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Background: We investigated the differences in the prevalence of ulnar nerve instability (UNI) by hand
dominance and evaluated the relationship between UNI and morphologic changes in the ulnar nerve and
the clinical findings and upper limb function.
Methods: This study examined 153 healthy participants (n ¼ 306 elbows; 44 men, 112 women; mean
age 65.4 years) who underwent ultrasonography to assess the ulnar nerve cross-sectional area (UNCSA)
at three points of the bilateral cubital tunnel at 30� of elbow flexion. Participants were divided into three
groups based on the ultrasonography findings of UNI: no instability (type N), subluxation (type S), and
dislocation (type D). For the dominant and nondominant sides, we assessed the relationship between the
UNCSA and clinical factors, including the age, gender, height, weight, body mass index, fat mass, grip
strength, key pinch strength, UNCSA, and Patient-Rated Elbow Evaluation score.
Results: We identified 75 cases without instability in both elbows and 78 cases with some instability.
The prevalence of UNI was 51%. No significant difference was found between hand dominance and the
prevalence of UNI. The UNCSA at 1 cm proximal to the medial epicondyle on the bilateral sides in type S
was the most increased among three types.
Conclusion: UNI was identified in almost half of the participants, with no marked difference found in
the hand dominance. The UNCSA at 1 cm proximal to the medial epicondyle was significantly increased
the most in type S. UNI does not appear to be associated with elbow symptoms in the general population.

© 2021 Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Ulnar nerve instability (UNI) at the elbow has been reported in
asymptomatic healthy subjects.1,8 The frequency of UNI at the
elbow is reported to be 2%-51%.1,2,4,6,8e10,17,22,24 Classification of UNI
has been described for the ulnar nerve shifting incompletely onto
the medial condyle as subluxation and the ulnar nerve translating
completely over the medial condyle as dislocation.1,8,17 The fre-
quency of subluxation is reported to be about 5.7%-27%, while that
of dislocation is 2%-31%.1,2,4,6,8e10,17,24

Elbow flexion induces subluxation and dislocation of the ulnar
nerve at the cubital tunnel. Repetitive ulnar nerve hypermobility
with elbow flexion might induce shear stress to the ulnar nerve
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when the nerve is rubbed with the edge of the humeral medial
epicondyle (ME).8,17 Such shear stress might cause ulnar neuropa-
thy at the cubital tunnel. Some studies have demonstrated UNI as a
risk factor for ulnar nerve neuropathy (UNE).11,18,20 However, others
have found no association with the presence of UNI and clinical
symptom of UNE.2,4,24

Repetitive dynamic friction stress might induce morphologic
changes in the ulnar nerve because of intraneural edema,12 possibly
inducing an increase in the cross-sectional area (CSA) of the ulnar
nerve (UNCSA), as reported in patients with entrapment neuropa-
thy, such as carpal tunnel syndrome and cubital tunnel syndrome
(CuTS).3,14,15,22,23,25 Nevertheless, the relationship between UNI and
morphologic changes in the ulnar nerve and clinical findings re-
mains unclear.

Hand dominance might influence the laterality of the upper
limb function and elbow joint conditions and the prevalence of UNI
in the general population. Ultrasonography (US) has been shown to
be useful for detecting dynamic UNI and measurements of the
w Surgeons. This is an open access article under the CC BY-NC-ND license (http://
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Figure 1 Flowchart of the participants in this study. CuTS, cubital tunnel syndrome.
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enlarged UNCSA, as reported from earlier
studies.4,7,9e11,13,14,17e20,23,24 We hypothesized that hand domi-
nance influences the prevalence of UNI and that the extent of UNI is
correlated with the increase in the CSA of the ulnar nerve and
subjective and objective clinical findings in the general population.

The present study used US to investigate the differences in the
prevalence of UNI with dynamic elbow flexion by hand dominance
and to evaluate the relationship between UNI as well as morpho-
logic changes in the ulnar nerve and the clinical findings and upper
limb function.

Materials and methods

Participants

Medical examinations of residents of a mountain village in Japan
(total population of 4,410, comprising 2164 men and 2246 women
in 2019) are regularly conducted for the early detection of cancer
and to prevent lifestyle-related diseases. The age of eligibility for
the medical examination is at least 20 years. In that village, agro-
forestry and tourism are the main industries.

