THIEME

ACCESS

96 Original Article | Articulo Original OPEN

Anatomical Study of the Superficial Palmar Arch, its
Relation to the Kaplan Cardinal Line and Literature Review

Estudio anatomico del arco palmar superficial, su relacion con la
linea cardinal de Kaplan y revision de la literatura

Claudia Arroyo Berezowsky' Alejandro Espinosa Gutiérrez? |imena Quinzafios Fresnedo?
José Antonio Rivas Montero?

Torthopedics and Hand Surgery, Instituto Nacional de Rehabilitacién ~ Address for correspondence Claudia Arroyo Berezowsky, MD,

Luis Guillermo Ibarra Ibarra, Ciudad de México, Mexico Cirugia de Mano, Instituto Nacional de Rehabilitacién Luis Guillermo
2Hand Service, Instituto Nacional de Rehabilitacién Luis Guillermo Ibarra Ibarra, Calz México-Xochimilco 289, Arenal Tepepan,
Ibarra Ibarra, Ciudad de México, Mexico 14389 Ciudad de México, CDMX, 7° piso Ortopedia, México

3 Nuerological Rehabilitation Division, Instituto Nacional de Rehabilitacién (e-mail: dra.carroyob@gmail.com).
Luis Guillermo Ibarra Ibarra, Ciudad de México, Mexico

Rev Iberam Cir Mano 2018;46:96-105.

Abstract

Keywords

= superficial palmar
arch

= hand

= vascularity

received

April 29, 2018
accepted
October 10, 2018

Introduction The superficial palmar arch is the main contributor to the vascular
supply of the hand. Numerous anatomical variants have been described and there are
multiple classifications of the superficial palmar arch available. The Kaplan cardinal line
is used occasionally as a reference to identify the deep structures of the hand. However,
there are also multiple variants of the line and multiple reports regarding the structures
that can be identified with it.

Material and Methods Ten anatomical dissections of hands were performed in seven
cadaveric specimens. The anatomical variants of the superficial palmar arch were
recorded, as well as their relationship with the Kaplan cardinal line. A review of the
available literature was made.

Results According to the classification by Coleman et al, the most common type was
the complete superficial palmar arch, present in seven hands, while the incomplete
superficial palmar arch was found in three hands. The most frequent complete palmar
arch was type IB, followed by type IIB, and finally type IA and type IIA. The most
common relation was with the Kaplan cardinal line type A to the apex of the arch and
with type B to the curvature of the ulnar artery.

Conclusions There is a great anatomical variability in the superficial palmar arch. There
was a greater frequency of the complete superficial palmar arch, with the ulnarartery being
the dominant vascular supply. The Kaplan cardinal line can be used as a safety limit to avoid
the superficial palmar arch if it is drawn to intersect the pisiform bone.

Clinical Relevance Itisimportant to be aware of the anatomical variants of the superficial
palmar arch, as well as of its relationship with the superficial structures of the hand to be able
to perform invasive or reconstructive procedures and to preserve the vascularity of the hand.
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Introduccion El aporte vascular de la mano estd dado principalmente por el arco
palmar superficial. Se han descrito numerosas variantes anatémicas del arco palmar
superficial y existen multiples clasificaciones en la literatura mundial. La linea cardinal
de Kaplan es utilizada en ocasiones como referencia para identificar estructuras
profundas en la mano, sin embargo, también existen multiples variantes y discrepancia
en sus relaciones con las estructuras profundas de la mano.

Material y Método Se realizaron diez disecciones anatémicas en siete especimenes
cadavéricos. Se identificaron las variantes anatémicas del arco palmar superficial y su
relacion con cuatro variantes descritas de la linea de Kaplan, se realizé una revision de la
literatura.

Resultados De acuerdo a la clasificacion de Coleman & Anson fue mas comun el arco
palmar completo (7 casos) que el incompleto (3 casos). El tipo mas frecuente de arco
palmar superficial completo el tipo IB, seguido del tipo IIB y al final el tipo Ay el tipo lIA.
La linea de Kaplan con mas relacion con el arco palmar fue la tipo B en la curvaturay con
la linea A en el dpice. Existe discrepancia en la frecuencia del tipo de arco palmar
superficial dependiendo de la clasificacion utilizada.

