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Abstract

Background: The ulnar artery is a terminal branch of the brachial artery. The aim of this
study is to provide comprehensive data concerning the morphology of the ulnar artery, with clinical
implications for surgeons.

Methods: The current study includes the dissection of 68 upper limb specimens. It
investigates the characteristics of the ulnar artery such as the internal diameter, external diameter,
wall thickness, and distance of the ulnar artery origin.

Results: In this study, the ulnar artery arose distal to the superior margin of the head of the
radius in 82.65% of cases. The angle degree of the ulnar artery with respect to the brachial artery
ranges from to 8° to 30°. The internal and external diameters of the ulnar artery were found to
decrease gradually from proximal to distal in both genders. The external and internal diameters of
the ulnar artery are greater in males than in females. In all cases, the external and internal diameters
and the thickness of the ulnar artery at three levels were found to be greater in the right ulnar artery
than the left.

Conclusion: The right ulnar artery may be the appropriate choice for artificial arterial-
venous fistula for haemodialysis. Due to its wide diameter, the proximal part of the radial artery
is a suitable site for the artificial arterial-venous fistula immediately below the origin prior to its
profound course. Therefore, it is an easy access for artificial arterial-venous fistula for surgeons. The
radiologists must alert the surgeons for surgical modification in the case of high brachial bifurcation.
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Introduction

The brachial artery is the continuation of the
axillary artery at the inferior border of the teres
major, which passes distally and laterally, lying
medial to the biceps brachii and anterior to the
coracobrachialis and brachialis. In the cubital
fossa, the brachial artery lies deep with respect to
the bicipital aponeurosis. At the end, it bifurcates
into the radial and ulnar arteries. As the brachial
artery enters the forearm from the arm through
the cubital fossa, it divides into its two terminal
branches, the radial and the ulnar arteries, at
the apex of this fossa. The ulnar artery usually
arises at the level of the radial head in the cubital
fossa but may arise more proximally. The ulnar
artery is larger than the radial artery and begins
slightly below the bend of the elbow in the cubital
fossa, passing obliquely downward to reach the

medial side of the forearm at a point midway
between the elbow and wrist. It is the main blood
supply on the medial aspect of the forearm. It
arises from the brachial artery and leaves the
cubital fossa by passing deep with respect to the
pronator teres and passes through the forearm
between the flexor carpi ulnaris and the flexor
digitorum profundus. The ulnar artery terminates
in the superficial palmar arch, which joins with
the superficial branch of the radial artery. It is
palpable on the anterior and medial aspect of
the wrist, but in the distal forearm, it remains
covered under the anterolateral lip of the flexor
carpi ulnaris tendon and therefore is not easily
palpable. Then, it runs along the ulnar border to
the wrist to leave the forearm entering the hand
by crossing the transverse carpal ligament on the
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radial side of pisiform and superficial to the flexor
retinaculum, then immediately divides into two
branches that contribute to the formation of the
superficial and deep palmar arches (1). The aim
of the current study is to measure the internal
and external diameter of the ulnar artery as well
as its thickness to provide sufficient anatomical
information to improve its clinical application
in creating artificial arteriovenous (AV) fistulas
in patients with end stage renal disease (ESRD)
if radial or brachial arteries are unavailable.
Therefore, it is important to know the thickness,
diameter and variability of the ulnar artery in the
upper limb for clinicians and anatomists. Due to
variable origins and diameters of the ulnar artery,
frequent vascular injury may occur during surgery
or invasive vascular procedures.

Materials and Methods

This study involves the dissection of 34
cadavers (14 female and 20 male) with a total
of 68 upper limbs (34 right, 34 left) and an age
range of 37—96 years. In each dissection, the ulnar
artery was exposed. The origin of the ulnar artery
(Figure 1) and its internal and external diameters
were examined using a vernier calliper, ruler, and
protractor. For the ulnar artery, the measurements
of the means and associated standard deviations
(mm) of the external and internal diameters and
thickness of the ulnar artery at its origin, at the
level of the common interosseous artery origin
and at the wrist in males and females as well as
in entire cases were taken. The angle of origin
of the ulnar artery from the brachial artery was
measured in the cubital fossa along with its
internal and external diameter. An imaginary
line drawn along the brachial artery was used as a
reference point to measure the angles. The angle
of the radial artery was measured first followed

Ulnar artery

Figure 1: The ulnar artery origin.
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by the angle of the ulnar artery. In the forearm,
the internal and external diameters of the ulnar
artery (proximal, middle, and distal parts) were
also measured.

