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FEATURES OF BLOOD SUPPLY TO THE BONES
OF THE LOWER LEG IN THE ANKLE JOINT REGION
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The purpose of the study was to investigate the
topography of permeable (nutrition) arteries in the
lower third of leg during human ontogenesis.

Materials and methods. The research was con-
ducted on 30 specimens of human prefetuses and
fetuses aged 3-9 months of prenatal development;
28 bone specimens of adult tibia and fibula and 27 se-
ries of computerized tomography scans of lower ex-
tremities of adults aged 21-72 were used. We have
used a complex of methods for morphological re-
search: anthropometry, morphometry, macromicros-
copy, injections of blood vessels of X-ray contrasting
mixtures, three-dimensional reconstruction and statis-
tical analysis.

Results and discussion. Cartilage osteogenesis
occurs in the prefetal period of prenatal human de-
velopment, in which blood vessels play a crucial mor-
phofunctional role. During endochondral ossification
of the tibia, the vessels of the bone cuff grow into the
diaphysis of the cartilaginous model of the bone and
osteogenic cells go beyond their limits.

In the third trimester of prenatal development,
blood vessels grow into the epiphyseal part of the car-
tilaginous model and an epiphyseal centre of ossifica-
tion forms. Between the epiphysis and diaphysis cen-
ters of ossification, a metaphysical growth plate forms
that develops intraosseous anastomosis between the
diaphyseal and metaphysical blood vessels. In the
metaphysis region, there are extra-skeletal anasto-
moses.

Often, the insertion of nutrition arteries into the
bone of the tibia is usually the middle third of bones
(55%) and distal metaphysis (37%). In 10%, there
were nutrition foramina in the upper third of the tibia.

Three-dimensional reconstruction also clearly
shows a more extensive and developed network of
vessels in the bone marrow canal in metaphysical re-
gions. In the middle third of the tibia and fibula, 1-3
nutrient foramina can be traced on most specimens.

On the fibular, in addition to the posterior-medial
localization of the nutrient arteries, there were vari-
ants with a “high” (above the metaphysis) placement
of the entrance of the vessel into the bone substance.

Conclusion. The most common places where ar-
teries enter the bones of the lower leg are the middle
third of the bones (55%) and the distal metaphysis
(37%). In 10%, there were nutrient foramina in the
upper third of the tibia. The three-dimensional recon-

struction also clearly shows a more extensive and
developed network of vessels in the bone marrow
canal in metaphysical regions. During the postnatal
period, we most often encountered the localization of
nutritional arteries on the anterior-lateral surface of
the tibia (23%), or their combination — the presence
of both nutrient arteries on the posterior and medial
bone surfaces (18.3%).

Keywords: bones of the lower leg, blood supply,
ankle joint, ontogenesis, human.

Relationship of work with scientific programs,
plans, and topics. The study is a fragment of the re-
search work of the Department of Histology, Cytology
and Embryology of Bukovinian State Medical Univer-
sity «Structural and functional features of tissues and
organs in ontogenesis, patterns of variant, constitu-
tional, gender, age and comparative human morphol-
ogy», state registration number 0121U110121.

Introduction. Morphological studies of the fea-
tures of blood supply to human limbs, clarification of
the variant anatomy of the nutrient arteries is a topi-
cal issue which anatomists and orthopaedic trauma-
tologists face nowadays [1-4]. The need to preserve
arterial vessels during surgical fixation of fractures
and ensuring adequate blood supply to the limb can
be determining factors in choosing the method of os-
teosynthesis. Types of fractures of the lower third of
the lower leg and the ankle joint region involve cer-
tain surgical tactics — whether it is the use of plates
or wires.

Analysis of scientific sources has shown that re-
search work on the blood supply to the ankle joint,
with rare exceptions, is almost non-existent. This
fact is obviously explained by the fact that this issue
is more or less described in detail in the literature of
past centuries and today is probably considered ex-
hausted. Even the great anatomical guide to angi-
ology mentions the arterial supply of the ankle joint
in passing. Moreover, this applies to the description
of the blood supply to the joint in both adults [5, 6]
and newborns [7]. However, the blood supply to the
ankle joint has its own characteristics, which depend
on many reasons and require consideration in certain
situations [8]. First of all, these features are influenced
by the genotype-controlled anatomical variability of
the structure of the main arterial vessels of the tibia,
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which are involved in the trophism of the ankle joint
[91.

