on both MRI and NCS, was 

divided into 3 sections. Section 1 included the area from 2 cm 
above the elbow to 6 cm above the elbow, section 2 included the 
area from 2 cm above the elbow to 2 cm below the elbow, and 
section 3 included the area from 2 cm below the elbow to 6 cm 
below the elbow. The location was categorized as “undeter-
mined” if there was a broad lesion or if there were multiple le-
sions across the sections. A cross-sectional study design was used 
to evaluate the correlations of the localizations. 

3) Electrodiagnostic studies 
Neurophysiological testing was performed using an Oxford 

Synergy apparatus (Oxford Instruments; Medelec, Surrey, United 
Kingdom). Motor and sensory NCS were performed by electrical 
stimulation of the bilateral ulnar nerves, with the elbow flexed at 
90°. For the motor NCS, CMAPs were recorded from the abduc-
tor digiti minimi muscle with surface electrodes, with filter set-
tings of 3 Hz to 10 kHz, sensitivity of 5 mV for amplitude and 500 
mV for onset latency determination, and sweep of 20 ms. 

With clinical suspicion of UNE, both segmental and inching 
studies were conducted on the symptomatic side, and routine 
conduction studies were conducted on the wrist and the ulnar 
groove of the asymptomatic side [3]. In the segmental studies, 3 
points (the wrist, below the elbow, and above the elbow) were 
stimulated. The diagnosis of UNE was based on electrophysiologi-
cal criteria [3,8]. In the inching studies, 5 points of the ulnar nerve 
were stimulated at successive 2-cm intervals from 4 cm below to 6 
cm above the medial epicondyle. Latency of more than 0.4 ms was 
as a positive finding [9]. The inching study was analyzed because 
it had shorter segments than the segmental study, leading to the 
possibility that it could yield more significant values for certain pa-
rameters, such as the conduction velocity.  

Sensory nerve action potentials (SNAPs) were obtained anti-
dromically from the fifth finger, with filter settings of 20 Hz to 2 
kHz, sensitivity of 20 μV, and sweep of 10 ms. The needle exam-
ination included the first dorsal interosseous muscle and other 
ulnar innervated forearm flexors. 

4) MRI 
T2-weighted fat-saturated axial images focused on the ra-

dio-humeral joint were analyzed by 2 musculoskeletal radiolo-
gists, who reached consensus regarding their interpretation. The 
severity of each lesion was determined based on increased T2 
signal intensity and nerve swelling in a cross-sectional image of 
the ulnar nerve through a qualitative image analysis. T2 signal in-
tensity was qualitatively analyzed throughout the entire image. 
T2-weighted images without any hypersignal changes were con-
sidered “normal,” while those with a hypersignal change in the 
ulnar nerve were considered “abnormal” and further evaluated in 
terms of whether the change in the signal intensity was mild or 
severe. Mild swelling was defined as a more than 20% increase of 
the nerve caliber in relation to the proximal and distal segments, 
while severe swelling was defined as a more than 50% increase in 
the nerve caliber. The severity scoring for each section was con-
ducted by 2 radiologists using a 5-point score from 0 to 4, which 
was based on the signal alteration and/or swelling on the fat-sup-
pressed T2 weighted axial images [1,10]. Fig. 1 shows represen-
tative image sections. 

5) Statistical analysis 
Statistical analyses were performed using IBM SPSS ver. 25.0 

(IBM Corp., Armonk, NY, USA). The Spearman correlation 
method was used to evaluate the correlation between the severi-
ty score on MRI and each electrodiagnostic parameter. Values of 
p < 0.05 were considered to indicate statistical significance. 
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Results 

We reviewed 46 patients (28 males and 18 females) with avail-
able elbow MRI and NCS findings. The clinical and electrophys-
iologic findings of the 46 patients are described in Table 1. The 
mean age of the patients was 45.1 ±  16.9 years. On the day of the 
electrophysiologic study, 29 patients (63.0%) complained of sen-
sory symptoms and signs without muscle weakness. Five patients 
(10.9%) had weakness of the ulnar-innervated muscles without 
sensory symptoms and signs. Twelve (26.1%) patients reported 
both sensory symptoms and muscle weakness. All studies were 
consistent with UNE. There were no absent findings of CMAP, 
and the ulnar CMAP was reduced in 12 patients (26.1%). Mean-
while, the ulnar SNAP was absent in 9 patients (19.6%) and re-
duced in 14 patients (30.4%). The absolute motor nerve con-
duction velocity from above-elbow to below-elbow was less than 
50 m/s in 38 patients (82.6%). 