The data were collected from both limbs in 14
females and 20 males: the mean male and female
ages were 81 + 7.2 and 75.9 + 16.3 respectively.
The combined mean age is 78.9 with a standard
deviation of 11.9 years. The range of ages of all
cadavers was 37 to 96 years. This study includes
68 dissected upper limbs to investigate the ulnar
artery origin, its internal diameter, external
diameter, wall thickness and distance of ulnar
artery origin. The data were collected and the
mean and standard deviation calculated. t tests
were performed to assess differences in arterial
diameter between females and males and right
and left sides, as well as along the length of the
ulnar artery.

Result

In males, the mean and standard deviation
and the range of origin angle of the ulnar artery
on the left side were found to be 19.52 mm, 5.51
mm, and 11°-30°, respectively. The mean and
standard deviation and the range of origin angle
of the ulnar artery on the right side were found to
be 19.9 mm, 5.57, mm and 9°-31°, respectively.
In females, the mean and standard deviation and
the range of origin angle of ulnar artery of the left
side were found to be 17.38 mm, 6.02 mm, and
8°-30°, respectively. The mean and standard
deviation and the range of origin angle of the ulnar
artery on the right side were found to be 18.6 mm,
5.22 mm, and 11°-30°, respectively. In the total
cases, the mean and standard deviation and the
range of bifurcation angles of the ulnar artery of
the left side were found to be 18.64 mm, 5.63 mm,
and 8°-30°, respectively. The mean and standard
deviation and the range of bifurcation angles of
the ulnar artery on the right side were found to
be 19.36 mm, 5.5 mm, and 9°-31°, respectively
(Table 1 and 2).

The internal and external diameter of
the ulnar artery at its origin, at the level of the
common interosseous artery origin and at the
wrist were found to decrease gradually from
proximal to distal in both females and males
(Table 3). In males, the means and associated
standard deviations (mm) of the external and
internal diameters at the origin and at the level
of the common interosseous artery origin of the
left ulnar artery are greater than on the right side;
however, the right ulnar artery is thicker than the
left ulnar artery at the level of the wrist. In females,



Table 1: The means and the standard deviations

Ulnar artery Side
Male Left
Right
Female Left
Right
Total Left
Right

Mean (mm)
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Standard Deviation (mm)

19.52 5.51
19.90 5.75
17.38 6.02
18.60 5.22
18.64 5.63
19.36 5.50

Paired t test: t value = 0.5334, df = 66, P value = 0.59. The right and the left samples are not significantly different.

Table 2: The range of origin angles of ulnar artery in male and female as well as total cases

Ulnar artery Side

margin of the head of margin of the head of

the radius?

Origin of ulnar artery Origin of ulnar artery Range of angle
proximal to superior

distal to superior degree of ulnar
artery from

the radius® brachial artery

Sex® Male Leftd 0% (0 out of 20)
Rightd 25% (5 out of 20)

Female Leftd 0% (0 out of 20)

Right? 0% (0 out of 20)

Total Leftd 0% (0 out of 34)
Right? 14.7% (5 out of 34)

100% (20 out of 20) 11°-30°

75% 9°-31°
100% (14 out of 14) 8°-30°
100% (14 out of 14) 11°-30°
100% (34 out of 34) 8°-30°
85.3% (5 out of 34) 9°-31°

2QOrigin of ulnar artery is proximal to superior margin of the head of the radius in 7.35%.
*Origin of ulnar artery is distal to superior margin of the head of the radius in 82.65%.