Conclusiones Existe gran variabilidad anatémica en el arco palmar superficial. Hubo
una mayor frecuencia de arco palmar superficial completo y el predominio de aporte
vascular fue de la arteria cubital. La linea cardinal de Kaplan puede servir como un limite
de seqguridad para evitar el arco palmar superficial si se traza hacia el hueso pisiforme.
Importancia Clinica: Se deben conocer las variantes anatémicas del arco palmar
superficial y su relacion con las estructuras superficiales de la mano para realizar

» vascularidad

Introduction

The vascular pattern of the hand has been widely studied
because of its great anatomical variability. The emergence of
more advanced reconstructive and microsurgical techniques,
as well as the use of vascular access and radial artery grafts in
cardiac revascularization procedures, has seen a renewed
interest in the vascular supply of the hand.

The superficial palmar arch has been classically described
as an anastomosis between the radial artery and the ulnar
artery, predominantly supplied by the latter. The ulnar artery
enters the palm of the hand along with the ulnar nerve,
superficial to the flexor retinaculum, radial to the pisiform
bone and ulnar to the hook of the hamate bone, within the
Guyén canal. It curves radially to form a convex arc distally
parallel to a transverse line drawn from the first interdigital
space with the thumb in full extension. The superficial
palmar arch is covered by the palmaris brevis muscle and
by the palmar aponeurosis. It is superficial to the flexor digiti
minimi muscle, to the branches of the median nerve, to the
long flexor tendons of the triphalangeal fingers and to the
lumbrical muscles. There are significant anatomical variants
of the superficial palmar arch, in which there may be supply
from an embryological remnant known as the median artery,
with or without an anastomosis between the radial and the
ulnar artery, among other possibilities.

The first known description of the complete or incomplete
superficial palmar arch was made by Jachtischinski in

procedimientos quirdrgicos en la mano.

1897.23 A complete palmar arch was defined as when there
is an anastomosis between the vessels that form it, and an
incomplete one as when there is no anastomosis of different
vessels.*> A complete palmar arch was also considered to be
an arch in which the ulnar artery supplies the thumb, while
an arch was considered as incomplete when the ulnar artery
does not reach the first interdigital space.>>° Other studies
on the superficial palmar arch published subsequently were:
Adachi, in 1928:7 Coleman et al, in 1961:8 Lippert et al, in
1985:° Jelicic et al, in 1988;” Ikeda et al, in 1988;'?, Ozkus
et al, in 1998;'" Gellman et al, in 2001;> Loukas et al, in
2005:12 Tagil et al, in 2007:13 Bataineh et al, in 2009:;' and
Feigl et al, in 2012."> Many of these studies proposed new
classifications of the morphology of the superficial palmar
arch, which has complicated the development of a universal
classification and has led to differences in the frequency of
certain types of palmar arch. Likewise, some authors defined
the type of palmar arch depending on the radial artery, ulnar
artery or the median artery supply, while others defined the
type of palmar arch depending on the common or specific
digital palmar arteries that derived from the arch. The most
commonly used classifications in the literature are the one by
Jaschtschinski®> (=Table 1), its modification by Coleman
et al (~Table 2), and that by Lippert et al® (~Table 3).

In these three classifications, there are important variations
that can make the difference in the frequency of complete or
incomplete palm arches.® The classification by Jaschtcschinski’
and that by Coleman et al® consider a complete palmar arch as
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Table 1 Types of superficial palmar arch according to Jaschtschinski2

The carpal branch of the
ulnar artery gives rise to
three common digital

Equal to type IlA but the
ulnar artery leads to the
radialis indicis artery.

the radialis indicis
artery.
Remainder by the

to the
common second and
third digital arteries

Group A B C D E
Complete Radio-ulnar type Type median-ulnar Radial-median ulnar Ulnar Radial-median
palmar Anastomosis between Anastomosis between Anastomosis between | Ulnar artery reaches Anastomosis between
arch | the ulnar artery and the | the ulnar artery and the | the ulnar artery, the the radial border of median artery and
superficial branch of the | median artery median artery, and the | the thumb superficial branch of
radial artery superficial branch of radial artery
the radial artery
Incomplete | Without anastomosis. Without anastomosis. Without anastomosis | Without anastomosis.
palmar No median or superfi- No median or superfi- between arteries. The carpal branch of
arch 1l cial radial artery. cial radial artery. Superficial artery of the ulnar artery leads

