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SUMMARY

The arterial pattern of the upper limb is one of
the systems that shows a large number of varia-
tions in the adult human body. However, embry-
ological explanations for these variations have
been subject to much debate. Recent studies
have provided a new classification of the arteri-
al variations in the upper limb, as well as a new
model of arterial development based on the
study of large anatomical and embryological
samples.

In the present article, we offer a review of the
embryological and morphological data obtained
in adults, contrasting them with those found in a
new sample of adult material.
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INTRODUCTION

Arterial variations in the upper limb have been
the subject of much controversy since Von Haller
mentioned their existence for the first time in the
eighteenth century (Von Haller, 1813).

On one hand, the objectives of the different
studies differed widely. Whereas studies based on
large samples focused mainly on presenting data
about the incidence of the different variant pat-
terns, although frequently omitting many mor-
phological details —such as the origin, course,
relationships, incidence by sex and side—, other
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studies based on casual findings provided
detailed morphological descriptions, but failed to
provide data of statistical value.

On the other hand, a terminological contro-
versy arose since some authors adopted a topo-
graphical criterion to name the arteries —brachial
and antebrachial- while other authors believed
that the arterial variations should be considered
as individual entities, therefore adopting a single
name regardless of the topographical area.

Furthermore, to explain the existence of arte-
rial variations in the upper limb of the adult, sev-
eral hypotheses have been advanced based on
findings from adult corpses, taking into account
that these variations represent a transitory
embryonic stage (Moncayo-Marques, 1941;
Wankoff, 1961, 1962; Kadanoff and Balkansky,
1966; Poteat, 1986; Rodriguez-Baeza et al., 1995;
Fadel and Amonoo-Kuofi, 1996; Anagnos-
topoulou and Venieratos, 1999; Nakatani et al.,
1999). However, few embryological studies exist,
probably due to the difficulty involved in obtain-
ing human embryonic material.

The largest classical embryological studies are
those of DeVriese (1902) and Muller (1903). Nev-
ertheless, the accepted theory until now has
been that of Singer (1933), based on findings
from adult corpses and the embryological data
published in a Congress’ Proceedings (Senior,
1926). Singer (1933) stated that the adult pattern
develops from a main axial trunk, which extends
from the axilla to the fingers and represents the
brachial and interosseous artery. The different
arteries arise via sprouting angiogenesis: first the
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median artery, then the ulnar, then the superfi-
cial brachial and, finally, an anastomosis at
elbow level between the brachial and superficial
brachial arteries, which eventually become the
initial part of the radial artery, whereas the prox-
imal segment regresses to form the definitive
adult pattern (Fig. 1).

This theory was able to explain those cases in
which the radial artery originated above the
elbow level, but was unable to explain other
variations; for example, an ulnar artery arising
above the elbow level (Quain, 1844).

The objective of this review is to offer not
only an overview of the latest studies concerning
the morphology of the arterial patterns in human

but also the results of a new sample of 48
corpses, forming an overall sample of 240 (480
arms). The embryological theories about the
development of the arterial pattern and its varia-
tions are also reviewed (Rodriguez-Niedenfihr
et al., 2001b).

THE TERMINOLOGICAL PROBLEM

Some authors have applied a topographical cri-
terion that names the arteries regionally. Thus, a
second artery in the arm was termed the
brachialis superficialis, but once it crossed the
elbow, it was re-named based on its course;

adults (Wood et al., 1997; Safiudo et al., 1998;
Rodriguez-Niedenfihr et al., 1999, 2000, 2001a),

either radial, ulnar, superficial ulnar or
interosseous (Adachi, 1928; Wankoff, 1962;

Table 1.- Proposed terminology following the criteria of Barkow (1869) and completed in our recent study (Rodriguez-Niedenfiihr et al.,
2001a).
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Skopakoff, 1959). Accordingly, the brachialis
superficialis and the variations of the forearm
arteries were analysed separately, generating
—first—- an overlapping of the results since the
information was repeated both in the chapters of
arm variations and forearm variations and —sec-
ondly— omitting some important information
(Quain, 1844; Adachi, 1928; Skopakoff, 1959).
Thus, when the origin of the brachialis superfi-
cialis was analyzed, its continuation in the fore-
arm was omitted (Skopakoff, 1959) and when a
variant artery was detected in the forearm, no
detailed description of its origin was provided.

