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ABSTRACT
We aimed to determine the surface locations of the nerve fascicles that innervate the lumbricals and
interossei, re-examine the branching pattern of the deep branch of the ulnar nerve (dUN), and provide a
clear description of their course. Eleven fresh-frozen adult cadaver hands were investigated. Nerve fas-
cicles that innervate the lumbricals, interossei, and surface landmarks including the distal wrist crease and
2–5 proximal finger creases were marked by radio opaque fibers and subjected to X-ray. We analyzed the
images and set a quadrant-linked hand surface. Subsequently, we measured the lengths of both axes and
the coordinates of the branch locations in the quadrant. The surface locations of branches that innervated
the lumbricals and interossei were clearly quantified. The branches of dUN exhibited a 4-group distribu-
tion pattern. Novel methods for quantitatively locating the surface anatomy of these branches and dem-
onstration of a 4-group branching pattern of the dUN were established.

Abbreviations: DI1: first dorsal interosseus; DI2: second dorsal interosseus; DI3: third dorsal interosseus;
DI4: fourth dorsal interosseus; dUN: deep branch of the ulnar nerve; IMs: interosseous muscles; LMs:
lumbrical muscles; L1: first lumbrical; L2: second lumbrical; L3: third lumbrical; L4: fourth lumbrical; MN:
median nerve; NFs: nerve fascicles; PI1: first palmar interosseus; PI2: second palmar interosseus; PI3: third
palmar interosseus
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Introduction

The lumbrical muscles (LMs) and interosseous muscles (IMs) play
an essential role in normal hand function [1,2]. These not only
contribute to flexion and extension of metacarpophalangeal and
interphalangeal joints, respectively, but also maintain the balance
of finger movements [1] and broad sweeping movements of the
hand [3].

The first and second LMs are normally innervated by the
median nerve (MN), while the medial two LMs and all the interos-
sei are innervated by the deep branch of the ulnar nerve (dUN).
In recent decades, several studies have revealed detailed informa-
tion about the innervation of the LMs and IMs. Lauritzen and
Szabo [4] described that the first lumbrical (L1) is innervated by
the radial digit nerve to the index finger, whereas the second
lumbrical (L2) is innervated by the first common palmar digital
nerve to the index and middle fingers. In a study by Hur [5], the
third lumbrical (L3) was found to be innervated by both the MN
and dUN rather than by the dUN alone. Hughes [6] and Atkins [7]
depicted the branches of the dUN and the course of these
branches to the LMs and IMs. However, many surgeons still have
an ambiguous 3-dimensional view of the natural configuration of
the innervation of the LMs and IMs. As a result, lesions of these
nerve fascicles (NFs) are commonly missed during treatment of
palm injuries; in addition, iatrogenic injury to these NFs is likely to
occur during dissection of lipomas or ganglions.

Currently, distal nerve transfer is the best technique to minim-
ize time and distance to reinnervate the intrinsic muscles in cases

of high median or/and ulnar nerve injury. However, few articles
have described motor nerve transfer of LMs and IMs. Besides
detailed anatomical information, surface location of NFs that
innervate the LMs and IMs are other important factors that deter-
mine the precise surgical approach. Knowledge of the surface
anatomy of these branches will help surgeons to predict the
lesions of the branches during treatment of penetrating or sharp
injuries on the palm. However, to the best of our knowledge, no
studies have reported the surface location of the branches to the
LMs and IMs.

The purpose of this study was to (1) determine the surface
location of the NFs that innervate the LMs and IMs; (2) to re-
examine the pattern of distribution of the branches of dUN; and
(3) to delineate the origin, entrance, and course of these
branches. In this paper, we introduce new methods to quantify
the locations of the NFs, which are reproducible, accurate,
and visualized.

Materials and methods

Dissection

All protocols in this study were approved by the local ethics com-
mittee review board. Eleven fresh-frozen Chinese adult cadaver
hands were used to investigate the LMs and IMs. Of the 11 hands,
7 were left and 4 were right; 6 were male and 5 were female. The
mean age of the cadavers was 72 years (range 32–89 years). No
evidence of prior hand injury was observed in any of the
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cadavers. All hands were dissected carefully with the aid of a dis-
secting loop (magnification � 2.5).