palmar arteries and
artery digitalis
palmaris propria ulnaris
to the fifth digit

ulnar artery like I1A. and to the proper
palmar digital artery
of the fifth digit. The
superficial branch of
the radial radialis indi-
cis artery and the digi-
talis palmaris comunis

primus
Table 2 Types of superficial palmar arch according to Coleman & Anson®
Grupo A B C D E
Complete Ulnar-radial Ulnar Median-ulnar Radial-median-ulnar Deep ulnar
palmar Superficial palmar Ulnar artery only | Ulnar artery + Radial-median-ulnar Ulnar artery - large
arch | branch of the radial artery + median artery arch vessel from deep
dominant ulnar artery palmar arch
Incomplete | Superficial palmar Ulnar artery only | Superficial vessels Superficial vessels of
palmar branch of the radial artery + | (does not reach of the median artery + | the radial, the median,
arch 1l ulnar artery the thumb or the | ulnar artery and the ulnar artery

index finger)

Table 3 Types of superficial palmar arch according to Lippert & Pabst?
Group 1 2 3 4 5
Complete Classic radial-ulnar arch Median-ulnar arch Radial-median-ulnar | Deep ulnar arch Median-radial arch
palmar Anastomosis between the | Anastomosis between | arch Anastomosis between | Anastomosis between
arch A ulnar artery and the the ulnar artery and With anastomosis the ulnar artery and the median and the
superficial branch of the median artery between the median, | the deep branch of superficial radial
the radial artery the radial and the the radial artery as artery
ulnar artery the first dorsal
interosseous artery
Incomplete | Ulnar Radial and ulnar Ulnar and median Ulnar, medial and
palmar Ulnar artery forms an arch | artery artery radial artery
arch B without anastomosis to Reach the palm Reach the palm and Reach the palm and
another artery and provide provide branches provide branches
B1a: branches to the branches to the to the fingers to the fingers
ulnar border of the thumb | fingers
B1b: no ulnar supply
to the thumb

one in which the ulnar artery supplies vascularity to the index
finger and to the thumb, even if there is no anastomosis with
another vessel (either with the radial or with the median
artery).21>16 On the other hand, the classification by Lippert
et al considers the palmar arch with supply only from the ulnar
artery (even to the thumb) as incomplete. In addition, it
subdivides this type of arch depending on the last finger to
which the ulnar artery provides vascularity (either the thumb
or the index finger).>'>'® This small difference can affect up to
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40% of the frequency of complete or incomplete superficial
palmar arches.'” For its part, the classification by Jaschtcschin-
ski® subdivides the incomplete palmar arch depending on the
last artery supplied by the ulnar artery.'® The classification by
Coleman et al® subdivides the incomplete palmar arches
depending on the arterial supply received by each side. It
considers as a variant of the incomplete ulnar arch those cases
in which the ulnar artery does not reach the thumb or the
forefinger (~Table 4)3
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Table 4 Comparison of superficial palmar arch classifications

Jaschteschinski? Lippert Coleman
et al’ et al®

Complete IA Al 1A
radial-ulnar
Complete IB A2 IC
median-
ulnar
Complete IC A3 ID
Radial- ID Bla 3]
median-
ulnar
Complete IA/1IB* B1b 11B
ulnar

“difference depending on the last artery the ulnar artery supplies.
Comparison of the most frequently used classifications of the super-
ficial palmar arch. We can observe how all classifications incorporate
the same type of superficial palmar arch but change its name.

With the emergence of endoscopic and open carpal tunnel
releases, anatomical relationships of the surface structures
with the deep structures of the hand have been sought. In
1953, Kaplan made the first description of the cardinal line of
the hand drawn from the apex of the interdigital crease
between the thumb and the forefinger towards the ulnar
edge of the hand, parallel to the middle palmar crease of the
hand.'” There are two other descriptions by Kaplan, one from
1965 that describes the cardinal line as reaching the intersec-
tion with the metacarpophalangeal crease of the thumb,'® and
another published in 1968, at 2 cm from the pisiform bone.?
Brown et al described a fourth variant from the first interdigital
space to the hook of the hamate bone.?’ In the Instituto
Nacional de Rehabilitacién, the Kaplan cardinal line is used
as areference and as a distal limit for safe endoscopic and open
carpal tunnel releases. However, there is no consensus in the
anatomical references as to how it should be drawn.