In later attempts to simplify and unify crite-
ria, subsequent authors considered the variant
artery as a complete entity in the arm and fore-
arm, therefore maintaining the same name both
in the arm and forearm (McCormack et al.,
1953). Accordingly, the information about the
origin of the artery in the arm, as well as its
course in the forearm, was considered and no
overlapping of results occurred. The authors
proposed different terminologies, such as
superficial radial, superficial ulnar, high origin
of the radial or high origin of ulnar, but these
were considered improper names because there
are no such radial or ulnar regions in the arm
(Schwalbe, 1898).

We propose a simple terminology that, fol-
lowing the criteria of Barkow (1869), unifies the
topographical criteria (Adachi, 1928; Skopakoff,
1959) and considers the arterial variation as a
complete entity throughout its course, but does
not use improper names for referring to the ves-
sel when it courses in different regions (McCor-
mack et al., 1953). Based on this criterion and
terminology, we have unified previous classifica-
tions and subclassifications, which are summa-
rized in Table 1.

INCIDENCE OF ARTERIAL VARIATIONS

It is important to note that careful analysis of
arterial variations with homogeneous criteria
over the years has allowed us to confirm that
they appear every year with very similar inci-
dences.

The overall incidences of arterial variations
observed in the arm and forearm are shown in
Table 2.

MORPHOLOGY OF ARTERIAL VARIATIONS IN
HUMAN EMBRYOS AND ADULT UPPER LIMBS

For clarify in the morphological description, this
has been split into three sections dedicated to
variations located exclusively in the arm, arm
and forearm, and forearm and hand.

1. Variations located exclusively in the arm

Two variations are reported: the superficial
brachial artery and the accessory brachial artery
(Table 2).

The superficial brachial artery represents a
brachial artery, which instead of coursing deep
to the median nerve runs in front of it after
adopting its superficial course. This variation
does not present any further deviation from the
norm and at the elbow it branches into the fore-
arm arteries. This variation was observed in 4.8%
of cases (Table 2).

The accessory brachial artery represents a
second artery in the arm that originates from
the brachial or axillary arteries and rejoins the
brachial artery in the distal third of the arm
before the latter divides into the usual forearm
arteries (Quain 1844; McCormack et al., 1953;

Table 2.- Arterial variations observed in this study and previous adult and embryo based samples (Rodriguez-Niedenfiihr et al., 1999, 2001b)

Embryo

Adult

Arm
Superficial brachial
Accessory brachial
Arm & Forearm
Brachioradial
Superficial brachioradial
Brachioulnar
Superficial brachioulnar
Brachioulnoradial
Superficial brachioulnoradial
Brachiomedian
Superficial brachiomedian
Brachiointerosseous
Forearm
Median (palmar pattern)
Superficial median
Superficial radial
Radial absent
Ulnar absent

7.7% (13/168)
0.7% (1/168)

14% (21/150)
<0.7% (<1/150)
<0.7% (<1/150)

4.7% (7/150)

0.7% (1/150)

0.7% (1/150)
<0.7% (<1/150)

18.7% (28/150)
<0.7% (<1/150)
<0.7% (<1/150)
<0.7% (<1/150)
<0.7% (<1/150)

4.8% (23/480)
0.2% (1/480)

14.2% (68/480)
<0.2% (<1/480)

0.2% (1/480)
3.75% (18/480)

0.6% (3/480)

<0.2% (<1/480)
<0.2% (<1/480)

12% (29/240)
<0.2% (<1/480)

0.4% (2/480)
<0.2% (<1/480)
<0.2% (<1/480)
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Figure 1. Comparison of the proposed theories about the development of the arterial patterns in the human upper limb. The old theory is
redrawn after Singer (1933) and the new proposed theory is based on our study (Rodriguez-Niedenfuhr et al., 2001b).