Clarification of the topography of permeable
arteries in this part of the lower limb will allow us to
choose a known optimal method or develop a new
one for immobilizing fractures, avoid postoperative
complications, and increase the effectiveness of treat-
ment [10-12].

The purpose of the study was to find out the
topography of permeable arteries in the lower third of
the lower leg during human ontogenesis.

Materials and methods. We studied specimens
of 30 human pre-fetuses and fetuses aged 3-9 months
of intrauterine development from the collection of the
Department of Histology, Cytology and Embryology,
28 bone specimens of the lower extremities of peo-
ple of different ages and genders from the Museum
of the Department of Human Anatomy named after
M. H. Turkevich of Bukovinian State Medical Uni-
versity, as well as three-dimensional reconstructions
based on 27 series of CT (computerized tomography)
scans of adults aged 21-72 years. Blood vessels from
specimens of human fetuses were contrasted with a
mixture based on minimum. The following morpholog-
ical research methods were used: anthropometry — to
determine the age of human fetuses, morphometry —
to obtain digital indicators, macromicroscopy and
three-dimensional reconstruction — to determine the
features of development and topography of the per-
meable arteries of the lower limb.

The study was conducted in compliance with
the main bioethical provisions of the Council of Eu-
rope Convention on Human Rights and Biomedi-
cine (dated 04.04.1997), World Medical Association
Declaration of Helsinki: ethical principles for medi-
cal research involving human subjects (1964-2008),
orders of the Ministry of Health of Ukraine No. 690
dated 23.09.2009, No. 616 dated 03.08.2012 and ac-
cording to methodological recommendations [13] and
«The procedure for removing biological objects from
the deceased, whose bodies are subject to forensic
medical examination and pathoanatomical research,
for scientific purposes» [14].

Research results. During the prenatal period of
human prenatal development, cartilaginous osteo-
genesis occurs, in which blood vessels play a crucial
morpho-functional role. At the stage of endochondral
ossification of the bones of the lower leg, the vessels
of the bone cuff grow into the diaphysis of the carti-
lage model of the bone and osteogenic cells go be-
yond them. Due to the activity of osteoclasts, resorp-
tion cavities appear in the cartilage, which, merging,
form a medullary cavity (Fig. 1). At the last stage of
bone formation (the third trimester of prenatal devel-
opment), blood vessels grow into the epiphyseal part
of the cartilage model, and the epiphyseal ossification
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centre forms. Between the epiphyseal and diaphyseal
centres of ossification, a metaphyseal growth plate
forms, which has a complex morphological structure
and develops intra osseous anastomoses between
diaphyseal and metaphyseal blood vessels. A char-
acteristic feature of the topography of blood vessels
in the metaphysis is extraosseous anastomoses — ar-
terial branches that are supra- and submetaphyseal
branches of nutrient blood vessels. They are the de-
scending branches of the main arteries of the lower

leg.

Fig. 1 — Longitudinal section of the tibia of a 3.5-month-
old human fetus. Hematoxylin and eosin staining.
Microphotograph. Zoom *40:

1 — unchanged epiphyseal cartilage zone; 2 — calcified

cartilage zone; 3 — medullary cavity; 4 — perichondrium;

5 — blood lacunae; 6 — a germ of the periosteum; 7 —

metaepiphyseal growth plate; 8 —islands of endochondral
ossification

According to the results of our research, the most
common places where arteries enter the bones of the
lower leg are the middle third of the bones (55%) and
the distal metaphysis (37%) (Fig. 2). 10% had nutrient
foramina in the upper third of the tibia.

Fig. 2 — Three-dimensional reconstruction of a 46-year-
old man’s right lower limb. Posteromedial projection. The
arrow indicates nutrient foramen
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Three-dimensional reconstructions also clearly
show a more extensive and developed network of
vessels in the bone marrow canal in metaphyseal
regions (Fig. 3). In the middle third of the tibia and
fibula, 1-3 nutrient foramina can be traced on most
specimens (Fig. 4).