There were two layers that required exposure, i.e. a layer
superficial to the LMs and a layer deep to the LMs. The skin was
incised and reflected distally. After removal of the subcutaneous
tissue, palmar aponeurosis, and the arteries, the NFs to the LMs
were observed. Then the MN, the tendons of flexor digitorum pro-
fundus and flexor digitorum superficialis were cut at the wrist and
reflected distally to expose the deep layer. From the origin of the
dUN, in the distal and radial direction, the proximal hypothenar
muscles were cut and the fat tissue, arteries and adductor pollicis
were removed to expose the trunk and branches of the dUN.
During dissection, some fascia around the NFs was kept intact to
prevent the displacement of fascicles.

Imaging

After completion of dissection of each layer, the NFs, distal wrist
crease and 2–5 proximal finger creases were marked by radio
opaque fibers (Weian, Xinxiang, China) which were composed of
polypropylene and barium sulfate (BaSO4). The fibers were cut to
lengths equal to those of the NFs and laid on the surfaces of the
corresponding NFs. The fibers are malleable (can be bent into any
shape) and radio opaque because of the presence of barium sul-
fate (Figure 1).

Each layer was X-rayed to obtain a standard anteroposterior
view. The wrist was placed in a neutral position, with slight
abduction of the thumb and adduction of the 2–5 fingers. All
images were uploaded to Picture Archiving and Communication
System (Future-med, Beijing, China) for measurement
and analysis.

Some surface landmarks were selected to link the surface and
the image. These landmarks were the bottom point of the first
web space (P), the ulnar border of the palm, the distal wrist
crease, and the proximal creases of fingers 2–5. The P is the tip of
the acute angle formed by the ulnar border of the thumb and
the radial border of the index finger. It also can be easily identi-
fied on the image (Figure 2(A)). Because of the thumb, the radial
border of the palm is poorly delineated; however, the point P is a
helpful reference to identify the radial border of the palm. The

ulnar border of the palm is exactly the same as shown in the
image. The distal wrist crease and the proximal crease of fingers
2–5 were marked and imaged. The distal wrist crease is the prox-
imal border of the palm, and the proximal crease of fingers 2–5
form the distal border of the palm (Figure 2(A)).

Based on the surface landmarks, a quadrant that covers the
whole palm was set in the Picture Archiving and Communication
System. First, a line (Y’) was drawn perpendicular to the distal
wrist crease, which extended from the distal wrist crease to the
middle point of the proximal middle finger crease. It should be
noted that the creases exhibit a slight curvature; however, a best
fitting straight line which approximates the corresponding crease
can be drawn to minimize bias. Then a line segment (Y) that is
equal and parallel to the Y’ and passes through the point P was
drawn. On the same image, a line (X’) was drawn perpendicular
to the Y, extending from the P to the ulnar border of the palm.
Finally, a line segment (X) that is equal and parallel to the X’ and
superimposed on the distal wrist crease was drawn. Based on the
X and Y, the quadrant was completed in which the X and Y were
referred to as the X-axis and Y-axis, respectively (Figure 2(B)). The
lengths of the X and Y were equal to the width and length of the
palm, respectively.

Measurements and records

All branches were identified with respect to their point of exit
from the main nerve and their point of entry into the muscles.
The lengths of the branches were measured with the aid of a
digital caliper. In the quadrant, the rectangular coordinates (X-
value, Y-value) of the origin and entrance of the branches were
measured. For the right hands, the X and the X-values were pre-
sented as absolute values. All the coordinate values were also
converted into percentages. The formulas used were: (X-value/
X� 100%; Y-value/Y� 100%).

Data were collected on a Microsoft Excel spreadsheet and
expressed as mean± standard deviation (SD). The percent values
of the coordinates were calculated based on the value of the X
and Y and analyzed statistically according to side and gender
using independent-sample t-test. A value of p� 0.05 was consid-
ered statistically significant.

Figure 1. (A) The photograph shows a specimen marked with radio opaque fibers over the nerve fascicles, distal wrist crease and proximal crease of fingers 2–5 (cov-
ered by skin). (B) The radiograph shows the marked specimen.
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Results

Surface locations

The average lengths of X and Y were 78.27 (SD 8.26) mm and
108.50 (SD7.08) mm, respectively, and no significant differences
were found between the left and right hands. Additionally, no sig-
nificant difference was observed between sexes. Table 1 presents
the average length of the branches and the coordinates of their
origin and entrance. The surface location and the skeletal relation
of each branch are illustrated in Figures 3–5.