The data is based on paired  test.

cSignificantly (P < 0.05) larger than corresponding female value.

dSignificantly (P < 0.05) larger than corresponding right side value.

the means and associated standard deviations
(mm) of the external and internal diameters at its
origin and at the level of the common interosseous
artery origin of the right ulnar artery are greater
than for the left ulnar artery; however, the means
and associated standard deviations (mm) of the
external diameter and thickness of the left ulnar
artery are greater than for the right ulnar artery
at the level of the wrist. Furthermore, the means
and associated standard deviations (mm) of the
internal diameter of the right ulnar artery are
greater than for the left ulnar artery.

According to gender comparison in the left
or right side, the study shows that the means
and associated standard deviations (mm) of
the external and internal diameters of the ulnar
artery at its origin, at the level of the common
interosseous artery origin and at the wrist in males
are all greater than in females. Further, the mean
of the thickness of the left or right ulnar artery at
the level of its origin and at the wrist were found
to be greater in males than females except in that

the thickness of the right ulnar artery in females
is greater than in males at the level of the common
interosseous artery origin. In all cases considered
together, the means and associated standard
deviations (mm) of the external and internal
diameters and thickness of the ulnar artery at its
origin, at the level of the common interosseous
artery origin and at the wrist were found to be
greater for the right ulnar artery than the left one
(Table 3). In addition, there is a significance (P
< 0.05) difference between male and female
values, with males being larger, as well as between
right and left side thickness at certain levels.

Discussion

Vascular upper limb variability is due to
either growth or involution of the buds plexus
during embryonic development. (2—7). As a
result, any defects in the embryonic development
of the vascular plexus of the upper limb buds may
produce assorted variations in the arterial origins
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Table 3: Means and associated standard deviations (mm) of the external and internal diameters and
thickness of the ulnar artery at its origin, at the level of the common interosseous (CI) and at
the wrist in males and females as well as in total cases

Ulnar artery Side

External diameterc Internal diameter?

Male Left
Origin 4.82 (0.77)
CI 3.21 (0.70)?
Wrist 3.02 (0.74)
Right
Origin 4.81 (0.78)2
CI 3.18 (0.66)
Wrist 3.07 (0.66)?
Female Left
Origin 3.97 (0.79)
CI 2.77 (0.60)
Wrist 2.64 (0.93)
Right
Origin 4.03 (0.86)
CI 2.96 (0.70)
Wrist 2.43 (0.58)
Total Left
Origin 4.47 (0.88)
CI 3.03 (0.68)
Wrist 2.86 (0.83)
Right
Origin 4.49 (0.89)
CI 3.09 (0.68)
Wrist 2.80 (0.69)

Mean (SD)
Thickness®
4.27 (0.66) 0.28 (0.06)°
3.00 (0.49)? 0.10 (0.11)
2.64 (0.54)? 0.19 (0.10)
4.36 (0.60)? 0.22 (0.09)
2.95 (0.47) 0.12 (0.09)
2.65 (0.43)* 0.21 (0.11)?
3.59 (0.64) 0.19 (0.08)
2.59 (0.52) 0.09 (0.04)
2.19 (0.60) 0.22 (0.16)°
3.61(0.77) 0.21 (0.04)
2.70 (0.49) 0.13 (0.11)
2.31(0.50) 0.06 (0.04)
3.99 (0.73) 0.24 (0.08)
2.83 (0.53) 0.10 (0.08)
2.46 (0.60) 0.20 (0.12)
4.05 (0.76) 0.22 (0.06)
2.84 (0.49) 0.12 (0.09)
2.51 (0.49) 0.15 (0.10)

aSignificantly (P < 0.05) larger than corresponding female value.
bSignificantly (P < 0.05) larger than corresponding right side value.

°External diameter : t value = —0.0535, df = 66, P value = 0.95. Therefore, the external diameter of the left and right samples is

not significantly different.

dInternal diameter:t value = —0.2747, df = 66, P value = 0.7847. Therefore, the internal diameter of the left and right samples is

not significantly different.

