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Abstract

The blood supply of the carpal bones has been updated and described with new dissection, vascular filling and imaging tech-
niques. It is very important to know the vascular anatomy of the carpal bones in order to predict vascular insufficiency and asso-
ciated avascular necrosis that may occur as a result of any injury such as fracture. This article reviews the extraosseous and
intraosseous vascular supply of the carpal bones. The carpal bones are supplied by three vascular arches formed by the radial,
ulnar and anterior interosseous arteries on the dorsal and palmar sides of the wrist. These contribute to the dorsal and palmar
carpal vascular systems, which consist of transverse arteries connected by longitudinal anastomoses. The scaphoid and capitate
have a high risk of avascular necrosis, while the trapezium, triquetrum, pisiform and 80% of the lunate have a lower risk. With
the development of new imaging techniques, new information is added to the literature. With the increase in three-dimension-
al studies, intraosseous vascularity and its correlation with carpal bone fractures and its relationship with avascular necrosis will

be revealed more clearly.
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Introduction

"The vascularity of the carpal bones has been updated and
defined until today with new dissection, vascular filling
and imaging techniques. It is essential to know the vascu-
lar anatomy of the carpal bones in order to predict vascu-
lar failure and the resulting avascular necrosis, that may
occur as a result of any damage such as fractures. This arti-
cle reviews the extraosseous and intraosseous vascular sup-
ply of the carpal bones.

Extraosseous Vascularity of the Carpal
Bones

The carpal bones are supplied by three vascular arches
each on the dorsal and palmar sides of the wrist, formed
by the radial, ulnar and anterior interosseous arteries
(Figure 1). They contribute to the dorsal and palmar
carpal vascular systems, which consist of transverse arter-
ies connected by longitudinal anastomoses. The arches
on the dorsal side are the dorsal radiocarpal, dorsal inter-
carpal and basal metacarpal. On the palmar side, there
are palmar radiocarpal, palmar intercarpal and deep pal-
mar arches.!"

After the brachial artery divides into radial and ulnar
arteries, the radial artery first gives the radial recurrent
artery in the proximal part of the forearm. Then, radial
artery gives palmar carpal branch. The palmar radiocarpal
and intercarpal arches are formed by anastomosing with
the palmar carpal branch of the radial artery and the com-
mon interosseous artery and palmar carpal branch of the
ulnar artery. The palmar radiocarpal arch is located more
proximally and is generally formed by radial, ulnar and
anterior interosseous arteries, and its variations are few. It
extends transversely proximal to the radiocarpal joint. The
palmar intercarpal arch extends transversely between the
proximal and distal rows of carpal bones, and its variations
are common.'”!

"The dorsal radiocarpal arch is the most proximal of the
dorsal carpal network and occurs deep to the extensor
muscle tendons at the level of the radiocarpal joint.
Although this network is formed by radial, ulnar and ante-
rior interosseous arteries, there are variations in which
ulnar and anterior interosseous arteries do not participate.
The dorsal intercarpal arch runs between the proximal and
distal rows of carpal bones. It is the largest of the three
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Figure 1. C-arm scopy image of main arteries responsible for supplying
the carpal bones.

dorsal arches. It anastomoses with the dorsal radiocarpal
arch to supply the lunate and triquetrum. The distal or
basal metacarpal arch runs along the bases of the
metacarpal bones, just distal to the carpometacarpal joint,
and is the smallest of the dorsal arches. It can also anasto-
mose with the perforating branches of the deep palmar
arch in the 2nd, 3rd and 4th interosseous spaces. Dorsal
arches are connected to each other by longitudinally
extending branches.!""

Dorsal intercarpal, palmar radiocarpal and deep palmar
arches can always be seen in humans, while dorsal radio-
carpal arch is seen in 80%), basal metacarpal arch is seen in
27%, and palmar intercarpal arch is seen in 53%. Most
carpal bones are fed by branches coming from these arch-
es. As an exception, the dorsal and lateral aspects of the
trapezium and the scaphoid are also supplied by branches
coming directly from the radial artery, and the pisiform
and triquetrum are fed by branches coming directly from
the ulnar artery."!

