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SUMMARY
This study evaluates the influence of wrist kine-

matics on the morphology and dimensions of the 
ulnar tunnel, a crucial area for ulnar nerve func-
tion. By analyzing 30 formalin-preserved cadaver 
hands, the study investigates the changes in the 
ulnar tunnel’s compartments—proximal, middle, 
and distal—across various wrist positions, includ-
ing flexion, extension, radial, and ulnar devia-
tions. Results indicate significant alterations in 
the tunnel’s dimensions, particularly during wrist 
flexion and ulnar deviation, where the tunnel 
length and width decrease, impacting the ulnar 
nerve and its surrounding structures.

The ulnar tunnel is a dynamic structure, with 
all compartments influenced by wrist motions. 
These findings highlight the importance of wrist 
positioning in diagnosing and treating conditions 
related to ulnar nerve compression and entrap-
ment. Understanding these dynamic changes 
could guide surgeons in improving outcomes 
during ulnar tunnel surgeries and addressing 
nerve compression syndromes.
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INTRODUCTION
The Ulnar Tunnel was first described by anato-

mist and urologist Felix Guyon after his observa-
tion of cadaveric wrist dissection revealed small 
protruding fatty tissues at the distal forearm after 
he applied pressure to the hypothenar eminence. 
After further dissection, he discovered the space 
and described it as an “intra-aponeurotic space 
(Guyon, 1861). Within the tunnel lie the ulnar 
nerve, ulnar artery, and venae commitantes, em-
bedded in connective fatty tissue. The ulnar nerve 
is slightly deeper and medial to the ulnar artery, 
and it divides inside the space into superficial and 
deep branches. Similarly, the ulnar artery divides 
into superficial and deep branches, forming the 
superficial palmar arch and the deep palmar arch 
of the hand, respectively (Denman, 1978; Depukat 
et al., 2014).

The tunnel is a composite space rather than a 
true canal, comprising several distinct anatom-
ical compartments (Dupont et al.,1965; Gross 
and Gelberman, 1985). Despite its small size, the 
tunnel’s dynamic morphology — affected by wrist 
motion as reported by Jackson Ombaba and his 
colleagues with three compartments that have 
variable morphologies, dimensions, and bound-
aries (Ombaba et al., 2010).
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While previous studies have described the tun-
nel’s topographical relationships, few have ex-
plored how wrist kinematics influence its com-
partments and their relationship to ulnar nerve 
entrapment. This study aims to fill that gap by 
providing a detailed examination of the tunnel’s 
anatomical structures and the effects of wrist po-
sitioning on its morphology.

MATERIALS AND METHODS
This descriptive cross-sectional study involved 

30 formalin-preserved cadaver hands (22 male 
and 8 female), consisting of 15 right and 15 left 
hands, with ages estimated to range from 32 to 60 
years and a mean age of 55.5 years. The cadavers 
used showed no apparent deformities, fractures, 
or pathologies. Cadavers that showed no range of 
movement were excluded from the study.

All the specimens were positioned supine, with 
the elbow and wrist extended. A transverse inci-
sion was made 10 cm proximal to the distal pal-
mar crease, followed by a second transverse inci-
sion at the level of the webs of the fingers in the 
palmar aspect of the wrist. A longitudinal incision 
was then made across the palm, between these 
two transverse incisions on the anterior surface of 
the third digit. The skin, subcutaneous tissue, and 
palmar aponeurosis were cleaned and removed. 
The palmaris brevis muscle was detached and re-
flected medially. The palmar fascia covering the 
hypothenar muscles was cleaned.

The ulnar nerve and artery, as well as the origin 
of the hypothenar muscles, were exposed.

Ulnar tunnel boundaries

After removing the anterior wall of the tunnel, 
all the boundaries were thoroughly dissected and 
delineated along its length, with emphasis on the 
distal part, including the pisohamate arcade and 
hiatus. The ulnar tunnel was divided into three 
compartments in relation to the pisiform bone, as 
we followed the same classification reported by 
Ombaba et al. (2010) in their study of the anato-
my of the ulnar tunnel: a proximal compartment 
proximally to the pisiform bone, a middle at the 
level of the pisiform between the proximal and 
distal surfaces of the pisiform, and a distal com-

partment distally to the pisiform bone. The entire 
length of the tunnel was measured from the prox-
imal compartment, proximal to the palmar carpal 
ligament, to the distal compartment, distally to 
the hook of the hamate. Digital calipers were used 
to measure tunnel dimensions in millimeters, 
(LCD Digital Electronic Vernier Caliper Gauge Mi-
crometer, 150 mm, 6 inches). The length, width, 
and height of each compartment were measured 
as the length measured from the proximal to the 
distal surface, width from the ulnar to the radial 
surface, and height from the floor to the roof, and 
recorded in millimeters. The length of the piso-
hamate arcade was measured and recorded from 
its ulnar attachment on the pisiform bone to the 
radial attachment on the hook of the hamate. The 
thickness was measured from the midpoint of 
the arcade and recorded. The length, width, and 
height of the pisohamate hiatus were also mea-
sured and recorded. The length was measured 
from the ulnar to the radial direction; the width 
was measured from the distal pisiform (proxi-
mally) to the point in line with the center of the 
pisohamate arcade (distally); and the height was 
measured from the floor of the pisohamate hiatus 
to the point in line with the pisohamate arcade. All 
measurements were taken with the wrist in a neu-
tral position. By using the goniometer, the neutral 
wrist position was defined as the position in which 
the angle between the third metacarpal bone and 
the radius and ulna was zero degrees.

