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Abstract 

Introduction  Ulnar mononeuropathy at the elbow is the second most frequent neuropathy in humans. Diagnosis is 
based on clinical and electrophysiological criteria and, more recently, also on ultrasound. Cross-sectional ultrasound is 
currently the most valued, although longitudinal ultrasound allows assessment of the entire affected trajectory of the 
nerve in a single view, but always in a straight line with no changes in direction, as in the extended elbow. The main 
aim of this work is to propose normative values ​​for longitudinal ultrasound of the ulnar nerve at the elbow.

Methods  The neurological exploration of upper extremity, and electrophysiological and ultrasound parameters at 
the elbow of ulnar nerve were evaluated in 76 limbs from 38 asymptomatic subjects.

Results  The diameters of the nerve as well as the distal and proximal areas were larger at the proximal region of the 
ulnar groove, and even more so in older individuals. In most of these elderly subjects, we found a small, non-signifi‑
cant slowdown in motor conduction velocity at the elbow with respect to the forearm (less than 5 m/s).

Conclusions  We observed a good correlation between the longitudinal and cross-sectional ultrasounds of the ulnar 
nerve at the elbow. Longitudinal ultrasound proved to be sensitive, reliable, simple and rapid, but its greatest con‑
tribution was allowing the visualization of the entire nerve trajectory in an integrated way, providing an image with 
good definition of the outline, proportions and intraneural characteristics of the nerve.

Keywords  Ulnar neuropathy at the elbow, Electrophysiology, Nerve conduction studies, Nerve entrapment, 
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Introduction
Ulnar neuropathy at the elbow (UNE) is the second most 
common neuropathy in humans. Diagnosis is made by 
clinical signs and symptoms, and is confirmed and char-
acterized by electrodiagnostic tests (EDX) [1].

Ultrasonography (US) is an emerging technique for 
the diagnosis of neuropathies that has proven to be quite 
useful [2–9]. The US has been incorporated as a comple-
mentary diagnostic procedure for UNE [10–19], espe-
cially the cases with confusing or inconclusive clinical 
findings and EDX [20–22]. It has been established that 
demographic characteristics such as height, body mass 
index, age, sex and dominance do not seem to have a 
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significant influence on diagnostic parameters of UNE, 
and we assume that they do not skew the determination 
of cut-off points for cross-sectional area (CSA) neural 
trajectories studied [23–27] except for children [28].

Relevant issues are the small differences in size between 
the normal and pathological nerves, as well as the dis-
crepancy between the theoretical resolution values and 
the values ​​obtained with a linear probe. All this may be 
corrected by establishing uniform demographic criteria.

The optimal place to determine the maximum US 
thickening in UNE is the segment of the nerve running 
through the ulnar groove (UG) (between the medial epi-
condyle (ME) of the humerus and olecranon), which is a 
path without any obstacle to neural growth. The maxi-
mum narrowing may be assessed at the distal segment 
running through the ulnar tunnel, defined by the pas-
sage between the 2 bellies of the flexor carpi ulnaris and 
Osborne’s ligament (roof ). Both signs can be visualized 
with a single longitudinal US evaluation, which may rep-
resent an illustrative, integrated, efficient and fast way to 
diagnose UNE. The main US diagnostic parameter is the 
CSA at the UG or retroepycondilar groove [2, 3, 12, 13, 
18, 20, 21, 29–31], with an established range or cut-off 
point of 8–10 mm2 [32–42]. However, only a few authors 
have included longitudinal evaluations [1, 34, 40, 43], but 
never in healthy or control individuals; furthermore these 
studies may generate controversy due to the poor defini-
tion of the images that do not allow a good discrimina-
tion of the rims.

We studied CSA reference values for the ulnar nerve 
(UN) as well as EDX, and most importantly longitudinal 
US evaluation, in a group of healthy subjects.

Methods
Participants
We studied 76 arms from 38 asymptomatic volunteers 
with normal EDX parameters. Written informed consent 
was obtained from all subjects. The study was approved 
by the institutional ethics committee. Two age groups 
were formed as a median split: over and under 40 years 
old. Individuals with symptoms and signs of UNE, a med-
ical history related to neuropathy or any disease of the 
peripheral nervous system, as well as those with abnor-
mal findings on EDX were excluded from the study.

