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Abstract. Reports in the literature suggest that the variations in branching patterns of 
the upper limb arteries and their prevalence may be influenced by sex and population 
affinity. A comprehensive investigation of branching patterns of the brachial artery and 
its branches is lacking in South Africans, with many reports focusing on the axillary 
artery. Therefore the current study aimed to record the incidence of the variations of 
the brachial, radial and ulnar arteries in a sample of the South African population. 
One hundred and eighty (180) upper limbs of 90 South African cadavers from the 
Department of Anatomy at Sefako Makgatho Health Sciences University were dissect-
ed. Normal anatomy according to standard anatomy textbooks and variant branching 
patterns of the brachial, radial and ulnar arteries were identified and recorded. SPSS 
software was used to establish the differences in variant branching patterns between 
side and sex. Upper limb arterial variations appeared in all the dissected cadavers. 
The recorded variations ranged from abnormal origin of the deep brachial artery, high 
division of the brachial artery into the ulnar and radial arteries, tortuous brachial and 
radial arteries, and superficial course of radial and ulnar arteries. The prevalence of 
brachial, ulnar and radial artery variations in the current study is comparable to that of 
previous studies. However, the superficial radial artery is more prevalent in males than 
in females in South Africans. The results of the current study provide crucial informa-
tion for planning surgical procedures and interpretation of angiograms. 

Keywords:	 brachial artery, ulnar artery, radial artery, median artery.

INTRODUCTION

The branching pattern of the upper limb arteries are highly variable, 
with an average incidence of 25% [1]. Literature reports describing the preva-
lence of the variant branching patterns of upper limb vessels usually focus 
on the axillary artery due to frequent incident reports on its variations [2–6]. 
Consequently, there is a lack of population studies on variations of brachi-
al, radial and ulnar arteries as much focus on arterial variations is put on 
incident reports encountered during routine dissections in the university set-
ting [7–10]. A study performed on a sample of African Americans and non-
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African-Americans showed a higher incidence of a high 
brachial artery bifurcation in African-Americans than 
in non-African-Americans suggesting that population 
affinity may influence this branching pattern [11]. The 
available reports on upper limb arterial variations are 
mostly based on European and Asian population groups 
with not many reports on the African populations 
[4,5,7,12,13]. Studies conducted in African populations 
specifically focused on the axillary artery, whereby some 
unique branching patterns were recorded in contrast to 
standard anatomy textbook descriptions [6,14,15].

Arterial variations have significant clinical impli-
cations during surgical procedures [6]. The most com-
mon variation noted in the brachial artery, is a superfi-
cial brachial artery, which could be easily mistaken for 
a vein during drug administration [16]. The high origin 
of the radial and ulnar arteries from axillary or brachi-
al artery has also been reported [17–20]. Knowledge of 
variant origins of these vessels can be clinically relevant 
as the radial artery is commonly harvested for coronary 
artery bypass procedures, in which case, the ulnar artery 
becomes the principal arterial supply to the hand [21]. 
The high origin of the ulnar artery is often associated 
with nerve entrapment as well as trauma during intra-
venous cannulation [22]. Another upper limb arterial 
variation reported in the literature is a tortuous radial 
artery [23–25]. Change in the direction of the flow of 
blood in a tortuous vessel is often noted and could affect 
the histological structure of the vessel and cause athero-
sclerotic plaques [24]. In addition, the tortuous course of 
the radial artery can cause difficulty to access the radial 
artery during trans-radial catheterisation, as the tortuos-
ity could hinder the passage of the catheter causing com-
plications or influence the success of the procedure [25]. 

Another upper limb arterial variation in the forearm 
arteries is a persistent median artery which has been 
reported to have a prevalence of 2,8% [26]. When pre-
sent, the median artery can cause symptoms consistent 
with median nerve disturbances, either by compression 
when accompanying the median nerve through the car-
pal tunnel, or by iatrogenic ischemia [27]. 