The objectives of the present study are to understand the
frequency of the different types of superficial palmar arches, to
describe the observed anatomical variants of the superficial
palmar arch, and to describe the relation of the superficial
palmar arch with any of the four variants of the Kaplan cardinal
line.

Material and Methods

Ten dissections were performed in 7 anonymous cadavers at
the National Institute of Forensic Sciences under the authori-
zation protocol SIE/DIS/053/2017. The inclusion criteria for the
selection of the specimens included any male or female cadaver
> 18 years old granted by the National Institute of Forensic
Sciences. The exclusion criteria were evidence of injuries to the
palm of the hand or scars on the palm of the hand.

The independent variables recorded were: age, gender,
dissected side, type of palmar arch, and the Kaplan cardinal
line that corresponded to the start of the curve of the
superficial palmar arch.

Fig.1 Variants of the Kaplan cardinal line. Violet: original description
(Line A). Blue: intersection 2 cm distal to the pisiform body (Line B).
Green: intersection with the hamate bone hook. The hook is marked
and identified with a G (Line C). Pink: Intersection with the pisiform
bone. Line on thumb abduction axis. The pisiform bone is marked with
a P (Line D).

Before beginning the dissection, the face of the cadaverous
specimen was covered and the hand to be worked on was
isolated with a clean cloth. The pisiform bone and the hamate
hook were identified. With a violet marker, the four variants
of the Kaplan cardinal line were marked on the skin. The four
variants originated in the first palmar interdigital space with
the thumb in abduction and were drawn as follows (~Fig. 1):

- Line A: parallel to the middle palmar crease

- Line B: intersection with a point 2 cm distal of the pisiform
bone

- Line C: intersection with the hook of the hamate bone

- Line D: a line on the abduction axis of the thumb inter-
secting the pisiform bone

Methyl methacrylate was injected twice with red staining
in the brachial artery to plasticize the vessels. No polymer
was used in the rest of the dissections, for logistical reasons.
For the dissection, the skin was elevated along with the
palmar fascia and the palmaris longus from the proximal
palmar crease of the wrist to the metacarpophalangeal joint
and the palmar arch, exposing the common digital arteries
along with the common digital nerves. Neither the muscles
of the thenar region nor those of the hypothenar region were
mobilized. The superficial palmar arches were documented
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with photographs, the type of palmar arch was classified
according to the classification by Coleman et al,® and it was
observed which of the four variants of the Kaplan cardinal
line corresponded to the start of the curve of the palmar arch
of the ulnar side and which of the four variants of the Kaplan
cardinal line corresponded to the apex of the superficial
palmar arch.

The frequency of each type of superficial palmar arch was
calculated according to the classification by Coleman et al,® as
well as the frequency of complete and incomplete arches.
Finally, the palmar arches were classified according to Lippert
et al° and to Jaschtschinski,? and the frequency and percentage
of complete and incomplete superficial palmar arches were
calculated again, as well as the ulnar arches, in order to
determine if there was a difference in the frequencies of arch
types according to the different classifications.

The results can be seen in =Table 4. Ten dissections were
performed in 7 cadavers, all male, with an average age of 35.5
years old, on 5 right hands and 5 left hands. In three cases, a
bilateral dissection was performed.

Results

Seven complete superficial and three incomplete superficial
palmar arches were found. According to the classification by
Coleman et al,® the most frequent type of complete superfi-
cial palmar arch was ulnar type IB (complete ulnar arch),
present in six of the specimens, three right hands and three
left hands (=Picture 1). The second most common type was
type IIB (ulnar artery without supply to the index finger or to

Picture 1 Right hand with polymer, complete ulnar arch to the thumb IB.
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Picture 2 Left Hand. Incomplete superficial palmar arch IIB (ulnar artery
supply tothe ulnar border of the index finger). No superficial branch of radial
artery supply is noted on the muscles of the thenar region.

the thumb) in two of the cases, one in the right hand and the
other in the left hand, both in the same subject (~Picture 2).
Type IA (considered the classical type) was present in one left
hand (=Picture 3), and type IIA (incomplete, with supply of
superficial branch of radial artery and ulnar artery) in one
right hand. Seven of the palmar arches were complete and
the rest incomplete (~Table 5).

