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ABSTRACT

Awareness of the anatomical variations of the blood supply of the hand is necessary not only for the anatomist but
also for surgeons when considering hand surgery. The objective of this study was investigate the incidence of
anatomical variations of the superficial palmar arch and describe an rare anatomical variation. A total of 14
cadavers were used for the study in the laboratory of Morphology of the University of Pamplona. In the right hand,
the superficial palmar arch only gave rise to two common palmar digital arteries. In the |left hand, the arch provided
common palmar digital arteries which ran into the first, third and the fourth spaces and one proper palmar digital
for the little finger. The arch does not supply the second intermetacarpal space. Less critical knowledge of
vasculatur e of the hand might lead iatrogenic injury during surgery of the hand.

Keywords. Anatomical variations, superficial palmar arch, glg@lmar arch, ulnar artery, radial artery, common
palmar digital arteries.

INTRODUCTION

The hand is supplied by the terminal branches efrtdial and ulnar arteries. The blood supply & tand is
derived from the superficial and the deep palmehes (respectively SPA and DPA). The superficiéinpa arch is

an anastomosis fed mainly by the ulnar artery. [aker enters the palm with the ulnar nerve, anténche flexor

retinaculum and lateral to the pisiform. It passeslial to the hook of the hamates, and then cdaterally to form

an arch, convex distally and level with a transedirse through the distal border of the fully exded pollicial base.
About a third of the superficial palmar arches famened by the ulnar alone; a further third are ctergad by the

superficial palmar branch of the radial artery anthird by the arteria radialis indicis, a brandhaderia princeps
pollicis or the median artery. Four digital arterigrise from the convexity of the arch and paghéddfingers. The
most medial artery supplies the medial side ofittie finger and the remaining three subdivideitwo and supply
the contiguous sides of the little, ring, middlegdandex fingers, respectively. The superficialnpat arch is covered
by palmaris brevis and the palmar aponeurosis tisdsuperficial to flexor digiti minimi, branches the median

nerve and to the long flexor tendons and lumbrifg2].

The anatomy of the hand is of significant intetestarious disciplines of science. The arterialgypf the human
hand is of major importance given its clinical xgace. A thorough knowledge of the arterial supgdlyhe hand is
imperative when carrying out procedures such aslradery conduits in coronary artery bypass gngf{CABG),
radial arterial cannulation and reconstructive sty@f the hand [2].The Vascular patterns of thienpa arches and
their interconnecting branches present a complexchallenging study. Many attempts have been maatassify



Humberto Ferreira Arquez and Diana Katherine Arias Hurtado J. Chem. Pharm. Res., 2016, 8(5):6-14

these variations. One of the first reports thasented a classification of palmar arches was thssid work of
Coleman and Anson [3].

The vascular anatomy of the hand is challengingtdwehigh prevalence of previously identified a#ions. These
variations were usually found in the palmar arcbie#hich the superficial palmar arch (SPA), throughich the
hand receives its major blood supply, has been shimwbe more variable. The SPA has been describduk t
broadly divided into two categories: complete amebimplete. The difference resides in the presenedgence of
an arch formed either by a single artery or betwtbenconstituting vessels. Variations seem to beerpoevalent
within the complete arch category. The variatidret bccur in the arch are known to be more freqoarthe radial
side. This may involve one or more interconnectingnches. In view of its importance, the studytaf intricate
vascular pattern of SPA has continued to receivehninterest following advances in microsurgicalqadure for
reconstructive hand surgery. Awareness of the &rqgy of these arterial variations has been obsdn/bd of great
assistance in preparation and planning for safed teurgery. Such procedures are now preceded byiahrte
cannulation in order to determine the exact vascoédtern and hence minimize any potential tissamabe [4-
10].The objective of this study was investigate ittddence of anatomical variations of the sup@fipalmar arch
and describe an anatomical variation unknown, sstfite first case reported so far in the literatur

