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The article presents the results of a study of age-related features of ossification of the hand bones in children
as indicators of morphological differentiation and of “bone age” determination. Based on the analysis of 124 radio-
graphs, 43 computer tomograms and 12 three-dimensional reconstructions of the skeleton of the hand in children
aged from newborn to 12 years, the timing, sequence and symmetry of the appearance of ossification points in the
carpal and metacarpal bones and phalanges of the fingers were established. Regularities in the dynamics of ossi-
fication were revealed; in particular, the process begins in the 1st year of life, when nuclei appear in the capitate
and hook bones. Later, ossification sequentially occurs in the triquetral bone, lunate bone, scaphoid bone, trapezoid
bone, trapezium bone and, lastly, pisiform bone (9-12 years). The intensity of growth and the increase in bone-nucle-
us size were monitored, as well as a slight physiological asymmetry in ossification (1-3 months) between the bones
of the right and left hands. The results emphasize the diagnostic and prognostic value of bone age assessment as a
more informative indicator of physical development compared to chronological age. It is noted that a comprehensive
assessment of the body's condition requires a combination of morphological and functional research methods.

Key words: bone age, bones, ossification, ossification centers, hand skeleton, physical development.

Connection of the publication with planned re-
search work.

The study is a fragment of the complex topic of the
Department of Anatomy, Clinical Anatomy and Operative
Surgery “Sexual and Age Patterns of Ontogenetic Trans-
formations and Morphometric Parameters of Organs
and Structures under Normal and Experimental Condi-
tions. Morpho-Functional and Anthropometric Features
of the Musculoskeletal System of Athletes” (state regis-
tration number 0125U001531).

Introduction.

The human body develops from fertilization to
death, but each period of pre- and postnatal ontogen-
esis has its own characteristics [1]. For childhood, the
most characteristic features are intensive development,
growth and maturation. The development and growth of
the child’s body are, as is known, not only a quantitative
increase in body size and weight; it is a rather complex
biological process, accompanied by profound qualitative
changes in the morphological, structural differentiation
of all organs, tissues and the body as a whole [2]. At the
same time, it should be emphasized that the energy of

ISSN 2077-4214. Bicuuxk npo6nem 6ionorii i meanuunn — 2025 — Bun. 4 (179) / Bulletin of problems in biology and medicine — 2025 — Issue 4 (179)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/

293



MOP®ONOrIA / MORPHOLOGY

Figure 1 — Three-dimensional computer reconstruction of the
bones of the free part of the right upper limb of a newborn human.
Posterior-lateral projection. Magnification: 1.3x.
Designation: 1 — wrist; 2 — metacarpal bones; 3 — proximal
phalanges of the fingers; 4 — middle phalanx of the finger; 5 -
terminal phalanges of the fingers; 6 — radius; 7 — ulna; 8 — humerus.

the body’s development, both in terms of growth and
differentiation, can vary significantly across different age
stages. A certain part of children shows accelerated or
slowed energy in the body’s development, which is asso-
ciated with normal differentiation occurring earlier than
in most children, or later in life [3, 4].

The constitutional features of a child during its
growth period (newborns, infants, toddlers, preschool
children, younger school-age children, and older school-
age children) and differentiation are a number of tran-
sitional properties that are more or less established at
certain developmental stages [4].

In light of modern data of age osteology on the evolu-
tionary features of the child’s organism, an individual as-
sessment of the child’s physical development based only
on anthropometric standards is, first of all, insufficient
[5, 6]. We cannot characterize a child’s physiological age
solely on the basis of the correspondence between his
body size and weight and age norms [7, 8]. In our opin-
ion, such a characteristic is incomplete, roughly approxi-

Figure 2 — Skeleton bones of the left hand of a 6-month-old girl.
Photoradiogram. Direct projection.

mate and most often erroneous. It should be noted that
the actual level of physical development of a child can
be established only on the basis of data on his age-re-
lated morphological and functional differentiation [9]. It
is known that passport age is less accurate than “bone”
age, and when assessing the features of morphogenesis,
age-related and involutive changes in the tissues of the
musculoskeletal system, accurate data on the timing and
sequence of the appearance of primary and secondary
ossification centers in the bones of the human skeleton
are of important applied value [10]. Based on the state
of development of the skeletal system and the timing of
the appearance of ossification points, in particular the
carpal bones, one can judge the “bone age”, which re-
flects the morphological differentiation of the entire or-
ganism [11, 12].

According to V. S. Pikalyuk, A. Yu. Osmanov [13]
defines the term of appearance of the triquetral bone
nucleus as the number of its faces (3 years); in the fu-
ture, it is sufficient to add 1 year to each adjacent one
(clockwise) to obtain the term of ossification. As a re-
sult, the order of ossification of the carpal bones will be
as follows: capitate bone (2 months), hamate bone (3
months), triquetral bone (3 years), lunate bone (4 years),
scaphoid bone (5 years), trapezium bone and trapezoid
bone (5 and 6 years). The term of appearance of the pisi-
form bone ossification nucleus is 6.5-16.5 years.

Using the X-ray method, it is possible to detect in-
dicators of peculiarities and violations in the evolution
of the organism and developmental anomalies [14]. The
most common forms of ossification anomalies are de-
lays or acceleration of the rate of ossification [15]. These
anomalies are caused by exogenous and endogenous
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Figure 3 — Three-dimensional computer reconstruction of the
bones of the skeleton of a newborn. Posterior view. Magnification:
1.9x. Designation: 1 — capitate bones; 2 — metacarpal bones; 3 —
proximal phalanges of the fingers; 4 — middle phalanx of the finger;
5 — terminal phalanges of the fingers; 6 — ulna; 7 — left radius; 8 -
humerus.
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factors that affect the child’s development (nutritional
conditions, living conditions, prior diseases, etc.) [16].
Therefore, establishing the peculiarities of ossification
of the bones of the hand skeleton, their terms and rates
at different stages of the postnatal period of human on-
togenesis under normal conditions, is an urgent task of
modern-age osteology [17, 18].

The aim of the study.

To determine the timing, sequence, and symmetry
of the appearance of ossification centers in the carpal
and metacarpal bones and finger phalanges from the
neonatal period to primary school age.

Object and research methods.

The study of the terms of ossification of the bones of
the hand as an indicator of morphological differentiation
of “bone age” was conducted on the basis of a retro-
spective study of 124 radiographs, 43 computer tomo-
grams and 12 three-dimensional computer reconstruc-
tion models of the skeleton of the right and left hands of

children of both sexes aged from newborns to 8-11 years
(girls) and 8-12 years (boys) under normal conditions on
the basis of the Department of Pediatric Traumatology
(Head of the Department — Martynov A.V.) of the Cher-
nivtsi Emergency Medical Hospital.