VARIATIONS OF THE BRACHIAL ARTERY

Common variations of the brachial artery include the 
superficial brachial artery, high origin of radial and ulnar 
arteries, accessory brachial artery, and trifurcation of the 
brachial artery to common interosseous, radial and ulnar 
arteries [28]. The superficial brachial artery is defined as 
a brachial artery coursing anterior to the median nerve, 
instead of posterior to it [29]. A superficial brachial artery 

is often more susceptible to trauma and can easily be 
confused with superficial veins [16]. Additionally, the 
superficial course and variations in the brachial artery or 
its derivatives are clinically relevant as the brachial artery 
is often used as the passage during coronary artery pro-
cedures making it prone to injuries leading to bleeding 
or ischemia [30]. The bifurcation of the brachial artery 
proximal to the cubital fossa is considered a high division 
of the brachial artery [31]. The high origin of the radial 
artery has a prevalence of 3,0-18,0% [13,19,29,32]. Knowl-
edge of the above variations is also crucial for the evalua-
tion of angiographic images, and for vascular and recon-
structive surgeries of the arm and forearm [30].

VARIATIONS OF THE RADIAL ARTERY

The radial artery usually originates from the brachial 
artery in the cubital fossa at the level of the neck of the 
radius [19]. The radial artery runs along the lateral aspect 
of the anterior compartment of the forearm deep to the 
brachioradialis muscle, lateral to the flexor carpi radialis 
tendon. It winds around the lateral aspect of the radius 
and passes through the floor of the anatomical snuffbox 
to pierce the first dorsal interosseous muscle [28]. 

The high origin of the radial artery is described as 
the origin from the axillary artery or from the brachi-
al artery proximal to the cubital fossa [29]. The radial 
artery is commonly used in vascular, plastic and recon-
structive surgery and is routinely used for arterial punc-
ture and cannulation [19]. Radial artery anomalies may 
prolong and diminish the success of coronary angiog-
raphy and percutaneous coronary intervention [20]. In 
addition, trans-radial access may be hindered by the 
presence of an unusual origin or course of the radial 
artery [33]. The superficial course of the radial artery 
may be more vulnerable to trauma, and thus haemor-
rhage [34]. It may also lead to puncture of the radial 
artery during venipuncture, misinterpretation of angio-
graphic images, or severe disturbance of hand irrigation 
during surgical procedures on the arm [35]. Further-
more, it has been recorded that the presence of a high 
origin of the radial artery contributes to the develop-
ment of tortuosity, which can increase the risk of failure 
of trans-radial catheterisation [19]. 

VARIATIONS OF THE ULNAR ARTERY

The ulnar artery passes medially, deep to the prona-
tor teres muscle and intermediate to the flexor digitorum 
superficialis muscle, to reach the medial aspect of the 
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forearm after its origin from the brachial artery in the 
cubital fossa. It passes superficial to the flexor retinacu-
lum at the wrist in Guyon’s canal to enter the hand [28, 
36]. The ulnar artery courses through the forearm with 
the ulnar nerve [37]. 

The superficial artery is described as an ulnar artery 
with a high origin in the arm that descends over the 
superficial muscles of the forearm [8]. Knowledge of the 
superficial ulnar artery has clinical significance as this 
variant vessel can be easily mistaken for a vein during 
intravenous drug administration [38]. The tortuosity of 
the ulnar artery can lead to ulnar nerve compression if 
tortuosity coincides with the passage of these two struc-
tures through the pisohammate hiatus, which may result 
in paresthesia and numbness of the skin in the dorsum 
of the hand where the ulnar nerve is distributed [39]. 

THE MEDIAN ARTERY

During early embryonic life, the arterial axis of the 
forearm is represented by a transitory vessel known as 
the median artery. It normally regresses after the sec-
ond embryonic month [27]. However, if the persistent 
median artery does not regress, it forms a median artery 
that accompanies the median nerve, which in some cas-
es may perforate the median nerve [32]. The persistent 
median artery has also been associated with compres-
sive pathology of the median nerve, which is secondary 
to arterial calcification, thrombosis and atherosclerosis 
[12]. In addition, if there is no anastomosis between the 
persistent median artery and the ulnar artery, it becomes 
of great importance to plastic surgeons and neurosur-
geons as inadvertent damage to the persistent median 
artery may cause hand ischemia [40]. The prevalence of 
the variations of the median artery has shown popula-
tions difference ranging from 0,5-59,7% in Europeans, 
and Africans respectively, with the Europeans recording 
the lowest incidence [13,14,20,41]. 