EXPERIMENTAL SECTION

A total of 14 cadavers of both sexes (13 men andrhen) with different age group were used for ttuelyg Upper
limb regions(28 sides) of the cadavers were cdseflissected as per the standard dissection proeeiduthe
Morphology Laboratory at the University of Pamplofdhe hands were dissected by first removing the sk
covering the flexor surface of the hand with algligxtension proximal to the wrist joint and thestally in the
palm to the bases of the digits. The ulnar andataaliteries identified proximal to the wrist weregerved. All
collected superficial palm Arches were allocatedoading to the classification of Lippert and Pafi€85), which
determines two main types: Complete and incompetkes. A complete arch (Type A) is found whendhexists
an anastomosis between at least two arteries.\i#aldpsubtypes can be determined [from reference 11]

LPA1 (“classic” radioulnar type or Arcus radiouliggr Anastomosis between the ulnar artery and tipedicial
branch of the radial artery.

LPA2 (medianoulnar type or Arcus medianoulnari)astomosis between the ulnar and median artery.

LPA3 (radiomedianoulnar type or Arcus radiomedidnatis): Anastomosis between the ulnar, median raddl
artery.

LPA4 (profundoulnar type or Arcus profundoulnari8hastomosis between the ulnar artery and the bespch of
the radial artery as the first dorsal interossetesyaor deep palmar arch.

LPA5 (medianoradial type or Arcus medianoradialijitastomosis between the superficial branch of ritthal
artery and the median artery.

An incomplete arch (Type B) does not provide angséomosis with following subtypes:

LPBL1: the ulnar artery forms an arch without anemtsis to other vessels (ULNAR type). LPB1la is idahg
braches to the ulnar side of the thumb and LPBHoplying including the index but not the thumb.

LPB2: ulnar and radial artery reaches the palmgivels branches to fingers.

LPB3: ulnar and median artery reaches the palmgares branches to fingers.

LPB4: ulnar, median and radial artery reaches #en@and gives branches to fingers.

Descriptive statistic was used by assessing eas$ection course separately as well as for the tewilt. In
addition the collected data were categorized adegr Jaschtschinski’s classification (1897), whiategorizes as
follows:

Complete arch (JA):

JAL: radioulnar type (corresponds to LPAL).

JA2: medianoulnar type (corresponds to LPA2).

JA3: radiomedianoulnar type (corresponds to LPA3).

JA4: Ulnar type (correspond to LPB1al!): reachintgast the radial side of the thumb.
JAS5: radiomedian type.
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Incomplete arch (JB): no anastomosis between a@myasind additional branches from the ulnar arterly ¢o the
fingers IIl, IV and V.

RESULTSAND DISCUSSION

All the specimens had a superficial palmar arclontall the superficial palmar arch which were dissd 92.86%
(26 cases) were complete superficial palmar aromftete SPA) where the formations was by Contrdsutp the
superficial palmar arch from the superficial palnbaanches from both the radial (RA) and ulnar a&ate(UA).

Type A, subtype: LPAL,

In 7,14% (2 cases in the same cadaver) were inamplperficial palmar arch (incomplete SPA) wimfations
from ulnar artery alone. Type B, subtype: LPBlal an unusual arterial pattern of ramification:

In the right hand:
Brachial artery terminates into radial and ulndemrin the cubital fossa and the radial arterysraaperficial in the

forearm and on reaching the wrist curves dorsaily erosses the anatomical snuff box and the ulitaryaenters
the hand superficial to the flexor retinaculum @omith the ulnar nerve. The radial artery does gige off the
superficial branch. The ulnar artery lies latecaiite nerve throughout its course and its supatfimianch forms the
SPA which gives off the two common digital arterfesm the arch which again divides into two proplggital
arteries. The arch only gave rise to two commompaldigital arteries what supply the medial andl#teral sides
of the third and fourth intermetacarpal space dedlateral side of little finger, lateral and mediale of the ring
finger and the medial side middle finger. It was fosmed the proper digital branch to the ulnaesid little finger.
Deep palmar arch directly contributing to the dation of the thumb, index finger and the lateraes of the
middle finger. Figure 1.