Ulnar tunnel kinematics

Wrist kinematics were studied in two planes 
of motion: flexion/extension and radial/ulnar 
deviations. All wrist positions were performed 
passively by applying maximal force to the ca-
daver’s hand and moving the wrist toward the 
targeted position. wrist motion was controlled 
using a goniometer (a 10.16- cm plastic 360-de-
gree goniometer) to ensure accuracy in posi-
tioning and measured the maximum range of 
motion of each wrist position. The range of mo-
tion was measured three times, and the average 
of the readings was recorded.

We measured and recorded the ulnar tun-
nel length in all wrist positions, as well as the 
length, width, and height of the three compart-
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ments in each wrist positions. Next, we mea-
sured and recorded changes in the length of 
the pisohamate arcade fibers across all wrist 
positions. Additionally, the length, width, and 
height of the pisohamate hiatus were measured 
and recorded in each wrist positions.

Statistical analysis

Data were analyzed using the Wilcoxon signed-
rank test to compare measurements across dif-
ferent wrist positions. Two tailed p value of < 0.05 
is considered significant.

Ethical consideration

The study has been approved by Standing 
Committee for Scientific Research Ethics- Jazan 
University (SCSRE) (Ref.no. REC42/1/117).

RESULTS
The ulnar tunnel has three compartments in 

relation to the pisiform bone: proximal, middle, 
and distal. Each has special boundaries, relation-
ships, and dimensions (Fig. 1). The ulnar tunnel’s 

average length was 42 mm in the neutral position, 
with male specimens exhibiting significantly lon-
ger tunnels than female specimens (Table 1). The 
length, width, and height of the different compart-
ments of the ulnar tunnel with the wrist in a neu-
tral position are listed in Table 2.

Table 1. The length of the ulnar tunnel in neutral position in 
males and females’ hands. Test for equality of means showed 
significant difference between males and females in the 
length of the ulnar tunnel.

Sex
Length (mm)

M (SD) T Sig. (2-tailed)

Males 42.92 (1.8) 2.643 .026

Females 40.24 (2.7)

The pisohamate arcade is a musculotendinous, 
curved, or C-shaped structure that was detected 
in 19 (63.3%) hands (Fig. 2). The arcade length 
and thickness were measured and listed in Ta-
ble 3. It originates proximally as a ligament at the 
confluence of the flexor carpi ulnaris tendon and 
the anteromedial surface of the pisiform bone, 

Fig. 1.- Ulnar tunnel compartments after dissecting the roof. Arrows show P.C.: proximal compartment, M.C.: middle compartment, 
D.C.: distal compartment.
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then curved distally to blend with hypothenar 
muscles, the abductor digiti minimi and the flexor 
digiti minimi muscles to reach the hook of hamate 
radially. The arch span between the pisiform and 
the hook of the hamate to roof the opening that 
lodge the deep branch of the ulnar nerve. The fi-
bers more developed proximally where they ap-
pear thicker than distally. The arcade was muscu-
lotendinous and well-developed in all specimens, 
except in eight of specimens, in which it was pure 
muscular; in five specimens, the muscular fibers 
of the arcade were found to give the flexor digi-

ti minimi its origin between the pisiform and the 
hook of the hamate. In the remaining three spec-
imens, there was an intermuscular space be-
tween the flexor digiti minimi and abductor digiti 
minimi.

The pisohamate hiatus is a rounded opening in 
19 out of 27 (70.4%) and oval in 8 hands (29.6%). 
The pisohamate hiatus measurements in the neu-
tral positions are listed in Table 3. It is located in 
the floor of the ulnar tunnel, bordered proximally 
by the pisiform bone and distally by the hook of 
the hamate bone, roofed by the pisohamate arcade 

Table 2. The dimensions of the ulnar tunnel and its different compartments in the neutral position.