Distribution of the dUN

dUN-originating branches were classified into four groups with
two variants of innervation. The branches from each group shared
a common origin, whereas each variant contained a branch that
was not associated with this origin. Table 2 and Figure 6 present
detailed information of the branching pattern of dUN.

Origin, entrance, and course of branches innervating the LMs
and IMs

In all the specimens, L1 and L2 were innervated by MN, and the
fourth lumbrical (L4) and all interossei were innervated by dUN. In
4 of 11 specimens, the L3 was innervated by MN and dUN. The
second common palmar digital nerve was the MN branch to the
L3 in case of L3 with dual innervation (Figure 7).

L1 was innervated by a branch that separated from the radial
digital nerve of the index finger, which traversed along the lateral
aspect of the L1. At the middle level of the first metacarpal, it
gave a single branch that entered the palmar radial aspect
(Figure 8).

L2 was innervated by a branch that separated from the first
common palmar digital nerve, which runs toward the cleft
between the index and middle fingers. The first common palmar
digital nerve traversed above the palmar radial aspect of the L2.
At a more distal level than the L1 branch, it gave a single branch
to the L2, traversed a longer distance than the L1 branch, and
entered the palmar radial aspect of the L2 (Figure 8).

In Group 1, the L4 branch traversed along the ulnar aspect of
the third palmar interosseus (PI3). At the proximal level of the
deep transverse metacarpal ligament, it divided into two
branches; a branch ran straight to supply the fifth metacarpopha-
langeal joint and the other traversed in the radial direction to
supply the L4. In one specimen, the fifth metacarpal was obvi-
ously short, and the hypothenar muscles exhibited remarkable
atrophy. Due to the variations, the location of the entrance of the
branch to the L4 was more proximal and ulnar than the others
(Figure 3, data pertaining to its entrance is excluded). The branch
to the PI3 accompanied the branch to the L4 for a short distance
and entered the palmar aspect of the PI3. After its exit from dUN,
the branch to the fourth dorsal interosseus (DI4) traveled deeply
to supply the DI4 (Figure 9).

In Group 2, the branch to the L3 exited the dUN and traveled
on the surface of the second palmar interosseus (PI2) until its
entry into the dorsal ulnar aspect of the L3. In the 4 specimens
that exhibited dual innervation, the second common palmar
digital nerve traveled over the L3 and produced another branch.
The coordinates of the entrances of the two branches to the L3
were exactly equal. The branch to the PI2 accompanied the
branch to the L3 for a short distance and entered the palmar
aspect of the PI2. After its exit from the dUN, the branch to the
third dorsal interosseus (DI3) traveled deeply along the radial side
of the PI3 to supply the DI4 (Figure 10).

In Group 3, the branch to the second dorsal interosseus (DI2)
traveled radially and distally until its entry into the palmar ulnar
aspect of the DI2. The branch to the first palmar interosseus (PI1)
traveled more radially than the DI2 branch. It passed across the
DI2 and entered the palmar ulnar aspect of the PI1. The branch
to the first dorsal interosseus (DI1) proceeded more radially than
the PI1 branch. It passed across the DI2 and PI1 and expanded
like an “umbrella” and entered the palmar ulnar aspect of the DI1
(Figure 11). In one case, the DI1 branch divided into two branches
at the radial side of the PI1, which supplied the DI1.

Discussion

Normal functioning of LMs and IMs is essential for a hand. In high
median or/and ulnar nerve lesions, nerve transfer procedure is a

Figure 2. (A) The radiograph shows the surface landmarks, including the bottom point of the first web space (yellow dot with P), the ulnar border of the palm (yel-
low arrows), the distal wrist crease, and proximal crease of fingers 2–5 depicted by radio opaque lines. (B) The radiograph shows the quadrant set on an image.
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good choice for recovering these functions. However, many sur-
geons still lack clarity on the natural configuration of the
branches that innervate LMs and IMs. Furthermore, no articles
have reported the surface anatomy of these branches.