Intraosseous Vascularity of the Carpal
Bones

Gelberman and Gross"! classified the carpal bones for
risk of avascular necrosis according to their intraosseous
vascular pattern. According to them, scaphoid, capitate
and the 8-10% of the lunate are located in the group I.
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These bones have highly risk of avascular necrosis.
Group 2 consists of trapezoid and hamate and, group 3
has trapezium, triquetrum, pisiform and 80% of lunate
(Table 1).

Scaphoid

The scaphoid is the most common fractured carpal bone.
Avascular necrosis is seen especially after proximal pole
fractures. The scaphoid receives arteries mainly from
radial artery. The palmar carpal branch of the radial
artery supplies the proximal part, superficial palmar
branch of the radial artery supplies the middle and distal
part of the palmar surface. On the dorsal surface, the
dorsal scaphoid artery that a branch of the radial artery
supplies the scaphoid. This artery usually anastomoses
with the dorsal branch of the anterior interosseous
artery.*”!

The intraosseous vascularity of the scaphoid depen-
dent to single artery which supplies major part of the
bone. On the dorsal side, one artery enters the bone
from dorsal ridge and supplies the proximal 70-80% of
the bone, while the other artery enters to the bone from
the tubercle on the palmar side and supplies the distal
20-30% of the bone.**'* According to Gelberman and
Gross,"! and, Gelberman and Menon,® the scaphoid has
a high risk of avascular necrosis because it consists of
large areas of bone containing single intraosseous artery
and there is no anastomosis between the arteries supply-
ing different areas. However, according to the study by
Morsy et al.¥ analyzing the intraosseous vascularity of
the scaphoid by micro-computed tomography, there is
anastomosis between the vessels located proximal and
distal to the bone in 15% of cases and some scaphoids
have better perfusion than others.

While, according to Gelberman and Gross,” and,
Gelberman and Menon,” and Taleisnik,!'”! the vessels at
the attachment of the scapholunate ligament on the dor-
sal side does not contribute to the intraosseous vascular-
ity, Morsy et al.® and Xiao et. al."”! showed that the

Table 1
Classification of carpal bones according to the risk of avascular
necrosis due to intraosseous vascular pattern.

Group 1 Group 2 Group 3
Scaphoid Trapezoid Trapezium
Capitate Hamate Triquetrum
Lunate (8-20%) Pisiform
Lunate (80-92%)
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entrance of the vessels located at the attachment of the
scapholunate ligament to inside the bone.

Capitate

The capitate receives blood supply from dorsal inter-
carpal, basal metacarpal, palmar intercarpal arches and
recurrent branches of the ulnar artery. On the dorsal
side, 2—4 vessels enter to the bone from concave part of
it. Vessels entering from distal half of the bone run ret-
rogradely and supply the head and body of the bone.
Vascular supply of the head of the bone is provided by 1—
3 vessels entering to the bone on the palmar side. There
is 30% anastomosis between palmar and dorsal vessels.
The proximal pole of the capitate has rich vascularity,
while the articular surface has poor vascularity.""! Kadar
et al.' and Xiong et al."” used micro-computed tomog-
raphy to identify a vessel directly supplying this pole in
the proximal part of the capitate in 70% of the cases. It
may explain why most capitate waist fractures do not
progress to proximal pole avascular necrosis. Xiong et
al.'"” also reported that the main vascular branches sup-
plying the capitate originate from around the ligaments.

Trapezoid

The trapezoid receives vascular supply from intercarpal
and basal metacarpal arches and recurrent branches of
the radial artery. The 3—4 vessels entering the bone from
the dorsal side are responsible for 70% of the vascular-
ization of the bone. The 1-2 vessels entering the bone
from the palmar side are responsible for 30% of the vas-
cularization of the bone. There is no anastomosis
between dorsal and palmar vessels.!"*!