TORTUOSITY OF THE UPPER LIMB ARTERIES 
AND THEIR CLINICAL IMPLICATIONS

Tortuous arteries and veins are increasingly becom-
ing a common observation throughout the human body 
[25]. Changes in the arterial walls due to mechanical 
injury, hypertension, diabetes, ageing and atherosclerosis 
may lead to thrombic events, embolic events, restriction 
of blood flow, occlusion of blood flow and ultimately 
change in the gross anatomical structure of the artery 
leading to tortuosity [24]. 

The mechanical stability of arteries depends on the 
wall stiffness [24]. Elastin is an important extracellular 
matrix component for arterial elasticity and stiffness and 
elastin degradation weakens the arterial wall [42]. Deg-
radation of elastin in the arterial walls is said to cause 
weakening of the arteries leading to tortuosity, due to 
increased blood flow, but the underlying mechanisms 
are unclear [24]. The fragmentation of elastin has been 
reported in the walls of tortuous arteries and has been 
considered the cause of vessel lengthening leading to 
tortuosity [43].

Clinical observations have linked ageing, athero-
sclerosis, hypertension, genetic defects, diabetes mellitus 
and reduced axial tension or elongation of the arteries 
to some of the factors thought to cause tortuosity [24]. 
Certain levels of axial tension are essential in maintain-
ing the stability of arteries and preventing tortuosity, 
decreasing with age as the artery lengthens [44]. 

Tortuosity of arteries increases the resistance in 
blood f low and in severe cases, obstruction or even 
occlusion of blood flow [45]. Han (2012) [24] classified 
tortuosity into four different types: curving/curling, 
kinking, looping and spiral twisting vessels. A previous 
study described three types of tortuous radial arteries 
[46]. The first type was the tortuous radial artery with-
out stenosis. In this type, trans-radial catheterization 
was recorded to have a 98,8% success rate. The second 
type was the stenotic tortuous radial artery where the 
tortuous segment of the artery was calcified. In this 
type, difficulty in inserting the guide wire was report-
ed. The third type was the hypoplastic tortuous radial 
artery, an additional brachioradial artery, which may 
influence the flow of blood and may require a different 
approach to gain access to the artery [46]. The afore-
mentioned types of the tortuous radial artery suggest 
that tortuosity complicates radial catheterisation. Chron-
ic pressure on the vessel wall is considered one of the 
important predisposing factors of tortuosity, resulting 
in the vessel wall thickening and also an increase in the 
length of the artery [24]. In case of an anomaly in the 
radial artery, like tortuosity, the ulnar artery is used as 
an alternative in coronary and cerebral angiography and 
ulnar-cephalic arteriovenous fistula when access to the 
radial artery fails [8]. 

MATERIALS AND METHODS

Study design

The current study is a descriptive quantitative study 
where the types and frequency distribution of the upper 
limb arterial variations were analysed and recorded in a 
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select sample of the South African population (black and 
white) (Ethics Reference Number: SMUREC/M/193/2022: 
PG). The sampling method used in the current study was 
convenient sampling. Gross anatomical dissection was 
used to expose the upper limb arteries by using the meth-
ods described by Tank and Grant (2013)[47]. 

Sample size

One-hundred and eighty (180) upper limb arter-
ies of 90 cadavers were dissected in the Department of 
Human Anatomy and Histology at Sefako Makgatho 
Health Sciences University (Table 1). Of the 90 cadav-
ers, 14 were neonatal cadavers, 3 were fresh unembalmed 
adult cadavers and the remaining 73 cadavers were adult 
embalmed cadavers. The axillary, brachial, ulnar and 
radial arteries were exposed via gross anatomical dissec-
tion using a method described by Tank and Grant (2013)
[47]. The dissection was completed by making use of a 
standard dissection kit.

Data analysis

The data was analysed using SPSS v.24. Frequency 
distribution of the variant branching patterns of the 
tortuosity of the radial, high origin of the radial artery, 
common trunk for circumflex humeral arteries and the 
superficial subscapular artery were recorded in the stud-
ied population from the left and right upper limbs, Black 
and White population as well as female and male were 
compared using the Chi-square statistical test. A p-value 
≤ 0,05 was considered statistically significant.

