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Abstract

Background: The value of the study is finding typical and variant anatomy of the palmar arteries during fetal and early neonatal periods of ontogenesis,
which is important while performing amputations, osteosynthesis, resection of bones followed by further prosthetics, as well as during catheterization
of the arterial branches in order to deliver diagnostic and therapeutic substances in fetuses, neonates and infants.

Material and methods: The study was performed on 51 specimens of dead fetuses (from 4 to 10 months) and 10 neonates of both sexes died due to the
causes not related to diseases of the muscular-skeletal system and without external signs of anatomical defects, without visual macroscopic deviations or
anomalies from the normal structure of the upper limbs.

Results: During the perinatal period of ontogenesis the typical anatomy of the palmar arteries (formation of the superficial palm arch) is found in 62%
of cases, the variant one - in 38%. The variant structure of the palmar artery during the perinatal period of ontogenesis is divided into closed and open-
ended (continuous superficial palmar arch is absent) arteries. In their turn, closed palmar arteries include anastomosis formation in the form of an
arch and without arch formation. In case of open-ended arteries the palm is supplied with blood through the branches from two or three arteries. The
older the fetus is, the greater percentage ratio of the typical structure of the palmar artery becomes (9% of cases more) in comparison with other forms.
Moreover, the open-ended artery system increases when the palmar surface is supplied with blood from the three arteries (28% of observations more)
in comparison with those cases when the palmar surface is supplied through the two arteries. During the perinatal period of ontogenesis the amount of
the variant arterial structure is more found on the left palm (25%) compared to the right one (17.5%).

Conclusions: Detection of the typical and variant anatomy of the palmar arteries is a morphological precondition to introduce new methods of performing
radical and reconstructive-restorative surgeries on the hand.
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Introduction recently believed to be formed from the primitive blood ves-
sels according to the changes of hemodynamics and physi-
ological factors. Though, original studies indicate that arte-
rial-venous identity is stipulated genetically [10, 11].

Anatomical evidences concerning blood supply of the
hand are numerous and do not differ one from another sub-
stantially. General recent clinical studies deal with the is-
sues of the variant anatomy of the arterial bed of the hand
mainly, and less — of its veins [12-17].

More comprehensive investigation of the blood vessels
of the upper limbs will help to avoid errors in surgical and
traumatological practice essentially during amputations, os-
teosynthesis, resection of the bones on the limbs followed
by their prosthetics, and during catheterization of the arte-

Both external and internal factors influencing the pro-
cesses of growth, development and formation of the body,
its parts and organs, stipulate certain human development
produce certain effect on the formation of the circulatory
system. Disorders during morphogenesis in general and
angiogenesis in particular, can be caused by heredity, hor-
monal changes, xenobiotic effect etc. [1-5]. Modification
of the structure and location of the arterial system on
the upper limb demonstrates a great amount of variants.
Complicated and numerous processes of the embryonic de-
velopment transformations make up their etiological basis
[6-9]. Different variants of arterial origin in the upper limb,

relocation of the point of its beginning, variants of location, ; . . . .
) o rial branches in order to deliver diagnostic and therapeu-
size, branching in the number of abductor branches or com-

. ) . tic substances etc. [14, 18, 19]. All the above stipulates the
plete lack of vessels are found concerning certain arteries . .
(6] necessity to specify the current data and to find new ones

concerning anatomical structure of the vascular network of

Considering the fact that arteries and veins are different . ) . .
& the human hand during the perinatal period of ontogenesis

vessels in their morphology and physiology, they have been
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[20-22]. Our objective was to find anatomical peculiarities
of the typical and variant structure of the palmar arteries
during fetal and early neonatal periods of ontogenesis.