The MRI findings of 46 patients revealed ulnar nerve abnor-
malities at the elbow in 43 (93.5%) patients. Eighteen patients 
had isolated ulnar nerve hyperintensity, including 15 patients 
with a mild T2 signal change (score 1) and 3 patients with a se-
vere T2 signal change (score 2). A combination of ulnar nerve 
hyperintensity and mild swelling of the ulnar nerve at the elbow 
was the most common abnormality, seen in 18 patients (score 3), 
while 7 patients (score 4) had both signal changes and severe 
swelling of the ulnar nerve. 

Table 2 shows the relationship of the lesion localization be-
tween MRI and the electrodiagnostic study for 46 patients. Six 
patients were classified as having an “undetermined” location 
based on the MRI findings, while 20 patients showed correlated 
locations between the MRI and electrodiagnostic studies. Three 
patients had normal MRI and abnormal electrodiagnostic find-

Fig. 1. The severity based on the magnetic resonance imaging (MRI) findings using a 5-point score was evaluated based on the signal 
alteration and/or swelling on the fat-suppressed T2 weighted axial sequences. The images around the elbow were divided into 3 sections 
from 2 to 6 cm above the medial epicondyle (section 1), from 2 cm below the medial epicondyle to 2 cm above the medial epicondyle 
(section 2), and from 2 to 6 cm below the medial epicondyle (section 3). Fig. 1 shows representative images for the evaluation of ulnar 
neuropathy in section 2, and the ulnar nerve is indicated with white arrows. (A) Axial MRI on the right side depicts score 0 with a normal 
finding of the ulnar nerve. (B) Axial T2 fat-suppressed image shows a mild signal change (score 1). (C) Axial T2 fat-suppressed image on 
the left side presents a severe signal change (score 2). (D) MRI of the right elbow shows a signal change with mild swelling (score 3). (E) 
Axial MR on the right side depicts severe swelling with a severe signal change (score 4).

AA BB CC DD EE

ings, and 4 patients had normal electrodiagnostic and abnormal 
MRI findings. 

Table 3 and Fig. 2 show some correlations between the severity 
score on MRI and the parameters on the segmental and inching 
studies. The amplitude of sensory NCS showed a negative correla-
tion with the MRI-based severity score (r = –0.421, p = 0.004). In 
the segmental studies, the severity score based on MRI was cor-
related with the amplitude and conduction velocity in the same 
section of the lesion. In the inching studies, the severity score 
based on MRI was correlated with the amplitude and the conduc-
tion velocity in the matched section of the lesion. The severity 
score based on MRI was also correlated with the minimum values 
of the amplitude and the conduction velocity among the 5 points 
that we stimulated. 

Discussion 

This is the first study to reveal a correlation between MRI and 
NCS findings, including segmental and inching studies, in an in-
vestigation of the location and the severity of UNE. Most cases 
of UNE occur at the level of the retroepicondylar groove, which 
is called the cubital tunnel. This nerve may also be compressed 
at the humeral-ulnar aponeurosis between the 2 heads of the 
flexor carpi ulnaris (FCU) or at the point of the exit from the 
FCU [11]. Identifying the location of the entrapment helps with 
therapeutic decisions, because operative interventions such as 
resection of the arcuate ligament, medial epicondylectomy, and 
anterior transposition of the ulnar nerve can resolve cubital tun-
nel syndrome in some cases [12]. 

The ulnar nerve signal on T2 imaging has diagnostic impor-
tance in lesion localization since it is correlated with the segmen-
tal study of NCS. Increased signal intensity on T2 imaging indi-
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due to UNE might not be maximal at the site of the nerve dys-
function based on the segmental and inching studies [13]. How-
ever, our study showed a correlation of severity between MRI 
and NCS based on the segmental and inching studies, without a 
significant difference between the segmental and inching stud-
ies.. 

