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Background: Surgical procedures such as thenar flaps and radial artery (RA) 
harvesting call for an elaborate anatomical study of the RA’s superficial palmar 
branch (SPB). The aim of this study was to describe the branching pattern of 
this vessel related to the morphometric characteristics and variations of this 
artery.
Materials and methods: Twenty 4% formalin solution-injected hands were dis-
sected. For the morphometric study we used another group of 35 human hands 
of adult persons, injected with methyl methacrylate fluid into the ulnar and radial 
arteries. As soon as polymerisation was completed, a 40% solution of potassium 
hydroxide was applied for corrosion. The vascular arterial casts were examined 
under the stereoscopic microscope and precise drawings of each specimen were 
made.
Results: In the majority of cases (75%) SPB passed superficially, over the abductor 
pollicis brevis muscle. The mean diameter of the SPB, very variable depending on 
its length and field of supply, was 1.52 ± 0.49 mm, ranging from 0.8 to 2.7 mm. 
Developed SPB type, was present in 31.4% of hands, with the diameter of 1.7 mm 
and larger (mean 1.95 mm), continuing distally to become the radialis indicis artery, 
with an average calibre of 1.2 mm, and with important branches to the thumb. 
In most hands (68.6%), the hypoplastic SPB, was present, with a mean diameter 
of 1.17 mm, and the field of supply within the thenar area.
Conclusions: Knowledge of the SPB dominance and existence of anastomotic 
vessels in its field of supply are of importance to avoid the risk of possible ischa-
emic sequelae in the hand associated with harvesting the RA. (Folia Morphol 
2018; 77, 4: 649–655)
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INTRODUCTION
Classical anatomical textbooks describe the su-

perficial palmar branch (SPB) as the last side branch 
of the radial artery (RA) before it enters the ana-
tomical snuff-box and makes the curve around the 
carpus. The SPB goes through or, occasionally, over 
the thenar muscles, sometimes anastomosing with 
the termination of the ulnar artery (UA), completing 
the superficial palmar arch (SPA) [16, 20].

Anatomical studies have seldom dealt with the 
role of SPB in the cutaneous blood supply of the 
thenar eminence itself [4, 17, 21, 26], or the arterial 
supply of the thumb [2, 15, 26], and only rare data 
is available on the calibre of the SPB [2, 5, 17]. To 
our knowledge, there are no articles in the literature 
describing the branching pattern related to the mor-
phometric features and variations of the SPB. 

The position and the variations of the SPB, as well 
as the precise vascular pattern, related to its diame-
ter and anastomoses, are important issues in plastic 
and reconstructive hand surgery. The thenar flaps are 
considered as useful techniques for reconstruction in 
numerous cases of palmar skin defects or loss of fin-
gertip soft tissue with tendon and bone [7, 17, 22]. The 
RA harvesting for coronary revascularisation requires 
the evaluation of its collateral circulation to avoid 
hand ischaemia [1]. Therefore, knowledge on relevant 
anatomic data and potential surgical significance of 
area supplied by the SPB provides scientific and prac-
tical importance for this anatomical study [8, 18, 24].

The aim of this detailed study was, firstly, to pres-
ent all the possible anatomical variations of the SPB 
of RA, and secondly, to provide important anatomical 
basis for improving the safety of new flap designs and 
microsurgical techniques. Moreover, we underlined 
the surgical significance of the SPB dominance type 
based on the obtained anatomical data.

MATERIALS AND METHODS
Twenty formalin injected hands (8 female and 12 

male) from the collection of the Laboratory for Vascular 
Anatomy, were dissected and the positions of SPBs of 
RAs, related to the thenar surface, were analysed for 
this study. For the morphometric comparisons we used 
another group of 35 human hands (16 right, 19 left) 
of adults (13 female and 22 male), with a mean age of 
51.4 (range 26–65) years, with the upper limb vascula-
ture completely preserved. For a better understanding 
and accurate presentation of relationships between 
the branches we prepared vascular arterial casts of the 