In 2019, 956 people (427 men, 529 women) underwent medical
examinations. Of these 956 residents, 160 (46 men, 114 women;
mean age 65.4 years; range, 20-88 years) underwent an orthopedic
examination for this study by their own choice. Each had
completed a self-administered questionnaire with items related to
gender and their dominant hand. Participants agreed to inclusion in
the study after being informed that their datawould be published if
they gave their consent to participate. We excluded participants
with certain medical conditions, such as those who had already
been diagnosed with CuTS, those who had received surgical treat-
ment for CuTS, those who had a history of elbow trauma, and those
who had any systemic disorder, such as diabetes mellitus, con-
nective tissue disorders, and polyneuropathy. (Fig. 1). The data of
the remaining 153 participants (306 elbows) who were not
receiving upper limb treatment in a medical facility at that time
were therefore assessed for this study.

The assessment of the elbow function and symptoms

We evaluated the elbow function and symptoms using the
Japanese version of the Patient-Rated Elbow Evaluation (PREE-J).
The elbow pain score, function score, and total score were evalu-
ated. After Hanyu et al evaluated the reliability, validity, and
responsiveness of PREE-J, they reported that it had an equivalent
evaluation capacity to that of the original PREE.5

Anthropometric measurements

Height was measured using a digital height meter (A&D Corp.,
Tokyo, Japan). Body composition was measured using a multifre-
quency segmental body composition analyzer (MC780U; Tanita
Corp., Tokyo, Japan), including assessments of the body weight,
body mass index, and fat mass.

Grip and key pinch strength measurements

A digital dynamometer (Takei Scientific Instruments Co., Tokyo,
Japan) was used to measure the grip strength. We used a pinch
gauge (MG-4320NC pinch gauge; B & L Engineering, Santa Ana, CA,
USA) to measure the key pinch strength of both the dominant and
nondominant sides. Grip testing was performed using a standard-
ized position recommended by the American Society of Hand
Therapists.
943
Subjects were seated with their shoulder in adduction and
neutral rotation, the elbow flexed at 90�, the forearm in a neutral
position, and the wrist between 0� and 30� extension and 0� and
15� ulnar deviation. Pinch testingwas performedwith the shoulder,
elbow, forearm, and wrist in a neutral position. Key pinch was
assessed by pressing the thumb pad to the lateral aspect of the
middle phalanx of the index finger. For each grip and key pinch test,
two measurements were taken for both the dominant and
nondominant sides. All tests were administered by a single ortho-
pedic surgeon. The average of two trials for each grip strength and
key pinch strength value was used for the data analysis.
US and determination of the CSA of the ulnar nerve and UNI

We performed US examinations of the bilateral elbows in all
participants. We used a Logiq e premium ultrasound system (GE
Healthcare UK, Ltd., Buckinghamshire, UK) with a 10-MHz linear
array transducer. An orthopedic surgeon (F.E.) withmore than eight
years of experience in carrying out US and surgery performed the
US examinations.

Participants were seated facing the examiner to maintain a
position with the shoulder in slight flexion, the elbow joint at 30�

flexion, and the forearm in the supinated position. The examiner
held the probe perpendicular to the skin and adjusted the angle to
obtain short-axis views of the ulnar nerve. The probewas placed on
the skin with minimum pressure (Fig. 2A). The nerve was traced
proximally to distally over the medial skin around the elbow. The
ME segment level was established by identifying the top of the
humeral ME. Terayama et al reported that the UNCSA was signifi-
cantly larger in the group with UNE at the elbow than in controls at
4 to 1 cm proximal to the ME, at the ME, and at 1 to 5 cm distal to
the ME (Fig. 2B); in addition, they also reported that the maximum
UNCSA was observed at 1 cm proximal to the ME.23 While refer-
encing their report, we defined 3 levels: 4 cm and 1 cm proximal to
the ME and 5 cm distal to the ME. Based on the short-axis US views
of the ulnar nerve, manually traced areas along the outside edge of
the hypoechoic rims of the fascicles of the ulnar nervewere defined
as the UNCSA (Fig. 2C).14

After the examination of the UNCSA, without changing the
shoulder position, the elbow was maximally flexed, and then, the
UNI was evaluated. The maximum elbow flexion varied for each
patient, depending on their body habitus, but was always passively
fully flexed (at least 90�).