Dimensions

Length (mm) Width (mm) Height (mm)

M (SD) Range M (SD) Range M (SD) Range

Ulnar tunnel 42.23 (2.4) 36.1 - 46.7 - - - -

Proximal compartment 10.91 (1.8) 5.0 - 14.5 5.0 (1.4) 3.4 - 9.7 6.3 (1.9) 4.0 - 9.8

Middle compartment 10.88 (1.2) 8.4 - 13.3 4.0 (0.8) 3.1 - 5.9 4.9 (1.6) 2.7 - 8.3

Distal compartment 20.44 (2.0) 17.2 - 27.0 5.5 (1.2) 4.0 - 8.5 3.8 (1.0) 2.0 - 6.2

Fig. 2.- Distal compartment structures: Pisohamate arcade (yellow arrow), Pisohamate hiatus (black arrow), UN: ulnar nerve with 
its deep branch enters the hiatus, P: pisiform bone, H: hamate bone.
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and the proximal part of the palmaris brevis mus-
cle. Distally, the flexor and abductor digiti minimi 
muscles constitute part of the roof. The floor is 
formed by the pisohamate ligament, pisometa-
carpal ligament, and opponens digiti minimi dis-
tally, where the hiatus narrows and declines. The 
pisohamate hiatus contains the deep branch of 
the ulnar nerve and the deep palmar branch of the 
ulnar artery, which run deep into the pisohamate 
arcade in four of the specimens, while in the 23 
hands, the deep branch of the ulnar nerve is the 
only content of the pisohamate hiatus (Fig. 2).

Kinematics of the ulnar tunnel (Table 4)

With wrist flexion, the average length of the ul-
nar tunnel significantly decreased, and all tunnel 
compartments significantly decreased in length. 
The width of the middle compartment decreased 
from an average of 4.02 mm to 3.6 mm, while 
there were no significant changes in the width of 
the proximal and distal compartments. There was 
no significant change in the height of the proxi-
mal, middle, or distal compartments.

With wrist extension, the length of the ulnar tun-
nel significantly increased. The proximal compart-
ment showed a significant increase in length from 
an average of 10.91 mm to 11.04 mm, while there 

was no significant change in the length of the mid-
dle or distal compartment. The width of the proxi-
mal and middle compartments decreased from an 
average of 5.0 mm to 4.8 mm and from 4.02 mm 
to 3.92 mm, respectively. There was no significant 
change in the width of the distal compartment. 
The height of the middle compartment decreased 
from an average of 4.89 mm to 4.78 mm.

With wrist ulnar deviation, the length of the ul-
nar tunnel decreased from an average of 42.2 mm 
to 41.7 mm. The length of the middle compart-
ment also decreased from an average of 10.9 mm 
to 10.4 mm. The width of the proximal and middle 
compartments decreased from an average of 5.0 
mm to 4.8 mm and from 4.02 mm to 3.8 mm, re-
spectively. There was no significant change in the 
height of the proximal, middle, or distal compart-
ments.

With wrist radial deviation, there were no signif-
icant changes in the length, width, and height of 
any of the three compartments of the ulnar tunnel.

Pisohamate arcade

During wrist flexion, the length of the pisoha-
mate arcade significantly increased from an av-
erage of 9.0 mm to 9.7 mm, converting from a C 

Table 3. The dimensions of the pisohamate hiatus and pisohamate arcade in the neutral position.

Dimensions

Length (mm) Width (mm) Height (mm)

M (SD) Range M (SD) Range M (SD) Range

Pisohamate hiatus (OP) 6.04 (1.1) 4.2 - 9.1 5.8 (0.9) 4.4 - 7.6 4.6 (1.4) 2.1 - 7.1

Pisohamate arcade length (AR1) 9.01 (1.7) 5.8 - 12.4 - - - -

Pisohamate arcade thickness (AR2) 1.44 (.35) .9 - 2.7 - - - -

Table 4. The length of the ulnar tunnel at different positions.

Position N Mean Std. Dev.
Percentiles

25th (Median) 75th

Neutral Position (M1L) 30 42.23 2.36 40.84 42.91 43.67

Flexion (M2L) 30 40.40 2.50 39.15 40.35 42.75

Extension (M3L) 30 42.42 2.41 41.45 42.91 44.35

Ulnar deviation (M4L) 27 41.70 2.40 39.56 42.63 43.60

Radial deviation (M5L) 29 42.10 2.31 40.78 42.80 43.60
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shaped or curved to a little linear structure. There 
were no changes in measurements with the wrist 
in extension, ulnar, or radial deviations.

Pisohamate hiatus

During wrist flexion and ulnar deviation, there 
was a significant decrease in the length of the 
pisohamate hiatus, from an average of 6.0 mm to 
5.4 mm and 5.98 mm, respectively. The width also 
decreased from an average of 5.8 mm to 4.99 mm 
and 5.7 mm, respectively. The height decreased 
during wrist flexion, from an average of 4.6 mm 
to 4.4 mm. There were no significant changes in 
length, width, or height in extension or radial de-
viation. 