hands. A mixture of monomer and polymer partitions 
of methyl methacrylate was injected under manual 
pressure into the ulnar and radial arteries simultane-
ously. As soon as polymerisation and hardening of 
plastic was completed, an immersion in 40% solution 
of potassium hydroxide was applied for corrosion, 
and after 7 days of soft tissues digestion the whole 
cast was rinsed in a hot water. The hand blood vessels 
were examined under the stereoscopic microscope 
Leica MZ6), precise drawings of each specimen were 
made, measurements of the vessels were accomplished 
under ocular micrometre, and digital photos taken. The 
main advantage of corrosion cast technique is that it 
enables a precise three-dimensional spatial distinction 
between the vessels, a clear definition of anastomoses, 
and finally, this method allows for each vessel to be 
followed up to the level of its smallest rami, thus per-
mitting a detailed description of its irrigation territory, 
much better than any dissection. A drawback of this 
method is the length of time required to complete 
the preparation and study in detail of even one single 
specimen. The study protocol was approved by the 
Ethics Committee of the Faculty of Medicine, Univer-
sity of Belgrade, Belgrade, Serbia (No. 29/VI-1; Date 
19-6-2013). The obtained set of specimens served as 
a useful demonstration tool in teaching medical students, 
as an adjunct in the collection of the Museum of Human 
Anatomy in Institute of Anatomy, Faculty of Medicine 
of University of Belgrade, as well as in preparation of 
the Atlas of the Human Body [25].

RESULTS
In all the studied hands (100%), the distal portion 

of the RA, lateral to the tendon of flexor carpi radialis 
muscle and at the level of the wrist joint and the sty-
loid process of the radius, gave off always one artery 
— the SPB (Figs. 1–3). The mean diameter of the RA at 
the level of SPB origin was 2.9 ± 0.34 (range 2.4–3.5) 
mm. The SPB diameter, measured at its emerging from 
the RA, ranged from 0.8 to 2.7 (mean 1.52 ± 0.49) 
mm, i.e. it was very variable depending on its length 
and irrigation area (Table 1). Regardless of the size of 
RA’s SPB, in the majority of cases (15 out of 20 dis-
sected hands — 75%), it passed superficially through 
the subcutaneous tissue of the thenar eminence, over 
the surface of the abductor pollicis brevis muscle 
(Fig. 1A). Less frequently (25% of hands) the artery 
was deeply positioned, following the intermuscular 
space between the above mentioned muscle and the 
opponens pollicis muscle underneath (Fig. 1B).
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In view of the morphometric and topographic 
features of the SPB we determined two main types: 
well-developed and hypoplastic artery.

Type A. Well-developed SPB type, found in 11 
(31.4%) hands, was characterised by one prominent 

arterial stem of SPB, with the diameter of 1.7 mm and 
above, ranging from 1.7 to 2.7 (mean 1.95) mm, con-
tinuing from the thenar area into the metacarpal part 
of the hand to become finally the radialis indicis artery 
(RIA), along the lateral side of the index finger (Figs. 1, 2). 

Figure 1. Dissections of the right hands, with arteries additionally coloured in red and nerves in yellow; palmar view: A. Well-developed superficial 
palmar branch (SPB) (1) with superficial position over the abductor pollicis brevis muscle (2); B. Well-developed SPB (1) passing deep to the ab-
ductor pollicis brevis muscle (2); 3 — radial artery; 4 — radialis indicis artery; 5 — radialis pollicis palmar artery; 6 — ulnaris pollicis palmar artery; 
7 — communicating branch; 8 — ulnar artery; 9 — superficial palmar arch; 10 — ulnaris digiti minimi palmar artery; 11 — third common palmar 
digital artery III; 12 — second common palmar digital artery II; 13 — first common palmar digital artery I; 14 — median nerve; 15 — ulnar nerve.

Figure 2. Corrosion casts of three hands with prominent superficial palmar branch (SPB) (1) of the radial artery (2), palmar view, continuing 
as: A. Left radialis indicis artery (RIA) (3); B. Right RIA (3) and ulnaris pollicis palmar artery (UPPA) (4); C. Left RIA (3), UPPA (4) and radialis 
pollicis palmar artery (5); 6 — princeps pollicis artery; 7 — deep palmar arch; 8 — ulnar artery; 9 — superficial palmar arch; 10 — common 
palmar digital artery I; 11 — common palmar digital artery II; 12 — common palmar digital artery III.

A B

A CB
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Calibre of the RIA was on the average 1.2 (range 1.0–
–1.5) mm measured at the level of the index finger’s 
root (Table 1). A long and well-developed SPB was the 
dominant source of the blood supply to the thenar skin 
and muscles, and to the lateral side of the index finger 
(Fig. 2A). Dominant SPB also sent important branches 
to the thumb, in 10 out of 11 cases, and in regard to 
their presence two subtypes could be distinguished.