RESULTS

Variations of the brachial artery and its terminal branches

The standard anatomical branching pattern of the 
brachial artery was recorded in  56,11% cases (Figure 
1). In the above-mentioned cases, 73 cases were record-

ed in males, while 28 cases were recorded in females. 
Additionally, 15 of the above cases were recorded in 
the White cadavers while 86 cases were recorded in the 
Black cadavers. This pattern was observed bilaterally in 
96 cadavers and unilaterally in five cadavers.

The radial artery had a high origin in  5,56% 
cases (Figure 2A and B). The high origin of the radial 
artery was found bilaterally in  4,44% and unilater-
ally in  1,11%. In addition,  5,00% were observed 
in males and  0,56% were observed in females. Con-
sidering the race distribution,  1,67% cases of high 
origins of the radial artery were recorded in the White 
cadavers and  3,89% were recorded in the Black 
cadavers. 

The Chi-square test comparing the frequency of the 
high origin of the radial artery in all 180 dissected upper 
limbs (136 Black, 44 White, 126 males and 54 females) 
showed no significant differences in the frequency of the 
high origin of the radial artery in the sides (p = 0,861), 
sex (p = 0,094) and race (p = 0,732). 

In one of the above 10 cases of high origin of radial 
artery, the radial artery took a superficial course over the 
forearm muscles. 

The ulnar artery had a high origin in  2,22% cas-
es (Figure 3A and B). In one of the above four cases, the 
ulnar artery took a superficial course (Figure 3 C). The 

Table 1. Distribution of the cadaveric material used in the current 
study. 

Sex
Race distribution

Sample size
Black White

Female 18/90 = 20,00% 9/90=10,00% 27
Male 50/90 = 55,56% 13/90 = 14,44% 63
Total 68 22 90

Figure 1. A) The anterior view of the arm showing a textbook 
branching of the brachial, radial and ulnar arteries. B) A schematic 
diagram of the anterior view of the arm showing a textbook branch-
ing of the brachial, radial and ulnar arteries. Key: BA: Brachial 
artery; UA: Ulnar artery; UN: Ulnar nerve; RA: Radial artery; *: 
Point of bifurcation; L: Lateral; M: Medial; P: Proximal; D: Distal.
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above cases were recorded bilaterally in two White male 
cadavers.

In  0,56% cases the deep brachial artery originat-
ed from the posterior circumflex humeral artery on the 
right of a male cadaver (Figure 4).

The median artery was recorded in  4,44% cases 
(Figure 5). It was unilateral in  2,22% cases and bilat-
eral in  2,22% cases. In the above cases,  3,33% 
were observed in males, while  1,11% cases were 
observed in females. Considering the race distribution, 

 1,67% cases of the median artery were recorded in 
the White cadavers and  2,78% cases were recorded 
in the Black cadavers. 

Superficial course of the radial artery

In one cadaver the radial artery ran superficial to 
the extensor pollicis longus and extensor pollicis bre-
vis tendons instead of passing through the anatomi-
cal snuffbox on both sides (Figure 6 A-B). On the right 
side, the radial artery continued on the dorsum of the 

first web lying superficial to the first dorsal interosseous 
muscle and joining the superficial palmar arch (Figure 
6 A). On the left side, before passing superficial to the 
extensor pollicis longus and extensor pollicis brevis ten-
dons, the radial artery gave rise to a branch that passed 
through the anatomical snuff box and makes no entry 
into the deep palmar aspect. The radial artery then con-
tinues to loop around the first web to anastomose with 
the junction of the princeps pollicis artery and the radi-
alis indicis artery (Figure 6 B). Even though the course 
of this branch was not followed further, it is believed to 

Figure 2. A) The anterior view of the arm showing the high divi-
sion of the brachial artery. B) A schematic diagram of the anterior 
view of the arm showing the high division of the brachial artery. 
Key: BBM: Biceps Brachii muscle; BA: Brachial artery; UA: Ulnar 
artery; RA: Radial artery; MN: Median nerve; *: Point of bifurca-
tion; L: Lateral; M: Medial; P: Proximal; D: Distal.