When reclassifying according to the classification by
Jaschtschinski®, seven of the superficial palmar arches
were complete and the rest incomplete. Of these, six of the
arches were of ulnar supply (all complete). According to the
classification by Lippert et al,? nine of the palm arches were
incomplete and, of those, eight had ulnar supply; six had
supply from the ulnar artery to the thumb (type B1a), and
two had no supply from the ulnar artery to the thumb (type
B1b).

The type of Kaplan cardinal line with which the start of the
curve of the palmar arch most frequently coincided was type
B (intersection with a point 2 cm distal to the pisiform bone),
observed in five of the cases. Three of the specimens corre-
sponded to type C (intersection with the hook of the hamate
bone), two corresponded to the original description of the
Kaplan cardinal line and never coincided with line A (inter-
section with the pisiform bone). The line that most frequent-
ly coincided with the apex of the arch was line A, in eight
cases, and line B, in two cases.

~Table 6 shows the different ways of classifying the
superficial palmar arches used in the present study (Coleman
etal,® Jaschtschinski, and Lippert et al°). = Table 7 shows the
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Picture 3 Left hand. Classic complete palmar arch IA. With anasto-
mosis between the radial and the ulnar artery.

frequency between the different subtypes of palmar arches
depending on the classification used. ~Table 8 shows the
frequency of complete, incomplete, and ulnar type superfi-
cial palmar arch, depending on the classification used.

Discussion

In a review of the literature, Arias-Hernandez et al'® found that
of 3,073 hands studied, 1,731 (56.65%) were complete palmar
arches, and 1,342 (43.35%) were incomplete palmar arches
according to the classification by Lippert et al® The most

Table 5 Demographics

common type of complete palmar arch was type Al (radio-
ulnar anastomosis), observed in 664 (64%) specimen hands. The
most common type of incomplete superficial palmar arch was
type Bla (ulnar artery with supply to the thumb), with 516
specimens (48.80%), followed by type B1b, with 342 specimens
(32.40%). In total, 81.2% of the incomplete palmar arches were
ulnar palmar arches.'® Regarding the superficial palmar arch
with ulnar supply, Suman et al® consider that its frequency is
underestimated. He described a 50% frequency of complete
superficial palmar arches formed solely by the ulnar artery in
60 corpses in India.? Other authors who have reported a lower
frequency of ulnar dominant complete superficial palmar arches
were: Jachtischinski (38%),% Coleman et al (37%),2 Gellman et al
(31%),> Showri et al (40%),%" Earley (20%),%2 Ikeda et al (25.5%),'°
Al-Turk et al (8%),23 and Patnaik et al (2%).2*

~Table 9 shows a review of the literature and an adapta-
tion of previous reviews that includes different anatomical
studies of the superficial palmar arch. The percentage of
complete and incomplete superficial palmar arches and the
classification used by the authors is included, as well as the
frequency of the ulnar palmar arch. Twenty-one studies were
included, all of which involved studying more than 20 palm
arches.

We can observe that most of the studies use the classi-
fications by Jaschtschinski,? by Lippert et al,® or by Coleman
et al.® Those who made modifications and proposed a new
classification were generally based on the classification by
Jaschtschinski.? Some anatomical studies do not specify the
superficial palmar arch classification used.’'>'® Some stud-
ies do not report the percentage of ulnar palmar arches
found, reporting only if they were complete or incomplete. In
other cases, the authors do not specify whether the ulnar
palmar arch percentage is part of the total specimens or a
percentage of the complete or incomplete arches. There are
studies that do not subclassify palmar arch types, mention-
ing only the frequency of the complete or incomplete super-
ficial palmar arch type. We can see that the studies using the
classification by Lippert et al® report a higher frequency of
incomplete superficial palmar arches when there is a high

Age Gender Hand Palmar Arch Type Kaplan cardinal line curve Kaplan cardinal line
(Coleman & Anson) (start of curve) (apex of arch)
28 M Right 1B B A
48 M Right 1A B A
48 M Left 1A A A
29 M Left 1B C A
60 M Right 1B C B
25 M Left 11B B A
25 M Right 11B B A
31 M Left 1B B A
31 M Right 1B C B
30 M Left 1B A A

“The start of the curve of the superficial palmar arch and the apex were related to the Kaplan cardinal line.
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Table 6 Comparison between classifications

Age | Gender | Hand ]aschtschinski2 Lippert | Coleman
et al’ et al®
28 M Right | ID Bla 1B
48 M Right | lIA B2 1A
48 M Left 1A Al 1A
29 M Left ID Bla 1B
60 M Right | ID Bla 1B
25 M Left 1A B1b 11B
25 M Right | 1A B1b 1IB
31 M Left ID Bla 1B
31 M Right | ID Bla 1B
30 M Left ID Bla 1B

Showing the results of the reclassified dissections with the three
different classifications.