Keen, 1961; Rodriguez-Niedenfuhr et al.,
2001a,b).

2. Arterial variations located along the arm and
forearm

The arteries addressed here originate in the
arm and continue in the forearm as either the
radial, ulnar, interosseous, median or radial and
ulnar arteries, and are respectively named bra-
chioradial (Fig. 2a), brachioulnar, brachioint-
erosseous, brachiomedian or brachioulnoradial.

The term superficial is added if the course is
inside the superficial fascia; thus, the brachiora-
dial will be a superficial brachioradial if it cours-
es over the tendons delimiting the snuff box and
the brachioulnar, brachioulnoradial and the bra-
chiomedian will be named superficial brachioul-
nar (Fig. 2b), superficial brachioulnoradial (Fig.
2¢) or superficial brachiomedian if they course
over the forearm flexor muscles (Table 1).

The brachioradial artery is the most frequent
one with an incidence of 14%, followed by the
other patterns stated in Table 2. Although we
have presented some other possible variations in
the terminology, no such cases have been yet
reported (brachioulnoradial, brachiomedian).

This group of variations has been shown to
be the most frequent variations in both the arm
and forearm. No statistically significant differ-
ences were observed between male and female
nor left and right sides, the unilateral appearance
being more frequent than the bilateral.

The commonest morphological details of the
artery in the arm were as follows. It originated
most frequently from the upper third of the
brachial artery (Fig. 2a); coursing superficial to
the median nerve (Figs 2a, 2c¢) but deep to the
brachial fascia. At the elbow level they most fre-
quently passed behind the bicipital aponeurosis
(Fig. 2¢) and did not usually anastomose with
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Figure 2. Arterial variations affecting both arm and forearm. (a) brachioradial (br); (b) superficial brachioulnar (sbu), (c) superficial bra-
chioulnoradial (sbur). The arrows indicate the origin of the variation.

Bb: biceps brachii muscle; t: triceps brachii muscle; sff: superficial forearm flexor muscles; r: radial artery; u: ulnar artery; b: brachial
artery; mn: median nerve; un: ulnar nerve.

a) f i K

ha

Figure 3. Arterial variations affecting only the forearm: median artery (m). (a) antebrachial pattern (note that it is not considered variations
but it is included for comparison); (b) palmar pattern. r: radial artery; u: ulnar artery; b: brachial artery; ai: anterior interosseous
artery; mn: median nerve; un: ulnar nerve; sff: superficial forearm flexor muscles; br: brachioradialis muscle.
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the normal brachial artery. In the forearm they
coursed deep to the fascia (Fig. 2b) and reached
their usual positions -either radial, ulnar,
interosseus or median— at different levels
(Rodriguez-Niedenfuhr et al., 2001a).

The anastomosis at elbow level showed dif-
ferent features related to its morphology (sling-
like loop or rectilinear form), calibre (large or
slender), length (long or short), relationships
with the bicipital tendon (in front of or behind
it) and origin of the recurrent radial artery (orig-
inating or not from the anastomosis). These fea-
tures were analyzed in detail in a recent study
(Rodriguez-Niedenfuhr et al.,, 2000) and since
they are not the most frequent ones, their dis-
cussion is omitted here.

Finally, there are two noteworthy cases in
which the superficial brachioradial or the super-
ficial brachioulnar artery coexists in the forearm
respectively with the normal radial or ulnar
artery and which have been described as a
duplication of either the radial (Kadanoff and
Balkansky, 1966) or ulnar arteries (Gruber, 1867;
Rodriguez-Niedenfihr et al., 2001b).