Common palmar digital arteries

Figure 1. Right hand exhibiting incomplete superficial palmar arch
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In the left hand:

Brachial artery terminates into radial and ulnaemrin the cubital fossa and the radial arterysraaperficial in the
forearm and on reaching the wrist curves dorsaily erosses the anatomical snuff box and the uliaryaenters
the hand superficial to the flexor retinaculum gosith the ulnar nerve. The radial artery does give off the

superficial branch. The ulnar artery lies latecattte nerve throughout its course and its supafflmianch forms the
superficial palmar arch.

The arch was devoid of the superficial branch ef thdial artery. It was solely formed by the ulagery on the
palmar region and it provided three common palnigitad arteries which ran into the first spaces anavide three
proper digital branch to the nourishing thumb andeix finger (one priceps pollicis artery, PPA ant tradialis
indicis artery, RIA); from to the third and the ftlu spaces between the corresponding digits angmper palmar
digital artery which ran along the ulnar side  tittle finger.

The arch does not supply the second intermetacapaale and the medial sides of the index fingeratedal sides
of the middle finger which are supply for the dgegtmar arch. Figure 2.

Figure 2. Left hand exhibiting incomplete superficial palmar arch: 1: Common palmar digital artery for thefirst intermetacar pal space.

Note: thetrifurcation of theartery in proper digital branch to the nourishing thumb and index finger (one pricepspallicisartery, PPA

and two radialisindicisartery, RIA); 2: proper digital branch to the ulnar side of little finger; 3,4:Common palmar digital arteriesand
common digital branches to the adjacent sidesto little, ring,and middle. Note: Absence of the common palmar digital artery to the
second inter metar car pal space, this space was supplied by the first common palmar metacar pal artery from the deep palmar arch.

First descriptions of frequencies and variationsttaf superficial palmar arch(SPA) were collectedthia 19th
century. Jaschtschinski [11], created a classifinatoncerning the variability of SPAs which wasddy other
authors Coleman and Anson [3],figure 3; Gellmaalg6]; Ikeda et al [7]. Jaschtschinski [11] deterad complete
and incomplete arches with different subtypes.Ha tategory of complete arches he lists the rad#suérch,
medianoulnar arch, radiomedianoulnar and ulnar.dratier one is the most important to be an arcméa by the
ulnar arteryonly. What is more, Jaschtschinski sutids the ulnar arch as well developed to seneriag to the
thumb’s both sides or a “weak” developed one withfirst palmar digital common artery to reach athig thumb’s
ulnar side. However, he clearly determines therumeh to reach the entire thumb or parts of m8taneously it is
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one of the key points which can change the resw#tmatically. Adachi [12]tried to classify his 260llected hands
according to Jaschtschinski’'s classification biietato finish it. As a consequence he describeseniess many
different types without any classification of comfg or incomplete. This should be seen as a veppoiitant

message that Jaschtschinski’s classification shaln@dys be regarded critically, cannot be borrowatrely but

has to be adapted. Moreover the paper of ColemdnAason [3]concerning the arterial patterns of 8®A does
include some contradictions. In this paper the @usthollowed the Jaschtschinski’'s classificatiort Hafined an
arch as complete in case of ananastomosis betwesssselg. Certainly this cannot be because Jasam&chkiulnar

arch does not contain any anastomosis. In addi@oteman and Anson [3]state to have found a notlgstribed
type providing an anastomosis between the ulnaryaeind the deep arch. Well, this corresponds &soibdivision
of Jaschtschinski's radioulnar arches. Regardidgmtlater published papers such as Gellman ef5hl.they

include the same concept as Coleman and Ansond3fla@pened. However, Lippert and Pabst .[Eyure

4,published a classification to be in contrastaschtschinski’'s due to its terminology because theermined a
complete arch in case of anastomosis between stt iwa vessels no matter how large the anastonmaigjst be.

Asa consequence, Lippert and Pabst [13]list 4 adstyof complete arches and 5 subtypes of incompletees.