EDX
Nerve conduction studies (NCS) were performed in all 
subjects by an expert neurophysiologist following the 
recommendations of the American Association of Elec-
trodiagnostic Medicine and the International Federation 
of Clinical Neurophysiology [1, 20]. A Nihon-Kodden 
electromyograph (NihonKohden, Tokyo, Japan, 2010) 
was used for measurements. The examiners performed 

radial, median and ulnar motor NCS, the latter with stim-
ulation at three points, wrist, below elbow (volar crease) 
and above elbow. The ME was used as a reference: 3 cm 
distal and 7 cm proximal to the ME (10 cm between the 2 
stimulation points). The recording electrodes were placed 
at the abductor digiti minimi and first dorsal interosseous 
muscles. Orthodromic distal sensory nerve action poten-
tial (SNAP) were performed and measured at median and 
ulnar nerves. Motor conduction velocity (MCV), sensory 
conduction velocity (SCV), and amplitude of the com-
pound motor action potential were assessed.

Ultrasonography
The US evaluation was performed by an expert sonogra-
pher. A linear probe with frequencies of 10–18 MHz (Tel-
emed Inc., Lithuania, 2017) was used. The cross-sectional 
evaluation of distal and proximal CSAs was obtained at 
the UG. Longitudinal evaluation of the antero-superior 
diameters (ASD) (Fig.  1), or what is the same the axis, 
was performed by placing the central point of the probe 
at the ME, allowing assessment of the nerve course from 
2 cm distal to 2 cm proximal to the ME, and identifying 
the different anatomical landmarks such as the medial 
humerus, the triceps brachii and the exit of the UG and 
ulnar tunnel. Subjects were studied in supine position 
and the examined limb was placed in extension and pas-
sive supination with a cylindrical structure under the 
mid-proximal third of the arm (Fig.  2), corrected by 
another distal support if there was hyperextension of the 
elbow. Both the CSA and the ASD were measured within 

Fig. 1  Top: position of the arm for the longitudinal ultrasound 
examination. Bottom: normal ultrasound of the UN at the elbow in 
the longitudinal evaluation; white lines indicate ASD, distal (right) and 
proximal (left)
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the thickness of the epineurium. We analyzed CSA and 
ASD in the UG at the 2 locations mentioned above to the 
ME, distal (d) or minor axis, and proximal (p) or maior 
axis: dCSA, pCSA, dASD and pASD, respectively, the dif-
ference between both points, the neural echostructure 
and the morphology of the epineurium.

Statistical analysis
Statistical analysis was performed using SPSS 11.5 (IBM, 
SPSS Inc, 2003, Chicago, IL, USA). The distribution of 
the variables studied was analyzed by the Kolmogo-
rov–Smirnov test. Normally distributed variables were 
compared by the Student’s t-test whereas non-normally 
distributed variables were compared by the Mann-Whit-
ney U test. Continuous variables were expressed as a 
mean ± standard deviation. Correlations between varia-
bles were analyzed using Pearson’s correlation coefficient, 

followed by chi-square or Fisher’s exact tests, as appro-
priate. If applicable, a p value < 0,05 was considered sta-
tistically significant.

Results
The values ​​obtained from 76 upper limbs (38 right and 
38 left limbs) and 38 control subjects (28 women and 10 
men) were analyzed. The mean age (mean ± SD) was 46 
± 14 years (range 22–81). The 90% of the subjects were 
right-handed and all of them were caucasian.

All US variables were analyzed (Fig.  3, Table  1). The 
values ​​of both variables in the proximal region of the 
UG were significantly higher than those in the dis-
tal region (p < 0.04). When we compared the values ​​
by age group, the morphological values ​​studied by the 
ASD were higher in the younger age group, especially 
the pASD (p < 0.02) (Fig.  2); pCSA did not show any 

Fig. 2  Above, horizontal elbow position. Ultrasonographic evalution of ulnar groove. Left proximal segment, right distal segment

Below, transversal evaluations. Right, distal segment (ulnar tunnel); middle and left proximal segment (ulnar groove)
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significant difference between both groups (Table  1). 
No significant differences were found by sex, hand 
dominance, weight, height or any other demographic 
variable.

