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[IpoGnema ypakeHb OMOPHO-PYXOBOTO amapary y JiTed 1, 30Kpema
BPOJI>KEH1 BaJ PO3BUTKY XpeOTOBOT0 CTOBIIA Ta IIEHTPAILHOI HEPBOBOI CUCTEMU
(IIHC), craHOBNATH OAHY 3 HAWOILIBII TOCTPUX 1 AaKTyaIbHUX MEIUKO-
COLIIAJIBHUX MPOOJIEM CY4YaCHOCTI. AKTYaJbHICTh iX BHMBYEHHS 3yMOBJICHA
3HAYHOIO MUTOMOIO Baroko JaHO1 MAaTOJIOTi B CTPYKTYpl AUTAYOT, IEpUHATAIBHOT
CMEPTHOCTI Ta JAWTSYOI IHBATAHOCTI. 3TiMHO 3 iH(OpMaIliero, HaBEACHOIO
HarionansHUM aMepruKaHCHKUM LIEHTPOM I1IOJI0 BPOJIKEHUX Ae(PEKTIB PO3BUTKY,
y CBiTI mOpiYHO HaApoKyeThes Bim 10 go 20 mMuH miTed i3 BPOKEHUMU
aHOMATISIMH.

[Tpupomxkeni Bagu po3Butky (IIBP) xpe6roBoro croma Tta IIHC
CTaHOBJATH OnMu3bko 25-30% yciX BpOMKEHUX Baja y JAITeH 1 € OCHOBHOIO
NPUYMHOI0 TIEPBUHHOI AMTSAYOI IHBATIAHOCTI. TakoXX BIJIOMO, IO YacToTa
BusiBiicHHS BBP 3 BikoM 301IbITY€THCS 1 10 KIiHIISI IEPITIOTO POKY KUTTS JOCATAE
5-7% 3a paxyHOK MIPOSIBY HE BUSBJICHUX MPU HAPOKEHHI BaJl PO3BUTKY.

BuBuenHss mMop(]osjoriyHuX 3aKOHOMIPHOCTEM PO3BUTKY KpPHXKOBOTO Ta
KyIOPUKOBOTO BIJIUTIB XpeOTOBOrO CTOBMA HEOOXiNHE MJii MPaBUIBHOTO
PO3YMIHHS CYTI THX CKJIQJHUX TMPOIECIB, IO BiAOYBAIOTHCSI Y MEpioj

AHTCHATAJIbHOT'O KUTTSI.



VYIIKOMKEHHSI KPUKOBOTO Ta KYMPHUKOBOTO BIIUTB XpeOTa € OAHIEI0 3
HaWOLIBII CKIaAHUX MTPoOJIeM CydacHOi opToIe/Iii Ta TpaBMaToJIorii. TpuBaicTh
1 CKJIAHICTH JIIKyBaHHS, BTpaTa Mpale31aTHOCTi, BUCOKHI piBEHb 1HBAJ1THOCTI
MPU3BOJATh 10 3HAYHUX CKOHOMIUYHUX BHTPAT, IO OOYMOBIIOE MEIUYHY 1
coIliajbHy 3HaYUMICTh TTPOOJIEMH.

3acTocoBaHUN KOMIUIEKC MOP(OJIOTIYHUX METOIB JIOCTIPKCHHS, a caMe:
MaKpOCKOTIisl, MIKPOCKOIIISI Cepid IMOCTITOBHUX TICTOJOTIYHUX 1 Tomorpado-
aHATOMIYHUX 3pi31B, 3BUYaiiHE 1 TOHKE MpernapyBaHHA, TpadiyHe 1 MIACTHYHE
PEKOHCTPYIOBaHHS, 1H €KLIi CyAWH 3 HACTYNHOI peHTreHorpadiero,
Mopdomerpis (mudbpoBa KOMIT'IOTEpHA TICTOMETPis), CTAaTUCTUYHA OOpoOKa
mupoBux gaHux. Bci orpumani mudpoBi MOKa3HUKH OOpOOJEHI MeTogaMu
BapialiitHoi CTATUCTUKH, 110 MiITBEPAXKY€E BIPOTIAHICTh JAaHUX MPO OCOOIHBOCTI
SKICHUX XapaKTEPUCTUK KiCTKOBOI TKAHUHHU KPM)KOBUX Ta KYNMPHKOBHUX XPEOIliB
B JUHAMII NPEHATaIbHOIO OHTOTEHE3y Ta Ma€ BAXKJIMBE 3HAYCHHS IS
NpEeHATaNbHOI JIarHOCTHKHU, CYJOBO-MEIMYHOI TPAKTUKH, OCOOJMBO JJis
MOHITOPHHTY HOPMAJBbHOTO PpO3BUTKY IUJIOJAa 1 PAaHHBOTO CKPUHIHTY Bal
PO3BUTKY. BUKOpHCTaHHS Ha3BaHUX METOIIB Jaj0 3MOTy MPOCTEKHUTHU Ta
00’€KTUBHO OIIIHUTH Tomorpado-aHaTOMIYHI OCOOJIMBOCTI XpeOTOBOI'O CTOBIIA
YIPOJOBXK MPEHATAIBHOTO MEeP101y OHTOTE€HE3Y JIFOIUHHU.