Fig. 3 — CT scan of a 46-year-old man’s right lower limb.
Cross-section

Fig. 4 — Three-dimensional computer reconstruction of a
70-year-old man’s left lower limb. A— posterior projection;
B — medial projection.

Black marks show the entry points of nutrient vessels

In the postnatal period, most often we identified
localization of nutrient arteries on the anterolateral
surface of the tibia (23%), or a combination of them —
the presence of simultaneously nutrient bone arteries
on the posteromedial and posterolateral surfaces of
the bone (18.3%) (Fig. 5).

On the fibula, in addition to the posterior-medial
localization of the nutrient arteries, there were vari-
ants with a «high» (above the metaphysis) place of
entry of the vessel into the bone substance. Sources
of blood supply to the lower third of the tibia are the
anterior tibial artery, and the fibula — the fibular (pe-
roneal) artery. The use of computer reconstruction
methods enables obtaining three-dimensional models
of limb tissues in order to model the method of fix-
ing pilon fractures further, which makes it possible to
individualize the method of their treatment. It is es-
tablished that the places of entry of nutrient arteries
into the compact substance of the tibia and fibula are
variant and require further study and systematization
of individual and typological variability.

Fig. 5 — Three-dimensional reconstruction of a middle-
aged man’s right lower limb. Posterior-lateral projection.
Arrows indicate nutrient foramina

Discussion. The blood supply to the ankle joint
region is carried out by the branches of the three main
arteries of the tibia (fibular, anterior and posterior tib-
ial arteries), which in the area of the ankle form two
arterial networks — lateral and medial [15]. Branches
from some arteries of foot also take part in formation
of these grids. Anatomical variants of the tibial arteries
are due to the predominance in the development of
one of the arteries of the leg — from various degrees of
underdevelopment (partial reduction) to the complete
absence (complete reduction) of a vessel. At the same
time, underdevelopment of one artery to compensate
for the blood supply to the ankle joint and the foot as
a whole, is accompanied by increased development
of the other artery. According to the literature, under-
development of the anterior tibial artery is observed in
the range from 0.5% to 10.9% of cases, the absence
of this artery is rare [16-18]. Weak development of the
posterior tibial artery is observed somewhat less fre-
quently than the anterior — in 0.6-6% of cases, but this
artery is absent in 0.8-5.2% of cases [19]. In this situ-
ation, one of the absent or partially reduced arteries,
and sometimes both tibial arteries are replaced by a
highly developed fibular artery.

Reduction of the fibular artery is uncommon —
in 0.7-3% of cases, and its absence — an extremely
rare phenomenon. It is no coincidence that the fibular
artery is considered by many researchers [20-22] to
be the main and most stable arterial vessel of the leg.

In our study, we also found high variability in the
anatomical structure of the arteries of the leg, which
undoubtedly affects the variability of the blood supply
to the ankle joint. It should also be born in mind that
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the studies of the above authors were usually con-
ducted in sampleless populations, i.e. without taking
into account the genotypic characteristics of the mate-
rial. Kiselevsky Yu.M. [23] confirmed this position by
conducting a complex of anatomical methods (macro-
microscopic preparation, injection of arteries with X-
ray angiography) study on genetically heterogeneous
material. Based on the data obtained as a result of
the study, it was stated that the most stable source in
the blood supply of the ankle joint is the fibular artery,
which compensates for the loss of blood flow in cases
of underdevelopment of the tibial arteries.
Conclusion. The most common places where
arteries enter the bones of the lower leg are the mid-
dle third of the bones (55%) and the distal metaphysis
(37%) (Fig. 2). 10% had nutrient foramina in the up-
per third of the tibia. Three-dimensional reconstruc-
tions also clearly show a more extensive and devel-
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oped network of vessels in the bone marrow canal in
metaphyseal regions. In the postnatal period, most of-
ten we identified localization of nutrient arteries on the
anterolateral surface of the tibia (23%), or a combina-
tion of them — the presence of simultaneously nutrient
bone arteries on the posteromedial and posterolateral
surfaces of the bone (18.3%).