The EDX variables were obtained from all subjects. 
Similarly to the US variables, we found several param-
eters significantly varying with age. The older group 
showed lower values for SNAP, amplitude, SCV and 
MCV, ​​with high statistical significance (p < 0.003), but 
not for ASD (p < 0.6). No correlations were found for 
the other demographic variables.

Fig. 3  Correlation between antero-superior elbow diameter (longitudinal evaluation) and age. Top left: proximal location. Top right: distal location. 
Bottom: difference between diameters

Table 1  US parameters and age groups

ASD anterosuperior diameter, d distal, p proximal, ASD diff anterosuperior 
diameter difference, CSA cross-sectional area, mm, millimeters

US parameters Total subjets Age groups, means ± SD (CSA mm2, 
ASD mm)

18–40 year 40 year and 
above

P value

dASD 1.97 ± 0.20 2.0 ± 0.1 1.9 ± 0.2 0.04

pASD 2.14 ± 0.32 2.2 ± 0.4 2.0 ± 0.2 0.02

Dif ASD 0.10 ± 0.02 0.21 ± 0.35 0.14 ± 0.14 0.1

dCSA 7.00 ± 1.03 6.7 ± 0.9 7.1 ± 1.0 0.05

pCSA 7.85 ± 1.46 7.5 ± 1.5 8.0 ± 1.4 0.1
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Discussion
In this study we used US to assess the morphological 
parameters of the UN at the elbow in a control popula-
tion. Special attention was paid to the longitudinal view 
in order to determine normative values, especially for the 
ASD along the entire trajectory of the UG but CSA meas-
urement is probably more reliable for quantitative evalu-
ation. We also evaluated other US and EDX parameters 
by correlating them to demographic variables (sex, age, 
dominant side).

Regarding the US longitudinal view, we found a larger 
UN size in the most proximal region of the UG, as we 
compare the pASD (2.1  mm ± 0,3) with the dASD 
(1.9 mm ± 0.2). This observation is consistent with pre-
viously reported US findings, although they were based 
on cross-sectional evaluations [2, 3, 8, 10, 12, 13, 18, 21, 
29–31]. This suggests a slight anatomical narrowing in 
the most distal part of the UG, which is the path where 
the nerve crosses between the two attachments of the 
flexor carpi ulnaris muscle and the aponeurosis that 
they share in the upper part, the Osborne’s ligament. 
On the other hand, the most proximal segment of the 
nerve at the retroepicondylar groove is less narrow and 
is surrounded by a more distensible tissue, which allows 
greater morphological deformation and an US view more 
useful for diagnosis. Often nerve is thickened there also 
in asymptomatic subjects [44, 45], and this is other rea-
son for interest in our study, to define an anatomical cut-
off point to assess pathological deformity.

We have hardly found any studies that evaluate the 
UN in longitudinal plane [31, 34, 40, 43]. Yang et al. [31] 
studied 65 patients with UNE using US in a longitudinal 
view before surgery, later confirming the results by direct 
observation. As in our series, they found larger dimen-
sions for the UN at the proximal region of the UG, next 
to the ME, when compared to the distal region. This 
does not seem to be relevant from the anatomical point 
of view, because in UNE a proximal thickening of this 
segment of the UN constitutes a habitual characteristic 
sign, as is also described in the study by Beekman et al. 
[40]. In our study, UN size was only related to age. We 
found a slightly smaller UN size in individuals older than 
40 years, contrary to that reported by some authors [23, 
25, 26, 28]. In those studies, larger size was particularly 
patent in the elderly, perhaps due to a greater probability 
of presenting asymptomatic entrapment or accumulation 
of trauma caused by repetitive external compression. In 
our study, the ≥ 40-year-old group included few elderly 
subjects, which could partly explain the discrepancy 
between findings. However, there is no apparent reason 
why these nerves outside the entrapment sites should be 
larger in the elderly. The smaller UN size that we found 
in the older individuals is likely related to degenerative 

physiological processes such as neuronal and axonal loss 
and the corresponding reduction in neural volume.