BcraHoBiieHa XpOHOJOTIYHA TIOCTIOBHOCTh PO3BUTKY Ta CTAHOBJICHHS
Tonorpadii CTPYKTyp KpHKOBOTO Ta KyIPUKOBOT'O BIAIUTIB JUISTHKH XPEOTOBOTO
CTOBIIa B PaHHbOMY I€PiOJIl OHTOTeHEe3y JOAMHHU. BcraHoBieHi Tomorpado-
aHATOMIYHI ~ OCOOJIMBOCTI  B3a€MOBIIHOIICHb CTPYKTYp KPHXKOBOTO  Ta
KyIPUKOBOTO BIJJUIIB XpeOTOBOTO CTOBMA BiJI MOMEHTY iX 3aKJIagKd 0
HApOKEHHs, TUHaMIKa iX (JOpMyBaHHS Ta POCTY 3 ypaxyBaHHIM MOp(doreHesy
TPUJIETIIUX HOTO CTPYKTYP. 3a TOTIOMOT OO aJIeKBaTHUX MOP(}OIOTTYHUX METO/TIB
BUKOHAHE JOCHIKEHHS Mopdorenesy 1 JIWHAMIKH MPOCTOPOBO-YACOBHUX
B3a€MOBIJIHOIIIEHb XPEOIliB KPMYKOBOTO Ta KYNMPUKOBOTO BB XpeOTOBOrO

CTOBMNA JIIOJAWHM, iX 3’€JHaHb MPOTITOM BHYTPIIIHHOYTPOOHOTO TEPiOTy



PO3BUTKY Ta B HOBOHAPO/KEHUX 3 TOYKH 30py Tomorpado-aHaTOMIYHOTO
MIIX0ay 70 mpobiaeM eMOpioreHesy. 3’siCOBaHI OCOOJIMBOCTI KPOBOIOCTAYaHHS
Ta BEHO3HOTO BIITOKY XxpeOTa. BcTaHoBneH1 kputuyHi nepioan, Mophooriufi
MepPeIyMOBA Ta Yac MOKJIWBOTO BHHUKHEHHS JIEIKUX TPUPODKEHUX Ba
xpebToBoro crormna. Ha mijacraBl oTpuMaHuX pe3ysIbTaTiB BUPIIICHO 3aBJIaHHS
NpeHaTalbHOI J1arHOCTUKUA MPUPOHKEHUX BaJl KPUIXKOBOTO Ta KyHPUKOBOTO
BJIJITIB XpeOTOBOTO CTOBIIA.

JlxepenoM yTBOpEHHSI XPSIIOBOi 1 KICTKOBOI TKAaHMHHM € Me3eHxiMma. Ha
paHHIX CTaJisX PO3BUTKY YBECHh CKEJIET 3apOjKa CKIAJAETHCS 13 ME3CHXIMHHX
3a4aTKiB, K1 JUIIe 3a (POPMOIO0 BiJIJIaJICHO HaraayoTh 0OprucH MaiOyTHIX KICTOK.
B noganemomy 1151 Mme3enxima abo 6e3mocepeiHbO MePEeTBOPIOETHCS B KICTKOBY
TKaHHUHY, a00 TOMEpPEAHbO 3aMINIAEThCS T1ATIHOBUN XPSIIEM, Ha MICIi SKOTO
po3BUBAEThCs KicTKa. [Iporiec yTBOpeHHs KICTOK O€3Mocepe/IHbO 13 ME3EHXIMU
NPU3BOJIUTH JI0 MPSMOTO CKOCTEHIHHS, @& YTBOPEHHS KICTOK Ha MICII XpsIa A0
HETNPSIMOTO CKOCTCHIHHS, (CHXOHAPATBHHUIA OCTEOTCHE3).