Type A1. With only ulnaris pollicis palmar artery 
(UPPA) existing, subtype found in 6 (17.1%) hands, 
destined for the medial palmar side of the thumb. 
Its average diameter was 1.15 (range 1.0–1.3) mm 
(Fig. 2B, Table 1).

Type A2. With both of them, ulnaris and radialis 
pollicis palmar arteries (UPPA and RPPA) departing 
either individually or by a common stem, supply-
ing both the medial and lateral, palmar sides of the 
thumb, in 4 (11.4%) cases. Their respective average 
diameters were 1.3 (range 1.0–1.4) mm for the ulnaris 
and 1.2 (range 1.0–1.35) mm for the radialis pollicis 
branch of SPB (Figs. 1, 2C, Table 1). 

Type B. The hypoplastic SPB, present in most cases — 
24 (68.6%), was defined as being below 1.7 mm in diam-
eter, ranging from 0.8 to 1.5 (mean 1.17) mm (Table 1). 
It gave off long and delicate cutaneous branches for the 
vascularisation of the skin of the thenar eminence, as 
well as for muscles of the same region, and completely 
exhausted within the thenar area (Fig. 3A).

Our original classification of the SPB into two 
groups was based on a detailed study of 35 corrosion 
casts and 20 formol-injected dissected hands. Starting 
from the smallest diameter of 0.8 mm up to the 1.5 mm, 
the observed SPBs were vessels supplying the muscles 
and skin of the thenar area. The arteries in our col-
lection, which had the calibre of 1.7 mm and above, 
always irrigated a much larger field, including the 
index finger and the thumb. We concluded that 
a larger SPB, starting from the observed 1.7 mm, are 
well developed and potentially more important for 
the hand supply. The observed rule is that only all 
well-developed SPBs with diameters above 1.7 mm 

Table 1. Morphometric characteristics of the radial artery, 
superficial palmar branch (SPB) and its braches

Artery Incidence  
N (%)

Diameter [mm] 
Range (mean ± SD)

Radial artery 35 (100%) 2.4–3.5 (2.9 ± 0.34)

SPB 35 (100%) 0.8–2.7 (1.52 ± 0.49)

Well-developed SPB

RIA

UPPA

UPPA + RPPA

11 (31.4%)

11 (31.4%)

6 (17.1%)

4 (11.4%)

1.7–2.7 (1.95)

1.0–1.5 (1.2)

1.0–1.3 (1.15)

[1.0–1.4 (1.3)] + [1.0–1.35 (1.2)]

Hypoplastic SPB 24 (68.6%) 0.8–1.5 (1.17)

RIA — radialis indicis artery; UPPA — ulnaris pollicis palmar artery; RPPA — radialis 
pollicis palmar artery; SD — standard deviation

Figure 3. The vascular corrosion cast of the left hand showing the vascular territory and anastomotic subcutaneous vessels (arrows) of the 
hypoplastic superficial palmar branch (1) of radial artery (2): A. Palmar view; B. Palmar view from the level of a root of hand distally onward; 
3 — ulnar artery; 4 — superficial palmar arch; 5 — common palmar digital artery I; 6 — common palmar digital artery II; 7 — common 
palmar digital artery III; 8 — communicating branch; 9 — radialis indicis artery; 10 — ulnaris pollicis palmar artery; 11 — radialis pollicis 
palmar artery; 12 — princeps pollicis artery; 13 — deep palmar arch.

A B
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were directly, side to side, connected to the SPA by 
a smaller in diameter communicating branch (CB)
(Figs. 1, 2).

Anastomoses were present and numerous in the 
irrigation territory of the SPB supply, mostly in the 
thenar region. Communicating branch with SPA of 
the UA, as a single vessel, was reserved only for cas-
es with a large and well-developed SPB (31.4%). 
The cases with a thinner and hypoplastic SPB were 
more numerous (68.6%). All those examined hands 
contained in the subcutaneous tissue well ramified, 
slender cutaneous branches showing two groups of 
anastomotic connections with surrounding vessels. 
Lateral group of parallel anastomoses communicat-
ed with branches of thenar arteries deriving from 
the anatomical snuff-box portion of the RA. Distal 
group of anastomotic channels showed multiple small 
arteries making contacts with the SPA of the UA. 
From the thenar vascular network short twigs pierced 
the thenar fascia, rapidly dividing in all directions in 
a stellate pattern, finally reaching the skin (Figs. 3A, B).