Research results and their discussion.

In newborns, the carpal bones are still at the carti-
laginous stage of development (fig. 1); their ossification
begins in the 1st year of life.

On radiographs of the skeleton of the right and left
hands of children of the 1st year of life, the shadows of
all metacarpal bones, phalanges of the fingers and distal
epiphyses of the diaphyses of the ulna and radius bones
are clearly visible.

In children between 2 and 6 months of age, ossifi-
cation points appear in the capitate bone and hamate
bone (fig. 2). However, in a few newborns, radiographs,
computed tomography, and three-dimensional comput-
er reconstruction models have revealed bone nuclei in

Figure 4 — Schematic representation of the centers of ossification of the bones of the hand in a newborn (A),
at the end of the 1st year (B), at the 3rd year (C), at the 5th year (D), at the 9th year of life (E).
Designation: 1 — capitate bone; 2 — hamate bone; 3 — triquetral bone; 4 — lunate bone; 5 — trapezium bone; 6 — trapezoid bone; 7 — scaphoid
bone; 8 — bodies of the metacarpal bones; 9 — epiphyses of the metacarpal bones; 10 — epiphyses of the proximal phalanges of the fingers;
11 - middle phalanges of the fingers; 12 — terminal phalanges of the fingers.
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Figure 5 — Skeleton bones of the right hand of a boy aged 2 years
and 8 months. Photoradiogram. Direct projection.

the capitate (fig. 3) or (and) hamate bones, which, in our

opinion, together with other symptoms, may serve as a

sign of prematurity.

During the 2nd year of life, an ossification point
appears in the distal epiphysis of the radius, and an in-
crease in the size of the capitate and hamate bones is
also noted.

During the 3rd year of life, an ossification point ap-
pears in the triquetral bone, as well as in the epiphyses
of all metacarpal bones and phalanges of the fingers
(fig. 4).

In children of this age, an increase in the size of the
capitate and hamate bones, as well as the distal epiph-
ysis of the radius, is detected. In particular, on the ra-
diograph of the bones of the right hand of a boy aged 2
years and 8 months, the ossification points of the capi-
tate and hamate bones, the epiphyses of the metacarpal
bones and the phalanges of the fingers are clearly visi-

Figure 7 — Skeleton bones of the right hand of a girl
aged 3 years and 10 months. Photoradiogram. Direct projection.

Figure 6 — Skeleton bones of the left hand of a girl aged 2 years and
11 months. Photoradiogram. Direct projection.

ble, and the ossification point of the triquetral bone is
also outlined (fig. 5).

On the radiographs of the skeleton of the right and
left hands of 4-year-old children, the appearance of an
ossification point in the lunate bone is noted, mainly at
the end of the 4th year of life. In isolated (4) cases, we
observed the appearance of an ossification point in the
lunate bone in children of an earlier age, in particular in
a girl of 2 years 11 months (fig. 6), or somewhat later - at
the beginning of the 5th year of the child’s life.

In a girl aged 3 years and 10 months, the radiograph
of the skeleton of the right hand of life visualizes the
ossification points of the capitate, hamate, triquetral,
lunate bones, as well as in the epiphyses of all short tu-
bular bones and the ulna, which are somewhat larger in
size compared to children aged 2-3 years. The presented
radiograph shows the ossification centers of the trape-
zoid and trapezium bones (fig. 7).

Figure 8 — Skeleton bones of the right hand of a boy aged 5 years
and 1 month. Photoradiogram. Direct projection.
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Figure 9 — Skeleton bones of the left hand of a girl aged 4 years and
7 months. Photoradiogram. Direct projection.

During the 5th year of a child’s life, usually at the end
of the 5th year, the appearance of ossification points in
the scaphoid bone and trapezoid bone, and trapezium
bone is noted. However, it should be noted that, on ra-
diographs of 5-year-old children, we observed poorly de-
fined ossification centers in two of the three above-men-
tioned carpal bones (fig. 8), but not in all three.

On the radiographs of the hands of a girl aged 4
years and 7 months (fig. 9), the ossification points
of the capitate, hamate, triquetral, lunate, and
scaphoid bones, trapezium bone, and trapezoid bone,
as well as the epiphyses of the radial and metacar-
pal bones and finger phalanges, are clearly visible.
In children aged 6-7, the ossification centers of the
scaphoid, trapezium, and trapezoid bones are clearly vis-
ible. During this age period, intensive growth of all wrist
bones occurs.

Figure 11 — Skeleton bones of the left hand of a girl aged 8 years and
2 months. Photoradiogram. Direct projection.

Figure 10 — Skeleton bones of the right hand of a girl aged 7 years
and 3 months. Photoradiograph. Direct projection.

At the beginning of the 7th year of life, the ossifi-
cation points of all wrist bones, except for the pisiform
bone, are clearly visible on the radiographs of the right
and left hands of the child, while the ossification points
of the epiphyses of the metacarpal bones, radial bone,
and finger phalanges increase in size compared to chil-
dren aged 5 years.

During the 7th year of life, an ossification point ap-
pears in the distal epiphysis of the ulna, initially a small
calcified area in the form of a triangle or wedge is noted
(fig. 10), and by the end of the 7th year of life, the ossifi-
cation point has the shape of a small oval or, in isolated
cases, a disk that occupies only part of the epiphysis of
the ulna.

At the beginning of the prepubertal period (during
the 8th year of life), there is an intensive growth and in-
crease in the size of the distal epiphysis of the ulna. The
latter appears as a disk-shaped oval, visualized along its

A
Figure 12 — Skeleton bones of the right hand of a boy aged 9 years
and 3 months. Photoradiogram. Direct projection.
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Figure 13 — Skeleton bones of the left hand of a girl aged 10 years
and 9 months. Photoradiogram. Direct projection.

entire length (fig. 11). The remains of the pseudoepiphy-
ses of the second metacarpal bones are detected.

The formation of the styloid process of the ulna oc-
curs due to the ossification point of the distal epiphysis
of this bone and is detected on radiographs of the right
and left hands of 9-year-old children (fig. 12).

At the end of the second childhood period, with a
gender difference of 9-12 months, in girls 10 years 5
months - 11 years and boys 11 years 4 months - 12 years,
the ossification point of the pisiform bone appears. In
children of this age, a change in the shape of the middle
phalanx of the II-V fingers is observed - a significant pro-
trusion of the rounded upper-radial angle and a more
pronounced “waist” on the radial side (fig. 13-14). In
isolated cases, we have noted minor fluctuations (1-3
months) in the timing of ossification point appearance in
the same carpal and metacarpal bones of the right and
left hands in newborns and children of infant, preschool,
and primary school age with normal morphogenesis.