DISCUSSION
The ulnar tunnel is an area of interest due to 

its small size and the complicated relationships 
among its components. There is also increasing at-
tention from hand surgeons toward the anatomy 
of the ulnar palmar region as a result of different 
pathologies that lead to compression of the ulnar 
nerve that passes through the tunnel. Although 
the topographic relationships of different parts of 
the ulnar tunnel have been described in previous 
studies (Zeiss et al.,1992; Cobb et al.,1996; Omba-
ba et al., 2010; Pierre et al., 2011), some anatom-
ical structures remain to be established or agreed 
upon, such as the components of the anterior wall 
of the ulnar tunnel and the structures related to 
the distal part or that exit the tunnel, where vari-
ant nomenclatures have been used for the same 
structure by different authors, leading to misin-
terpretation and confusion.

The distal compartment of the ulnar tunnel is 
considered an area of ulnar nerve compression or 
entrapment. Bozkurt et al. (2005), reported that 
the distal part of the ulnar canal is the most com-
mon site for ulnar compression due to the different 
causes. Hayes et al. (1969) and Murata et al. (2004), 
believe that the cause of ulnar nerve entrapment is 
the presence of a fibrous arch over the deep ulnar 
nerve in the distal end of the Guyon’s canal.

In the current study, we explored the anatomy of 
the ulnar tunnel with a focus on the distal com-
partment and examined whether there is a signif-

icant effect of wrist kinematics on the tunnel mor-
phology and different structures of the tunnel.

The figures reported for the length of the ul-
nar tunnel in previous studies varied from 27 to 
45 mm (Gross and Gelberman, 1985; Cobb et al., 
1996; Bozkurt et al., 2005; Ombaba et al., 2010; 
Pierre et al., 2011). Our finding concurs with these 
measurements, as we found the average length of 
the ulnar tunnel to be 42.2 mm in neutral position 
(range, 36 to 46.7).

According to our measurements, the length of 
the ulnar tunnel extends from the proximal bor-
der of the palmar carpal ligament to the hook of 
the hamate 12 mm distally. This finding aligns 
with Ombaba et al. (2010) result, which indicate 
that the ulnar tunnel extends from 2.5 mm proxi-
mal to the pisiform to 12.8 mm distal to the hook 
of the hamate.

We found that the male cadavers have a signifi-
cantly longer ulnar tunnel than female cadavers, 
with a mean length of 42.9 mm compared to 40.2 
for the female ones (p- value.004). This difference 
may be due to the morphological variations be-
tween the two genders, as noted by Depukat et al. 
(2017), who stated that male cadavers generally 
have wider wrists and longer and wider metacar-
pals compared to female cadavers. They reported 
a difference of 4.50 to 4.00 cm in the dimensions 
of the ulnar tunnel length between males and 
females. Additionally, an anthropometric hand 
study found significant difference between male 
and female volunteers in measurements of wrist 
width, depth, circumference, palm length, and 
hand width, with male volunteers showing great-
er measurements in all categories (Reckelhoff et 
al., 2015).

Ombaba et al. (2010) in their study of the anat-
omy of the ulnar tunnel, divided the tunnel into 
three anatomical compartments according to 
the bony landmarks. In our study, we followed 
the same division, considering the ulnar tunnel 
to have three compartments in relation to the 
pisiform bone: the proximal, middle, and distal 
compartments. Each compartment has its own 
dimensions, boundaries, and relationships.

We found that the anterior wall of the proximal 
compartment is formed by the palmar (volar) car-
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pal ligament, which is a continuation of the ante-
brachial fascia. In the middle compartment, the 
anterior wall consists of the hypothenar fascia, 
which covers the pisiform and proximal parts of 
the palmaris brevis muscle. In two out of the thirty 
hands we dissected, the palmaris brevis muscle 
was absent and replaced by the hypothenar fascia.

The anterior wall of the distal compartment is 
formed by the palmaris brevis muscle and the hy-
pothenar fascia. These findings align with those 
reported by Gil et al. (2015), who reported that the 
anterior wall of the ulnar tunnel is formed mainly 
by the hypothenar fascia and the palmaris brevis 
muscle. In contrast to what Cobb et al. (1996) men-
tioned in an anatomic study of the carpal-ulnar 
neurovascular space, the central part of the anteri-
or wall was open and contained only adipose tissue.

At the wrist in neutral position, the middle 
compartment was the narrowest, while the distal 
was the widest and longest compartment, with 
its measurements are approximately equal to 
the lengths of the proximal and middle compart-
ments collectively. This finding contradicts what 
Ombaba et al. (2010) reported, stating that the 
proximal compartment was the widest, measur-
ing 5.0 mm. A magnetic resonance imaging (MRI) 
study of the ulnar tunnel anatomy indicated that 
the tunnel measurements increase distally, with 
the distal cross-section appearing larger than the 
proximal and mid-tunnel measurements (Zeiss et 
al.,1992). These findings are further supported by 
Pierre et al. (2011) who in their 3-T MRI assess-
ment of the normal anatomy, noted that the cross 
section gradually widens from the proximal bor-
der of the pisiform bone distally to the hook of the 
hamate, reporting a cross-sectional area of 33 ± 
11 mm2 proximally, versus 45 ± 19 mm2 distally.