Table 7 Results by classification

jaschtschinski2 (n) | Lippert et al® | (n) | Coleman | (n)
et al®
Complete IA 1 Complete A1 | 1 IA 1
Complete ID 6 Incomplete 6 IB 6
Bla
Incomplete 3 Incomplete 2 1A 1
1A B1b
Incomplete 1 1B 2
B2

Showing the differences in the classification of the superficial palmar arch.

Table 8 Frequency of complete and incomplete superficial
palmar arch and ulnar type depending on the classification used

Jaschtschinski? Lippert Coleman
(n) et al’ (n) et al® (n)
Complete 7 1 7
arch
Incomplete 3 9 3
arch
Ulnar arch 6 8 8

*Ulnar palmar arch frequency is calculated based on the total number of
dissections performed. Showing the differences in frequency in the type
of superficial palmar arch, depending on the classification used.

percentage of ulnar arches.’"'® This is similar to what was
found in the present study when the superficial palmar
arches were reclassified.

There are multiple case reports of unusual superficial
palmar arches, and they show racial differences in the frequen-
cy of the type of superficial palmar arch. In 1928, Adachi
described differences in the vascular pattern of the hand in
Japanese and American subjects.'®> Other studies have also
reported racial differences, particularly in the frequency of the
superficial and deep palmar arch types, as well as of the
subtypes and of the presence of a median artery.
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Skin references have been consistently sought in the anato-
my of the surface of the hand to identify and maintain its vital
neurovascular structures. One of these references is the Kaplan
cardinal line. Currently, there is no consensus regarding the
trajectory of the Kaplan cardinal line or its relationship with
the deep structures of the hand. Relationships have been
described with the motor branch of the median nerve, with
the deep branch of the ulnar nerve, with the distal edge of the
transverse carpal ligament, and with the superficial palmar
arch.?%2"-2> Multiple anatomical studies have been performed,
most taking into account the surgical limits to perform an open
or endoscopic carpal tunnel release.

Panchal et al performed an anatomical study on 30
corpses, dissecting 60 hands, to describe the relationship
of the intersection of the Kaplan cardinal line in its original
description and of 2 longitudinal lines on the radial and ulnar
edge of the ring finger with the superficial palmar arch. They
found a distance of 10.2 mm from the distal edge of the
incision to the superficial palmar arch.?®

McLean et al performed an anatomical study on 48 fresh
cadaveric hands in specimens between 50 and 75 years old.
They found that the distance of the superficial palmar arch to
the Kaplan cardinal line in its original description was
15.3 4+ 8.6 mm. They also described the distance of the distal
palmar crease from the wrist to the superficial palmar arch,
with a distance of 51.8 + 7.56 mm. They reported little
variability and suggested that it could be a more reliable
reference in locating the superficial palmar arch.?® In their
2005 study, Vella et al described a distance of 14 + 5 mm from
the original Kaplan cardinal line to the superficial palmar arch.
Using a second description of the Kaplan cardinal line from
1968, which places it from the palmar crease between the
thumb and the index finger 2 cm from the pisiform bone, they
found a distance of 11 + 4 mm. They have also found that the
distance of the superficial palmar arch to the other two
descriptions of the Kaplan cardinal line (intersection with
the hamate bone or with the pisiform bone) was greater by
18 + 4 mm and by 19 + 6 mm, respectively.20

Kwiatkowska et al carried out an anatomical study in 2014
to establish the relation between the palmar creases and the
deeper neurovascular structures of the hand. They found that
the superficial palmar arch never crossed the proximal or the
distal palmar crease. The average distance from the distal part
of the arch to the thenar crease was 51 mm; from the convex
part of the arch, it was 72 mm, and from the proximal part of
the arch, it was 1.07 cm.?’ In this study, no distance measure-
ments were made from the skin references or from the Kaplan
cardinal line to the apex of the superficial palmar arch.