Conclusions.

The given sequence of ossification points in the car-
pal and metacarpal bones and the phalanges of the fin-
gers from the period of newborn to primary school age

DOI 10.29254/2077-4214-2025-4-179-293-305
YAK 616.71-001.52:612.65]-053-055

Figure 14 — Skeleton bones of the right hand of a boy aged 11 years
and 11 months. Photoradiogram. Direct projection.

provides a picture of the age dynamics of ossification of
the hand skeleton during normal development.

The terms of ossification of the carpal bones deter-
mined by X-ray methods of research are an indicator of
the morphological differentiation of the organism and
the “bone age” of the child.

A slight asymmetry of ossification of the carpal and
metacarpal bones of the right and left hands was estab-
lished - the non-simultaneous appearance (with a differ-
ence of 1-3 months) and the development of ossification
of these bones in children of the studied age groups, in
our opinion, is a variant of the normal development of
the skeleton of the hands.

The state of any one system, in particular the bone
system, does not provide an exhaustive description of
the development of the entire organism, since dissocia-
tion phenomena in the rates of development of organs
and systems are possible - ontogenetic dyschrony. For
a more complete and accurate assessment of develop-
ment, it is necessary to use a complex of methods of
morphological and functional research.

Prospects for further research.

To establish the features of ossification of the bones
of the hand in children of senior school age.

'biprok I. I, Xmapa T. B., MapueHsK I. B., 'Kykoecobka I. /1., *Mapuyk O. .

CTATEBO-BIKOBI OCOB/INBOCTI MOCTHATAJ/IbHOTO MOP®OIEHE3Y
TA OCUDIKALII KICTOK KUCTI lOAUHU
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Y cmammi HagedeHi pe3ynemamu 00CniOHeHHS 8iKosux ocobausocmeli CKOCMeHIHHA KiCmoK Kucmi y
dimeli AK NOKA3HUKa mMopghonoeidHoi dupepeHyiayii ma susHavyeHHA «KicmKogsoezo 8iky». Ha ocHosi aHanizy 124
peHmeaeHozpam, 43 Komn’'tomepHUX momoapam i 12 mpusumipHuUx peKoHCmpyKuili ckenemy kucmi dimel sikom
8i0 HoBoHApPoOOMHeHocmi 00 12 pokie 8CMAHOB/1EHO MepMiHU, Nocai008HICMb Ma cUMempPUYHiCMb MNoA8U MOY0K
ocuepikauii y 3an’acmkogux i n’aACmkKosux Kicmkax ma ¢anaHz2ax nansuie. BusgeneHo 3aKOHOMipHOCMi OUHAMIKU
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CKOCMEHIHHA, 30Kpema, no4amok rnpouecy 8iOmiYaemocs HA 1-my pouyi ¥umms, Koau 3’Aensomecsa A0pa y
2ono084Yacmili i 2aukyeamitli kicmkax. [i3Hiwe nocnidosHo ocughikayis 8idbysaemosca y mpuepaHHili, niemicayesid,
408HOMOOIbHIl, mpaneuienodibHili Kicmkax, Kicmuyi-mpaneuii ma, 8 oCmMaHHK0 4epay, 20poxonodibHil Kicmui
(9-12 pokis). BiocmexeHo iHMeHcusHicmos pocmy i 36inblWeHHs po3mipie Kicmkosux A0ep, a MaKOX He3HAYHy
hizionoaiuHy acumempito ckocmeHiHHA (1-3 micaui) mix Kicmkamu npasoi ma nieoi Kucmamu. Pe3yasmamu
niokpecaorme digzHoCMuYHe ma nNPo2HOCMUYHe 3HAYeHHSA OUIHKU KiCMK0B020 8iKy AK Binblu iHhopmamueHO20
MOKA3HUKA (hi3UYHO20 PO38UMKY MOPIBHAHO 3 XPOHO02IYHUM 8iKOM. 3A3HAYEHO, W0 KOMI/AEKCHA OUiHKa CmaHy
op2aHizmy nompebye NOeEOHAHHA MOPHOA02IYHUX | PYHKUYIOHAMAbHUX Memo0die 00CMiOHeHHS.

Knrouoei cnoea: kicmkosuli 8iK, KicmKu, ocugikayid, UeHmpu CKOCMEeHIHHSA, cKeaem Kucmi, ¢hisaudHuUli po38UMOK.

3B8’A30K ny6niKauii 3 n1aHOBMMM HAyKOBO-4OCAIA-
HUMM poboTtamu.

LocnigkeHHs € ¢parMeHTOM KOMMJIEKCHOI TeMMm
Kadenpu aHaTOMIi, KNiHIYHOI aHaTOMii Ta onepaTMBHOI
xipyprii «CTaTeB0-BiKOBi 3aKOHOMIPHOCTi OHTOreHeTuY-
HUX NepeTBOpPeHb i MOPHOMETPUYHI NapameTpu opra-
HiB Ta CTPYKTYp 33 YMOB HOpPMMU i eKcrepumeHTy. Mop-
do-PyHKLiOHaNbHI Ta aHTPONOMETPUYHI 0COBAMBOCTI
OMOPHO-PYXOBOro anapaTty CNopTCMEHiB» (Homep aep-
*aBHOI peecTpau,ii 0125U001531).

Bcryn.

OpraHiam NoaMHN PO3BMBAETLCA Bif, 3anNNigHEHHA i
00 MOro cmeprTi, a/ie KOXHUIM nepiog, npe- i NocTHaTab-
HOro oHTOreHe3y mae cBoi ocobameocTi [1]. Ana ANTUH-
CTBa HaMbiNbl XapaKTEPHUMU PUCAMMU € IHTEHCUBHUI
PO3BUTOK, PICT i A0O3piBaHHA. PO3BMTOK i 3pOCTaHHA M-
TAYOro opraHiamy sBAAOTb COOOIO, AK BiAOMO, HE Ti/IbKK
KifbKicHe 36inblueHHsA po3MipiB Ta macu Tina; ue — Ao-
CUTb CKNagHWi 6ionoriyHmMii Npouec, Wo CYnpOBOANKY-
€TbCA MMUBOKMMM AKICHUMM 3MiHAMW MOPPONOTIYHOrO,
CTPYKTYPHOTO AMdepeHLLitoBaHHA BCiX OPraHiB, TKAHUH i
opraHismy B uiniomy [2]. Mpu ubomy, ciig nigkpecanTy,
O eHeprifa PO3BUTKY OpPraHisamy AK LLOAO 3POCTaHHA,
TaK i CTOCOBHO AndepeHLiloBaHHA MoXKe ByTU Ha Pi3HMX
BiKOBMX eTanax gye pi3Hoto. [leBHa YacTuHa AiTel gae
npuckopeHy abo CnoBisibHEHY eHeprito PO3BUTKY opra-
Hi3My, Y 3B’A3KY 3 UMM 3aKiHYeHe HopManbHe gudepeH-
Lit0OBaHHA HacTae B Hinbll paHHbOMY, HiX Yy BinbLIOCTi
Aiteld, abo B nisHilomy BikoBomy nepiogi [3,4].