In our study, we found that the ulnar tunnel 
length decreased with wrist flexion and ulnar 
deviation, while it increased during extension. 
This was attributed to the vertical displacements 
of the pisiform bone relative to the triquetrum, 
which moved proximally during flexion and dis-
tally during extension. In their study on pisiform 
kinematics, Moojen et al. (2001) reported that the 
pisiform bone shifted proximally away from the 
triquetrum during wrist flexion, while it pressed 
against the triquetrum during wrist extension as 

the pisiform displaced distally. Similarly, Jameson 
et al. (2002) reported found in their radiographic 
analysis of the pisotriquetral joint that the space 
between the pisiform bone and the triquetrum in-
creases during wrist flexion, whereas during wrist 
extension, the two bones are pressed together and 
the space decreases due to the movement of the 
pisiform bone.

Taleisnik (1988) mentioned that with the wrist 
in ulnar deviation, the triquetrum transfers distal-
ly on the hamate and dorsiflexes together, which 
forces the hamate into a palmar position, thus 
shortening the space between the hamate-styloid 
process. This is consistent with our results, which 
show that the length of the ulnar tunnel decreases 
with ulnar deviation.

In our findings, there were no noticeable changes 
in the radial deviation across all compartments of 
the tunnel. A study by Petric et al. (2020) investi-
gated the Piso-triquetral kinematics and reported 
that during maximal radial deviation of the wrist, 
the flexor carpi ulnaris does not contract. Conse-
quently, the pisiform bone is not influenced by the 
flexion of the flexor carpi ulnaris tendon, resulting 
in a fixed distance between the piso-triquetral ar-
ticular surfaces.

The width of the proximal compartment did not 
show any appreciable change with the wrist in 
flexion, while it decreased with the wrist in exten-
sion and ulnar deviation. This finding contrasts 
with Ombaba et al. (2010), who reported an in-
crease in the width of the proximal compartment 
during flexion, justifying it to the pulling of the 
flexor carpi ulnaris tendon as the pisiform bone 
moves proximally. We speculate that the width 
does not change, because the movement of the 
pisiform and the flexor carpi ulnaris tendon oc-
curs along the vertical axis, which does not affect 
the width. Alternatively, as suggested in another 
study, there may be other factors affecting the 
movement of the pisiform. Beckers et al. (1998) 
measured the resulting pressure forces of the pi-
siform bone during palmar flexion and stated that 
the pisiform is not pulled proximally along the 
line of the applied force by the flexor carpi ulnaris 
tendon; in lieu, it is influenced by the action of the 
abductor digiti minimi, which drags the pisiform 
distally and laterally.
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In our study, we found that the dimensions of 
the middle compartment changed in all wrist po-
sitions, except during radial deviation. With the 
wrist in extension, both the width and height of 
the middle compartment decreased, which led to 
keeping the ulnar nerve under tension.

The pisohamate arcade was identified in 19 
(63.3%) of the hands in our study, with measure-
ments and thickness consistent with those re-
ported by Konig et al. (1994) and Bozkurt et al. 
(2005) who found the fibrous arcade in 14 of 23 
(60.9%) and 21 of 37 (56.7%) cases, respectively. 
In our specimens the arcade was musculotendi-
nous and well developed in 11 cases, while in the 
other eight, it was purely muscular. In five of eight 
specimens, the muscular fibers were found to give 
the origin of flexor digiti minimi muscle. In the re-
maining three specimens, there was an intermus-
cular space between the flexor digiti minimi and 
abductor digiti minimi. In these cases, the fascial 
continuity between the muscles forms a muscular 
arch that overlies the hiatus, under which the deep 
branch of ulnar nerve runs. Zeiss et al. (1992) in 
their study of 36 wrists, reported that 50% of the 
specimens had a fibrous arch, while the other 50% 
had a muscular arch as observed in magnetic res-
onance imaging sections.

Lotem et al. (1973), in their cadaveric study of 
the structures around the deep branch of the ul-
nar nerve, mentioned that the fibrous arch, which 
was present in all dissected hands, was not tight 
enough to compress the deep nerve unless addi-
tional factors interfered (i.e., trauma, swelling). 
Our results support these findings, and we pro-
pose another factor that may tighten the arch: 
during wrist flexion, the length of the pisohamate 
arcade increases, causing it to become linear. This 
could lead to compression of the deep branch of 
the ulnar nerve against the floor of the pisoha-
mate hiatus, although our study agreed that the 
presence of the pisohamate arcade was not con-
stant or the texture differed. With a knowledge of 
such changes, surgeons could elucidate the di-
agnosis and the location of nerve compression. 
Further investigation is needed to explore other 
factors that may tighten the arch.