Perspectives of further research. We consider
it appropriate to proceed with the study of the features
of blood supply to the bones of the lower limb with
the determination of gender, age and constitutional
features of blood vessels and localization of nutrient
foramina. Patterns of the variant vascular anatomy of
the lower extremities can serve as a morphological
basis to substantiate and develop new methods for
the treatment and prevention of complications of frac-
tures of the lower leg and ankle joint.
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OCOBEHHOCTU KPOBOCHABXEHUA KOCTEW FOJNIEHU

B OBJIACTU TOJNIEHOCTOIMHOIO CYCTABA

Onultinbik W. 0., Quaukano A. B., Koeasnb O. A.

Pe3tome. Llesb. BbIACHUTL Tonorpaduio nuTaTenbHbIX apTePUn B HUXKHEN TPETU FONEHN B OHTOreHese
Yyernoseka.

Mamepuan u memodsl. iccnegoBaHbl npenapatel 30 npegnnogoB v nNnofoB yenoseka 3-9 mecsiLes
BHYTpUYTPOBGHOro pa3sntusi, 28 6onbluebepLoBbIX 1 ManodepLoBbIX KOCTEN 1 27 CEPUN KOMIMbIOTEPHbIX TO-
MOrpamMM HWKHUX KOHEYHOCTEN niogen B Bo3pacTte 21-72 net. icnonb3oBaH KOMMSEKC METOL0B Mopdonoru-
YeCKOro nccrnefoBaHnst: aHTPONOMETPUS, MOPOOMETPUSA, MAKPO- U MUKPOCKOMMUM, BBEAEHWS B KPOBEHOCHbIE
COCYyAbl PEHTTEHOBCKUX KOHTPACTHbIX NpenapaToB, TPEXMEPHas PEKOHCTPYKUUSA U CTaTUCTUYECKUA aHanms.

Pesynsmamel. B npegnnogHoM Nepuofe NpeHaTanbHOro pasBUTWS YernoBeKa NMPOUCXOAMT XPsiLLeBOW
OCTEOoreHes, B KOTOPOM KPOBEHOCHbIE COCYAbl UrpatoT peLuaroLlyto MmopdodyHKUMoHanbHyo ponb. Ha atane
9HXOHApPANbHOIO OKOCTEHEHMWS KOCTEN FONEHN NPOMCXOAMT NpopacTaHue CocygoB KOCTHON MaHXETKM BHYTPb
anadusa XpsLweBo MOLENM KOCTU M BbIXOA 3a UX Mpeferbl OCTEOreHHbIX KreTok. B TpeTbem TpumecTpe
npeHaTanbHOro pasBMTUS KPOBEHOCHbIE COCYAbl BpacTaloT B aNndU3apHyro 4acTb XpsaLwWweBon mogenu, obpa-
3yeTca annmsapHbIi LEHTP OKOCTEHeHUS. Mexay anndusapHsiM 1 anadunsapHsiM LEHTPaMN OKOCTEHEHUS
dopmMmupyeTcs MeTadmsapHasa MNrnacTMHKa pocTa, KoTopas MMEET pasBUTble BHYTPUKOCTHbIE aHaCTOMO3bl
Mexay auadumsapHbiMu U MeTadm3apHbIMU KPOBEHOCHBIMK cocydamn. B obnactn metadmsa obHapyxumBa-
IOTCSl BHEKOCTHbIE aHAaCTOMO3bl. YacTo MecTamu BXOXXAEHUS NMUTaTENbHbIX apTePUIA B KOCTU FONEHN SBMSIETCS
nx cpegHsasa Tpetb (55%) n guctaneHein metacdus (37%). Y 10% cnyyaeB obHapy>xeHO nuTaTenbHble OTBep-
CTuSA B BepxHen TpeTn bonbluebepuoBon KOCTU. Ha TpexmepHbIX PEKOHCTPYKLMAX YETKO BUAHO Takke bonee
pa3BETBIEHHYIO U Pa3BUTYIO CETb COCYAOB B KOCTHOMO3IOBOM KaHane B MeTadu3apHbix yyacTkax. B cpea-
Hel TpeTn bonbluebepuoBbIX 1 ManobepLoBbIX KOCTEN Ha BONbLUMHCTBE NpenapaTtoB npocnexusaetcs 1-3
nuTaTenbHbIX OTBEpCTMA. Ha manobepuoBor KOCTU, KpOMe 3aaHeMeAnarnbHON NokanusaumMm nuTaTernbHbIX
apTepwii, BCTpeYanncb BapnaHThbl C «BbICOKUMY (Bbile MeTadunsa) pasMeLleHeM MecTa BXOXOEHNsSI COCYA0B
B BELLECTBO KOCTMW.