3. Arterial variations located exclusively in the
forearm

The median artery has been shown to pre-
sent two different patterns (Figs. 3a,b): the ante-
brachial pattern (Fig. 3a) ending in the forearm
and the palmar one (Fig. 3b) reaching the palm
to supply the fingers (Rodriguez-Niedenfuhr et
al., 1999). The antebrachial pattern, due to its
high incidence in adult forearms (76%), may be
considered as a normal feature rather than as a
variation and was therefore not analysed in the
embryonic  sample, although  observed
(Rodriguez-Niedenfihr et al., 2001b). In contrast,
the palmar pattern, appeared with a lower inci-
dence in 12% of adult forearms (Rodriguez-
Niedenfuhr et al., 1999) or in 18.7% of the
embryonic forearms (Rodriguez-Niedenfuhr et
al., 2001b) and is considered a variation.

The superficial median artery has been
reported with an incidence of 1% (Lippert and
Pabst, 1985; Nakatani et al., 1999) but was not
found in our studies nor in previous others
based on large samples (McCormack et al., 1953)
or human embryos (Rodriguez-Niedenfihr et al.,
2001b).

The superficial radial artery is a radial artery
coursing over the tendons defining the snuff
box. This is a rare finding with an incidence
around 0.4% of the adult upper limbs (Table 2)
and not described in human embryos
(Rodriguez-Niedenfiihr et al., 2001b). It may
adopt its superficial course at different levels of
the forearm (Schwalbe, 1898; Breme, 1899;
Adachi 1928; McCormack et al., 1953; Keen,
1961; Loetzke and Kleinau, 1968; Sachs, 1987,
Wood et al., 1997), the distal superficial course

being considered the most frequent (Adachi,
1928; McCormack et al., 1953).

The absence of the radial artery has been
rarely reported (Charles, 1894; Schwalbe, 1898;
Kadanoff and Balkansky, 1966; Poteat, 1986)
with an estimated incidence lower than 0.2%
(Table 2). In those cases, the radial blood supply
territory was provided by the anterior
interosseous (Gruber, 1864; Poteat, 1986;
Kadanoff and Balkansky, 1966) or the median
artery (Schwalbe, 1898).

The absence of the ulnar artery is even rarer
than that of the radial artery. Not even studies
based on very large samples did found it (Gru-
ber 1867; McCormack et al., 1953; Wankoff,
1962). In the available literature there are only
three reported cases in which the ulnar artery
ended as the ulnar recurrent and interosseous
branches, a large median artery (Calori, 1868;
Bankart et al., 1869) or the radial and
interosseous arteries compensating this absence
(Nunoo-Mensah, 1998).

NORMAL DEVELOPMENT

It was observed that formation of the arterial sys-
tem in the upper limb takes place as a dual
process. An initial capillary plexus originating
from the dorsal aorta enters the limb bud during
stage 12 when the limb bud begins its outgrowth
(Fig. 1). This plexus develops at the same rate as
the limb. At stage 13, the capillary plexus begins
a maturation process involving the enlargement
and differentiation of selected canals. This
remodelling process starts in the aorta and con-
tinues in a proximal to distal sequence. By stage
15 the differentiation has reached the subclavian
and axillary arteries, by stage 17 the brachial
artery as far as the elbow, by stage 18 the fore-
arm arteries except for the distal part of the radi-
al, and finally by stage 21 the whole arterial pat-
tern is present in its definitive morphology
(Rodriguez-Niedenflhr et al., 2001b).