°Thickness of left and right side: t value = 0.9685, df = 66, P value = 0.34. Therefore, the left and right sample thickness is not

significantly different.

and courses of the major upper limb vessels. (8).
The variability of the vascular upper limb has been
described in several research studies (3,7,9,10) as
ranging from 9—18.5% (11). In a recent study, it
was found to exhibit a high prevalence, reaching
34.7% (12). Studying the vascular variations of
the upper limb provides clinical significance in
several respects (6,13), such as modified surgical
interference in the case of high bifurcation of
the brachial artery when performing artificial
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arteriovenous fistula. Consequently, itisimportant
for clinicians and anatomists to understand the
thickness, diameter, and variability of the ulnar
artery in the upper limb because a number of
surgical and invasive procedures are performed in
the cubital region (14). Such understanding may
help to minimise iatrogenic faults.

The ulnar artery usually arises at the level
of the neck of the radius (1) in 21.7% of cases,
but it may arise either proximal or distal to this



level in 11.7% or 6%, respectively (15). In series
of studies, the ulnar artery was found to arise
proximal to the intercondyler line (3,7,16—22)
in 10% (15) or in 12.3% of cases (23). However,
the previous studies have no details regarding
the origin of the ulnar artery proximal and distal
to the superior margin of the head of the radius
according to gender or side as well as its range of
angle degree with respect to the brachial artery.
In this study, the ulnar artery usually arose distal
to the superior margin of the head of the radius
in 82.65% of cases, ranging from 2.33 to 30 mm.
It infrequently arose proximal to the superior
margin of the head of the radius in 7.35%. It was
found to be more frequent in males and on the left
side only. In this study, the angle of bifurcation of
the ulnar artery on the left and right side ranges
between 8°-30° and 9°—31°, respectively.

In a series of studies, the diameter ulnar
artery was found to average 4.3 mm at its origin
(23—29). The means of the internal diameter of
right and left ulnar artery were found to be 2.4 mm
and 2.3 mm, respectively (30), at the origin and
2.5 mm and 2.4 mm at the wrist (25). Generally,
the internal diameter of the ulnar artery was
found to be 3.6 mm at the elbow region (23). The
previous studies have no complete evaluation of
the internal diameter of the ulnar artery from
proximal to distal sites. In this study, the internal
diameters of the left ulnar artery were found to
be 3.99 mm, 2.83 mm and 2.46 mm, whereas the
internal diameters of the right ulnar artery were
found to be 4.05 mm, 2.84 mm, and 2.51 mm at
the origin, the common interosseous artery origin
and at the wrist levels, respectively. Therefore, the
internal diameter of the ulnar artery is found to
be large at its origin and small at wrist. Further,
the right ulnar artery is larger than the left ulnar
artery in all measurements. This result indicates
a strong agreement of this current study with the
previous studies.

Furthermore, the external diameter of the
ulnar artery ranges from 4.5 mm to 6.5 mm
proximally and 2.5 mm to 4 mm distally according
to studies performed by Claassen et al. (27). In this
study, the external diameter of the left ulnar artery
is 4.47 mm, 3.03 mm, and 2.86 mm, whereas
the external diameter of the right ulnar artery is
4.49 mm, 3.09 mm, and 2.80 mm at its origin,
the common interosseous artery origin and at
the wrist levels (Table 3). Therefore, the external
diameter ulnar artery gradually decreases in size
from proximal to distal in all cases, supporting the
studies by Claassen et al. (277). Furthermore , the
external diameter of right ulnar artery is larger
than the left ulnar artery at all levels.
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According to series of studies (23,31,32),
the success rate of artificial arteriovenous fistula
increases when the internal diameter of the
artery is 1.6 mm or broader. Consequently, the
ulnar artery is an appropriate choice of artificial
arteriovenous fistula for patients in the case of
short and high bifurcation of the radial artery
course.

Conclusion

Understanding the anatomical morphological
feature of the ulnar artery is key to minimising
iatrogenic complications and selecting the correct
artery. Due to the size of the ulnar artery, the
selection of the right side ulnar artery increases
the success rate of artificial arteriovenous fistula
in both genders. Further, the female has an
increased success rate in previous procedures
based on the size of the ulnar artery, which was
found to be larger than in males. Therefore, the
radiologist should determine the arterial diameter
(both internal and external) and the wall thickness
using ultrasonography to alert the surgeons, thus
improving the artificial arteriovenous fistula for
patients who need haemodialysis.
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