KoHCTUTYLiMHI ocobauBocTi AUTMHM B nepiog, i
3pocTaHHA (HOBOHAPOAMKEHI, 4iTW rpyAHOro, nepeasno-
LWKINIbHOMO, AOLWKINABHOIO, MONOALLOrO i CTAPLUOro LWKiNb-
HUX BiKy) Ta AMdepeHLiloBaHHA € PAAOM MNepexiaHuX
BN1ACTUBOCTEN, AKi BiNblU-MeHL BCTAHOBAIOOTLCA /MLLIE
y NeBHi BiKOBi eTanu po3suTKy [4].

Y cBiTAi cy4yacHUX AaHuMX BIKOBOI OCTeonorii Npo eso-
JIOTUBHI 0COBANBOCTI AUTAYOro OpraHismy iHAMBIAYyab-
Ha OUiHKa $i3MYHOro PO3BUTKY AUTUHU Ha OCHOBI AnLLE
AHTPOMOMETPUYHUX CTAHAAPTIB €, Nepw 3a BCe, HeAo-
CTaTHbO [5, 6]. M1 HE MOXKEeMO AaTU XapaKTEPUCTUKY
disionoriyHoro BiKy AUTUHM HA OCHOBI /iMLLE BiANOBIAHO-
CTi po3mipiB Ta macw ii Tina BikoBMM Hopmam [7, 8]. Ha
Hally AYMKY, TaKa XapaKTepucTUKa € HEMOBHOLO, rpy6o
OpPIEHTOBHOI Ta HaMuacTilwe nomuakosoto. HeobxiaHo
3a3HAYUTK, LLO AiNACHUI piBeHb $i3UYHOrO PO3BUTKY AM-
TUHW MOXKe BYTW BCTAHOBNEHMUI NIMLLE HA OCHOBI AaHMX
npo 1oro BikoBe mopdonoriyHe Ta GyHKLiOHaNbHE AU-
depeHuitoBaHHsA [9]. Biaomo, Lo NacnopTHUI BiK € MeHLU
TOYHUM, HiX «KICTKOBWI», i Npu ouiHLi ocobansocTel
mopdoreHesy, BiKOBMX Ta iIHBONFOTUBHWX 3MiH B TKAHMHAX
OMOPHO-PYXOBOrO anapaTy MakTb Ba*KAUBE NMPUKAALHe
3HaYeHHA TOYHI AaHi NPO TEPMIiHM i NOCNIAOBHICTb NOABU
NePBUHHUX | BTOPUHHUX LLEHTPIB CKOCTEHIHHA Y KiCTKax
ckenety ntogmHm [10]. 3a cTaHOM PO3BUTKY KiCTKOBOT CUC-

TeMM, 32 TEPMiHaMM NOABU TOYOK CKOCTEHIHHA, 30Kpema
3an’ACTKOBUX KIiCTOK, MOMHa CyAMTM MPO «KiCTKOBMM
BiK», WO Bigobpaxkae mopdonoriyHe andepeHuitoBaHHA
BCbOro opraHismy [11, 12].

3a gaHumum B. C. Mukanoka, A. KO. OcmaHoBsa [13]
TEpPMiH NOABU KICTKOBOrO A4pa TPMIPaHHOI KICTKKU Bigno-
Bigae uncny ii rpaHeli (3 poku), Hagani 4OCUTb A0 KOXKHOI
CyCiAHbOI (N0 XO4y roAMHHMKOBOI CTPINKKN) AoaaBaT No
O4HOMY POKY, W06 OTPUMATM TEPMIH CKOCTEHIHHA. B pe-
3yNbTaTi NOPALOK CKOCTEHIHHA 3an’ACTKOBUX KiCTOK byae
HaCTYMHMM: TONIOBYACTa KiCTKa (2 mic.), raykyBaTa KicTKa
(3 mic.), TpurpaHHa KicTKa (3 poku), niBmicsauesa KicTka (4
poKw), yoBHOMNOAiIBHa KicTKa (5 poKiB), KicTKa-Tpanewis i
TpaneujenoaibHa KicTka (5 i 6 pokis). TepmiH nossu agpa
CKOCTEHIHHA ropoxonoaibHoi KicTkun — 6,5-16,5 pokis.

3a 40NOMOroK PEHTFeHO/IONYHOIO MEeToAy MOMKHA
BUABUTW 3a LM PAAOM MOKA3HMKIB 0cobaMBOCTI Ta
NOpPYLEHHA eBOAIOLIT OpraHiamy Ta aHOManii poO3BUTKY
[14]. Hanbinbw yacto TpanaaoTbCa Taki popmm aHOMa-
N CKOCTEHIHHA AK 3aTpMMKa abo MPUCKOPEHHA Temny
cKocTeHiHHA [15]. Lli aHomanii 3ymoBneHi ajeto ek3o- Ta
eHAoreHHUX GaKTopiB, AKi BNANBAIOTb HA PO3BUTOK AM-
TUHK (YMOBM XapyyBaHHA, NOBYTOBi yMOBU, NepeHeceHi
xBopobu Towo) [16].

Tomy, BCTAaHOBNIEHHA 0COGAMBOCTEN CKOCTEHIHHA
KICTOK CKeneTy KWUCTI, iXHIX TePMiHiB i TemniB Ha Pi3HMX
eTanax NOCTHaTa/NbHOro nepioay OHTOreHesy JAMHM 33
YMOB HOPMM € aKTya/IbHUM 3aBAAHHAM Cy4acCHOI BiKOBOI
ocrteosorii [17, 18].

MerTa gocnigKeHHs.

3’AcyBaTU TEPMIHW, MOCNILOBHICTb i CUMETPUYHICTD
NoABM LEHTPIB CKOCTEHIHHA Yy 3an’ACTKOBMX i N'ACTKOBMX
KicTKax Ta ¢anaHrax nasbLiB Big nepioay HOBOHapoaKe-
HOCTi 4,0 MONIOALIOTO WKINBHOTO BiKY.

06’eKT i meTOogM poCNigKEeHHS.