In this anatomical study of ten palmar arches, the superfi-
cial palmar arch types were classified according to the classi-
fication by Coleman et al. Seven of the palmar arches were
complete and three were incomplete. Of these, the most
common type was ulnar type IB (complete ulnar arch), which
differs from most studies, except for the one carried out by
Showri in India.?’ Of the incomplete palmar arches, type IIB
(ulnar supply only but with no supply to the index finger or to
the thumb) was the most common. There were no superficial
palmar arches with supply from the median artery.



Table 9 Types of palmar arch literature review
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Number of | Authors (Year) Complete | Ulnar arch (LPB1a[JA4) | Incomplete Classification used

dissections arch

200 Jaschtschinski (1987)2 68% 38% (of complete) 32% New

200 Adachi (1928)" Not 60.5% Not mentioned | None

mentioned

50 Al Turk et al (1983)23 84% 2% 58% Jaschtschinski

650 Coleman & Anson (1961)8 78.5% 37% (of complete) 21.5% New adaptation
of Jaschtschinski

200 Lippert y Pabst (1985)9 42% 37% 21% New

220 lkeda et al (1988)'0 96.4% 33.2% (of complete) 3.6% New modification
of Jaschtschinski

50 Jelicic et al (1988)7:1° 97% Not mentioned 3% None

80 Ozkus et al (1998)11 78% 17.5% (of complete) 22% None

45 Gellman et al (2001)° 84.5% 31% (of complete) 15.5% Jaschtschinski

50 Ruengsakulrach et al (2001)" | 66% Not mentioned 24% None

200 Loukas et al (2005)"2 90% 35% (of complete) 10% Coleman et al

50 Bilge et al (2006)3 83% 14% (of complete) 7% Coleman et al

20 Murat et al. (2007)'® 40% 58.3% (of incomplete) | 60% Lippert et al

25 Omaiia et al (2007)'® 56% Not mentioned 44% Lippert et al

20 Tagil et al. (2007)13 75% 35% (of complete) 25% Coleman et al

30 Bataineh et al. (2007)'41° 73% 55% (of complete) 27% None

86 Ottone et al (2010)6-28 58% 55%(incomplete) 42% Lippert et al

60 Suman et al (2011)° 50% Not specified 50% Not specified

702 Feigl et al. (2011)"° 51.7% 16.1% (of incomplete) | 32.2% Lippert et al

100 Joshi et al. (2014)" 26% 56% (of incomplete) 74% Lippert et al

92 Jena (2017)29 95.2% 2.1% (of the total) 4.8% None

Adapted from: Joshi et al. (2014); Feigl et al. (2011); Arias-Hernandez et al (2015).1’15’16

Since the muscles of the thenar region were not lifted, the
supply of a vessel from the deep palmar arch to the superfi-
cial palmar arch may have been overlooked. However, the
classification by Coleman et al does not consider the deep
ulnar arch as a subtype. In one case, the palmar arch was
injured at the time of dissection, making it difficult to
classify. It was classified as an incomplete palmar arch, since
the superficial branch of the radial artery provided vascular-
ity to the thumb and apparently to the radial border of the
index finger, while the ulnar artery supplied the rest of the
fingers. An anastomosis between the radial and ulnar arter-
ies did not seem to be present.

After the reclassification with the other two classifica-
tions, there was no difference in the frequency of complete
and incomplete superficial palm arches between the classi-
fications by Jaschtschinski’® and by Coleman et al,® but a
difference was observed in the subtypes. According to the
classification by Jaschtschinski,? six of the complete palmar
arches corresponded to the ulnar type, while according to the
classification by Coleman et al,? eight of the total sample of
palmar arches—five complete and three incomplete (Cole-
man et al include an ulnar variant in the incomplete type)—
were ulnar.

However, when using the classification by Lippert et al,’
nine of the palmar arches were incomplete, since the ulnar
arch with no anastomosis is considered incomplete. Accord-
ing to this classification, eight of the incomplete palmar
arches were ulnar.

This shows that there is a difference in the frequency of
complete and incomplete arches depending on the classifi-
cation used, especially if there is a high prevalence of ulnar
palmar arches. This finding is comparable to that reported in
the literature, and it is shown in =Table 9. If this is extrapo-
lated to what is reported in the world literature, it is
understandable that the frequency of ulnar palmar arches
is not being estimated adequately and accurately.