Material and methods

The study was performed on 51 specimens of dead fe-
tuses (from 4 to 10 months) and 10 neonates of both sexes
died due to the causes not related to diseases of the muscu-
lar-skeletal system and without external signs of anatomical
defects, without visual macroscopic deviations or anomalies
from the normal structure of the upper limbs. The adequate
anatomical methods were applied during research: macro-
dissection, injection of the blood vessels, radiography, mak-
ing topographic-anatomical sections, morphometry, and
statistical analysis. The vessels were injected with a special
mixture on the basis of red lead. After the specimens of dead
fetuses and neonates were preserved, macro- and micro-
dissection of the palmar arteries was performed by means
of a forceps and scissors. By means of the pen «AIHFIO
ZENTEL» red gel was applied on the arteries in order to ex-
amine syntopy of the arterial and adjacent structures better.
It enabled to get accurate differentiation of the major arter-
ies and their branches from other palm structures.

The study is performed keeping to the main regulations
of the Declaration of Helsinki as a statement of ethical prin-
ciples for medical research involving human subjects (1964-
2000) and the Order of the Ministry of Health of Ukraine
No 690, dated 23.09.2009. It is a fragment of a comprehen-
sively planned initiated scientific-research study conducted
by M. G. Turkevych Department of Human Anatomy, and
Department of Anatomy, Clinical Anatomy and Operative
Surgery, Bukovinian State Medical University: “Regularities
of the Genital-Age Structure and Topographic-Anatomical
Transformations of the Body Organs and Structures during
the Ante- and Postnatal Periods of Ontogenesis”

Results and discussion

During the perinatal period of ontogenesis the final por-
tion of the ulnar artery accompanied by two veins is found
to pass along the ulnar sulcus moving to the wrist channel
of the elbow side. The ulnar artery passing to the palm of the
hand joins the lateral side of the pisiform bone, is located
on the short palmar muscle and covered with the fascial
thickening of the flexor retinaculum. It goes directly along
the lateral side of the short flexor muscle of the little finger
included into the tenor muscles of the little finger. The ul-
nar artery on the hand is located in the loose cellular tissue
of the hand middle receptacle on the tendons of the long
flexors, and it is covered by the palmar aponeurosis supe-
riorly. When the fourth palmar digital artery emerges from
the final portion of the ulnar artery, the latter becomes of a
radial direction joining the final part of the tenor muscles
of the thumb forming the arch, that is, superficial palmar
arch. The latter one forms anastomosis with the superficial
palmar branch of the radial artery. Three general palmar
digital arteries pass from the convex part of the arch. The

final portion of the superficial palmar branch of the radial
artery extends the major artery of the thumb and the radial
artery of the forefinger. Such kind of structure assuming the
formation of the superficial palmar arch is called typical one
(fig. 1). The typical structure of the palmar arteries with the
formation of the superficial palmar arch is found in 62% of
cases during the perinatal period [4, 9, 12, 13]. At the same
time, the arch is found to be closed in all the observations
(anastomosis formation). It is significant that with the term
of fetuses the number of cases of the superficial palmar arch
formation increases. Thus, it is found in 61% of observa-
tions during the second trimester of the intrauterine devel-
opment, but in the third trimester and during the neonatal
period it is found in 70%.

The variant structure of the palmar arteries is found in
38% of cases during the perinatal period of ontogenesis.
The structural variants include both closed and open-ended
arches, and blood supply of the palm through the ulnar and
additional arteries.

Table 1

Variant structure of the palmar arteries during
the perinatal period of ontogenesis

Variant structure of the palmar arteries (38%)

Formation of the closed palmar
arteries (13%)

Formation of the open-ended
palmar arteries (25%)

Anastomosis | Anastomosis | Blood supply | Blood supply of
in the form of | without arch of the palm the palm from
arch (5%) formation (8%) | from the two | the three sources
sources (17%) (8%)

In 3% of cases the palmar arteries form anastomosis in
the form of an arch between the ulnar artery and the ma-
jor artery of the thumb or the radial artery of the forefinger
(fig. 2). At the same time, on the level of the final tenor part
the ulnar artery divides into two general palmar arteries,
one of which passes in the direction to the elbow edge of
the palmar portion of the little finger, and another one - in
the fourth interdigital space and to the anastomosis arch.
The superficial palmar branch of the radial artery divided
into the three final branches on the level of the final tenor
portion: two general palmar digital arteries passing in the
direction to the second and third interdigital spaces, and the
major artery of the thumb, from which a branch emerges to
the radial edge of the palmar surface of the forefinger.