The pisohamate hiatus was described by Uriburu 
et al. (1976) as a narrow oblique opening between 

the fibrous arch and the pisohamate ligament, al-
lowing entrance to the deep ulnar nerve and ar-
tery into the deep palmar space. However, they did 
not provide details about the morphology or di-
mensions of the hiatus. In our study, we found the 
pisohamate hiatus to be a narrow opening at the 
beginning of the distal compartment. It was round 
in 19 hands and oval in 8 hands. Its length, width, 
and height have significantly decreased with wrist 
flexion, and its length and width also decreased 
significantly during ulnar deviation. In the study 
of the anatomy and radiography of the pisotrique-
tral joint by Rayan et al. (2005), it was reported that 
the length of the pisohamate ligament averaged 
5.9 mm in the neutral position compared to 5.2 
mm in passive flexion. Radiographically, in the an-
teroposterior (AP) view, the pisohamate ligament 
distance averaged 13.5 mm in the neutral position 
and 11.5 mm during flexion. In the oblique view, 
the distance was 7.0 mm in the neutral wrist po-
sition versus 1.0 mm in full flexion. In the same 
study, when they radiographically assessed the 
pisiform kinematics during ulnar/radial deviation, 
they noted that the pisohamate distance in the AP 
view was 13.5 mm in the neutral position and 11.6 
mm during ulnar deviation.

Contrary to the finding of McFarlane et al. 
(1976), who suggested that the deep branch of the 
ulnar nerve is fixed in position by the fibrous arch 
of the hypothenar muscles and the pisohamate 
ligament, our study is in accordance with Ombaba 
et al. (2010), who reported that the deep branch of 
the ulnar nerve is mobile and relaxes within the 
pisohamate hiatus. We found that the deep branch 
was mobile in all dissected hands and not fixed 
under the pisohamate arch. With wrist flexion, 
the roof of the hiatus became linear and lost its 
concavity, bringing it closer to the nerve, and the 
length, width, and height of the hiatus decreased 
in dimensions. Additionally, during wrist ulnar 
deviation, the hiatus’s length and width also de-
creased, which contrast with Ombaba et al. (2010) 
who mentioned that ulnar deviation did not affect 
the dimensions of the pisohamate hiatus.

However, we did not observe any noticeable 
changes in wrist extension or radial deviation.

Flexion and ulnar deviation were the positions 
that most significantly affected the pisohamate 
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hiatus, and could lead to compression of the deep 
branch of the ulnar nerve. Consequently, the deep 
branch of the ulnar nerve may be at greater risk in 
these two positions. Thus, a detailed understand-
ing of the distal compartment kinematics is essen-
tial for accurately diagnosing ulnar nerve problems 
and ulnar tunnel syndrome, especially for those 
who are susceptible to acute or repetitive trauma.

The limitations encountered in this study were 
that the embalmed cadaver specimens might be 
different from the living tissue due to the poten-
tial alterations of tissue properties, the decrease in 
actual muscular force, the nature of the nerve and 
artery, and the size of the tunnel. Simulated active 
movement was not applied due to the same ca-
daveric difficulties that would make the simulated 
movement for the tendons difficult to control and 
not smooth. Also, we did not compare the dimen-
sions of the ulnar tunnel between the right and left 
hands because some of the samples included in 
the study were separated limbs, and we could not 
figure out if they were from the same body or not.

CONCLUSION
Our findings support the observations of Om-

baba et al. (2010) that the ulnar tunnel is a dy-
namic anatomical structure whose morphology 
is significantly influenced by wrist positioning. 
Flexion and ulnar deviation have the most pro-
found impact on the tunnel’s dimensions, partic-
ularly in the middle and distal compartments. 
Consequently, the ulnar nerve may become 
particularly vulnerable to compression in these 
wrist positions at different times. In these wrist 
positions, the risk of compression of the deep 
branch of the ulnar nerve increases, first, when 
the middle compartment length and width de-
creased, second, the pisohamate hiatus nar-
rows; and third, the pisohamate arcade com-
presses the nerve during flexion.

The radial deviation is the only wrist position 
that does not change the tunnel dimension or 
morphology of its structures.

Recommendations

Demographic factors influence tunnel size, as 
males tend to have longer ulnar tunnel dimen-

sion. However, the influence of age or race on tun-
nel morphology may require further investigation.

Surgeons should be familiar with the nature of 
the pisohamate arcade during ulnar tunnel sur-
geries. This arcade may give the origin of the flexor 
digit minimi in some patients, so these surgeries 
must be performed with caution to avoid impair-
ment of flexion of the little finger if they decide to 
release it.

ACKNOWLEDGEMENTS

This work is part of a Ph.D. thesis submitted to the Na-
tional University-Sudan to fulfill the requirements for a 
Ph.D. in Human Clinical Anatomy.

The authors sincerely thank those who donated their 
bodies to science so that anatomical research and 
teaching could be performed. Results from such re-
search can potentially increase scientific knowledge 
and can improve patient care. Therefore, these donors 
and their families deserve our highest respect.

REFERENCES
BECKERS A, KOEBKE J (1998) Mechanical strain at the pisotriquetral joint. 