Hamate

The hamate receives vascular supply from dorsal inter-
carpal arch, branches
interosseous artery and recurrent branches of the ulnar
artery. 3-5 vessels entering from dorsal surface supply
the 30-40% of the bone. On the dorsal surface, vessels
entering into bone from the lateral surface of the hook of
hamate are responsible major intraosseous vasculariza-
tion of the hamate. These vessels anastomose with dor-
sal vessels at a rate of 50%.""'* In the micro-computed
tomography studies of Xiao et al.,”’ the number of arter-
ies in the dorsal region was found to be higher, indicat-
ing that the blood circulation in the dorsal region may be
more dominant. According to Panagis et al."¥ 1-2 ves-
sels entering from the medial surface of the hamate hook
do not anastomose with other vessels, whereas Wang et
al.' defined anastomosis between the vessels in the

terminal from anterior

body and hook in their studies performed with micro
computed tomography. The lack of direct vascular sup-
ply to the proximal part of the bone predisposes to avas-

cular necrosis. 1519

Lunate

The lunate receives vascular supply from radiocarpal and
intercarpal arches, dorsal and palmar branches of the
anterior itnterosseous artery and, recurrent branches of
the ulnar artery.">'”! Dubey et al."® described the foram-
ina of the bone surface and identified that palmar foram-
ina are wider than dorsal. Van Alphen et al."! analyzed
the diameter of the vessels in their studies performed
with micro computed tomography and found that pal-
mar vessels were wider than dorsal.""”! While in 80% of
the lunate, nutrient vessels enter the bone from palmar
and dorsal surfaces, in 20% of lunate they enter from
only palmar surface. This pattern may explain that some
lunate bones prone to Kienbock’s disease which is
idiopatic avascular necrosis of the lunate. For 80% of the
lunate, dorsal and palmar interosseous vessels anasto-
mose each other. According to the distribution of the
interosseous vessels, the lunate is classified in 3 patterns;
Y, I and X. Y is the most common pattern and X is the
least common pattern.!*!

Triquetrum

Triquetrum is supplied from the dorsal and palmar sides
by small branches from the dorsal intercarpal, dorsal
radiocarpal and palmar radiocarpal arches and, ulnar
artery.l!! In 2023, the vascular foramina of the trigetrum
were described and suggested that the arterial supply of
the triquetrum mainly provide by vessels entering dorsal
surface.”” In other studies which examine vessels with
vascular filling, it has been reported that 2—4 vessels
entering from the protrusion on the dorsal side nourish
the dorsal 60% of the bone, and 1-2 vessels entering
from the proximal and distal sides of the palmar side
where it articulates with the pisiform nourish the palmar
40% of the bone. Vascular anastomoses are present on
the dorsal and palmar sides.!*!! Triquetrum is included
in the group of carpal bones with low risk of avascular
necrosis because there is no single artery dominance in
its nutrition and the vessels anastomose within the
bone.P! Although avascular necrosis is rare, it is usually
observed after trauma.

Pisiform

The proximal part of the pisiform is supplied by dorsal
carpal branch of the ulnar artery; the distal part is sup-
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plied by branches of the deep palmar arch and the later-
al part is supplied by directly branches of the ulnar
artery. While proximal vessels enter the bone from
attachment area of the tendon of the flexor carpi ulnaris,
distal vessels enter from below the articular surface with
triquetrum."**?

Trapezium

The trapezium receives 1-3 vessel on the dorsal side, 1-3
vessel on the palmar side and 3—6 vessel on the lateral side
from distal branches of the radial artery. There is anasto-
mosis between these vessels. Dorsal intraosseous vascular
pattern is dominant.!"’!

Conclusion

It is important to know how the blood supply of a bone
because when a bone is fractured, it can show a union
depending on this blood supply pattern. Avascular
necrosis usually occurs after nonunion and results in the
death of bone and bone marrow cells due to decreased
bone vascularity and eventually mechanical failure. The
scaphoid and capitate have a high risk of avascular necro-
sis, while the trapezium, triquetrum, pisiform, and 80%
of lunate have a lower risk. With the development of new
imaging techniques, new information is being added to
the literature. With the increase in three-dimensional
studies, intraosseous vascularity and its correlation with
carpal bone fractures and its relationship with avascular
necrosis will be revealed more clearly.
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