JocnigKeHHs TepmiHiB ocudiKauii KiCTOK KUCTI fAK
NMoKasHMKa MopdonoriyHoro AuvdepeHLitoBaHHA «KicT-
KOBOrO BiKy» NPOBEAEHO Ha NiACTaBi PpeTPOCNEeKTUBHOTO
BMBYEHHA 124 peHTreHorpam, 43 Komn' toOTEPHUX TOMO-
rpam i 12 TpUBUMIPHUX KOMN'HOTEPHUX PEKOHCTPYKLM-
HUX Mogenel cKeneTy Npasoi i NiBoi Kncten aiterr obox
cTaTen BiKOM Big, HOBOHapoayKeHMx Ao 8-11 pokis (4j-
BuYaTa) i 8-12 poKiB (X710NYMKM) 32 YMOB HOPMMK Ha Hasi
BigAineHHa auTAdoi TpaBmaTonorii (3aB. BigdineHHAM —
MapTuHoB A.B.) nikapHi WBMAKOI MeanyYHOI 4onomMoru
M. YepHiBLi.

Pe3ynbTaT goCniaXeHHA Ta iX 06roBopeHHs.

Y HOBOHapPOAKEHMX NOAMHM 3aN ACTKOBI KiCTKM 3Ha-
XOOATbCA LLe Ha XPALWOBIl cTagii po3BuUTKy (puc. 1); ixHe
CKOCTEHIHHA PO3MOYMHAETLCA Ha 1-Mmy pou,i KUTTA.

Ha peHTreHorpamax ckenety npasoi i niBoi Kuctel
Aitelt 1-ro poKy XKUTTA YiTKO BUABAAKOTHLCA TiHi BCiX N'ACT-
KOBMX KiCTOK, hanaHr nanbLiB i AucTanbHMX enidisis gia-
¢i3iB NiKTbOBOI i NPOMEHeBOI KiCTOK.
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PucyHoK 1 — TpuBuMipHa KOMN’IOTEPHA PEKOHCTPYKLiA KiCTOK Bilb-
HOI YaCTUHU NPABOi BEPXHbOI KiHL{iIBKM HOBOHAPOAKEHOrOo NI0ANHMU.
3aAHbo-6iuHa npoekuis. 36.: 1,3%. Mo3HayeHHs: 1 —3an’AcToK; 2 —
N’ACTKOBI KiCTKK; 3 — NpOKCcMManbHi panaHru nanblis; 4 — cepegHa
dananra nanbus; 5 — KiHuesi panaHru nanbuis; 6 — npomeHesa
KicTKa; 7 — NiKTbOBA KiCcTKa; 8 — nseyoBa KicTKa.

Y pitel B nepio Bia 2 A0 6 MicALiB 3’ABAAIOTLCA TOUYKM
CKOCTEHIHHSA Y ro/I0BYaCTil i raukyBaTiit KicTkax (puc. 2).
MNpoTe, B 0OANHUYHUX HOBOHAPOAXKEHMX HA peHTreHorpa-
Max, KOMM'IOTEPHUX TOMOTPAMAX | TPUBUMIPHMX KOMN't0-
TEPHUX PEKOHCTPYKLINHUX MOAENAX BUAB/EHI KiCTKOBI
aapa ronosyactoi (puc. 3) abo (Ta) raukyBaToi KiCToK, WO,
Ha Halwy AYMKY, Pa3oM i3 iHWMMM CUMNTOMaMN MOXKE
CNYXUTU O3HAKOK AOHOLLIEHOCTI.

YNpoaoBXK 2-ro poKy MKWUTTA CNOCTepIiraeTbca nossa
TOYKM CKOCTEHIHHA Yy AWCTanbHOMY enidi3i npomeHeBoi
KiCTKM, a TaKoX BiaMiYaeTbcA 36inblIeHHA Po3mipiB ro-
JI0OBYACTOI | ra4KyBaTOi KiCTOK.

MpoTArom 3-ro PoKy KUTTA 3'ABAAETLCA TOUKA CKOCTe-
HiHHA Y TPUIPAHHIN KiCTLi, a TakoXK B enigizax ycix n’acT-
KOBMX KIiCTOK i panaHr nanbuLis (puc. 4).

Y pitein 4aHoro Biky BUABNAETLCA 36i/1bLUEHHSA PO3MI-
piB roN10BYACTOIl i ra4KyBaTOl KiCTOK, @ TAKOXK AMUCTANIbHOIO
enidiza NpomeHeBOi KiCTKW. 30Kpema, Ha peHTreHorpami
KICTOK NPaBOi KUCTi XJ1I0N4YMKa 2 POKiB 8 MiCALLIB YiTKO BU-
ABNAKOTHCA TOYKM CKOCTEHIHHA rO/10BYACTOI i raykyBaToi

PucyHok 2 — KicTKu ckenety niBoi KUCTi AiBUMHKM 6 micauis.
dotopeHTreHorpama. Mpama npoekuis.

KicTOK, eni¢isiB N’acTKOBMX KicTOK i danaHr nanbuis, a
TaKOX HAaMIYa€ETbCA TOYKA CKOCTEHIHHA TPUIPAHHOI KicT-
Ku (puc. 5).

Ha peHTreHorpamax ckeneTty npasoi i NiBOi Kncten
Aitelt 4-x poKiB Big3HAYaAETbCA MOABA TOYKWU CKOCTEHIH-
HA Yy NiBMicALEBIN KicTUi nepeBarkHO, HanpuKiHui 4-ro
POKY XUTTA. B oAMHUYHKX (4) BUNaAKax My criocTepiranm
nosBy TOUYKM CKOCTEHIHHA Yy NiBMicALEBil KicTui y aiten
6inbL paHHbOrO BiKY, 30KpEMa Y AiBYUMHKM 2 poKiB 11 mi-
cauis (puc. 6), abo gewo nisHille — Ha No4YaTKy 5-ro poky
KUTTA AUTUHMN.

Y piB4nHKK 3 pokis 10 micAuiB Ha peHTreHorpami cke-
NeTy NpPaBOi KUCTI KUTTA Bi3yani3yroTbCA TOYKM CKOCTe-
HIHHA rON0BYaCTOI, rA4YKyBaTOI, TPUrPAHHOI NiBMicALLEBOT
KICTOK, a TakoXK B enidizax ycCix KOPOTKMX TpybyacTmx
KiCTOK i NiKTbOBOI KiCTKM, Aelo 6inbli 3a po3mipamu
nopiBHAHO 3 AiTbmM 2-3 poKiB. Ha npeacTaBaeHin peHT-
reHorpami Hami4YarTbCA TOYKM CKOCTEHIHHA TpaneLieno-
AiBHOT KiCTKM Ta KicTKu-Tpanedji (puc. 7).