DISCUSSION
Despite a large number of articles presenting ana-

tomical characteristics of superficial and deep palmar 
arches, some palmar arteries were only partially de-
scribed, for example, the thenar arteries coming from 
the anatomical snuff-box portion of RA. This is obviously 
true for the SPB of the RA, which was in previous reports 
only mentioned as a part of SPA [2, 5, 13, 14, 23, 26].

Our original contribution to the morphometric 
and topographic classification of the SPB into two 
groups was a result of a more detailed analysis of the 
SPB itself, then in a previous observation of the thenar 
eminence blood supply [26]. Measuring the calibres 
and comparing the frequency of well-developed SPBs 
in our present series of 35 corrosion casts, which was 
31.4%, with the earlier incidence of 40% of prominent 
SPB in 30 human hands, no statistically significant 
difference was found (χ2 with Yates correction 0.212, 
two-tailed p = 0.6453), confirming and supporting 
our methodological approach. In this present analysis 
we also measured the diameters of the branches: 
RIA, UPPA and RPPA, which were in average above 
1 mm (Table 1), showing numerically that full size 
vessels arising from the well-developed SPB are more 
important in supplying the index and thumb fingers 
in comparison to a small communicating connection 
with the SPA of the ulnar artery.

Our data obtained in this study showed that the 
SPB is usually a subcutaneous vessel (in 75%), and 

in most cases, (68.6%), with the diameter below 
1.7 mm, with the average value of 1.17 mm. Although 
being small in absolute terms, this is the largest artery 
of the thenar eminence with a local field of supply, 
the skin and muscles. Hands with this small, hypo-
plastic SPB did not show the typical CB for the SPA. 
Instead of a CB we identified slender anastomotic 
vessels, lateral, and distal group for the connection 
with SPA. Analysing our description of the most 
common appearance of the SPB of the RA with the 
other reports, we were able to find only one similar 
illustration. Omokawa et al. [17] found a typical 
distribution of the SPB branches, supplying only 
the radial aspect of the thenar eminence, in 83.3% 
of specimens, the incidence higher than one in the 
current study (68.6%). 

The incidence of SPB with the diameter superior to 
2.00 (mean 2.4) mm in 16.7% of hands was reported 
by them, or, according to Bilge et al. [2], in 14%. In 
those cases both groups stated the dominant supply 
to the thumb and index finger including the whole 
area of the thenar eminence, with the incidence lower 
than in our results (31.4%) [2, 17]. However, they did 
not distinguish subtypes with different branching 
patterns, within the well-developed SPB type, as we 
did. Our established value of 1.7 mm for the SPB 
calibre, was a point of depart from which a typical, 
hypoplastic SPB became larger, dominant vessel, with 
larger field of supply covering index finger obligatory, 
and parts of the thumb (A1 and A2 subtypes). Further, 
those two studies did not note the rule that CB existed 
only in cases with dominant SPB.

We agree and accept descriptions of the positions 
and counting of three or four common palmar digital 
arteries arising from the SPA, according to previous 
authors and Singh et al. [23], and from all other arti-
cles and textbooks (if explained). Generally speaking, 
the first common palmar digital artery runs between 
the index and middle finger. On the other hand, if 
the SPA is longer and its terminal part finally bifur-
cates into the RIA and princeps pollicis artery (PPA), 
this common part is considered as the first common 
palmar digital artery [5]. In most cases the PPA is 
a branch of the RA [15]. Our findings showed that the 
well-developed SPBs provided origin for the palmar 
thumb arteries, usually branches of PPA, together with 
the RIA. The small contribution of a CB with the UA is 
visible on corrosion cast specimens; in other words, 
a potential first common palmar digital artery is not 
really a branch of SPA, rather a full continuation of 
the well-developed SPB.
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The mean diameter of the RIA was 1.54 ± 0.4 mm, 
as reported by Bilge et al. [2]. In the current study, 
the calibre of the RIA was on the average 1.2 (range 
1.0–1.5) mm.

According to the findings of Miletin et al. [15], SPB 
can be a dominant source of the thumb blood supply 
in 7.69% of the cases. This is in accordance with our 
11.4% cases in which the SPB branches supplied both, 
medial and lateral palmar sides of the thumb.