EMBRYOLOGICAL JUSTIFICATION OF THE EXIS-
TENCE OF ARTERIAL VARIATIONS IN THE ADULT
UPPER LIMB

Based on our results (Rodriguez-Niedenfiihr et
al., 2001b), injection studies on animal embryos
(Wollard, 1922; Feinberg and Noden, 1991; Aiza-
wa et al.,, 1999) and experimental data which
showed that when an endothelial tube gets a
muscular coating it looses its remodelling ability
(Benjamin et al., 1998), we proposed that the
sprouting theory described in many of the
embryological and anatomical textbooks and
reproduced in Figure 1 was obsolete (Lippert and
Pabst, 1985; O’Rahilly and Miiller, 1992; Schmidt
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and Lanz, 1992; Williams, 1995; Larsen, 1993;
Carlson, 1999). The new findings suggest that the
arterial pattern of the upper limb develops from
an initial capillary plexus by a proximal to distal
differentiation (in the forearm with a posterior-
anterior polaritiy) due to the maintenance,
enlargement and differentiation of certain capil-
lary vessels, and the regression of others (Fig. 1).
It is suggested that the persistence, enlargement
and differentiation of capillaries forming the ini-
tial capillary plexus, which would normally
remain in a capillary state or even regress, gives
rise to arterial variations of the definitive arterial
pattern, rather than the sprouting of aberrant ves-
sels (Singer, 1933; Lippert and Pabst, 1985;
O’Rahilly and Mdaller, 1992; Schmidt and Lanz,
1992; Larsen, 1993; Williams, 1995; Carlson,
1999).

The establishment of the superficial brachial,
accessory brachial and the brachial part of those
variations affecting the arm and forearm must be
determined before stage 17 as then, the arteries
until the elbow would have already got a defin-
itive morphology of its wall and no further
remodelling would be possible. The variations
affecting the forearm arteries as well as the ante-
brachial part of those variations affecting the arm
and forearm, have to be established before stage
18 as then the forearm arteries have got their
definitive wall morphology except the distal part
of the radial. The superficial radial and the distal
part of the superficial brachioradial arteries
would be determined before stage 21 when they
get their definitive morphology (Fig. 1).

CLINICAL IMPORTANCE

The arterial variations of the upper limb have
been implicated in different clinical situations.
The brachioradial and superficial brachioulnar
arteries have been encountered during elevation
of the radial forearm flap (Fatah et al., 1985;
Thoma and Young, 1992; Heden and Gylbert,
1990; Funk et al., 1995; Yuksel et al., 1999). Fur-
thermore, the superficial brachioulnar artery has
also been suggested as a basis for a skin flap
(Devansh, 1996). Possible intra-arterial injection
of drugs due to the proximity of normal vein
puncture sites has also been reported (Cohen,
1948; Hazlett, 1949; Deligonul et al., 1988) as
well as possible arteriographic misinterpretations
when the contrast dye is injected distal to the ori-
gin of these variant arteries (Keller et al., 1980;
Karlsson and Niechajev, 1982; Uglietta and Kadir,
1989). The existence of a superficial radial artery
implies the absence of the normal radial pulse at
wrist level (Sachs, 1987; Diz et al., 1998). It has
also been reported to produce problems in can-
nulation for operation monitoring (Diz et al.,
1998) and as a symptomatic presence that

required surgical treatment (Brown et al., 1999).
Finally, in a recently reported clinical case, the
absence of the ulnar artery was responsible for
hand ischaemia after radial artery grafting for
coronary bypass (Nunoo-Mensah, 1998).

ACKNOWLEDGEMENTS

We thank Mr. Martin Watson and Bari Logan of
the Cambridge dissecting room for help during
preparation of material and Mr. Pablo Molina,
Medical student of the Universidad Complutense
of Madrid, for the English supervision.

REFERENCES

ADACHI B (1928). Das Arteriensystem der Japaner, Vol. 1.
Maruzen, Kyoto, pp 285-356.

AizawA Y, 1SoGAI S, 1zumiyAMA M and HORIGUCHI M (1999).
Morphogenesis of the primary arterial trunks of the fore-
limb in the rat embryos: the trunks originate from the
lateral surface of the dorsal aorta independently of the
intersegmental arteries. Anat Embryol, 200: 573-584.