Clin Anat, 11(5): 320-326.

BOZKURT MC, TAGIL SM, ÖZCAKAR L, ERSOY M, TEKDEMIR I (2005) 

Anatomical variations as potential risk factors for ulnar tunnel syndrome: a cadaveric 

study. Clin Anat, 18(4): 274-280.

COBB TK, CARMICHAEL SW, COONEY WP (1996) Guyon’s canal revisited: 

an anatomic study of the carpal ulnar neurovascular space. J Hand Surg, 21(5): 

861-869.

DENMAN EE (1978) The anatomy of the space of Guyon. Hand, 1: 69-76.

DEPUKAT P, MIZIA E, KLOSINSKI M, DZIKOWSKA M, KLIMEK-

PIOTROWSKA W, MAZUR M, KUNIEWICZ M, BONCZAR T (2014) Anatomy 

of Guyon’s canal: a systematic review. Folia Medica Cracoviensia, 54(2).

DEPUKAT P, HENRY BM, POPIELUSZKO P, ROY J, MIZIZ E, KONOPKA 

T, TOMASZEWSKI KA, WALOCHA JA (2017) Anatomical variability and 

histological structure of the ulnar nerve in the Guyon’s canal. Arch Orthop Trauma 

Surg, 137: 277-283.

DUPONT C, CLOUTIER GE, PREVOST Y, DION MA (1965) Ulnar-tunnel 

syndrome at the wrist: a report of four cases of ulnar-nerve compression at the wrist. 

J Bone Joint Surg Am, 47(4): 757-761.

GIL YC, SHIN KJ, LEE JY, HU KS, KIM HJ, SONG WC, KOH KS (2015) 

Topographic anatomy of the ulnar tunnel. Surg Radiol Anat, 37: 757-764.

GROSS MS, GELBERMAN RH (1985) The anatomy of the distal ulnar tunnel. 

Clin Orthop Rel Res (1976-2007), 196: 238-247.

GUYON F (1861) Note sur une disposition anatomique proper a la face anterieure 

dela region du poignet et non-encore decrite. Bull Mem Soc Anat, 6: 184-186.

HAYES JR, MULHOLLAND RC, O’CONNOR BT (1969) Compression of the 

deep palmar branch of the ulnar nerve: case report and anatomical study. J Bone 

Joint Surg Br, 51(3): 469-472.

JAMESON BH, RAYAN GM, ACKER RE (2002) Radiographic analysis of 

pisotriquetral joint and pisiform motion. J Hand Surg, 27(5): 863-869.

KONIG PS, HAGE JJ, BLOEM JJ, PROSE LP (1994) Variations of the ulnar nerve 

and ulnar artery in Guyon’s canal: a cadaveric study. J Hand Surg, 19(4): 617-622.



Ulnar tunnel morphology and wrist kinematics

510

LOTEM M, GLOOBE H, NATHAN H, WEEKS PM (1973) Fibrotic arch around 

the deep branch of the ulnar nerve in the hand. Plastic Reconst Surg, 52(5): 553-556.

MCFARLANE RM, MAYER JR, HUGILL JV (1976) Further observations on 

the anatomy of the ulnar nerve at the wrist. Hand, 8(2): 115-117.

MOOJEN TM, SNEL JG, RITT MJ, VENEMA HW, DEN HEETEN GJ, BOS KE 

(2001) Pisiform kinematics in vivo. J Hand Surg, 26(5): 901-907.

MURATA K, TAMAI M, GUPTA A (2004) Anatomic study of variations of 

hypothenar muscles and arborization patterns of the ulnar nerve in the hand. J Hand 

Surg, 29(3): 500-509.

OMBABA J, KUO M, RAYAN G (2010) Anatomy of the ulnar tunnel and the 

influence of wrist motion on its morphology. J Hand Surg, 35(5): 760-768.

PETRIC J, DEEK R, KRUGER N, AMARASOORIYA M, WHITE J, BAIN GI 

(2020) Assessment of the piso-triquetral kinematics-a pilot study using dynamic CT. 

J Ortho Sci Res, 1(1): 1-16.

PIERRE-JEROME C, MONCAYO V, TERK MR (2011) The Guyon’s canal in 

perspective: 3-T MRI assessment of the normal anatomy, the anatomical variations 

and the Guyon’s canal syndrome. Surg Radiol Anat, 33: 897-903.

RAYAN GM, JAMESON BH, CHUNG KW (2005) The pisotriquetral joint: 

anatomic, biomechanical, and radiographic analysis. J Hand Surg, 30(3): 596-602.

RECKELHOFF KE, LI J, KAESER MA, HAUN DW, KETTNER NW (2015) 

Ultrasound evaluation of the normal ulnar nerve in Guyon’s tunnel: cross-sectional 

area and anthropometric measurements. J Med Ultrasound, 23(4): 171-176.