To clearly depict the locations of NFs that innervate the lumbr-
icals and interossei, Gil et al. [8] established a fixed line as a land-
mark to measure the distances of the origins of the NFs.
However, their study provided little information about surface
locations and poorly quantified the locations. This study enabled
precise visualization of the surface location of the NFs by quanti-
fying their locations. Our methods significantly extend those of
Bugbee and Botte [9], who marked palmar skin creases with 25-
gauge wires to study the relationship between the palmar skin
crease and osseous anatomy. However, considerable inter-individ-
ual variability is observed with respect to hand size. To minimize
the bias, we converted all coordinate values into percentages
based on the lengths of both axes. No differences were observed
between sexes and left and right hands, indicating that our meth-
ods and results are applicable to healthy individuals.

In the literature, there is little consensus on the dUN branching
pattern. Although Linell [10] and Dykes and Terzis [11] could not
find evidence of a regular branching pattern of dUN, Homma and
Sakai [12] reported that dUN branches exhibit a regular

ramification pattern, which corroborate our results. We found that
dUN branches to the muscles and joints exhibited a 4-group pat-
tern. Groups 1 and 2 innervated the muscles in the fourth and
the third intermetacarpal space, respectively. Group 3 innervated
the muscles in the radial two intermetacarpal spaces. In addition,
our results extend their findings wherein the branches to the DI4
and DI3 were usually (10/11) and occasionally (3/11) associated
with Groups 1 and 2, respectively, indicating that the muscles
located in the same ulnar intermetacarpal space may be inner-
vated by branches having a shared origin, rather than distributed
innervation.

We confirmed previous findings [4,7] of the origin, entrance
and course of the branches that innervate LMs and IMs. We
observed dual innervation of L3 in 36.4% of cases (4/11). These
innervated L3s were innervated by MN and dUN. These findings
corroborate those by Hur [5] but differ from those by Colonna
[13]. Hur observed dual innervation of L3 in 64% of cases, while
Colonna found no dual innervation of L3. We found no other
types of dual innervation of L3, which differs from Hur’s results.
He reported another dual innervation type wherein the L3 was
innervated by MN, dUN, and superficial branch of the ulnar nerve,
which is attributable to the larger number of specimens. Colonna
[13] observed one case of dual innervation of L2, differing from

Table 1. Mean (SD) length of the branches and mean (SD) coordinates of the origin and entrance.

Length (mm) X-coordinate of origin (%) Y-coordinate of origin (%) X-coordinate of entrance (%) Y-coordinate of entrance (%)

Branch to L1 8.72 (SD 2.12) 29.81 (SD 4.10) 44.67 (SD 4.79) 31.42 (SD 6.61) 53.12 (SD 5.12)
Branch to L2 10.69 (SD 3.40) 39.24 (SD 2.93) 51.02 (SD 4.10) 42.28 (SD 3.49) 60.58 (SD 5.11)
Branch to L3 25.78 (SD 5.27) 58.45 (SD 2.57) 32.23 (SD 1.25) 59.27 (SD 3.17) 55.23 (SD 1.90)
Branch to L4 31.27 (SD 7.13) 63.64 (SD 1.01) 29.67 (SD 2.81) 75.89 (SD 3.33) 57.56 (SD 2.69)
Branch to PI1 13.05 (SD 3.11) 47.83 (SD 5.00) 34.89 (SD 2.25) 36.86 (SD 3.99) 42.99 (SD 3.25)
Branch to PI2 7.05 (SD 2.13) 58.45 (SD 2.57) 32.23 (SD 1.25) 58.89 (SD 2.82) 36.83 (SD 0.84)
Branch to PI3 9.97 (SD 3.75) 63.64 (SD 1.01) 29.67 (SD 2.81) 67.58 (SD 4.13) 37.71 (SD 2.44)
Branch to DI1 20.94 (SD 2.75) 47.83 (SD 5.00) 34.89 (SD 2.25) 19.39 (SD 4.26) 41.88 (SD 2.71)
Branch to DI2 12.28 (SD 2.55) 47.83 (SD 5.00) 34.89 (SD 2.25) 40.52 (SD 3.66) 44.41 (SD 1.73)
Branch to DI3 10.00 (SD 3.14) 55.86 (SD 4.17) 33.29 (SD 1.43) 52.38 (SD 3.42) 38.87 (SD 1.93)
Branch to DI4 9.70 (SD 4.94) 63.46 (SD 1.51) 31.60 (SD 3.50) 63.54 (SD 3.21) 34.15 (SD 2.27)

SD: standard deviation; L1: first lumbrical; L2: second lumbrical; L3: third lumbrical; L4: fourth lumbrical; PI1: first palmar interosseus; PI2: second palmar interosseus;
PI3: third palmar interosseus; DI1: first dorsal interosseus; DI2: second dorsal interosseus; DI3: third dorsal interosseus; DI4: fourth dorsal interosseus.