ANAGNOSTOPOULOU S and VENIERATOS D (1999). An unusual
branching pattern of the superficial brachial artery
accompanied by an ulnar nerve with two roots. J Anat,
195: 471-476.

BANKART J, PYE-SMITH PH and PHiLLIPs JJ (1869). Notes of
abnormalities observed in the dissecting room during
the winter sessions of 1866-67 and 1867-68. Guy’s Hos-
pital Reports, 14: 436-455.

Barkow HCL (1869). Die angiologische Sammlung im
anatomisches Museum der kdnigliche Universitéat Bres-
lau, pp LVI-LXXXIV. Breslau: Ferdinand Hirt's Konigl.
Universitats-Buchhandlung.

BENJAMIN LE, HEO | and KEesSHET E (1998). A plasticity win-
dow for blood vessel remodelling is defined by pericyte
coverage of the preformed endothelial network and is
regulated by PDGF-B and VEGF. Development, 125:
1591-1598.

BrReMe G (1899). Casuistischer Beitrag zur Kenntnis der
Anomalien der Armarterien. Z Morphol Anthropol, 1:
483-494.

BrOwN MJ, EDSTROM LE and Zienowicz RJ (1999). A symp-
tomatic radial artery anomaly and its surgical treatment.
J Hand Surg, 24: 178-181.

CaLORI L (1868). Delle anomalie piu importanti di ossa, vasi,
nervi e muscoli occorse nell’'ultimo biennio facendo
anatomia del corpo umano. Memorie della Accademia
delle Scienze dell’Istituto di Bologna, 8: 417-482.

CARLSON BM (1999). Human Embryology & Developmental
Biology, 2nd ed. Mosby, St. Louis, pp 202-204.

CoHEN SM (1948). Accidental intra-arterial injection of
drugs. The Lancet, 255: 409-417.

CHARLES JJ (1894). A case of absence of the radial artery. J
Anat, 28: 449-450.

DeLicoNuL U, GaBLIANI G, KErRN MJ and VANDORMEL M
(1988). Percutaneous brachial catheterization: the hid-
den hazard of high brachial artery bifurcation Catheter
Cardiovasc Diag, 14: 44-45.

DevansH MS (1996). Superficial ulnar artery flap. Plastic
Reconstr Surg, 97: 420-426.

De VRIESE B (1902). Recherches sur I' évolution des vais-
seaux sanguins des membres chez I' homme. Archiv
Biol, 18: 665-730.

Diz JC, Ares X, TARRAZO AM, AvLvarRez J and MEeaNos ER
(1998). Bilateral superficial radial artery at the wrist.
Acta Anaesthesiol Scand, 42: 1020.

27



28

M. Rodriguez-Niedenfiihr, T. Vazquez, I. G. Parkin and J. R. Safiudo

FADEL RA and AmoNoo-Kuorl HS (1996). The superficial
ulnar artery: development and surgical significance. Clin
Anat, 9: 128-132.

FataH MF, NANCARROW JD and MurraY DS (1985). Raising
the radial artery forearm flap: the superficial ulnar artery
“trap”. Brit J Plastic Surg, 38: 394-395.

FEINBERG RN and NoDeN DM (1991). Experimental analysis
of blood vessel development in the avian wing bud.
Anat Rec, 231: 136-144.

Funk GF, VALENTINO J, MccuLLocH TM, GrAHAM SM and
HorFFmaN HT (1995). Anomalies of forearm vascular
anatomy encountered during elevation of the radial
forearm flap. Head and Neck, 17: 284-292.

Fuss FK, MaTuLA CW and TSCHABITSCHER M (1985). Die
Arteria brachialis superficialis. Anat Anz, 160: 285-
294,

Fuss FK, MaTuLA CW and TscHABITSCHER M (1988). Die
Teilungsmdglichkeiten der grofRen Arterien in der Fossa
cubiti in Bezug zur Hueterschen Linie. Acta Chirurgica
Austriaca, 20: 32-35.