TALEISNIK J (1988) Current concepts review. Carpal instability. J Bone Joint 

Surg Am, 70(8): 1262-1268.

URIBURU IJ, MORCHIO FJ, MARIN JC (1976) Compression syndrome of the 

deep motor branch of the ulnar nerve. (Piso-Hamate Hiatus syndrome). J Bone Joint 

Surg Am, 58(1): 145-147.

ZEISS J, JAKAB E, KHIMJI T, IMBRIGLIA J (1992) The ulnar tunnel at the 

wrist (Guyon’s canal): normal MR anatomy and variants. Am J Roentgenol, 158(5): 

1081-1085.


	_heading=h.gjdgxs
	_heading=h.30j0zll
	_Hlk178759812
	_Hlk195000908
	_Hlk176111632
	_heading=h.30j0zll
	bookmark=id.1fob9te
	bookmark=id.2et92p0
	_heading=h.f9kf84267sfb
	_Hlk134701844
	_Hlk189126833
	The optic canal in focus: a worldwide bibliometric study
	Melike Akcaalan1, Menekşe Karahan2, Selin Erpek Paçacı3

	Tumor malignancy as the possible acquisition of markers of trophoblastic ontogeny: preliminary in vitro and in ovo study
	Maria Ángeles Chico1,2,3,*, Kevin Doello1,2,4,*, Cristina Mesas1,2,3, Francisco Quiñonero1,2, Gloria Perazzoli1,2,3, Consolación Melguizo1,2,3, Raúl Ortiz1,2,3, Jose Prados1,2,3

	Anatomical variations of the right coronary artery and the pattern of coronary dominance in association with age and gender in Jordanian population
	Ihsan L. Al-Omari 1, Amjad T. Shatarat 1, Amjad M. Bani Hani 2, Maher T. Hadidi 1, Hanna K. Al-Makhamreh 3

	Preliminary insights into temporal expression patterns of α10β1, α5β1, and α2β1 integrins in freshly isolated chondrocytes: potential impacts on cartilage repair strategies
	Ayshath Ruksana C1, Mohana Priya1, Archa Suresh1, Ganesh Parasuraman1, Grace Rebekah2, Christo Jeyaraj3, Elizabeth Vinod1,4

	Evaluating ulnar tunnel morphology in response to wrist kinematics
	Tagreed Ahmed1, Mohammed A. Akeel1, Abdel Moniem Elmardi2

	Insights into altitude-driven differences in the facial dimensions of North Indian population - Forensic and anthropological aspects
	Ankita Guleria1, Kewal Krishan1, Vishal Sharma2 

	Anatomical variations of the frontal sinus drainage pathway and its related factors on high-resolution computed tomography: prevalence patterns and implications
	Livashin Naidu1,3, Lindokuhle A. Sibiya2, Okikioluwa S. Aladeyelu4, Carmen O. Rennie1

	Anatomical variations of the superior thyroid artery: insights from a comprehensive digital subtraction angiography study
	Önder Eraslan1*, Onur Ergun1, Erdem Birgi2, Seda Akyol3, Ertan Temir4, Hasanali Durmaz5, Işık Conkbayır6, Baki Hekimoğlu6

	Nanocurcumin mitigates Fluoxetine-induced hepatotoxicity: histological, immunohistochemical and 
	molecular in vivo study
	Emtethal Mamdouh El-Bestawy1, Bashir Jarrar2, Mansour Almansour3, Amal S. Sewelam1, Asmaa Mohammed Tolba1, Abdullah A. Hashish4, Adel Mohamed Aboregela1, *

	Investigating the interplay of immune response and redox homeostasis in hypoxic brain injury at high altitude
	Ruzanna Shushanyan1,2*, Hasmik Karapetyan2,3, Nona Adamyan1, Anna Karapetyan1,2 

	Bifurcation of the acromial end of the clavicle – an osteological case report
	Stefan Fischer1, Michael J. Schmeisser1,2, Sven Schumann1,3

	Tug lesions on the linea aspera in a cadaver: a case report
	Steve Sorensen1, Schafer Paladichuk2, Ronald Walser2, Wade Justice2

	Patent ductus arteriosus coinciding with anomalous aortic arch branches: 
	Clinico-embryological spectrum
	Vandana Dave1, Meetu Agarwal2, Devesh K. Sharma3, Sushil Kumar4 

	Unusual course of the superior gluteal artery between the roots of the lumbosacral trunk: case report and potential clinical implications
	Silvio A. Garbelotti Jr1, Osvaldo Pelozo J1, Paulo L. Cândido1, Marcelo C. Burihan1,2, Aluisio Andrade Jr1,2, Marco A. De Angelis1 

	Comparison of modified Thiel formalin-free embalming with traditional Thiel and formalin techniques in a rabbit model for soft cadaver preservation
	Naruwan Saowakon, Apichart Ngensoungnern, Piyada Ngensoungnern, Chompunoot Wangboon, Oratai Weeranantanapan