The ulnar nerve position was ascertained as per the classifica-
tion reported by Okamoto et al: type N (no instability), type S
(subluxation), or type D (dislocation).17 In type N, the ulnar nerve
moves in an anteromedial direction but does not reach the tip of the



Figure 2 (A) Subject position during the ultrasonographic examination of the left
ulnar nerve in the cubital tunnel. (B) Point of scanning of ulnar nerve by ultrasonog-
raphy. We defined three levels at 4 cm and 1 cm proximal to the ME and 5 cm distal to
the ME. (C) Transversal scan with measurement of the CSA of the ulnar nerve. Based on
the short-axis US views of the ulnar nerve, manually traced areas along the outside
edge of the hypoechoic rims of the fascicles of the ulnar nerve were defined as the
ulnar nerve CSA. CSA, cross-sectional area; ME, medial epicondyle.

Figure 3 (A) Transverse US views of the ulnar nerve showing normal findings. (B)
Transverse US views of the ulnar nerve showing subluxation. (C) Transverse US views
of the ulnar nerve showing dislocation. ME, medial epicondyle; UN, ulnar nerve; US,
ultrasonography.
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epicondyle (Fig. 3A). In type S, there is subluxation. The nerve
moves onto the tip of the epicondyle (Fig. 3B). In type D, there
is dislocation. The ulnar nerve crosses over the tip of the epicondyle
(Fig. 3C). The participants were asked whether or not they
had symptoms of intermittent paresthesia, numbness, and
tingling in their pinkie and ulnar half of the ring finger during
elbow flexion.
944
Statistical analyses

After data collection was completed, we stratified participants
who had no dislocation of the ulnar nerve in the elbow into the
type N group, thosewho had subluxation of the ulnar nerve into the
type S group, and those who had dislocation of the ulnar nerve in
the elbow into the type D group on the dominant and nondominant
sides. Using an analysis of variance or Steel-Dwass test, we
compared the age, height, weight, body mass index, grip strength,
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Table 1
Prevalence by type of ulnar nerve instability in the bilateral extremities.

Laterality of ulnar nerve Number Prevalence

Bilateral normal 75 49.0%
Unilateral subluxation 23 15.0%
Unilateral dislocation 4 2.6%
Bilateral subluxation 23 15.0%
Bilateral dislocation 12 7.9%
Unilateral subluxation and unilateral dislocation 16 10.5%
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key pinch strength, fat mass percentage, UNCSA at 4 cm and 1 cm
proximal to the ME, UNCSA at 5 cm distal to the ME, PREE Pain
score, PREE Functional score, and PREE Total score among the 3
groups. The gender differences in the three subject groups were
compared using a chi-square test.

Data are presented as the mean and standard deviation. A P
value of <.05 was inferred to be statistically significant. This study
was approved by the regional ethics board.

Results

We evaluated 75 cases without instability and 78 cases with
some instability in both elbows. The prevalence of UNI was 51% in
153 participants (Table I). No subjects had intermittent paresthesia,
numbness, or tingling in the pinkie finger or ulnar half of the ring
finger during elbow flexion.

The evaluation of all 306 elbows revealed 177 elbows to be type
N (57.8%), 85 elbows to be type S (27.8%), and 46 elbows to be type D
(15.4%). Regarding the participant number distribution of the status
of the UNI, no significant differences were found between the
dominant side and nondominant side (P ¼ .52). The intraobserver
and interobserver reliability for US measurements of the UNCSA
was 0.95 and 0.91, respectively. No significant difference was found
among the three groups in terms of the age, height, weight, body
mass index, grip strength, key pinch strength, fat mass percentage,
UNCSA at 4 cm or UNCSA at 5 cm distal to theME, PREE-J Pain score,
PREE-J Functional score, or PREE-J Total score for either the domi-
nant or nondominant side (Tables II and III). The UNCSA at 1 cm
proximal to the ME in the type S group on both the dominant and
nondominant sides was significantly increased, reaching the
highest value among the three groups (Tables II and III).