GRUBER W (1864). Zur Anatomie der Arteria radialis. Archiv
Anat Physiol wissenschaft Medizin, 434-455.

GruBER W (1867). Uber die Arteria mediana antibrachii
superficialis, Arteria ulnaris antibrachii superficialis und
Duplicitat der Arteria ulnaris. Archiv Anat Physiol wis-
senschaft Medizin, 668-687

HAZLETT JW (1949). The superficial ulnar artery with refer-
ence to accidental intra-arterial injection. Canad Med
Assoc J, 61: 289-293.

HEeDEN P and GYLBERT L (1990). Anomaly of the radial artery
encountered during elevation of the radial forearm flap.
J Reconstr Microsurg, 6: 139-141.

KADANOFF D and BALKANSKY G (1966). Zwei Falle mit selte-
nen Varietaten der Arterien der oberen Extremitat. Anat
Anz, 118: 289-296.

Kapyi H (1881). Uber einige Abnormalitaten des Gefésssys-
temes. Medizinische Jahrbucher, 37-45.

KARLSSON S and NIECHAJEV IA (1982). Arterial anatomy of the
upper extremity. Acta Radiol, 23: 115-121.

KEEN JA (1961). A study of the arterial variations in the limbs
with special reference to symmetry of vascular patterns.
Am J Anat, 108: 245-261.

KELLER FS, ROscH J, DOTTER CT and PORTER JM (1980). Prox-
imal origin of the radial artery. Potential pitfall in hand
angiography. Am J Roentgenol, 134: 169-170.

LARSEN WJ (1993). Human Embryology. Churchill-Living-
stone, New York.

LipPERT H and PaABsT R (1985). Arterial Variations in Man.
JF Bergmann Verlag, Miinchen, pp 71-73.

LoeTzke HH and KLEINAU W (1968). Gleichzeitiges Vorkom-
men der Aa. brachialis superficialis, radialis und ante-
brachialis dors. superfic. sowie deren Aufzweigungen.
Anat Anz, 122: 137-141.

MaTuLA CW, Fuss FK, TscHABITSCHER M and HoLbp M (1990).
Die grossen Arterien der Cubita. Uber ihre Herkunft am
Oberarm und deren Fortsetzung auf den Unterarm.
Angio Archiv, 19: 193-195.

McCormACK LJ, CAULDWELL EW and AnsoN J (1953). Brachial
and antebrachial arterial patterns. Surg Gynecol Obstetr,
96: 43-54.

MONCAYO-MARQUES J (1941). Algunas disposiciones no
habituales de las arterias de la extremidad superior.
Arch Esp Morfol, 1: 279-295.

MULLER E (1903). Beitrdge zur Morphologie des Gefasssys-
tems. |. Die Armarterien des Menschen. Anat Hefte, 22:
377-575.

NAKATANI T, l1zumi A and TANAKA S (1999). Bilateral superfi-
cial median arteries. J Anat, 194: 475-477.

NUNOO-MENSAH J (1998). An unexpected complication after
harvesting of the radial artery for coronary artery bypass
grafting. Ann Thoracic Surg, 66: 929-931.

O'RAHILLY R and MULLER F (1992). Human Embryology and
Teratology. Wiley-Liss, New York, pp 245-249.

PoTear WL (1986). Report of a rare human variation:
absence of the radial artery. Anat Rec, 214: 89-95.

QUAIN R (1844). Anatomy of the Arteries of the Human
Body. Taylor & Walton, London, pp 326-337.

RODRiIGUEZ-BAEZA A, NEBOT J, FERREIRA B, REINA F, PEREZ J
and SANuDo JR (1995). An anatomical study and onto-
genic explanation of 23 cases with variations in the
main pattern of the human brachio-antebrachial arteries.
J Anat, 187: 473-479.