The size of the nerves can also vary in relation to 
weight and height, which could bias the establishment 
of normative values​. This possible pitfall can be easily 
avoided by using ratios or differences between values ​​in 
the same subject at different points along the nerve path. 
We did not find the CSA-gender correlation reported by 
Won et al. [19]. However, in agreement with our results, 
other authors also failed to find such correlation. The US 
assessment of the nerve structure provides great sensitiv-
ity when examining entrapments, especially morphologi-
cal alterations of intraneural structure and dimensions of 
epineurium. The US has recently become a useful tech-
nique thanks to recent advancements that allow levels of 
discrimination even greater than 1 mm in surface images.

Therefore, US can be considered a rapid and highly 
sensitive method for detecting nerve entrapments. 
Under normal circumstances, the UN presents certain 
peculiarities with respect to some of the intraneural 
morphology parameters most commonly assessed, such 
as the fascicular pattern in the cross-sectional plane, 
or the fibrillar pattern in the longitudinal plane. Thus, 
in the UN at the elbow, only a few fascicles are visible 
in cross-section. This nerve is also highly hypoechoic 
and slightly larger than 1 mm2 at the retroepicondylar 
region compared to distal view of the nerve through the 
tunnel [36, 37, 39–42] which allows a greater elasticity 
and deformability in a segment where joint mobility is 
very important. The epineurium is more hyperechoic 
and slightly thickened, especially in its postero-inferior 
portion. All these signs can be seen in a single plane 
from the distal to proximal end in a longitudinal plane 
with the arm in passive extension. This allows a more 
complete evaluation of possible deformation, narrow-
ing or thickening of the nerve, as well as its intraneu-
ral content across this segment. The influence of elbow 
position on US measurements has been a matter for 
discussion. Thoirs et  al. [12] demonstrated that the 
elbow position of the patient affected the US measure-
ment of the UN diameter. We carried out our study 
with the arm in abduction (60°) and the elbow in pas-
sive extension (180º), since this arrangement causes 
minimal nerve deformation. Forced flexion (≥ 90°) due 
to certain anatomical factors, such as the relative fixa-
tion of the nerve to muscular and ligamentous struc-
tures at the distal region (both at the entry point and, 
especially, at the exit point), produces superficializa-
tion, elongation and possible compression of the nerve. 
In this regard, Padua et al. [46] demonstrated that pro-
longed flexion of the elbow induced nerve dysfunction 
as assessed by EDX, specifically a decrease in MCV; 
this is probably due to compressive or ischemic effects 
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on the nerve; similar findings were obtained by Lee 
et  al. [47]. In fact, the association between UNE and 
fixed flexion positions as an etiological factor is well 
known [23, 48]. Some US studies have even shown that 
flexion of the elbow deforms the nerve (narrowing it up 
to 11% of the CSA) and increases the pressure in the 
distal third of the UG up to 200 mm Hg [49, 50]. This 
deformity is associated with backward displacement 
of the olecranon and increased secondary pressure 
from the humero-ulnar aponeurotic arch. In our study, 
placing the limb in extension and passive supination 
allowed for a relaxed and superficial exposure result-
ing in absence of nerve deformation and dysfunction, 
as well as good resolution when evaluating the nerve in 
the UG.

It is uncertain that the UN might also be lax on full 
elbow extension, making longitudinal view more dif-
ficult and less reliable, on the contrary, this position is 
more anatomical and allows a more normal disposition 
of the nerve than when the joint is flexed because the 
nerve is tractioned and relatively deformed even caus-
ing nerve dysfunction [47–52]. In addition, in the exten-
sion position, the length of the nerve is better estimated, 
which eliminates artefactual assessments of the VCM at 
the elbow. The EDX was performed in the same position 
to standardize the results and for the above mentioned 
physiological reasons.