Discussion

This study yielded three main findings. First, the prevalence of
UNI was 51% (78 cases with some instability in both elbows) in 153
participants, with subluxation found in 85 elbows (27.8%) and
dislocation in 46 elbows (15.4%) among the total 306 elbows. Earlier
reports described different prevalences of 15.4%-30% for subluxa-
tion and 5.8%-31% for dislocation of the ulnar nerve at the cubital
tunnel.1,2,4,6,8e10,17,24 Cornelson et al4 found UNI in 56% (25% sub-
luxation, 31% dislocation) of 84 elbows among healthy volunteers
22-40 years of age by US and speculated that the inclusion of many
athletes among their research subjects might have led to a much
higher prevalence of UNI than seen in earlier studies.1,2,6,8e10,17,24

Our percentage of UNI, as evaluated among general participants
with a wide range of age groups, was similar to the results reported
by Cornelson et al.4 We hypothesized that UNI symptoms are
influenced by the frequency of using the upper limbs, which is
associated with hand dominance. However, our data confirmed the
results reported by Calfee et al, whose study demonstrated no as-
sociation with UNI symptom or hand dominance.2 These results
might indicate that UNI is not uncommon among the general
population and that UNI is not attributable to hand dominance.
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Second, no significant difference was found in the present
study between the degree of UNI and the subjective clinical elbow
symptoms evaluated by the PREE and grip strength as well as key
pinch strength. The relationship between UNI and UNE is
controversial.2,4,11,18,20,24 Calfee et al reported that elbows with
nerve hypermobility did not show a higher prevalence of subjec-
tive symptoms (snapping, pain, or tingling) than the elbows
without hypermobility.2 Omejec and Podnar18 reported that ulnar
nerve dislocation tended to be more common in controls than in
patients with UNE. The age range of our survey subjects was wider
than that of populations studied in previous reports. This may
support the generalizability of our findings concerning the lack of
a relationship between UNI and UNE. Our data might confirm the
asymptomatic characteristic of UNI, similarly to earlier research
results.2,18

Third, our results revealed that UNCSA at 1 cm proximal to the
ME in the type S group on both the dominant and nondominant
sides was increased the most significantly among the three groups
(dominant side: type N, 7.6 ± 1.9 cm2; type S, 9.7 ± 2.4 cm2; type D,
7.3 ± 1.6 cm2; P < .001; Nondominant side: type N, 7.4 ± 1.8 cm2;
type S, 9.4 ± 2.8 cm2; type D, 7.7 ± 1.4 cm2; P < .001). Cornelson
et al4 reported significantly more frequent UNCSA at the cubital
tunnel in subjects with UNI than in controls. Okamoto et al17 re-
ported that UNI produces frictional forces and increased
compression against the hard convex of the medial epicondyle.
Subluxation of the ulnar nerve, compressed between the ME and
soft tissues, might induce intraneural edema and result in a
marked increase in the UNCSA. Of note, Terayama et al23

demonstrated that a cutoff threshold of 11 mm2 for the UNCSA
at 1 cm proximal to the ME was useful for diagnosing UNE by US.
However, the subjects in the study by Terayama et al were few in
number, with a small age range and all men. Further longitudinal
studies will be necessary to clarify whether or not UNI develops in
asymptomatic subjects with ulnar nerve subluxation and an
increased UNCSA.

Several limitations associated with the present study warrant
mention. First, the study was conducted using a cross-sectional
design, which might not provide definitive information about
cause-and-effect relations. Second, we did not perform physical
examinations, such as evaluations for Tinel sign at the cubital
tunnel or an elbow flexion test or shoulder internal test, or any
electrophysiological tests among the participants.16 Our study
might therefore have included participants with occult CuTS.
Third, the sensory symptoms of our participants were assessed
using a self-reported questionnaire without any objective clin-
ical evaluations, such as the Semmes-Weinstein monofilament
test or two-point discrimination. Fourth, only a few individuals
20-40 years of age participated in the study. The age distribution
might therefore have influenced our results. Fifth, we did not
evaluate the muscle volume or the degree movement of the
medial triceps, which might induce ulnar instability when the
medial triceps moves anteriorly with elbow flexion.13 Sixth, we
did not assess the carrying angle, which might influence the
ulnar instability with elbow flexion.21 Finally, the intraobserver
and interobserver reliability for US measurements of UNCSA was
0.95 and 0.91, respectively, showing the interobserver reliability
to be lower than the intraobserver reliability. US measurements
of the UNCSA may have been influenced by the US performance
of the observers.

Conclusion

There were 75 cases without instability in both elbows and 78
with some instability. The prevalence of UNI was 51%. No subjects
had symptoms of intermittent paresthesia, numbness, or tingling in



Table 2
The comparison of data by type of ulnar nerve instability on the dominant side.