Figure 3. A) Anterior view of the arm showing the high division of 
the brachial artery with the ulnar artery taking a superficial course 
in the forearm. B) A schematic diagram of the anterior view of the 
arm showing the high division of the brachial artery with the ulnar 
artery taking a superficial course in the forearm. C) Superficial 
course of the ulnar artery over the flexor muscles in the forearm. 
Key: BA: Brachial artery; MN: Median nerve; RA: Radial artery; 
UA: Ulnar artery; BBM: Biceps Brachii muscle; BRM: Brachioradi-
alis muscle; FDSM: Flexor digitorum superficialis muscle; FCUM: 
Flexor carpi ulnaris muscle; *: Point of bifurcation; L: Lateral; M: 
Medial; P: Proximal; D: Distal. 
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have continued to the deep palmar arch. After giving 
off the above branch, unlike on the right side, the radi-
al artery did not continue superficial to the first dorsal 
interosseous muscle but rather penetrated and went deep 
to this muscle. Our literature search could not find this 
variation in the previous studies.

Tortuosity of the brachial artery and its branches

The brachial artery was tortuous in  11,11% cas-
es (Figure 7A). Of these 20 cases, the tortuous brachial 
artery presented bilaterally in  10,00% cases and uni-
laterally in  1,11% cases. It was observed in males  
8,33% cases and females in  2,78% cases. 

Figure 4. The anterior view of the axilla showing the deep brachial artery arising from the posterior circumflex humeral artery. Key: AA: 
Axillary artery; STA: Superior Thoracic artery; TAA: Thoraco-acromial artery; LTA: Lateral Thoracic artery; DSA: Deep Subscapular 
artery; CSA: Circumflex Scapular artery; TDA: Thoracodorsal artery; TDN: Thoracodorsal nerve; PCHA: Posterior Circumflex Humeral 
Artery; DBA: Deep brachial artery; PMM: Pectoralis minor muscle; L: Lateral; M: Medial; P: Proximal; D: Distal.

Figure 5. Anterior view of the forearm showing the median artery entrapped by the median nerve. Key: BA: Brachial artery; RA: Radial 
artery; UA: Ulnar artery; CT: Common Trunk; MN: Median nerve; MA: Median artery; L: Lateral; M: Medial; P: Proximal; D: Distal.
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The radial artery was tortuous in  17,22% cases 
(Figure 7 B). The tortuosity of the radial artery was uni-
lateral in  3,89% cases and bilateral in  13,33% 
cases. In addition,  9,44% were observed in male 
cadavers, while  7,78% were observed in female 
cadavers. Considering the race distribution, the tortuous 
radial artery was observed in  12,78% cases of White 
cadavers, while  4,44% cases were recorded in Black 
cadavers. 

The Chi-square test comparing the frequency of 
tortuous arteries in all 180 dissected upper limbs (136 
Black, 44 White, of which 126 were males and 54 were 
of females) showed a significantly high frequency of tor-
tuosity of arteries in the White cadavers compared to 
Black cadavers (p<0,001), while side (p=0,230) and sex 
(p=0,230) comparisons were not statistically significant.

The frequency of the upper limb arterial variations 
recorded in the sections above are summarised in Figure 
8 and Table 2 below.

DISCUSSION

Introduction

The current study evaluated the variations in the 
brachial artery and its terminal branches to record the 
incidence of these variations in the studied population 
and the possible clinical implications that these varia-
tions may have during surgical and treatment interven-
tions involving the upper limb vessels studied. The study 
records the information with limited availability in the 
current literature, more specifically pertaining to the 
African population, as much focus has been given to the 
axillary artery which is known to be a highly variable 
artery of the upper limb. Even though the above is true 
regarding the axillary artery, the knowledge of the vari-
ations of the brachial artery and its branches is of cru-
cial importance as these vessels are sometimes used to 
perform arterial bypass and are also vulnerable to veni-
puncture during drug administration. 