Most important difference to Jaschtschinski’s dfasstion is that Jaschtschinski's ulnar arch it fmund in the

category of complete but incomplete arches. Adddlly it is defined as a variation to reach at i¢he radial side
of the index. As this variation shows high frequen€development in our investigation between 8448d 96.7%
of all developed incomplete arches and 21.8 % &n@l4 in total result category, it does make a déffiee in which
category theulnar arch is allocated to. Regardiveg ulnar arch more recisely, another importantidetast be

considered. Jaschtschinski determined this arcbaoch at least the thumb on it ulnar side wherdgagelt and Pabst
[13]include the radial side of the index. As a ammgence, it is crucial that the “ulnar arch” hasbto defined
precisely which of the fingers has to be reachddl [1

The radial artery enters the palm through the upper of the first metacarpal space between theshefithe first

dorsal interosseus muscle. In the palm it lies betwthis muscle and the adductor pollicis. It arasses with the
deep palmar (volar) branch from the ulnar artergdntinue as the deep palmar arch. At the wristrldéal artery

gives off two branches, namely the dorsal carpararand the first dorsal metacarpal artery. Therir princeps

pollicis arises from the radial just as it turnsdia¢ ward to the deep part of the hand. It descahaisg to the ulnar
side of the metacarpal bone of the thumb to the béshe first phalanx, where it divides into twabches. These
appear between the medial and lateral insertionseodductor pollicis obliquus and form an arckrabhe palmar
surface of the last phalanx from which arise brasdo the integument and subcutaneous tissue® tfitimb. The

radialis indicis artery is another branch of thdiahartery. It anastomoses with the proper digitidéry to supply
the ulnar side of the index finger. At the lowerder of the adductor pollicis transversus this gesmastomoses
with the princeps pollicis and gives a communiaatimanch to the superficial palmar arch. The dedmar arch is

formed by the anastomosis of the terminal parhefradial artery and the deep palmar branch ofiiar artery. It

gives off the palmar metacarpal arteries, the patifog branches and the recurrent branches [2].

The ulnar artery begins at the neck of the radind descends to the wrist. Just above the wrist@omes
superficial between the tendons of the flexor catparis and the flexor digitorum superficialis pierces the deep
fascia proximal to the flexor retinaculum and giwdkits deep palmar branch. (This anastomoses thighradial
artery) The ulnar artery continues as the supelffzalmar arch. In the wrist the ulnar artery as@s off the volar
carpal branch, also known as the palmar carpakchbranthe anterior ulnar carpal artery and thealararpal branch
also known as the posterior ulnar carpal artere Stperficial plantar arch is thus formed by theaulartery and
usually completed by a branch from the volaris éiedradialis artery more commonly known as theakslindicis
artery of the radial artery. It is however somesmempleted by the superficial volar branch alsovkm as the
superficial palmar artery which arises from theiahdrtery in the forearm. In some instances theedicial palmar
arch has been found to be completed by the pringeliisis artery of the radial artery [2].

10
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Type A

Classical radio ulnar arch:
Formed by superficial palmar
branch of radial artery and the
arger ulnar artery

Type B

Arch formed entirely by ulnar artery

Type C
38%
Type C
Mediano - Ulnar arch:
Composed of ulnar artery and an
enlarged median artary
Ligamentum A N =
carpi
volare
Median Artery ]
Type D
1.2%
Type D
Radio - mediano-ulnar arch
Three vessels enter into formation
of the arch
Median Artery

Ulnar Artery

Radial Artery
Type E

Arch initiated by ulnar artery and
completed by a large sized vessel
derived from deep arch

Radial Artery -y
Ulnar Artery

Figure 3. Classifications of Coleman and Anson (from reference 1)

The superficial palmar arch is an arterial arcatiechvlies adjacent to the palmar aponeurosis. Tole begins on
the flexor retinaculum immediately distal to thesifirm bone; it crosses the hook of the hamate deeghe

Palmaris brevis. It turns laterally and pierces thedial septum of the palm. It continues deep ® phalmar
aponeurosis to anastomose with branches of thalradery as mentioned above. The superficial pakneh has
many branches the main ones being the four digit@dries [2]. The superficial palmar arch can bmglete or
incomplete. Incomplete superficial palmar archesdinically important because individuals who hdvem are at
increased risk of digital ischemia. In a study bylénan et al., the complete arch was found in 785%e cases
and incomplete arch in the remaining 21.5% [3].tédg conducted by lkeda et al. using 220 cadawspecimens
identified the complete superficial palmar archO$4% of the cases and an incomplete palmar aré6id [7].