Figure 3. Locations of the origin (circular dots) and entrance (triangular dots) of the branches that innervate the lumbricals are marked on a radiograph (A) and
photograph (B). The quadrants and coordinates are expressed as percentage. Red, green, cyan, and blue indicate the branches to the first, second, third, and fourth
lumbricals, respectively.
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Figure 4. Locations of the origin (circular dot) and entrance (triangular dot) of the branches that innervate the palmar interossei are marked on a radiograph (A) and
photograph (B). The quadrants and coordinates are expressed as percentage. Blue, green, and red indicate the branches to the first, second, and third palmar interos-
sei, respectively.

Figure 5. Locations of the origin (circular dot) and entrance (triangular dot) of the branches that innervate the dorsal interossei are marked on a radiograph (A) and
photograph (B). The quadrants and coordinates are expressed as percentage. Blue, cyan, green, and red indicate the branches to the first, second, third, and fourth
dorsal interossei, respectively. Blue-and-cyan circular dots indicate the shared origin of the branches to the first and second interossei.

Table 2. Branching pattern of the deep branch of the ulnar nerve.

Group Containing branch/branches innervating to

Group 0 Hypothenar muscles
Group 1 Fourth lumbrical, fourth dorsal interosseus, third palmar interosseus and fifth metacarpophalangeal joint
Ex-Group 1a Fourth dorsal interosseus
Group 2 Third lumbrical, third dorsal interosseus, second palmar interosseus and fourth metacarpophalangeal joint
Ex-Group 2b Third dorsal interosseus
Group 3c Second and first interosseus, first palmar interosseus, and two heads of the adductor pollicis
aIn 1 of the 11 specimens, the branch to the fourth dorsal interosseus did not share the origin with Group 1 and there was a short distance
between the origins of the ex-Group 1 and Group 1.
bIn 8 of the 11 specimens, the branch to the third dorsal interosseus exhibited the same variant pattern as in ex-Group 1.
cIn 4 of the 11 specimens, the branch to the DI2 provided a twig to the third metacarpophalangeal joint.
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our results, which showed no dual innervation involving L1, L2,
and L4.

Locating the surface anatomy of a target tissue is helpful to
clinicians. Wong [14] located facial nerve in order to protect it
during parotidectomy. Dupre et al. [15] located supraclavicular
brachial plexus for blocking successfully and safely. Wilhelmi et al.
[16] used the palmar digital crease and proximal interphalangeal
crease to predict the location of the A1 pulley to facilitate minim-
ally invasive release of trigger finger. They [17] also reported that
the origin of the thenar branch of the MN can be located on the
hand surface with use of the longitudinal line of the third web
space and the horizontal cardinal line from the hamate hook to
the ulnar border of the thumb as surface landmarks.

Our methods may be applied in various specialities for further
studies. Orthopedic surgeons can use these methods to locate the
nerves of limbs for surgical safety and to predict fracture-associ-
ated nerve injury. Akinleye et al. [18] demonstrated the risk of iat-
rogenic injuries during percutaneous K-wire insertion for the fifth
metacarpal neck fractures, and the risky structure only included
tendons and dorsal cutaneous nerves. However, we deem that
the branch to the L4 is also at risk (Figure 3). Erhardt and
Futterman [19] reported variant innervation patterns of the long

Figure 6. (A) The diagram shows the 4-Group branching pattern of the deep
branch of the ulnar nerve. (B) The diagram shows the two variants of innerv-
ation, including the ex-Group 1 and ex-Group 2. MP: metacarpophalangeal;
THAP: transverse head of adductor pollicis; OHAP: oblique head of adductor polli-
cis; L3: third lumbrical; L4: fourth lumbrical; PI1: first palmar interosseus; PI2:
second palmar interosseus; PI3: third palmar interosseus; DI1: first dorsal interos-
seus; DI2: second dorsal interosseus; DI3: third dorsal interosseus; DI4: fourth dor-
sal interosseus.

Figure 7. The photograph shows that the second common palmar digital nerve
(black asterisk) which originates from the median nerve (MN) sends a branch to
innervate the dual innervated L3.