Most of the studies dealing with the characteriza-
tion of the UN (as well as many other nerves) with US 
at the elbow, employ cross-sectional planes, particularly 
when measuring CSA. In recent years, several studies 
have been published aimed at determining the CSA cut-
off point for the diagnosis of UNE [2, 3, 8, 10–13, 18, 21, 
29–31, 35, 37–42]. The most consensual value is 9 mm2, 
with a sensitivity and specificity somewhat higher than 
88%, although it has also been suggested that it may be 
closer to 8 mm2. Another way to determine the CSA, as 
proposed by Bayrak et  al. [50], is to compare the distal 
and proximal ME areas in the UG, which results in a ratio 
greater than 1.5. In fact, these same authors found 100% 
sensitivity with a cut-off point for the area set at 8.3 mm2 
for the ME. In addition, they proposed that the level of 
nerve injury could be determined by evaluating the CSA 
using a 12 MHz transducer probe, establishing a limit of 
11.2 mm 2 for mild injuries, 15.8 mm2 for moderate and 
18.3 mm2 for severe neuropathies, with a sensitivity of 
88%. This method has been open to criticism for being 
so precise and so narrow in scope. We found a great vari-
ability in the morphology of the pathological UN. This 
is probably due to the absence of tissues that limit the 
thickening that surrounds the nerve throughout most of 
the retroepicondylar segment; in fact, the longitudinal 
evaluation is particularly illustrative of this phenomenon.

Conclusion
We demonstrate that longitudinal US evaluation of the 
UN at the elbow offers good morphological resolution, 
is easy and rapid to perform, as well as a wide and com-
plete view of the UN at the principal UG segment and the 
usual and varied signs in a single evaluation. We believe 
that the longitudinal US evaluation of the UN at the 
elbow should be incorporated, but follow-up studies in 
UNE are needed to determine the real diagnostic value of 
US and its different manifestations.

Abbreviations
UNE	� Ulnar neuropathy at elbow
EDX	� Electrodiagnostic tests
US	� Ultrasonography
CSA	� Cross sectional area
UG	� Ulnar groove
ME	� Medial epycondile
UN	� Ulnar nerve
NCS	� Nerve conduction studies
SNAP	� Sensory nerve action potential
SCV	� Sensory conduction velocity
MCV	� Motor conduction velocity
ASD	� Antero-superior diameters
d	� Distal
p	� Proximal

Acknowledgements
The authors thank Alexandra Salewski MSc. for English review of the 
manuscript.

Author contributions
The responsible author (JMP-F) certifies that coauthor has participated and 
agrees with the contents of the manuscript.

Funding
Non-financial interests that are directly or indirectly related to this work 
submitted for publication.

Availability of data and materials
Not applicable.

Decalarations

Ethics approval and consent to participate
We confirm that we have read the Journal’s position on Ethics approval and 
consent to participate and we affirm that this report is consistent with those 
guidelines.

Consent for publication
Written informed consent was obtained from all subjects.

Competing interests
The authors declare that they have no competing interests.

Received: 25 August 2022   Accepted: 3 January 2023

References
	1.	 American Academy of Neurology. American Academy of Physical Medi‑

cine, & Rehabilitation. (1999). Practice parameter for electrodiagnostic 



Page 7 of 8Pardal‑Fernández et al. Neurological Research and Practice             (2023) 5:4 	

studies in ulnar neuropathy at the elbow: summary statement. Muscle 
and Nerve, 22, 408–411.

	2.	 Bae, D. W., & An, J. Y. (2021). Cross-sectional area reference value for 
high-resolution ultrasonography of the upper extremity nerves in healthy 
asian adults. Medicine, 100, 18.

	3.	 Seok, J. I., Lee, S. B., & Bae, C. B. (2015). Ultrasonographic findings of the 
normal nerves in common entrapment site: Cross- sectional area refer‑
ence value and normal variant. Journal of the Korean Neurological Associa-
tion, 33, 8–12.

	4.	 Cartwright, M. S., Passmore, L. V., Yoon, J. S., Brown, M. E., Caress, J. B., & 
Walker, F. O. (2008). Cross-sectional area reference values ​​for nerve ultra‑
sonography. Muscle and Nerve, 37, 566–571.

	5.	 Padua, L., Hobson-Webb, L. D., & Martinoli, C. (2010). Nerve conduction 
and ultrasound: Will the wedding give birth to new morpho-functional 
measures? Clinical Neurophysiology, 121, 130–131.

	6.	 Padua, L., Aprile, I., Pazzaglia, C., Frasca, G., Caliandro, P., Tonali, P., et al. 
(2007). Contribution of ultrasound in a neurophysiological lab in diag‑
nosing nerve impairment: A one-year systematic assessment. Clinical 
Neurophysiology, 118, 1410–1416.