While the current study has done extensive compari-
sons of the variations in different sex and race groups of 
the studied population, care should be taken when using 
the results of the current study to project the possible 
variations of the brachial artery and its branches for sur-
gical planning and drug administration. This is due to 
the fact that the limited availability of human cadaveric 
material did not allow a balance between sex and race 

Figure 6. A) The posterior view of the right forearm showing the 
radial artery superficial to the extensor pollicis longus and exten-
sor pollicis brevis tendons, and not passing through the anatomi-
cal snuffbox. B) The superior view of the left forearm showing the 
radial artery superficial to the extensor pollicis longus and exten-
sor pollicis brevis tendons, giving off a branch to the anatomical 
snuffbox. Key: RA: Radial artery; EPL: Extensor Pollicis Longus; 
EPB: Extensor Pollicis Brevis; APL: Abductor Pollicis longus; RIA, 
Radialis indicis artery. B: RA, Radial artery; EPL, Extensor Pollicis 
Longus; EPB: Extensor Pollicis Brevis; APL: Abductor Pollicis lon-
gus; L: Lateral; M: Medial; P: Proximal; D: Distal.

Figure 7. Anterior view of the upper limb showing tortuosity of its 
arteries. A) Brachial artery showing tortuosity. B) Tortuous radi-
al artery with kinking and curving tortuosity. Key: BA: Brachial 
artery; RA: Radial artery; L: Lateral; M: Medial; P: Proximal; D: 
Distal.
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groups, and therefore some statistical analysis shown in 
comparing the groupings might have lost statistical pow-
er. Authors nevertheless believe that the data presented 
in this article carriers significant scientific value that 
may inform the decisions for surgical procedures and 
treatment interventions to prevent iatrogenic injuries. 

Variations of the brachial artery and its terminal branches

The current study reported 5,56% of cases of the high 
origin of the radial artery, in agreement with previous 
studies which recorded 2,84% in the European Population 
[13] and 14,27% in the Spanish population [48]. The pres-
ence of a high origin of the radial artery may lead to fail-
ure during trans-radial catheterisation as the catheter may 
be hindered, partly due to the fact that the presence of a 
high origin of the radial artery is associated with its tor-
tuosity [19]. In some cases, the radial artery with high ori-
gin takes a superficial course, making it vulnerable to be 
mistaken as a vein during drug administration, a situation 
that could lead to gangrene of the forearm and hand [49].

The high origin of the ulnar artery was recorded 
in 2,22% of cases in the current study. Its reported fre-

quency ranges from 0,17% to 2,00% in previous studies 
[27,29,50]. The presence of an ulnar artery of high ori-
gin is considered a rare anatomical variation with clini-
cal significance [8]. The high origin of the ulnar artery 
is often related to ulnar nerve compression and entrap-
ment [51]. Its clinical importance should not be under-
estimated as several cases of intra-arterial injection of 
drugs and subsequent amputations have been reported 
in patients with this type of variation [51]. Additionally, 
the ulnar artery of high origin is extremely vulnerable to 
iatrogenic injury during surgery [52].

A rare case of a common trunk of PCHA and deep 
brachial artery was recorded in 0,56% of cases in the 
current study. Our literature search found one study that 
recorded a similar variation in 2% of cases [53]. This 
variation is important for arteriovenous bypass, especial-
ly where the axillary artery is used [54]. It should also be 
considered for shoulder and axillary tissue flaps used for 
the reconstruction of cervical and axillary scar contrac-
tures and reconstruction [55]. 

The rare superficial course of the radial artery that 
ran on the roof of the anatomical snuff box was found 
in 1,11% of cases in the current study. According to our 

Figure 8. Summary of the distribution of the variant branching patterns of the Brachial artery.
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literature review, this variation has only been report-
ed recently in a case study reported on a Korean male 
cadaver [56]. Clinical classifications of variants in the 
radial artery are important as they are the main reasons 
for technical failures during trans-radial catheterisations 
[56]. The looping of the radial artery around the first 
web in the current study resulted in it taking a superfi-
cial unexpected course where it could be vulnerable to 
injuries with potential profuse bleeding. 