Bbigo0dbi. Ha pa3Hbix aTanax OHTOreHesa 4YenioBeka valle BCEro MectaMm BXOXAEeHUA NuTaTenbHbIX apTe-
puii B KOCTU FONEHN ABNSAETCH UX cpedHsas TpeTb (55%) n anctansHbii metadms (37%). Y 10% obHapyxeHo
nuTaTenbHbIE OTBEPCTUS B BEPXHEN TpeTn bonbLuebepuoBon KOCTU. Ha TpexmMepHbIX PEKOHCTPYKLIMOHHBLIX MO-
Aenax YeTKo onpeaenseTcs pasBeTBleHHas U pas3BuTas ceTb COCY40B B KOCTHOMO3rOBOM KaHane B metadu-
3apHbIX ydacTkax. B nocTHaTtaneHOM nepuoge 4valle BCero nutatenbHble apTepuyin NoKanuaylTca Ha nepeg-
HernaTeparnbHon noBepxHocTu BonbluebepLoBon KocTh (23%), unm e codeTaHue — HanMyYne OgHOBPEMEHHO
nuTaTenbHbIX KOCTHLIX apTepUin Ha 3agHeMeaManbHOW N 3aaHenaTepanbHbIX NOBEPXHOCTAX KocTu (18,3%).

KnroueBble crnoBa: KOCTW rofieHn, KpoOBOCHabXXeHne, roNeHOCTOMNHbIN CyCTaB, OHTOrEHe3, YernoBekK.
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OCOBJINBOCTI KPOBOMNOCTAYAHHA KICTOK TOMIJTKU

B OINAHUI HAOIMATKOBO-rOMIJIKOBOI'O CYITIOBA

OnitHuk I. KO., Queukano O. B., Koeanb O. A.

Pe3tome. Mema. 3’acyBatu Tonorpadito XXnMBUMbHUX apTepii Yy HUXKHIA TPETUHI TOMINKU B OHTOreHesi nio-
OVHN.

Mamepian ma memodu. JocnigxeHo npenapaty 30 nepeannoie Ta nnogis noanHn 3-9 micsilis BHYTpILL-
HbOYTPOOHOrO PO3BUTKY, 28 BEMMKOTOMINKOBMX i MAarioOroMifIKOBUX KiCTOK i 27 cepill KOMM'KOTEPHUX TOMOrpam
HWXKHIX KiHLIBOK ntogen BikoMm 21-72 pokiB. BukopuctaHo KomMnnekc mMetoaisa MOpdonoriYyHOro AOCHIMKEHHS:
aHTPOMOMETPIsi, MOPPOMETPIsi, MaKpPO- i MIKPOCKONIi, BBEAEHHSI Y KPOBOHOCHI CYANHU PEHTIEHIBCbKUX KOHTP-
acTHWX npenaparis, TPUBUMIPHE PEKOHCTPYIOBaHHS Ta CTaTUCTUYHWUIA aHani3.