BnponoBiK 5-ro poKy KUTTA AUTUHU, AK MPABUIO Ha-
NPUKIHLI 5-r0 poKy, BigMI4Ya€eTbCA NOABa TOYOK CKOCTe-
HiHHA Yy YOBHOMOAI6HIM i TpaneuienoaibHin KicTkax Ta
KicTui-Tpanewii. OgHaK, cnig 3a3HavynTy, WO Ha PEHTIEHO-
rpamax Aiten 5-Tm pokis, SIK NpaBMIO, MK CriocTepiraan
cnabo HamiyeHi TOUYKN CKOCTEHIHHA Yy ABOX, @ HE B YyCiX
TPbOX BULLLE3a3HAYEHMX 3aMN’ACTKOBMX KicTKax (puc. 8).

Ha peHTreHorpamax Kuctel giB4MHKM BikOM 4 poKiB
7 micauis (puc. 9) 4iTKo BUABNAOTHCA TOUKM CKOCTEHIHHA
roN0BYaACTOI, FAYKyBaTOI, TPUrPAHHOI, NiIBMICALEBOI | HOB-
HOMOAIBHOT KiCTOK, KiCTKM-Tpaneuii i TpaneuienogibHoi
KiCTKM, a TaKOX enidi3iB NpomeHeBOi i N'ACTKOBUX KiCTOK
i danaHr nanbu,is.
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PucyHoK 3 — TpuBuMipHa KOMN’IOTEPHA PEKOHCTPYKLiA KiCTOK CKe-
NleTy HOBOHapogKeHoro. Burnag, 33agy. 36.: 1,9%
No3HaueHHA: 1 — ronoByYacTi KiCTKK; 2 — N’ACTKOBI KiCTKK;

3 — npokcumanbHi panaHru nanbuis; 4 — cepeaHa ¢panaHra nanbug;
5 — KiHueBi panaHrn nanbuis; 6 — NiKTLOBI KiCTKK;

7 — niBa npomeHeBa KiCTKa; 8 — NNe4oBi KiCTKK.
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PUCYHOK 4 — CxemaTU4He 306paKeHHsA LLeHTPIB CKOCTEHIHHA KiCTOK KUCTi y HOBOHapoa:KeHoro (A), HanpukiHui 1-ro poky (B), Ha 3-my poui

(B), Ha 5-my poui (I), Ha 9-my poui xuTTa ([). Mo3HaueHHA: 1 — ronoBuacTa KicTKa; 2 — rauKyBaTa KicTKa; 3 — TpurpaHHa Kictka; 4 — nismica-

LeBa KicTKa; 5 — KicTKa-Tpaneuin; 6 — TpaneuienogibHa KicTka; 7 — yoBHonoAibHa KicTKa; 8 — Tina N"ACTKOBUX KicTOK; 9 — enigi3n n’acTkoBux
KicTok; 10 — enigisn npokcumanbHux ¢panaHr nansbuis; 11 — cepegHi panaHrn nanbuis; 12 — KiHuesi panaHru nanbuis.

PucyHok 5 — KicTku ckenety npaBoi KUCTi xn10n4umnka 2 pokKis PucyHoK 6 — KicTku ckenety niBoi KMCTi AiBYUUHKK 2 POKiB
8 micauis. PoTopeHTreHorpama. Mpama npoekuis. 11 micauis. doTtopeHTreHorpama. Mpama npoekuis.
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PucyHok 7 — KicTku ckenety npaBoi KUCTI 4iBYMHKMU 3 pOKiB
10 micauis. PoTtopeHTreHorpama. Mpama npoekuis.

Y pitein 6-7 POKiB YiTKO BUPAXKeHi TOYKN CKOCTEHIHHA
YOBHOMNOAIBOHOI KiCTKM, KiCcTKM-TpaneLii i Tpaneujienoai6-
HOI KiCTKW. Y Liei BiKOBUI Nepios BigOYyBaETLCA iHTEHCUB-
HUM piCT yCix 3an’ACTKOBUX KiCTOK.

Ha noyaTKy 7-ro poky »KUTTA OUTUHW HA PEHTreHo-
rpamax Npasoi i NiBOi KUCTEWN, UiTKO Bi3yani3ytoTbCA TOUKM
CKOCTEHIHHA BCiX 3an’ACTKOBUX KiCTOK, 32 BUHATKOM rO-
poxonoAibHoi KiCTKK, Npu LboMy 36i/blUyHOTbCA 33 PO3-
MipamMmM TOYKM CKOCTEHIHHA enidi3iB N'ACTKOBUX KiCTOK,
NPOMeHEeBOI KiCTKM i panaHr nanbLiB NOPIBHAHO 3 A4iTbMU
5 pokis.

YNpopoBiK 7-ro poKy KUTTA 3’ ABAAETLCA TOUYKA CKOCTe-
HiHHA Y AMcTanbHOMy enidisi NiKTbOBOI KiCTKM, MpU YoMy
CMoYaTKy BiA3HAYAETbCA HEBENMKUX PO3MIpiB 3BaMHiNa
AiNnfHKa y BUrNaai TPUKYTHUKa abo KanHa (puc. 10), a go
KiHLA 7-T0 POKY XKUTTA TOYKA CKOCTEHIHHA Ma€ nepeBaK-
Ho dpopmy HeBenMKoro osany abo, B 0OAUHUYHMX CriocTe-

PucyHoK 9 — KicTku ckeneTty niBoi KUCTi AiBUMHKM 4 poKiB 7 micAuiB.
dotopeHTreHorpama. Mpama npoekuis.

PucyHOK 8 — KicTKuM cKeneTy npaBoi KMCTi X10N4KnKa 5 pokis
1 micaua. ®oTopeHTreHorpama. Mpama npoekuis.

peKeHHAX, — AMCKA, WO 3aMMaE nuLe YacTuHy enidisa
NiKTbOBOI KiCTKMN.

Ha nouaTKky npenybeptaTHoro nepioady (npoTtarom
8-r0 POKY XKUTTA) BiAOYBAETLCA IHTEHCUBHUIA PicT i 36iN1b-
LWEeHHA Po3MipiB AncTanbHOro enidisa NiKTbOBOI KiCTKM.
OcCTaHHIN Ma€e BUMNAL ANCKY, OBA/IbHOT GOpPMU, AKMIA Bi-
3yani3yeTbca Ha BCilt npoTaxKHocTi (puc. 11). BussasawoTb-
€A 3aN1LWKKM nceBaoenidizis Apyrmx N'ACTKOBUX KiCTOK.

dopmyBaHHA WKMNONOAIGHOrO BiAPOCTKY NiKTbOBOI
KiCTKM BifgOyBa€ETbCA 3@ PaXyHOK TOUKM CKOCTEHIHHA AMC-
Ta/IbHOrO enidi3a L€l KICTKM | BUABNAETLCA HA PEHTIEHO-
rpamax npasoi i NiBoi KucTel 9-piuHux giteit (puc. 12).