RODRIGUEZ-NIEDENFUHR M, SANUDO JR, VAZQUEZ T, NEARN L,
LoGAN B and PARKIN | (1999). Median artery revisited. J
Anat, 195: 57-63.

RODRIGUEZ-NIEDENFUHR M, SANUDO JR, VAZQUEZ T, NEARN L,
LoGaN B and PARKIN | (2000). Anastomosis at the level
of the elbow joint connecting the deep, or normal,
brachial artery with major arterial variations of the
upper limb. J Anat, 196: 115-119.

RODRIGUEZ-NIEDENFUHR M, VAZQUEZ T, NEARN L, FERREIRA B,
PARKIN | and SaRuDo JR (2001a). Variations of the arter-
ial pattern in the upper limb revisited: a morphological
and statistical study, with a review of the literature. J
Anat, 199: 547-566.

RoDRiGUEZ-NIEDENFUHR M, BUurTON GJ, DEU J and SafNubo JR
(2001b). Development of the arterial pattern in the
upper limb of staged human embryos: normal develop-
ment and anatomic variations. J Anat, 199: 407-417.

SacHs M (1987). Die arteria radialis superficialis. Acta Anat,
128: 110-123.

SANUDO JR, MIrAPEIX RM, GARciA R and RODRIGUEZ-NIEDEN-
FUHR M (1998). A superficial ulnar artery anastomosing
with a larger anterior interosseous artery to supply the
wrist and hand. ] Anat, 192: 439-441.

ScHMIDT HM and Lanz U (1992). Chirurgische Anatomie der
Hand. Hippokrates Verlag, Stuttgart.

ScHWALBE E (1898). Beitrag zur Kenntniss der Arterienvari-
etaten des menschlichen Armes. Morphol Arbeit, 8: 1-47.

SENIOR HD (1926). A note on the development of the radi-
al artery. Anat Rec, 32: 220-221.

SINGER E (1933). Embryological pattern persisting in the
arteries of the arm. Anat Rec, 55: 403-409.

SKoPAKOFF C (1959). Uber die Variabilitit der Ab- und
Verzweigung der A. brachialis superficialis. Anat Anz,
106: 356-368.

THoMA A and Young JEM (1992). The superficial ulnar
artery “trap” and the free forearm flap. Ann Plastic Surg,
28: 370-372.

THomAs R and NeweLL R (1995). Anomalous arteries in the
upper limb. Clin Anat, 7: 57.

UGLIETTA JP and KaDIR S (1989). Arteriographic study of
variant arterial anatomy of the upper extremities. Car-
diovasc Intervent Radiol, 12: 145-148.

VON HALLER A (1813). Anatomical description of the arteries
of the human body. Thomas B. Wait & Co, Boston.
WANKOFF W (1961). Die Frage der Typenbestimmung der A.
brachialis superficialis im Lichte einer neuen Varietat,
die beim menschlichen F&tus beobachtet wurde. Anat

Anz, 110: 265-269.

WAaANKOFF W (1962). Uber einige GesetzméRigkeiten bei der
Variabilitdt der Arterien der oberen Extremitat. Anat
Anz, 111: 216-240.

WiLLiams PL (1995). Gray’s Anatomy, 38th ed. Churchill-Liv-
ingstone, New York, pp 318-320.

WoLLArD HH (1922). The development of the principal arte-
rial stems in the forelimb of the pig. Contrib Embryol,
70: 139-154.

Woob SJ, ABRAHAMS PH, SARUDO JR and FERREIRA BJ (1997).
Bilateral superficial radial artery at the wrist associated
with a radial origin of a unilateral median artery. J Anat,
189: 691-693.

YUKSEL M, YUKSEL R, WEINFELD AB and SHENAQ SM (1999).
Superficial ulnar artery: embryology, case report and
clinical significance in reconstructive microsurgery. J
Reconstr Microsurg, 15: 415-420.