Median artery

The median artery was present in 4,44% of cases in 
the current study, in agreement with a previous study con-
ducted in a sample of Indian population which recorded 
6,6% of cases of the median artery [12]. The presence of 
the median artery is often coupled with idiopathic median 
nerve pain due to nerve entrapment [26]. A few cases of 
median nerve neuropathies encountered in the clinical 
setting are reported to be idiopathic probably due to com-
pression by arteries that take the abnormal course or the 
presence of the median artery [10]. This could have been a 

possibility in the case observed in the current study as the 
median artery pierced through the median nerve. 

Tortuosity of the main upper limb arteries

The tortuous brachial artery was reported in 11,11% 
of cases in the current study. Tortuosity of the brachial 
artery is a rare occurrence and is mostly reported in case 
reports [23,25,39]. The presence of tortuous arteries can 
lead to difficulty during catheterization and may result 
in iatrogenic injury [57]. The tortuosity of the upper 
limb arteries was high (28,33%) in the current study 
compared to previous studies (1,25%) [23,25]. 

The tortuous radial artery was reported in 17,22% 
of cases in the current study. Tortuosity of the radial 
artery has been reported to range from 3,6% to 23% of 
cases [23,25,39] which is in agreement with the results 
of the current study. Considering the race distribution, 
the tortuous radial artery was observed in 12,78% of the 
White South African cadavers and 4,44% recorded in 
the Black South African cadavers. These results suggest 
a higher prevalence of tortuosity of the radial artery in 

Table 2. Summary of the prevalence of arterial variations.

Variations Prevalence of variation (%) 
(n/180)

Male
(n/126)

Female
(n/54)

Bilateral Unilateral Bilateral Unilateral 

Brachial artery
Median artery 4.44% 4 2 0 2
Tortuous brachial artery 11.11% 14 1 4 1
Tortuous radial artery 17.22% 14 3 10 4
High origin of radial artery 5.56% 4 6 0 0
High origin of ulnar artery 2.22% 4 0 0 0
Superficial RA 1.11% 2 0 0 0
Normal brachial artery 56.11% 70 3 26 2

Table 3. Summary of population differences in the brachial artery variations reported by different authors.

Brachial artery

Henneberg & 
George, 1991 & 

1992

SA

Rodríguez-
Niedenführ et al., 

2001 

European

Li et al., 2013

Chinese

Konarik et al., 
2020

European

Shetty et al., 2022

Indian

Current study 

SA

Median artery 54% 0% - 0% - 4,44%
Tortuous brachial artery - - 0,4% - 10,00% 11,11%
Tortuous radial artery - - 3,6% - - 17,22%
High origin of radial artery - 14,2% - 2,84% 15,00% 5,56%
Superficial RA - - - - - 1,11%
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the White South Africans compared to the Black South 
Africans. It has previously been suggested that tortuosity 
of the arteries may be related to diabetes and hyperten-
sion [24]. Medical records were not available to relate the 
tortuosity to the disease in the current study. 

CONCLUSION

All dissected cadavers showed variations in either 
brachial, ulnar or radial artery, confirming the high inci-
dence of upper limb arterial variations. The incidence of 
variations in branching patterns of the brachial artery 
and its terminal branches in the South African population 
compares to that of the previous studies, suggesting that 
these variations are not race or population dependent. 
This study also noted that the high origin of the radial 
artery is more prevalent in males than in females, a point 
noted for the first time in the current study. Tortuosity of 
the brachial and radial arteries are much higher in the 
South African population compared to other populations. 

The results of the current study provides crucial 
information for planning surgical procedures and inter-
pretation of angiograms more specifically in the South 
African population. Such data is currently not available 
except the current study. 

LIMITATIONS

Due to the limited availability of cadaveric mate-
rial, a proper balance between race and sex was not pos-
sible and hence the current study may not sufficiently 
elucidate the distinct racial disparities and variations 
with regards to sex. In addition the variations in smaller 
branches might have been missed due to poor visibility 
after the embalming process. 

RECOMMENDATIONS

We recommend an increase in sample size to accu-
rately determine statistical variations between sexes and 
race groups to enhance the knowledge of the upper limb 
arterial variations. The effects of age and BMI should also 
be investigated. Future studies should consider including 
radiographic imaging to increase the sample size. 
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