11
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Gellman et al. showed a complete superficial palarah in 84.4% of cases [5], while Al Turk and Matcalso

reported complete superficial palmar arch in 84%hefcases [15]. According to Williams P et al, atbone - third

of the SPA is formed by the ulnar artery aloneyrhfer third is completed by the superficial palrbeanch of the
radial artery and a third either by the arteriaatslindicis or by the princeps pollicis or by theedian artery (The
median artery is a branch of the anterior interegseartery which is a branch from the ulnar art@itye median
artery arises in the forearm and accompanies tltdameanerve) [15]. Furthermore this study states the classical
type of the superficial palmar arch in which thepedicial branch of the ulnar artery anastomoseth whe

superficial branch of the ulnar artery is foundoimly 34.5% of cases. In 2009 a study was done ligiBeh et al
using 30 formalin fixed cadaveric hands. A rareecass reported in there study in which an inconepseiperficial

palmar arch was formed by the median artery whimbegise to the princeps pollicis and radialis digliarteries
[2,16].

|y [ ( ¢ {1

Arcus radioulnaris Arcus medianoulnaris  Arcus radiomediano- Arcus profundoulnaris  Arcus medianoradialis
ulnaris

Ll iy )\ : . vy ;
i, % { ( \ 4 f‘/{ Y | f:
I IE

Arcus ulnaris with Arcus ulnaris with Radial and ulnar artery Ulnar and median Radial, ulnar and
thumb index artery median artery

Figure 4. Classifications of Lippert and Pabst (from reference 14)

Little et al. [17] noted that the circulatory dyni@snin the hand follow a very variable pattern, tiear artery being
the dominant source of supply in the most handeyTdoncluded that collateral circulation in the t¢hamould
generally maintain viability of fingers when eithexdial o ulnar artery was occluded at the wristwidver, they
found that in 9% of the hands, there was draststudbance of circulation onocclusion of ulnhar arteFhey
suggested that the variation in collateral adequadhe hand may explain ischaemic phenomena seerme
patients with the hammer hand syndrome [21].

Hypothenar hammer syndrome occurs in persons wbdasd as a hammer. Any finger could become iscitaem
following occlusion of ulnar artery or superficilar arch depending upon the pattern of branchiegent in the
superficial arch and the distribution of digitateaies [18,21].

Loukas et al [19] reported a case of complete digmdrpalmar arch which had no contribution froadial artery
and terminated by giving rise to a common trunktfer princeps pollicis and radialis indicis arteri#hey stated
that as the arterial supply of the thumb in thiseces solely provided by superficial palmar arcipotential hazard
could exist in the event of traumatic injury to thlear artery [21].

12
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Mookambicaet al [20] reported a case where the rigjgd palmar arch was formed exclusively by sujméal
branch of ulnar artery, without contribution by astyer vessel. Ulnar artery continued as the isshmon digital
artery to the interdigital cleft between index famgand thumb and this digital artery was dividimgoi arteria
princeps pollicis (APP) or arteria radialis indi¢&RI1). They called this type of arch as incompl&feA based on
Gellman classification of palmar arches. They statet the nomenclature of arteries originatingrfr6PA and
supplying thumbs and index finger have to be diseddecause of their surgical importance. In hangesies like
vascular graft applications, arterial repairs, fipedicle flaps clinicians should be aware of thesgations, because
in most of the traumatic events and the surgicat@dures of hand, SPA plays an important role.asemf ulnar
skin flaps, damage to the ulnar artery may preaengk. Interference with an efficient blood supptay result in
inefficient utility of the movements of fingers ah@nd. Superficial palmar arch is the main vascstarcture of
palm. Hence knowledge about the variation in itgua is important for surgeons dealing with red¢nrgive hand
surgeries and restorations of functional anatomlgasfd. Techniques like Doppler ultrasound, modidién test,
pulse oximetry and arterial angiography or a coratiam of the standard Allen test and ultrasonogyagam be used
to identify the vascular pattern of the palm [20,21

