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ABSTRACT
The lack of meticulous knowledge concerning the topographical anatomy of the deep branch of the
ulnar nerve (DUN) may pose difficulties, leading to a delay or a misdiagnosis of a DUN injury.
Identification of the DUN is quite difficult without precise anatomical landmarks as reference points. The
current study investigates the topography of the DUN between genders, taking as a reference point a
well-known landmark, the Kaplan line, used in hand surgery for carpal tunnel release. Twenty-two (15
males and 7 female) fresh frozen adult cadaveric hands were dissected by using magnifying loupes (3.5
and 5.0 x). We marked values proximal to the Kaplan line as positive (þ), while we marked distal ones as
negative (-). The mean distance DUN–Kaplan line was 1.69 ± 4.45mm. In male hands, the mean distance
was 4.17±1.88mm, distal to the Kaplan line, while in females, the mean distance was �4.92 ± 0.69mm
proximal to the Kaplan line. Gender dimorphism was detected, with higher statistically significant values
in male hands (p¼ 0.001). Cadaveric studies of the DUN topography, course, and distribution pattern are
uncommon. The current study provides an accurate description of the DUN topography, taking the
Kaplan line as a reference point, emphasizing gender differences. The DUN is located distally in males
and proximally in females. Knowledge of these predictable anatomical relations may help hand surgeons
intraoperatively when dealing with a DUN lesion, because of hand trauma or during the decompression
of the DUN.
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Introduction

Several authors agree with the statement that the anatomy of the
deep branch of the ulnar nerve (DUN) is complex and often little
known; even hand surgeons often find it difficult to understand
its three-dimensional arborization pattern [1,2]. This branch runs
in a space between the flexor digitorum profundus (FDP) tendons
and the interosseous muscles in the hand, an area that a micro-
surgeon rarely sees in clinical practice, except for hand trauma or
rare elective pathologies [3–8]. Besides this, although the anatomy
of this branch can also be found in the more common hand sur-
gery atlas, its arborization patterns were unclear until a few years
ago [1–2]. This poor anatomical knowledge in clinical practice can
lead to a delay in diagnosis or misdiagnosis of the DUN lesion.
Several noxae, such as cysts, penetrating trauma, displaced frac-
tures, flexor injuries in zone III, can be associated with a DUN
injury [3–8]. Surgeons often relate loss of fine hand movement
and pinching and grasping force to the trauma itself, to a reduc-
tion in flexor tendon function, or poor rehabilitation of the
patient following trauma rather than injury to the DUN or its ter-
minal branches [9]. Atkins first and Gil later clarified the anatomy
with radiographic landmarks [1,2]. However, no data exists con-
cerning the nerve identification in relation to a precise anatomical

landmarks, as well as possible gender variability in DUN position
and course. Aim of this study is to define the position of the arc
of the DUN relative to a clear and well-known reference point on
the surface of the hand, the Kaplan line, a well-known landmark
in hand surgery for carpal tunnel release [10].

Materials and methods

22 (15 males and 7 female) fresh frozen adult cadaveric hands
were dissected. Investigators used the following procedure to
expose the DUN: removal of the skin and palmar fascia to expose
the underlying plane of the flexor tendons; the opening of the
carpal canal and careful reflection of the median nerve and super-
ficial and deep flexor tendons; detection of ulnar nerve branches
and opening of Guyon’s canal; dissection of the DUN through its
muscular canal in the hypothenar eminence; gentle dissection,
with 3x and 5x magnification, of the DUN in the deep interosse-
ous plane (Figure 1).

Photographic documentation was captured through a digital
camera (Nikon D90, 12,3 Megapixel). Subsequently, the measure-
ments were made after a perspective correction and a calibration
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on one frame. For this, the authors used a feature from Adobe
Photoshop CC 2019.

The program allows correcting the perspective deformation of
the image to get the corresponding ideal rectangular shape.
Subsequently, the images were scaled to get a 1 to 1 scale image
in which it is possible to make measurements directly on the
image. Next, the Kaplan line was added with Adobe Photoshop
and the distance between it and the DUN was measured.
Measurements were got by taking the distance from the top of
the convexity of the DUN to the Kaplan line. We took as a refer-
ence point of the apex of the convexity the point where the arc

of the DUN crosses the axis that goes from the midpoint of the
interstyloid line to the apex of the third finger. In cases of an arch
created proximal to the Kaplan line, negative values (-) were cal-
culated, while in cases of an arch distal to the Kaplan line positive
values (þ) were considered (Figure 2).

Statistical analysis

We performed the statistical evaluation using the SPSS Statistics
version 21 (IBM; Armonk, New York). All descriptive variables were
expressed as mean± SD. Fisher’s exact test was performed in
cases of categorical variables with less than 5 observations.
Distributions’ normality was checked using Shapiro-Wilk test (sam-
ple � 50) and p-value was calculated. In cases of no normal distri-
butions, instead of mean values, percentiles were used (taking
into consideration the 95% confidence interval for mean with the
upper and lower bound). To examine gender impact, i.e. the asso-
ciation of the DUN location to the Kaplan line (-proximal/þdistal)
for the gender, the distributions of male and female cadaveric
hands were checked for normality, and in cases of normal distri-
bution parametric tests were used (Independent Samples T test).
Otherwise, gender impact was detected via non-parametric tests
(Mann-Whitney U test).