In 8% of cases during the perinatal period of ontogen-
esis the palm is supplied with blood by means of the two
arteries forming anastomosis without arch formation (fig.
3). The ulnar artery close to the final edge of the holder of
the flexor muscles divides into three branches: two general
palmar digital arteries and anastomosing branch. One gen-
eral palmar digital artery passes along the palmar surface of
the hypotenor to the elbow edge of the palmar surface of the
little finger, and another one - into the fourth interdigital
space. Anastomosing branch forms anastomosis between
the third and fourth general palmar digital arteries. The ra-
dial part of the palm is supplied with blood from the system
of the radial artery. The superficial palmar branch of the ra-
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Fig. 1. Palmar surface of the right hand of a neonate Fig. 2. Palmar surface of the left hand of a fetus, 310.0 mm of
(skin, subcutaneous tissue, palmar aponeurosis are removed). the parietal-calcaneal length skin, subcutaneous tissue, palmar
Macrospecimen. Magnified by 3.5% aponeurosis are removed). Macrospecimen. Magnified by 3.8*:
1 - superficial palmar arch, 2 - ulnar artery, - general palmar 1 - arch-anastomosis between the ulnar artery and the major
digital arteries, 4 - radial artery of the forefinger, 5 - major artery of the thumb, 2 - ulnar artery, 3 - superficial palmar
artery of the thumb, - fourth general palmar digital artery. branch of the radial artery, 4 - major artery of the thumb, 5 -

general palmar digital arteries.

Fig. 3. Palmar surface of the right hand of a neonate (skin, Fig. 4. Palmar surface of the left hand of a fetus, 320.0 mm of
subcutaneous tissue, palmar aponeurosis are removed). the parietal-calcaneal length (skin, subcutaneous tissue, palmar
Macrospecimen. Magnified by 2.8 aponeurosis are removed). Macrospecimen. Magnified by 3.8*:
1 - ulnar artery, 2 - superficial palmar branch of the radial 1 - ulnar artery, 2 - superficial palmar branch of the radial
artery, 3 - branch-anastomosis between the second and third artery, 3 - general palmar digital arteries, 4 - radial artery of
general palmar digital arteries, 4 - general palmar digital the forefinger, 5 and 6 - major artery of the thumb, 7 - fourth
arteries, 5 - fourth general palmar digital artery, 6 - radial artery general palmar digital artery.

of the forefinger, 7 - major artery of the thumb.

dial artery close to the final end of the tenor divides into two During the perinatal period the system of open-ended

general palmar digital arteries passing in the direction to the arteries (continuous superficial palmar arch is absent) is

second and third interdigital spaces and the major artery of found in 25% of cases. The palm is supplied with blood
the thumb. through the two or three arteries. In 17% of cases the pal-
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Fig. 5. Palmar surface of the right hand of a fetus, 250.0 mm of
the parietal-calcaneal length (skin, subcutaneous tissue, palmar
aponeurosis are removed). Macrospecimen. Magnified by 4.5%
1 - ulnar artery, 2 - accompanying artery of the median nerve,
3 - superficial palmar branch of the radial artery, 4 - general
palmar digital arteries, 5 — radial artery of the forefinger,

6 - major artery of the thumb, 7 - fourth general palmar
digital artery.

mar surface of the hand is supplied with blood through the
branches of the ulnar artery and superficial palmar branch
of the radial artery (fig. 4). In these cases the final portion
of the ulnar artery divides into two general palmar digital
arteries. One of them passes in the direction to the elbow
edge of the palmar surface of the little finger, and the other
one - to the fourth interdigital space. The superficial palmar
branch of the radial artery gives two general palmar digital
arteries and the major artery of the thumb. General palmar
digital arteries pass in the direction to the second and third
interdigital spaces. The major artery of the thumb branches
to the radial edge of the palmar surface of the forefinger.