	7.	 Won, S. J., Kim, B. J., Park, K. S., et al. (2013). Reference values ​​for nerve 
ultrasonography in the upper extremity. Muscle and Nerve, 47, 864–871.

	8.	 Niu, J., Li, Y., Zhang, L., et al. (2020). Cross-sectional area reference values ​​
for sonography of nerves in the upper extremities. Muscle and Nerve, 61, 
338–346.

	9.	 Sugimoto, T., Ochi, K., Hosomi, N., et al. (2013). Ultrasonographic refer‑
ence sizes of the median and ulnar nerves and the cervical nerve 
roots in healthy japanese adults. Ultrasound In Medicine and Biology, 39, 
1560–1570.

	10.	 Yoon, J. S., Walker, F. O., & Cartwright, M. S. (2010). Ulnar neuropathy with 
normal electrodiagnosis and abnormal nerve ultrasound. Archives of 
Physical Medicine and Rehabilitation, 91, 318–320.

	11.	 Mondelli, M., Filippou, G., Frediani, B., & Aretini, A. (2008). Ultrasonography 
in ulnar neuropathy at the elbow: Relationships to clinical and electro‑
physiological findings. Neurophysiologie Clinique, 38(4), 217e226.

	12.	 Thoirs, K., Williams, M. A., & Phillips, M. (2008). Ultrasonographic measure‑
ments of the ulnar nerve at the elbow: Role of confounders. Journal of 
Ultrasound in Medicine, 27, 737–743.

	13.	 Yoon, J. S., Kim, B. J., Kim, S. J., Kim, J. M., Sim, K. H., Hong, S. J., et al. (2007). 
Ultrasonographic measurements in ulnar tunnel syndrome. Muscle and 
Nerve, 36, 853–855.

	14.	 Limbekar, N. S., Soong, M. C., Vytopil, M. M., Blanchet, D. T., Paci, G. M., & 
Ho, D. T. (2021). High-resolution ultrasound in the diagnosis and surgi‑
cal management of ulnar neuropathy at the elbow. Orthopedics, 44(5), 
285–288.

	15.	 Omejec, G., & Podnar, S. (2015). Precise localization of the ulnar neuropa‑
thy at the elbow. Clinical Neurophysiology, 126, 2390–2396.

	16.	 Shinohara, I., Inui, A., Mifune, Y., Nishimoto, H., Yamaura, K., Mukohara, S., 
Yoshikawa, T., Kato, T., Furukawa, T., Hoshino, Y., Matsushita, T., & Kuroda, 
R. (2022). Diagnosis of cubital tunnel syndrome using deep learning on 
ultrasonographic images. Diagnostics (Basel), 12(3), 632.

	17.	 Shook, S. J., Ginsberg, M., Narayanaswami, P., Beekman, R., Dubin, A. 
H., Katirji, B., Swaminathan, B., Werner, R. A., & Cartwright, M. S. (2022). 
Evidence-based guideline: Neuromuscular ultrasound for the diagnosis 
of ulnar neuropathy at the elbow. Muscle and Nerve, 65(2), 147–153.

	18.	 Podnar, S. (2022). Length of affected nerve segment in ulnar neuropa‑
thies at the elbow. Clinical Neurophysiology, 133, 104–110.

	19.	 Won, S. J., Yoon, J. S., Kim, J. Y., Kim, S. J., & Jeong, J. S. (2011). Avoiding 
false-negative nerve conduction study in ulnar neuropathy at the elbow. 
Muscle and Nerve, 44, 583–586.

	20.	 Volpe, A., Rossato, G., Bottanelli, M., Marchetta, A., Caramaschi, P., Bambara, 
L. M., et al. (2009). Ultrasound evaluation of ulnar neuropathy at the 
elbow: Correlation with electrophysiological studies. Rheumatology 
(Oxford), 48, 1098–1110.

	21.	 Podnar, S. (2021). Patterns and parameters describing nerve thickening in 
compression and entrapment ulnar neuropathies at the elbow. Clinical 
Neurophysiology, 132(2), 530–535.