The findings of high signal intensity and nerve swelling on 
MRI represent focal demyelination. Previous studies reported 
that MRI was more sensitive than segmental NCS studies, espe-
cially in patients with non-localizing UNE. A previous study 
found no significant differences in MRI findings according to 
different scores of UNE severity [1]. However, our study con-
firmed that MRI and NCS produced similar findings and that 
the UNE severity based on the NCS was correlated with the 
MRI findings, as in the 25 patients who showed abnormal spon-
taneous activity on needle EMG. 

Furthermore, in a comparison between 2 subgroups, this study 
also revealed that more significant signal changes on elbow MRI 
were observed in patients with non-traumatic etiologies. Subgroup 
A included 18 patients with trauma and 3 patients with ulnar nerve 
subluxation. All 3 patients with ulnar nerve subluxation and 6 pa-
tients with traumatic history showed mild signal changes, with an 
MRI severity score of 1. Two patients with normal findings on 
MRI were confirmed to have UNE based on NCS. More than half 
of the patients with an MRI severity score of 3 and all patients with 
a score of 4 belonged to subgroup B, without traumatic etiology or 
subluxation. In particular, all patients with a severity grade of 4 
showed severe osteophytes and bony spurs on elbow MRI. There-
fore, it is inferred that MRI signal changes are more closely cor-
related with non-traumatic etiologies. 

Among 20 patients with discrepancies in the location between 
the NCS and MRI, 9 had a previous history of orthopedic sur-
gery. Among these patients, 6 had MRI findings superior to those 
of NCS, while 3 patients had NCS findings superior to those of 
MRI. Among 6 patients in the undetermined group based on 
MRI imaging, 5 patients had undergone previous orthopedic 
surgery and showed multiple lesions across the sections. Al-
though there was a clinical correlation between the location of 
the lesion on MRI and NCS in 50% of the patients, the other pa-
tients had discrepancies that may have been related to the differ-
ences in the patient's position during NCS and MRI. A moder-
ately flexed position (about 70° to 90°) has been recommended 
to ensure that surface skin measurements more closely reflect the 
true nerve length. An extended elbow position often causes an 
underestimation of the true nerve length, leading to artifactual 
delayed conduction velocity across the elbow. However, MRI is 
usually performed in the elbow-extended position [9,14,15]. 

Table 1. Clinical and Electrophysiologic Findings of 46 Patients 
with Ulnar Neuropathy at the Elbow

Characteristic Value
General characteristic
 Age (y) 45.1 ±  16.9  (18-78)
 Sex (male:female) 28 (60.9):18 (39.1)
 Affected side (left:right:both) 23 (50.0):22 (47.8):1 (2.2)
 Duration of symptoms (mo) 33.8 ±  39.3 (1-120)
Etiology
 Trauma 18 (39.1) 
 Osteoarthritis at the elbow 13 (28.3)
 Tendinopathy of FCU 4 (8.7)
 Ulnar nerve subluxation 3 (6.5)
 Medial epicondylitis 1 (2.2)
 Unknown 7 (15.2)
Clinical findings
 Sensory symptom only 28 (60.9)
 Motor symptom only 5 (10.9)
 Sensory and motor symptoms 13 (28.2)
 Definite atrophy of ulnar-innervated muscles 6 (13.0)
Sensory NCS
 Absent SNAP 9 (19.6)
 Low SNAP amplitude 14 (30.4)
 Normal SNAP amplitude 23 (50)
Motor NCS
 Absent CMAP 0 (0)
 Low CMAP amplitude stimulated at the wrist 12 (26.1)
 Normal CMAP amplitude stimulated at the wrist 34 (73.9)
 Conduction block only 2 (4.3)
 Conduction slowing only 22 (47.8)
 Conduction block and conduction slowing 22 (47.8)
MRI severity scoring in the section of the lesion
 Score 0 3 (6.5)
 Score 1 15 (32.6)
 Score 2 3 (6.5)
 Score 3 18 (39.1)
 Score 4 7 (15.2)
Surgery 14 (30.4)

For the age and the duration of the symptoms, the mean ± standard de-
viation and range are shown, while for the other parameters, number (%) 
are presented.
FCU, flexor carpi ulnaris; NCS, nerve conduction study; SNAP, sensory 
nerve action potential; CMAP, compound muscle action potential; MRI, 
magnetic resonance imaging.

cates the presence of UNE, and the magnitude of nerve caliber 
enlargement distinguishes between mild and severe neuropathy 
[10]. Our study included both segmental and inching studies to 
determine the correlation between MRI and NCS results of 
UNE. 