With the recent advances in the field of endoscspigical removal of the radial artery reportednnnelly et al.
[22] and their promising results, it is apparenattihe use of the radial artery as a coronary yarbgpass
graft(CABG) is being met with some degree of appto€onnelly et al. [22]reported the use of theahdrtery in

60% of coronary bypass cases. They reported a tiedum infection rate, discomfort, scarring andsgible

neurological deficiency, even in patients with swamplicating factors as diabetes or peripheratwias disease.
The removal of the radial artery endoscopically banperformed by a properly trained physician’sstast in as
little as 15 min. The reported poor longterm perfance of saphenous vein grafts [23] allows oneetnain

cautiously optimistic regarding the use of this eldechnique in the future.

Various diagnostic procedures have been implemeatedsess the viable collateral circulation in hlaad. Gull
published a case of pseudoaneurysm in an eightys y#d male which was diagnosed by using contralteced
computerized tomography angiography and Dopplei¢chwvivere used to delineate the details of the gsaurand
the collateral circulation [24]. The modified Allentest is considered as a primary screening methadto its
feasibility and Doppler ultrasonography can be use@n alternative, in case unsatisfactory resuéobtained by
using the former test [25]. A collateral circulatis the remedy for diseases of the palm, whichlmestablished
by an anastomosis between the radial and the anaries [26]. The radial and the ulnar arteries thie main
sources to the palm and the further supply candged by the median and the interosseous arterséésg. The
collateral circulation can be assessed by usingrtbdified Allen’s test, Doppler ultrasound, pulsémoetry and
arterial angiography [27].

Developmental evidence suggests that on reachgdhd the ulnar artery links with the superfigialmar plexus
from which superficial palmar arch originates, whihe median artery loses its distal connectionismelduced to a
small vessel. The superficial arch can be reinfibrbg a large median artery which arises frequefithyn the

anterior interosseus artery [28]. The proportionhahds in which the median artery made a contobuto the

superficial palmar arch was reported as 6% by Anih al.,[29]. Rodriguez et al described the paltgpe of

median artery, representing its embryonic pattertagge, long and reaching the palm [30]. They ssgthat radial
artery acquires its final state by stage 21 ofdhbryo and any variations in the formation of SPayrbe due to
persistence or enlargement of initial network ofssals which normally regress or remain as capkari
Embryological basis for high origin of superficidhar artery and its contribution in the formati@hSPA has been
reported by Natsis et al. [31] and Reddy et al.].[3Reda et al., [7] also suggest that an inhiltiof the

development of the vessels at different stageshefembryonic period may be the causes of artedabenital

anomalies.

In the present study, complete SPA formation wasenkes in 92.86% (26 hand). In the present casertlyemajor
communication between radial artery and deep brahctnar artery was completion of the deep palarah. This
cadaver showed bilateral presentations of incorapteperficial palmar arch with an exclusive vascyplattern,
which did not show absolute similarity with findiraf the above mentioned studies. Regarding theoameal

variation described, we believe that the knowledbthis unusual shape is extremely important, dsfigdecause
the influence it can exert on the conduct of chhiar surgical procedures.
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CONCLUSION

The proper knowledge of frequency of anatomicalatems of vasculature of the hand is very impartam safe
and successful procedures in order to avoid ormim@ the risk of complications during vascular suigs or
reconstructive surgery in the hand. A review ofcudar pattern prior to invasive or interventiongeny is strongly
recommended, which would allow to detect anomdiliesy to necessitate modification of surgical pedares.
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