Results

The mean distance ‘DUN–Kaplan line’ was 1.69 ± 4.45mm (min
�5.70, max 6.90, range 12.60). The distribution did not follow the
normality, thus instead of mean value, the 25–75 percentiles were
used (�4.10–4.72mm). In male hands, the mean distance was
4.17 ± 1.88mm distal to the Kaplan line (min 2.10, max 6.90, range
9.00) and in female ones, the mean distance was �4.92 ± 0.69mm
proximal to the Kaplan line (min �5.70, max �4.10, range 1.60).
The distributions were normal for the female hands (p¼ 0.258)
and not normal for male hands (p¼ 0.04). We found gender
dimorphism, with higher statistically significant values in
males (p¼ 0.001).

Figure 1. Distribution pattern of the deep branch of ulnar nerve in the fibrous
tunnel formed between the hook of the hamate and the pisiform (Guyon’s
canal), in a right-sided male cadaveric hand.

Figure 2. The reference point for the distance calculation in between ulnar nerve deep branch (DUN) and Kaplan line (red horizontal line) in female and male cadav-
eric hands. In females, the arc (in yellow) is located proximal (� values), while in males is located distal (þ values).
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Discussion

The deep branch of the ulnar nerve usually innervates the inter-
osseous muscles, the 3rd and 4th lumbrical muscles, the hypotenar
muscles and the adductor of the thumb; as a result, it contributes
to grip, grip strength, and fine hand movements.

While a plethora of articles refer to the study of the anatomy
of the Median Nerve and its variants, little data exists regarding
the anatomy of the DUN and its course and variants [11].

The space in which the deep branch of the ulnar nerve runs
between the deep flexors of the fingers and the interosseous
muscles has often been neglected. This space, however, can be
prone to several types of noxae, such as bone trauma and flexor
tendon injuries, which can lead to a DUN injury. Such injuries,
especially in complex hand trauma, may be undiagnosed and
attributed to other traumatic factors [3–8].

With the advancement of imaging and the rapid changes in
hand technology (including magnification), the knowledge of the
deep neural branching pattern of the hand increased, as well as
treatment modalities and hand surgeons’ expectations. However,
cadaveric studies, such as the current one, focusing on the ulnar
nerve branching pattern in the hand, remain the gold standard in
educational anatomy.

In 2009, Atkins et al. clarified the three-dimensional anatomy
of the motor branch of the ulnar nerve and its branches [1]. This
study illustrated the different branching patterns and the relation-
ships of these with the deep muscles and skeletal structures. Gil
et al., in 2016, emphasized the position of the DUN inside the
hand, taking the piso-scaphoid line, located very proximal to the
DUN, as the bone reference point [2]. In the study, the authors
found a variability in the location of the deep motor branch of
the ulnar nerve, however recognizing a BIAS in having chosen a
proximal reference point and therefore having obtained measure-
ments that are influenced by the size of the hand [2]. However, it
is appropriate to point out that there are no standards in the lit-
erature for measuring the size of a hand, and consequently is not
possible to make an adequate proportion. To clarify better the
position of the deep branch of the ulnar nerve at the palm level,
it appeared appropriate for the authors to identify a more distal
landmark in the palm. The Kaplan line was therefore chosen, a
well-known clinical landmark widely used in the hand and rela-
tively close to the DUN [10]. The Kaplan’s line was suitable for our
study, because we also needed to establish a landmark that cov-
ers the entire palm to locate the deep branch of the ulnar nerve
along its path.

Interestingly, significant gender differences occurred. The aver-
age distance was 1.69 ± 4.45mm e, associated with great variabil-
ity. In male hands, however, the DUN was always localized distal
to the Kaplan line with a mean value of 4.17 ± 1.88mm mm and
relatively low variability, while in female hands the DUN was
always localized proximal to the Kaplan line with a mean value
�4.92 ± 0.69mm and still a low variability.

Conclusions

Anatomical studies of the course and muscular branching of the
DUN are uncommon. This study provides a detailed description of
the location of the DUN reference Kaplan’s line. Knowledge of
these predictable anatomical relations can aid hand surgeons in
the intraoperative exploration for a lesion of the DUN that can
occur consequently of a hand trauma. Furthermore, this study has
shown that the DUN, in relation to the Kaplan Line, is located dis-
tally in men and proximally in women. These gender differences
are statistically significant and should be taken into consideration

in the operating theater. Further studies, if possible of three-
dimensional anatomy, may be necessary to better clarify the
knowledge on the anatomy of the deep branch of the
ulnar nerve.
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