In 8% of cases the palm is supplied with blood through
the branches from the three arteries: ulnar, accompanying
artery of the median nerve, superficial palmar branch of the
radial artery (fig. 5) [15, 16]. The final portion of the ul-
nar artery divides into two general palmar digital arteries.
One of them passes in the direction to the elbow edge of
the palmar surface of the little finger, and the other one —
to the fourth interdigital space. The accompanying artery of
the median nerve is located on the palm between the final
portion of the ulnar artery and superficial palmar branch of
the radial artery. It extends under the holder of the flexor
muscles together with the median nerve. It passes into the
general palmar digital artery on the palmar surface of the
hand in the direction to the third interdigital space. The su-
perficial palmar branch of the radial artery close to the final
portion of the tenor muscles of the thumb divides into the
general palmar digital artery passing in the direction to the
second interdigital space, and the major artery of the thumb
from which the branch to the radial edge of the palmar sur-
face of the forefinger emerges.

(#7)

With the term of fetuses the percentage ratio of the typi-
cal structure of the closed superficial palmar arches increas-
es (9% of cases more) in comparison with the variant forms.
In the third trimester of the intrauterine development and
during the neonatal period the cases of formation of the su-
perficial palmar arches in the form of arcades convex in the
direction of fingers increase (6% of cases more) compared
to the second trimester. Though, the number of cases when
there is anastomosing branch between the third and fourth
general palmar digital arteries decreases with the term from
10.5% of cases (the second trimester of the intrauterine de-
velopment) to 4 % (the third trimester of the intrauterine
development and during the neonatal period). The num-
ber of cases when the palm is supplied with blood from the
system of the open-ended arteries (continuous superficial
palmar arch is absent) during the perinatal period of onto-
genesis is practically similar.

In the second trimester of the intrauterine development
the variant structure of the open-ended arteries when the
palmar surface of the hand is supplied with blood from the
system of two arteries is found in 78% of cases, in the third
trimester and during the neonatal period - 50%. That is, the
percentage decreases contrary to the open-ended arteries
when the palmar surface is supplied with blood from the
system of the three arteries — it increases from 22% of cases
to 50% respectively [17].

During the perinatal period of ontogenesis the greater
amount of variant structure of the arteries is found on the
left palm than on the right one — 25% and 17.5 % respective-
ly. Although during the perinatal period of ontogenesis this
peculiarity changes: the greater number of structural vari-
ants of the arteries on the left palm is found in the second
trimester, but in the third trimester and during the neonatal
period - on the right one.

Conclusions

1. During the perinatal period of ontogenesis the typical
anatomy of the palmar arteries (formation of the superficial
palm arch) is found in 62% of cases, the variant one — in 38%.

2. The variant structure of the palmar artery during the
perinatal period of ontogenesis is divided into closed and
open-ended (continuous superficial palmar arch is absent)
arteries. In their turn, closed palmar arteries include anas-
tomosis formation in the form of an arch and without arch
formation. In case of open-ended arteries the palm is sup-
plied with blood through the branches from two or three
arteries.

3. With the term of fetuses the percentage ratio of the
typical structure of the palmar artery increases (9% of cases
more) in comparison with other forms. Moreover, the open-
ended artery system increases when the palmar surface is
supplied with blood from the three arteries (28% of obser-
vations more) in comparison with those cases when the pal-
mar surface is supplied through the two arteries.

4. During the perinatal period of ontogenesis the amount
of the variant arterial structure is more found on the left
palm (25%) compared to the right one (17.5%).
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