	22.	 Elias, J. Jr., Nogueira-Barbosa, M. H., Feltrin, L. T., Furini, R. B., Foss, N. T., 
Marques, W. Jr., et al. (2009). Role of ulnar nerve sonography in leprosy 
neuropathy with electrophysiologic correlation. Journal of Ultrasound in 
Medicine, 28, 1201–1209.

	23.	 Bartels, R. H., & Verbeek, A. L. (2007). Risk factors for ulnar nerve compres‑
sion at the elbow: A case control study. Acta Neurochirurgica (Wien), 149, 
669–674.

	24.	 Latinovic, R., Gulliford, M. C., & Hughes, R. A. (2006). Incidence of common 
compressive neuropathies in primary care. Journal of Neurology, Neurosur-
gery and Psychiatry, 77, 263–265.

	25.	 Landau, M. E., Barner, K. C., & Campbell, W. W. (2005). Effect of body mass 
index on ulnar nerve conduction velocity, ulnar neuropathy at the elbow, 
and carpal tunnel syndrome. Muscle and Nerve, 32, 360–363.

	26.	 Contreras, M. G., Warner, M. A., Charboneau, W. J., & Cahill, D. R. (1998). 
Anatomy of the ulnar nerve at the elbow: Potential relationship of acute 
ulnar neuropathy to gender differences. Clinical Anatomy, 11, 372–378.

	27.	 Cartwright, M. S., Shin, H. W., Passmore, L. V., & Walker, F. O. (2007). 
Ultrasonographic findings of the normal ulnar nerve in adults. Archives of 
Physical Medicine and Rehabilitation, 88, 394–396.

	28.	 Druzhinin, D., Naumova, Е., & Nikitin, S. (2019). Nerve ultrasound normal 
values in children and young adults. Muscle and Nerve, 60(6), 757–761.

	29.	 Terayama, Y., Uchiyama, S., Ueda, K., et al. (2018). Optimal measurement 
level and ulnar nerve cross-sectional area cutoff threshold for identifying 
ulnar neuropathy at the elbow by MRI and ultrasonography. The Journal 
of Hand Surgery, 43, 529–536.

	30.	 Bathala, L., Kumar, P., Kumar, K., et al. (2013). Ultrasonographic cross-sec‑
tional area normal values ​​of the ulnar nerve along its course in the arm 
with electrophysiological correlations in 100 asian subjects. Muscle and 
Nerve, 47, 673–676.

	31.	 Yang, M., Wang, J., Yang, X., Zhong, W., Ma, Q., Li, S., & Zhang, W. (2017). 
Use of high-resolution ultrasonography in anterior subcutaneous trans‑
position of the ulnar nerve for ulnar tunnel syndrome. Acta Neurochirur-
gica Supplement, 124, 277–281.

	32.	 Gruber, H., Glodny, B., & Peer, S. (2010). The validity of ultrasonographic 
assessment in ulnar tunnel syndrome: The value of a ulnar-to-humeral 
nervea rea ratio (CHR) combined with morphologic features. Ultrasound 
in Medicine and Biology, 36(3), 376e382.

	33.	 Ozturk, E., Sonmez, G., Colak, A., Sildiroglu, H. O., Mutlu, H., Senol, M. G., 
et al. (2008). Sonographic appearances of the normal ulnar nerve in the 
ulnar tunnel. Journal of Clinical Ultrasound, 36, 325–329.

	34.	 Okamoto, M., Abe, M., Shirai, H., & Ueda, N. (2000). Morphology and 
dynamics of the ulnar nerve in the ulnar tunnel: Observation by ultra‑
sonography. Journal of Hand Surgery: British, 25(1), 85–89.

	35.	 Yoon, J. S., Walker, F. O., & Cartwright, M. S. (2008). Ultrasonographic swell‑
ing ratio in the diagnosis of ulnar neuropathy at the elbow. Muscle and 
Nerve, 38(4), 1231e1235.

	36.	 Padua, L., Coraci, D., Erra, C., Pazzaglia, C., Paolasso, I., Loreti, C., Caliandro, 
P., & Hobson-Webb, L. D. (2016). Carpal tunnel syndrome: Clinical features, 
diagnosis and management. Lancet Neurology, 15, 1273–1284.