HanpwuKiHui nepiogy Apyroro 4UTUHCTBA, 3 CTAaTEBOO
pisHMueto 9-12 micauis —y aisyatok 10 pokis 5 micauis —
11 pokis i xnonuukis 11 pokis 4 micaui — 12 pokis 3’asnn-
€TbCA TOYKA CKOCTEHIHHA ropoXxonogibHoi KicTkK. Y aitei
3a3HaYeHOoro BiKYy CrocTepiraeTbca 3miHa dopmu cepea-
Hboi PpanaHru II-V nanbLiB —3HaYHE BUCTYNAHHA 3a0KPYr-

PucyHok 10 — KicTku ckenety npaBoi KUCTi AiBUMHKM 7 POKiB
3 micauis. PoTopeHTreHorpama. Mpama npoekuisn.
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PucyHok 11 — KicTku cKenety niBoi KUCTi 4iBYNMHKM 8 POKiB 2 micAu,i.
doTopeHTreHorpama. Mpama npoekuis.

PucyHok 12 — KicTku cKeneTty npaBoi KMCTi X10N4YMKa 9 pokiB
3 micauis. ®oTopeHTreHorpama. Npama npoekxuis.

PucyHok 13 — KicTtku ckenety niBoi Kucti aisumHku 10 pokis
9 micauis. PoTopeHTreHorpama. NMpama npoekuis.

NIEHOro BEPXHbO-NMPOMEHEBOIO KyTa Ta 6ifbll BUpaAXKeHa
«Tanis» 3 NpoMeHeBol cTopoHu (puc. 13-14).

Y NOOAMHOKMX BUMAAKAX HaMWU BigMiyeHi He3HauHi
KonmBaHHA (1-3 micaui) B TepmiHax NosBM TOYOK CKOCTe-
HiHHA OAHOMMEHHMX 3an’ACTKOBMX i M'ACTKOBMX KiCTOK
npaB.oi i NiBOI KUCTEM Yy HOBOHAPOAKEHUX, AiTeN rpya-
HOrO, AOLWKINIbHOrO Ta MOJIOALONO WKINbHOTO BiKy npw
HOopManbHOMYy MopdoreHesi.

BucHoBKMw.

HaBeaeHa nocnifgoBHICTb MOSABM TOYOK CKOCTEHIHHA Y
3an’AACTKOBMX | N’ACTKOBMX KiCTKax i danaHrax nanbLis Big,
nepiogy HOBOHAPOAKEHOCTI [0 MOJIOALIOIO LWKiIbHOTO
BiKY [,Q€ KapPTMHY BiKOBOI AMHAMIKN CKOCTEHIHHA CKenety
KUCTEN MPU HOPMaAbHOMY IXHbOMY PO3BUTKY.

BM3HauyeHi 3a AONOMOrO PEHTreHONIONYHNX MEeTOo-
AiB OOCNiAXKEHHA TEPMIHN CKOCTEHIHHSA 3an’ACTKOBUX Ki-
CTOK € NOKa3HMKOM MopdonoriyHoro andepeHLirtoBaHHA
OpraHi3amy Ta «KiCTKOBOTIO BiKy» AUTUHMU.

PucyHok 14 — KicTku ckenety npaBoi KucTi xnonumka 11 pokis
11 micauis. PoTtopeHTreHorpama. Mpama npoekuis.

BcTtaHOBNEHA He3HAYyHa aCMMETPIA  CKOCTEHIHHA
3an’ACTKOBUX i M'ACTKOBMX KiCTOK NpaBoi i NiBOI KMUcTen —
HeoAHo4YacHa nosea (3 pisHuueto 1-3 micaui) i po3BUTOK
ocudiKaLii uMx KiCTOK y ZiTel oCNiAXKeHNX BIKOBUX rpy,
Ha Hawy AyMKYy, € BapiaHTOM HOPMa/JbHOIO PO3BUTKY
CKenety KUCTen.

CTtaH byab-AKOi OAHIET cMCTEMM, 30KPEMa KiCTKOBOI,
He [1a€ BUYEPMHOi XapaKTeEPUCTUKM PO3BUTKY BCbOTO Op-
raHi3aMy, OCKIIbKM MOXAMBI ABMLLA AMcoLiaLii B Temnax
PO3BUTKY OpraHiB Ta CUCTEM — OHTOTEHETUYHa AMUCXPO-
Hif. 1A 6inbl NOBHOI Ta TOYHOI OLHKM PO3BUTKY HEOO-
XiflHe 3aCTOCYBaHHA KOMMN/IEKCY MeToZiB MOpPdONOoriYHMX
i dYHKLiOHAaNbHMX AOCNiAXKEHD.

MepcneKTMBM NOAANBLUNX AOCNIAXKEHD.

BcTaHOBUTM 0COBAMBOCTI CKOCTEHIHHA KiCTOK KUCTi Y
AiTel CTapworo WKiNbHOro BiKy.
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CTATEBO-BIKOBI OCOB/IMBOCTI MOCTHATAIbHOTO MOP®OTEHE3Y TA OCU®IKALIT KICTOK KUCTI NIOOUHU

Biptok I. ., Xmapa T. B., MapueHskK |. B., KykoscbkKa l. /1., Mapuyk O. ®.

Pe3stome. BuBYEHHA NPOLLECIB CKOCTEHIHHSA 3arasom, i KiCTOK KMCTi 30Kpema, Baxk/nBe A1a po3pobku mopdono-
rYHMX KPUTEPIiB PiI3UYHOTO PO3BUTKY ANTUHM Ta MOXKE CNYryBaTU OAHMM i3 MOKa3HMKIB MOpPdOoNoriyHoT AndepeH-
Liauii opranismy.

MeTa poboTK nonArae y BU3Ha4eHHi OCHOBHMX CTaTEBO-BIKOBMX 0COH/MBOCTEN NOCTHaTaIbHOroO MopdoreHesy
Ta TePMiHiB ocMiKaLLil KiCTOK KUCTi NIOAMHM, O MOKE CYTryBaTU YTOUHIOOUYMMM AaHUMN ANA YOOCKOHANEHHA Kpu-
TepiiB BU3HAYEHHSA KiCTKOBOTO BiKY.