A previous study showed that ultrasonographic abnormalities 
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Table 2. Relationship of the Lesion’s Location Between MRI and Electrodiagnostic Studies in Diagnosing Ulnar Neuropathy at the Elbow  
(n = 46)

MRI Category
NCS

Normal (n =  4)
Abnormal (n =  42)

Section 1 Section 2 Section 3
Normal (n =  3) 0 3 0
Abnormal (n =  43) Section 1 0 0 0 0

Section 2 4 3 18* 9
Section 3 0 0 1 2*
Undetermined 2† 2† 2†

MRI, magnetic resonance imaging; NCS, nerve conduction study.
*Twenty patients showed a correlated location between MRI and electrodiagnostic studies (20/40 = 50.0%). †Among the 46 patients, 6 were classified as 
the ‘undetermined’ group based on MRI findings.

Table 3. The Relationship Between the Severity Score on MRI and the Parameters on Nerve Conduction Study

Study Parameter Spearman correlation coefficient (rho) p-value
Sensory study The amplitude of the sensory nerve conduction study -0.421 0.004*
Segmental study The amplitude at the lesion on MRI -0.423 0.002*

The conduction velocity at the lesion on MRI -0.526 <  0.001*
Inching study The amplitude at the lesion on MRI -0.456 0.002*

The conduction velocity at the lesion on MRI -0.548 <  0.001*
The minimum amplitude -0.512 <  0.001*
The minimum conduction velocity -0.583 <  0.001*

MRI, magnetic resonance imaging.
*p < 0.05 by Spearman correlation analysis.

Furthermore, another limitation is that the interval of the sec-
tions on MRI and the inching study were not exactly matched.  

We did not conduct any further analyses of the SNAP ampli-
tude because it is a limited parameter that depends on distance. 
In addition, the onset or peak latencies of SNAP could not be an-
alyzed for quantitative correlations with the severity score based 
on the MRI findings because there were several patients with no 
SNAP responses. Although a previous study reported abnormal-
ities on sensory NCS with normal findings on MRI, abnormali-
ties on sensory NCS usually suggest the possibility of axonal de-
generation [16]. This study showed a negative correlation be-
tween SNAP and MRI findings. To be more concrete, 4 patients 
had a score of 4 on MRI with hyperintensity and severe swelling 
of the ulnar nerve, and 3 of the 9 patients with absent SNAP 
findings had the lowest score on MRI, with mild hyperintensity. 

This study has several limitations. First, the relatively small 
sample size made it difficult to determine the correlation of the 
location of the lesion based on NCS and MRI with the operative 
findings. Although the medical records of 194 patients with NCS 
were reviewed, only 46 patients underwent MRI for ulnar neu-
ropathy, and only 14 patients had surgical records that confirmed 
the exact location of the lesion. Additional studies with larger 

sample sizes would reveal more definite correlations. Second, 
unblinded radiologists evaluated the MRI and qualitatively 
scored the severity of ulnar nerve entrapment. It would be pref-
erable to correlate the severity of NCS and the quantitative scor-
ing of MRI after measuring the interrater and intrarater reliabili-
ties. Furthermore, it was not feasible to determine the clinical re-
lationship of patients’ subjective symptoms with the severity and 
the location of the lesion based on NCS and MRI due to the in-
sufficient symptomatic data in the medical records. Additional 
prospective studies including precise information on the distri-
bution and the severity scales of the symptoms would give more 
useful information for the diagnosis of UNE. 

Conclusion 

Although some discrepancies about the location of the UNE 
existed between the electrodiagnostic studies and MRI, this 
study demonstrates that the electrodiagnostic outcomes have 
correlations with the severity score, which reflects the structural 
changes on MRI. In conclusion, using a combination of electro-
diagnostic studies and MRI improves diagnostic accuracy, in-
cluding the lesion localization and assessment of the severity of 
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UNE. It is necessary to verify the relevance and localization of 
patients’ symptoms through additional prospective studies. 
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