	37.	 Chen, I. J., Chang, K. V., Wu, W. T., & Özçakar, L. (2019). Ultrasound parame‑
ters other than the direct measurement of ulnar nerve size for diagnosing 
cubital tunnel syndrome: A systemic review and meta-analysis. Archives of 
Physical Medicine and Rehabilitation, 100(6), 1114–1130.

	38.	 Zhong, W., Zhang, W., Zheng, X., Li, S., & Shi, J. (2012). The high-resolution 
ultrasonography and electrophysiological studies in nerve decompres‑
sion for ulnar nerve entrapment at the elbow. Journal of Reconstructive 
Microsurgery, 28(5), 345e348.

	39.	 Bathala, L., Kumar, K., Pathapati, R., Jain, S., & Visser, L. H. (2012). Ulnar 
neuropathy in Hansen’s disease: Clinical, high resolution ultrasound and 
electrophysiologic correlations. Journal of Clinical Neurophysiology, 29, 
190–193.

	40.	 Beekman, R., Schoemaker, M. C., Van Der Plas, J. P., Van Den Berg, L. H., 
Franssen, H., Wokke, J. H., et al. (2004). Diagnostic value of high-resolution 
sonography in ulnar neuropathy at the elbow. Neurology, 62, 767–773.

	41.	 Beekman, R., Visser, L. H., & Verhagen, W. I. (2011). Ultrasonography in 
ulnar neuropathy at the elbow: A critical review. Muscle and Nerve, 43, 
627–635.

	42.	 Kim, J. H., Won, S. J., Rhee, W. I., et al. (2015). Diagnostic cutoff value for 
ultrasonography in the ulnar neuropathy at the elbow. Annals of Rehabili-
tation Medicine, 39, 170–175.

	43.	 Omejec, G., & Podnar, S. (2016). What causes ulnar neuropathy at the 
elbow? Clinical Neurophysiology, 127, 919–924.

	44.	 Neary, D., Ochoa, J., & Gilliatt, R. W. (1975). Sub-clinical entrapment neu‑
ropathy in man. Journal of the Neurological Sciences, 24, 283–298.



Page 8 of 8Pardal‑Fernández et al. Neurological Research and Practice             (2023) 5:4 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	45.	 Okamoto, M., Abe, M., Shirai, H., & Ueda, N. (2000). Morphology and 
dynamics of the ulnar nerve in the cubital tunnel. Observation by ultra‑
sonography. The Journal of Hand Surgery: British & European, 25(1), 85–89.

	46.	 Padua, L., Coraci, D., Erra, C., Doneddu, P. E., Granata, G., & Rossini, P. M. 
(2016). Prolonged phone-call posture causes changes of ulnar motor 
nerve conduction across elbow. Clinical Neurophysiology, 127, 2728–2732.

	47.	 Lee, G. J., & Park (2020). Ultrasonographic findings of the ulnar nerve 
following elbow flexion in patients with cubital tunnel syndrome. Pain 
Medicine, 21(11), 2684–2691.

	48.	 Andersen, J. H., Frost, P., Fuglsang-Frederiksen, A., Johnson, B., & WulffS‑
vendsen, S. (2012). Computer use and ulnar neuropathy: results from a 
case-referent study. Work (Reading, MA), 41(Suppl. 1), 2434–2437.

	49.	 Richardson, J. K., & Jamieson, S. C. (2004). Cigarette smoking and ulnar 
mononeuropathy at the elbow. American Journal of Physical Medicine and 
Rehabilitation, 83, 730–734.

	50.	 Millesi, H., Zoch, G., & Rath, T. (1990). The gliding apparatus of peripheral 
nerve and its clinical significance. Annales de Chirurgie de la Main et du 
Membre Superieur, 9, 87–97.

	51.	 Wright, T. W., GlowczewskieJr, F., Cowin, D., & Wheeler, D. L. (2001). Ulnar 
nerve excursion and strain at the elbow and wrist associated with upper 
extremity motion. The Journal of Hand Surgery, 26, 655–662.

	52.	 Bayrak, A. O., Bayrak, I. K., Turker, H., Elmali, M., & Nural, M. S. (2010). Ultra‑
sonography in patients with ulnar neuropathy at the elbow: Comparison 
of cross-sectional area and swelling ratio with electrophysiological sever‑
ity. Muscle and Nerve, 41(5), 661e666.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