[JocnigKeHHA NpoBefeHO Ha OCHOBI aHanizy peHTreHorpam (124), komn’toTepHUX Tomorpam (43) i TPMBUMIpHUX
PEKOHCTPYKLi ckeneTy (12) npaBoi i NiBOT KUCTel aiTeit 060x cTaTell BiKOM Bif, HOBOHapoAMKeHoCTi Ao 12 pokis.,
33 YMOB HOPMM, 6€3 30BHIiLLHIX 03HAaK aHAaTOMIYHWX BiAXnaeHb abo NPUPOLKEHNX BaL PO3BUTKY BEPXHIiX KiHLiBOK.

MNpoBeaeHe foCNigKEHHA 3aCBIiAYNNO, WO NPOLLEC CKOCTEHIHHA KiCTOK KMCTi MA€E NeBHY MOCAIAOBHICTb, AKa Xa-
paKTepU3yETHCA NOABOIO NEPLUMX TOYOK ocudiKaL,ii y ros0BYACTIN Ta rauykyBaTUX KiCTKax. Y noganbliomy BOHM 3'AB-
NAKTLCA Y TPUIPAHHIN, NiBMicsaLeBili, YoBHOMNOAIOHINM, TpanewienoaibHin KicTkax, KicTui-Tpaneuwji. B ocTaHH0 yepry
CNOCTEPIraeTbcsA NPOLLEC CKOCTEHIHHA ropoxonogibHoi KicTKK y Bili 9—12 pokiB. MpocTerKyeTbca He3HayHa ¢isiono-
riYHa acMMeTpia NPOLLECiB CKOCTEHIHHA MiX MPaBOO Ta NiIBOK KUCTAMM, LLO CTaHOBUTb 1-3 micALi Npu 3aKOHOMIp-
HOMY 36iNblUEHHI PO3MipiB Ta IHTEHCUMBHOCTI POCTY KiCTKOBMX A4ep.

OTpuMaHi pe3ynbTaTh YTOYHIOOTb NOKA3HMKWU KiCTKOBOIO BiKY i MOXYTb BUKOPUCTOBYBATUCA AK AOCTATHbO iH-
dopmMaTMBHA CKaA40Ba OUiHKM i3UYHOIr0 PO3BUTKY AUTUHWN. YAOCKOHA/IEHHA MOPGONOTiYHNX KPUTEPIiB, MOEQHAH-
HA MOpPdONOriYHMX Ta PYHKLIOHANbHUX METOAIB AOCNIAMKEHHA CMPUSAE PO3LUNPEHHIO MOXK/IMBOCTEN KOMMIEKCHOT
OLLiIHKM CTaHY OpraHiamy.

Knto4oBi cnoBa: KicTKOBUI BiK, KiCTKM, ocudiKaLif, LLeHTPU CKOCTEHIHHA, CKeNeT KUCTI, Gi3UYHNI PO3BUTOK.

SEX- AND AGE-RELATED FEATURES OF POSTNATAL MORPHOGENESIS AND OSSIFICATION OF THE HUMAN HAND BONES

Biriuk I. G., Khmara T. V., Marceniak I. V., Kukovs’ka I. L., Marchuk O. F.

Abstract. The study of ossification processes in general, and of the hand bones in particular, is important for the
development of morphological criteria for assessing a child’s physical development and may serve as one of the
indicators of morphological differentiation of the organism.

This study aimed to determine the main sex- and age-related features of postnatal morphogenesis and the tim-
ing of ossification of the human hand bones, which may provide clarifying data for improving criteria for determining
bone age.

The study was conducted based on the analysis of radiographs (124), computed tomography scans (43), and
three-dimensional skeletal reconstructions (12) of the right and left hands of children of both sexes aged from the
neonatal period to 12 years. All cases represented normal conditions, with no external signs of anatomical abnor-
malities or congenital malformations of the upper limbs.

The study demonstrated that the ossification of the hand bones follows a specific sequence, characterised by
the appearance of the first ossification centres in the capitate and hamate bones. Subsequently, ossification centres
appear in the triquetral, lunate, scaphoid, trapezoid, and trapezium bones. Ossification of the pisiform bone is ob-
served last, at the age of 9-12 years. A slight physiological asymmetry in ossification processes between the right
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and left hands was noted, amounting to 1-3 months, alongside a regular increase in the size and growth intensity of
the bone nuclei.

The obtained results refine indicators of bone age and may be used as a sufficiently informative component in
the assessment of a child’s physical development. Improvement of morphological criteria and the integration of
morphological and functional research methods contribute to expanding the possibilities for a comprehensive eval-
uation of the organism’s condition.

Key words: bone age, bones, ossification, ossification centers, hand skeleton, physical development.
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MORPHOLOGICAL CHANGES IN THE THYROID ARTERIAL BED AT LONG-TERM

POSTRESECTION PORTAL HYPERTENSION AND MULTIORGAN FAILURE
I. Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine
(Ternopil, Ukraine)
hnatjuk@tdmu.edu.ua

It is well known that hypertension in the portal vein system often leads to pronounced changes in systemic he-
modynamics and is complicated by variceal dilatation and bleeding from gastroesophageal and rectal veins, hepa-
torenal and hepatopulmonary syndromes, enteropathy, encephalopathy, and multiple organ failure. Resection of
large liver volumes is also complicated by post-resection portal hypertension. The structures and vascular bed of
the thyroid gland, an important organ of the endocrine system, are altered not only under the influence of adverse
endogenous and exogenous factors but also in various hemodynamic disorders. The morphology of the arterial
vasculature of the thyroid gland under conditions of portal hypertension has not been fully elucidated. Therefore, a
comprehensive study of the thyroid arteries in portal vein hypertension is warranted.

Morphologically and morphometrically, the thyroid arteries were studied in 15 intact male Wistar rats, 30 ani-
mals with postoperative portal hypertension, and 17 animals with a combination of postoperative portal hyperten-
sion and multiple organ failure. On histological sections of the thyroid gland, the area of the arteries, their lumen,
intima, adventitia, Wogenworth and Kernogan indices, endothelial cell area, nuclear area, nuclear-to-cytoplasmic
ratios, and the volume of damaged endothelial cells were determined. Quantitative data were processed statistically.

It was established that post-resection portal hypertension leads to pronounced structural remodeling of the thy-
roid arteries, characterized by an increase in the area of the studied vessels, media, and adventitia, as well as the
Wogenworth index, while the lumen, intima, and endothelial cell areas decrease, the Kernogan index declines, and
the arterial permeability is reduced. Endothelial cells are damaged, accompanied by endothelial dysfunction, im-
paired organ perfusion, hypoxia, dystrophy, apoptosis, necrosis of endothelial cells, thymocytes, and stromal struc-
tures, foci of cellular infiltrates, and sclerosis. The observed morphological changes in the thyroid arteries are most
pronounced in the development of multiple organ failure.

Key words: thyroid gland, arteries, postoperative portal hypertension, multiple organ failure.
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