At present, it is difficult to know with certainty the fre-
quency of complete and incomplete superficial palmar arches
and the dominance of the ulnar artery due to the wide
variation of classifications reported in the literature that are
variants of each other. Currently, a consensus must be reached,
and it must be determined to what extent the presence of ulnar
artery supply is considered a complete ulnar palmar arch. In
this way, a true frequency of complete and incomplete super-
ficial palmar arches can be established, including the ulnar
supply in any of the categories.
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It is possible that the "classic" superficial palmar arch is
not that much more common than an ulnar arch, and that
the ulnar artery is much more important than it is
acknowledged.

Regarding the relation between the Kaplan cardinal line
and the superficial palmar arch in the present study, the start
of the curve or the apex of the arch did not coincide with the
line drawn towards the pisiform bone (line D) in any speci-
men. The start of the curve coincided with line C in three
specimens. In eight specimens, the apex coincided with line
A (which corresponds to the original description of the
Kaplan cardinal line). Although the sample size of the current
study was too small to enable the establishment of a statisti-
cally significant correlation, there seems to be a tendency for
the incomplete palmar arches to relate to line B at the start of
the curve.

It can be concluded that the use of the Kaplan cardinal line
as a safety limit during surgical procedures, such as open or
endoscopic carpal tunnel release, can be useful if it is drawn
towards the pisiform bone. This avoids the superficial palmar
arch. The apex of the arch will be close to the proximal
palmar crease, but it is likely that it will never reach it. If one
wants to identify the superficial palmar arch, the original
description of the Kaplan cardinal line is preferable.

The strengths of the present study are that it is the first
anatomical study on superficial palmar arches conducted in
Mexico and that no other study has attempted to relate the
type of palmar arch with a specific description of the Kaplan
cardinal line.

The weaknesses of the present study are: limited sample
size, limited dissection, lack of polymer use in all specimens,
lack of optical magnification during dissections to identify
deep vessels that supply the superficial palmar arch, the
correlation of the beginning of the curve of the superficial
palmar arch with the Kaplan cardinal line and not with the
apex. The distance from the apex of the superficial palmar
arch to the Kaplan cardinal line (regarding any of its variants)
could be described; the height of each arch, depending on its
type and subtype, could be described and related to superfi-
cial markers of the palm of the hand.

More specimens whose accurate ancestry is known are
needed to establish a statistically significant pattern of hand
vascularity in the Mexican population. It is assumed that the
cadavers are from the Mexican population, and it would
seem that there is a greater frequency of ulnar dominant
superficial palmar arches in our population. However, as the
specimens are anonymous with unknown ancestry, this
presumption can lead to incorrect conclusions. It would be
interesting to know the hand dominance of the specimens to
try to establish a relationship between hand dominance and
the type of palmar arch. Since the thenar muscles were not
elevated, there may have been errors in classifying the
superficial palmar arch as incomplete if the vascular supply
originated from the deep palmar arch and was not observed.

Finally, dynamic flow studies should be carried out to
determine if the morphology of the superficial palmar arch
correlates with hand supply and if the minor arteries are able
to perform the function of the main arteries.
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Conclusion

There is a great variability in the anatomy of the superficial
palmar arch that has been recognized since the 19 century.
There are multiple classifications to describe the superficial
palmar arch and there is no consensus on what constitutes a
complete superficial palmar arch or an incomplete palmar
arch. Depending on the classification used, the frequency of
the superficial palmar arch type changes significantly. There-
fore, a consensus in the nomenclature is required and a single
classification must be established. Racial differences have
been observed in the superficial palmar arch types, although
they are not well documented.

The present study found a greater frequency of complete
superficial palmar arches than incomplete palmar arches with
ulnar dominant supply (both complete and incomplete). The
Kaplan cardinal line can act as a safety line to avoid the
superficial palmar archif it is drawn towards the pisiform bone.

It is relevant for the hand surgeon, for the vascular surgeon
or for any interventional physician to understand the variabili-
ty of vascular patterns when planning invasive procedures or
performing reconstructive surgeries. In traumatic pathology,
the hand surgeon must understand the variants of the superfi-
cial palmar arch to be able to perform the appropriate recon-
structions. If possible, before performing scheduled invasive
procedures, imaging studies (Doppler ultrasound or arteriog-
raphy) should be performed to classify the superficial palmar
arch and avoid compromising the vascularity of the hand.
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