Variable Type N (n ¼ 92) Type S (n ¼ 38) Type D (n ¼ 23) P

Age, (yr) 65.4 (14.2) 65.1 (14.6) 64.4 (13.1) .96
Height (cm) 154.0 (9.4) 156.6 (12.0) 157.4 (9.5) .21
Weight (kg) 54.4 (9.7) 56.9 (10.8) 57.7 (13.6) .28
Sex (n) .10
Men 19 13 9
Women 73 25 14

BMI (kg/m2) 22.9 (3.7) 23.3 (4.2) 23.0 (3.4) .92
Fat mass (%) 29.3 (8.8) 26.1(9.5) 26.8 (6.2) .14
Grip strength (kg) 24.6 (7.2) 28.0 (9.6) 27.6 (9.2) .10
Key pinch strength (kg) 6.9 (1.8) 7.7 (2.4) 7.7 (2.4) .15
UNCSA (4 cm proximal) (mm2) 5.7 (1.3) 5.7(1.3) 6.0 (1.4) .39
UNCSA (1 cm proximal) (mm2) 7.6 (1.9) 9.7 (2.4)*,y 7.3 (1.6) <.001
UNCSA (5 cm distal) (mm2) 4.2 (1.0) 4.3 (1.1) 4.2 (0.9) .90
PREE-J Pain score 1.7 (5.4) 1.3 (4.1) 2.0 (5.4) .94
PREE-J Function score 0.4 (1.8) 0.2 (0.7) 0.2 (0.7) .96
PREE-J Total score 2.0 (6.6) 1.5 (4.7) 2.2 (6.0) .90

BMI, body mass index; PREE-J, Japanese version of the Patient-Rated Elbow Evaluation; UNCSA, cross sectional area of the ulnar nerve.
Mean values are shown with the standard deviation in parentheses.
Statistically significant: P < .05.

*Significantly different (P < .001) from the values in the type N group.
ySignificantly different (P < .001) from the values in the type D group.

Table 3
The comparison of data by type of ulnar nerve instability on the nondominant side.

Variable Type N (n ¼ 85) Type S (n ¼ 47) Type D (n ¼ 21) P

Age (yr) 67.0(14.4) 63.1(13.2) 62.6(13.2) .09
Height (cm) 154.0 (10.6) 157.5 (9.9) 157.2 (8.0) .12
Weight (kg) 54.2 (9.9) 57.8 (10.9) 55.6 (12.3) .17
Sex (n) .69
Men 23 11 7
Women 62 36 14

BMI (kg/m2) 23.0 (3.9) 23.3 (3.5) 22.3 (3.2) .60
Fat mass (%) 29.0 (8.9) 27.6 (8.8) 25.8 (7.6) .32
Grip strength (kg) 24.4 (7.7) 27.7 (10.8) 24.9 (8.9) .28
Key pinch strength (kg) 6.7 (2.0) 7.2 (2.3) 6.9 (2.1) .56
UNCSA (4 cm proximal) (mm2) 5.6 (1.1) 5.7(1.0) 6.0 (1.3) .43
UNCSA (1 cm proximal) (mm2) 7.4 (1.8) 9.4 (2.8)*,y 7.7 (1.4) <.001
UNCSA (5 cm distal) (mm2) 4.3 (0.9) 4.2 (0.8) 4.2 (0.9) .78
PREE Pain 1.6 (5.3) 2.2 (5.1) 1.0 (4.2) .33
PREE Function 0.3 (1.8) 0.2 (0.6) 0.2 (0.9) .77
PREE Total 1.9 (6.6) 2.4 (5.5) 1.1 (5.0) .39

BMI, body mass index; PREE-J, Japanese version of the Patient-Rated Elbow Evaluation; UNCSA, cross sectional area of the ulnar nerve.
Mean values are shown with the standard deviation in parentheses.
Statistically significant: P < .05.

*Significantly different (P < .001) from the values in the type N group.
ySignificantly different (P < .001) from the values in the type D group.
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the pinkie finger, or ulnar half of the ring finger during elbow
flexion. The proportion with UNI at the cubital tunnel level was
42.2% (27.8% subluxation, 15.4% dislocation) among 306 elbows of
volunteers who were not receiving upper limb treatment in a
medical facility. The UNCSA at 1 cm proximal to theME in the type S
(subluxation) group on both the dominant and non-dominant sides
was increased significantly the most among type N (no instability)
and type D (dislocation). No significant difference was found be-
tween the dominant and nondominant hands in the prevalence of
UNI. UNI does not appear to be associated with elbow symptoms in
the general population.
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