Existing differences between the data from the 
literature and our findings might be due to different 
methodology applied in the studies. Mentioned au-
thors injected hands and dissected them, in contrast 
to our use of corrosion casts of the arterial system 
of the hands. Corrosion casts of the whole hands are 
very accurate specimens, representing very realisti-
cally the spatial anatomical arrangement of injected 
arteries, more precisely than any dissection. Direct 
visualisation and measurements of the luminal diam-
eter of even tiny branches is possible [9].

Our findings regarding the average calibre of the 
SPB of 1.5 (range 0.8–2.7) mm, are very similar to 
the ones reported by Omokawa et al. [17] (mean 1.4, 
range 0.8–3 mm), Bilge et al. [2] (1.67 mm), and Fazan 
et al. [5] (1.55 mm).

Instead of studies of the anatomical properties of 
the SPB, the scientific articles were focused on the 
superficial vascular pattern of the hand, and tradi-
tionally defined one of the complete arches types of 
SPA as cases when it was in connection to the SPB 
of RA [2, 5, 6, 13, 23]. Habitually, the complete SPA 
was found in: 40% of cases according to Loukas et al. 
[13], 34% Bilge et al. [2], 48% Fazan et al. [5], 35.5% 
Gellman et al. [9], 27.4% Feigl et al. [6], 44% Singh 
et al. [23], and 53.3% according to Omokawa et al. 
[17]. In general, our results regarding the existence 
of CB, and the so-called traditional or complete SPA, 
in 31.4% of cases are in accordance with the findings 
of the afore mentioned authors.

The SPB of the RA is a very constant artery, present 
in 100% of cases, despite the widely described varia-
tions in size, area of supply and connections with the 
SPA. Klimek-Piotrowska et al. [11] described unusual 
variations of the arteries of two upper limbs on the 
same cadaver. In both hands the SPB were missing. 
Such anatomical variations and of our findings re-
lated to the distribution area of the dominant SPB 
(in contrast to the small hypoplastic type), could be 
explained on the basis of their embryological devel-
opment. This theory suggests that vascular varia-

tions in the upper limb are formed by modifying the 
primary capillary plexus by means of progression or 
regression within the framework of haemodynamic 
predominance of feeding arteries of the hand: radial, 
ulnar, median and common interosseous [11, 19].

Our study presents the SPB as a constant and 
well-ramified artery, branching under the skin of the 
thenar eminence. The thenar flap is a popular surgical 
technique in the reconstruction of fingertip injuries 
with loss of soft tissue and exposed bone [24]. In cases 
of patients who have had two fingertip amputations, 
one can apply the double thenar flap technique, as 
reported in the literature [12]. Our results confirmed 
that the SPB could be used for the safe elevation of 
a fasciocutaneous flap [17]. The always present distal 
anastomoses in cases of small size SPB, and larger 
arterial connections in cases with the dominant SPB, 
theoretically allow for the flap to be transferred as 
a reverse-pedicled, in order to cover the larger defects 
of the palm, index finger, and thumb [10, 22]. Use 
of a free microvascular thenar flap for reconstruction 
of intraoral soft tissues has also been reported [8]. 

Harvest of the RA and use of its free grafts for 
a coronary artery bypass could potentially induce 
arterial insufficiency because of inadequate collateral 
circulation. The Doppler studies obtained the RA and 
UA diameters and flows, both preoperative and post-
operatively [3]. They demonstrated good hand perfu-
sion and an increase in UA flow velocity and diameter 
based on the functional compensatory changes and 
anastomotic vascular network. We proved the exist-
ence of multiple anastomotic vessels between the SPB 
and SPA, as we already stated. Therefore, including 
the substantial and complete deep palmar arch of the 
RA, the potential for adequate collateral circulation is 
warranted. The limitation of our study could be the 
sample size, i.e. the number of the available hand 
specimens, in order to establish precise definitions 
on the variations of these structures.

CONCLUSIONS
We have presented detailed morphometric ma-

terial describing the SPB of RA, and explained the 
differences between the hypoplastic and the well-de-
veloped type of artery. Based on the examined mate-
rial we concluded that a SPB with diameter inferior 
to 1.7 mm was locally arborising within the thenar 
area, in contrast to the SPBs with a calibre of 1.7 mm 
and larger, the latter extending into the index finger 
and thumb areas. Furthermore, we discussed in detail 
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the cutaneous branches of this artery, their area of 
supply and their anastomotic vessels. It is our hope 
that such useful anatomical descriptions and the 
obtained data might have implications in orthopae-
dic, microvascular, plastic and reconstructive, and 
cardiothoracic surgery.
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