Pesynsmamu. Y nepegnnogoBoMy nepiofi npeHatansHOro po3BuUTKY NMIOAMHKU BiABYBaETLCH XPALLOBUIA
OCTeoreHes, B AKOMY KPOBOHOCHI CyAuMHM BigirpatoTb BupilansHy Mopdo-pyHKUioHaneHy posnb. Ha eTtani eH-
XOHApanbHOIO CKOCTEHIHHS KiCTOK rOMifnku BiabyBaeTbCsl NPOPOCTaHHSA CYAUH KiICTKOBOT MaHXETKN BCEpeanHy
Jiadisza xpALLOBOi Mogeni KICTKM | BUXig 3a iX MeXi OCTEOreHHUX KNIiTUH. Y TPETbOMY TPUMECTPI NpeHaTarnbHo-
ro pO3BUTKY KPOBOHOCHI CyAMHM BPOCTatoTh B enichizapHy YacTuHY XpsILLOBOi MOAEri, yTBOPHETLCS eniduisap-
HWI LLeHTP ckocTeHiHHA. Mix enidizapHuM Ta giadizapHuMM LleHTpaMmn CKOCTEHIHHSA (bOpMYy€eTbCa MeTadisapHa
nnacTuHKa pocTy, ika Mae pO3BMHYTI BHYTPILLUHbOKICTKOBI aHaCTOMO3W MixX AiadisapHumu Ta MeTadisapHMMm
KPOBOHOCHUMU cyauvHamu. B gingHui meTtadisy € no3akicTkoBi aHacToMo3n. HacTo MicUusaMU BXOOXKEHHS XKK-
BUIbHUX apTepii y KICTKU FOMIfNIKN € cepeaHs TpeTuHa KicTok (55%) Ta amctanbHun metadis (37%). Y 10%
BMNAAKIB BUSBNEHO >XUBWIbHI OTBOPMW Y BEPXHI TPETUHI BENMKOroMInKoBOI KiCTKM. Ha TpMBMMIPHUX PEKOH-
CTPYKLUIiSIX YiTKO BU3HA4Ya€ETLCA po3rany)KeHa Ta po3BuHYTa CiTKa CYAWH Yy KICTKOBO-MO3KOBOMY KaHani B MeTa-
izapHUX ginsHkax. Y cepenHi TPETUHI BEMMKOTOMINIKOBUX i MaNorominikoBux KicTOk Ha OinbLUOCTi npenaparTis
NpocTexyeTbesa 1-3 XMBUMNbHUX OTBOPU. Ha ManorominkoBin KicTui, kpiM 3agHboONpucepenHboi nokanisawii
XUBUIMbHUX apTepii, 3ycTpivanucs BapiaHTu 3 «BUCOKMM» (BULLe MeTaddida) PO3MILLEHHSIM MiCLS BXOAXKEHHS
CYOVIHU B PEYOBUHY KiCTKM.

BucHosku. Ha pi3HMXx eTanax OHTOreHesy noguHyu HanvacTile MiCUsIMU BXOKEHHS XXUBUITbHUX apTepii
y KICTKM FrOMIfku € ixHeA cepefHs TpetuHa (55%) ta anctansHun metadis (37%). Y 10% BUSABNEHO XUBUIbHI
OTBOPU Y BEPXHIi TPETUHI BENMUKOrOMISNIKOBOI KICTKWU. Ha TPpUBUMIpHUX PEKOHCTPYKLINHUX MOAENSsX YiTKO BU3Ha-
YaeTbCA po3rany>eHa Ta po3BMHYTa CiTKa CyaWMH Y KICTKOBO-MO3KOBOMY KaHani B MeTadidapHux ginsHkax. Y
nocTHaTanbHOMY repioai HanyacTilwe XUBWIbHI apTepii 30cepemkeHi Ha nepegHbOOIYHIN MOBEPXHi BENMKO-
FOMIfNIKOBOI KicTKM (23%), ab0 X NoegHaHHA — HAsiBHICTb OAHOYACHO XXMBWUIMBbHUX KICTKOBUX apTepil Ha 3a4Hbo-
npucepeaHin Ta 3aaHLOBIYHIN NoBepXxHAX KiCcTkM (18,3%).

KnouoBi cnoBa: KiCTK/M rominku, KpoOBOMOCTa4YaHHs!, Haan aTKOBO-TOMINIKOBOrO cyrroba, OHTOreHes, nio-
OvHa.
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