Figure 8. The photograph shows that the radial digital nerve of the index finger
sends a branch (yellow arrow) to innervate the first lumbrical (L1) and the first
common palmar digital nerve sends a branch (red arrow) to innervate the
second lumbrical (L2). MN: median nerve.
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head of the triceps brachii. Their findings to some extent are still
unfamiliar to orthopedic surgeons. Our methods may be further
refined to clarify the locations of these variant branches.
Furthermore, plastic surgeons can use the methods to design
new procedures for nerve transfer. Lee et al. [20] reported the
innervation pattern of muscles in the upper extremity to facilitate
reconstructive surgery and measured the locations of the NFs
using some bony landmarks. Our methods may help formulate
the surgical approach for novel nerve transfer procedures.
Electromyography examiners can use this method to locate
branches to small muscles or muscles with multiple heads for a
more precise diagnosis. Surface location knowledge of the
entrance of the NFs to the target muscles may facilitate precise
penetration of the probe.

Our results quantitatively visualized the locations of the
branches innervating LMs and IMs, suggestively solving the diag-
nosis puzzle in patients with isolated dysfunction of the lumbrical
or interosseus resulting from an injury to the palm region. In high
median or ulnar nerve lesions, reinnervation of the intrinsic
muscles is impossible because of the long distance over which
axons regenerate. Nerve transfer may be a potential decision to
reconstruct the function of intrinsic muscles because of the short-
ened distance. Previously, a procedure for transferring the motor
branch of the abductor digiti quinti to reinnervate thenar muscles
in patients with high MN injuries was reported [21]. The patients
involved in this study recovered near 75% of grasp and pinch
strength compared with their normal side. Additionally, Bertelli
[22] reported a procedure that transferring the branch of the

opponens pollicis to the terminal division of the deep branch of
the ulnar nerve for pinch reconstruction. The patients involved in
this study had 80–90% improvement in pinch-to-zoom strength.
Colonna [23] introduced a novel method for transferring the L1’s
branch to the distal ulnar nerve motor branch in a cadaveric

Figure 9. The photograph shows the Group 1. dUN: deep branch of the ulnar
nerve; L4: fourth lumbrical; PI2: second palmar interosseus; PI3: third palmar
interosseus; DI3: third dorsal interosseus; DI4: fourth dorsal interosseus; yellow
arrow: branch innervating the fourth dorsal interosseus; yellow asterisk: branch
innervating the third palmar interosseus.

Figure 10. The photograph shows the Group 2. dUN: deep branch of the ulnar
nerve; L4: fourth lumbrical; PI2: second palmar interosseus; PI3: third palmar
interosseus; DI3: third dorsal interosseus; DI4: fourth dorsal interosseus; yellow
arrow: branch innervating the third dorsal interosseus; yellow asterisk: branch
innervating the second palmar interosseus.

Figure 11. The photograph shows the Group 3. dUN: deep branch of the ulnar
nerve; L3: third lumbrical; PI1: first palmar interosseus; PI2: second palmar inter-
osseus; PI3: third palmar interosseus; DI1: first dorsal interosseus; DI2: second dor-
sal interosseus; DI3: third dorsal interosseus; DI4: fourth dorsal interosseus; yellow
asterisk: branch to the third metacarpophalangeal joint.
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study. Our findings may be helpful in designing procedures for
transfer of motor branches of LMs and IMs. In our results, the dis-
tance between the origin of the branch of the L1 (29.81, 44.67)
and the entrance of the branch of the D1 (19.39, 41.88) was short,
that can provided support to Colonna’s study [23] and broadened
Bertelli’s study [22].

This study has certain limitations. First, because of a small sam-
ple size, some variations of the innervation or findings may not
have been observed. Second, setting the X- and Y-axes is vulner-
able to selection bias owing to the crease’s natural curvature.
Finally, the occupational history or health status of the studied
individuals was unknown, which may have influenced
our findings.

Overall, our findings enable a clearer view of the natural con-
figuration of the innervation of LMs and IMs, facilitating surgeons
to design and perform nerve transfer operations of the hand and
safely and precisely tackle such lesions. We also demonstrated a
4-group branching pattern of dUN, extending the current know-
ledge. Future work should include creation of a 3-dimensional
view of these NFs and designing of a surgical approach for
their exposure.
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