Jlo xiHms 3apoakoBoro mepiogy, y 3apoakiB 13,0 mm TKJ[ kpuxosi Ta
KYIPUKOBI1 XpeOIll 3HAXOASIThCS Ha CIIOTYYHOTKAHUHHI CTalli, TiJIa KPHKOBUX Ta
KYTIPUKOBHUX XPEOIliB pO3MEKOBaHA 3aKIaKaMU MIXKXPEOIIeBUX JUCKIB 1 B3JIOBK
HUX MPOXOAUTH 10 KyMPUKOBOTO BIAJLTY XOPJa, sIKa € YTPUMYIOYOH OCHOBOO
JUISL KPMOKOBUX Ta KyNpUKOBUX XpeO1iiB. Y nepeamnoniB 15,0 mm TK]I kiabKiCTh
KPIKOBHX Ta KYNPUKOBHX XpeOIliB MOXKE TEPEeBUIYBAaTH TOPIBHSIHO 13
nedinitTuBHUM cTaHoM. Y nepeamnoniB 15,0 mm TK] Tina xprwxoBux xpeOriB
JOTUPUTPAaHHOI (POpMHU 13 3aKpyriieHUMH Kpasmu po3mipom 34+0,8 mkm. Bci
Mop(oMeTprUYHI TapaMeTpyd BUMIPIOBAIKCH 3a JOMOMOTo0 Mikpockoma Carl
Zeiss Primo Star Ta mporpamMHoro 3a0e3nedeHHs mporpamu Zen.

Y nepenmonis 16,0 mm TK]] 3¢opmoBane Tisio 1 KprkoBOTO XpeOIIst B
SIKOT'O BIIXOJIATh HIXKKH Ta yTH XPeOIIs, K1 OTOUYIOTh 3a9aTOK CITMHHOTO MO3KY.
KpuxoBo-ki1y0oBHii Cyrio0 3HaXOAUThCA Ha CTafil Oe3mepepBHOTO 3’ €IHAHHS.

Y nepeamnonis 17,0 mm TK]] xpmkoBuil Ta KympUKOBHM BiJIUT XpeOTOBOTO



CTOBIIA 3ITHYTUW MO BIJHOILIEHHS 10 MONEPEKOBOTrO Ta TPYAHOTO BIAALTY MiJ
TymuM KytoM 130° . TTo3amy 3HaXOMUTHCS CIUHHUN MO30K KM TIPOXOJAUTH aXK
JI0 OCTaHHIX KyNPUKOBUX XPEOIIiB.

Ha caritansnomy 3pi3i nepeamuiona 20,0 mm TK/L (7-# THX.) BU3HAYAIOTHCS
BC1 BIIUIM XpeOTOBOT'O CTOBIIA, SIKI HAPAaxOBYIOTh B Iiel mepioa 38 3akimajaok
XpeOI11iB, B OPIBHSAHHI 13 3apOAKOBUM MEPIOJIOM B IKOMY Bi/JI3Hauaiach 3aKiajaKa
43-44 map comitiB. BHacaiok po3cMOKTyBaHHS 5-6 COMITIB Ha MOYATKY Iepe
TJI0-JI0BOTO Tepioy criocTepiranocs 38 3akianok xpeOiiB. B mmitHOMY Biaimi
YTBO-PIOETHhCST 7 XpeOuiB, y rpyaHomy 13, 5 momepexoBux 1 13 KpukoBo-
KYIPUKOBHX.

Y nepenmnoxis 25,0 mm TKJI xprxoBux XpeOliB, 11yTh aKTUBHO MPOIIECH
dbopMyBaHHS KPMIKOBO-KYTPUKOBOTO CIUICTCHHs. Y TEPEAIUIONIB 0 KIHIS 8
THKHSI 3aBEPIIYETHCS CIONTYYHOTKAHWHHA CTajisi (OPMYBAHHS KPHUKOBHX Ta
KyOpUKOBHX XpeOIiB. XopAa Ha Mii cTagii pO3BUTKY JOCTaTHbO J00pe
PO3BUHYTA 1 MPOXOJUTH Yepe3 Tijia XpeOIliB ax 10 KyIPUKOBOIO BiALTYy XpeOTa.

Bukonane mociimkeHHs] MOTIHOIIOE 1 JOTIOBHIOE 1CHYIOY1 YSIBJICHHS TIPO
eMOpioreHe3 1 CTaHOBJICHHS Tomorpadii XpeOGTOBOro CTOBMA, 3 HOBUX IO3HIIIH
BUCBITJIIOE iX CTPYKTYpHY OpraHizaimito B TepioJi BHYTPIIIHbOYTPOOHOTO
PO3BUTKY, IO MAE BEITUKE 3HAYCHHS [ 3’ ICYBaHHS MOP(OJIOTIYHUX TIEPETYMOB
BUHUKHCHHS JACSIKUX MPHPOKEHUX BaJ Ta TaTOreHe3ly HaOyToi MaToJIOTii.
Po3kpuBae XPOHOJIOT1YHY MOCJTiIOBHICTh Tonorpago-aHaTOMIYHUX
B3a€EMOBITHOIIIEHb CTPYKTYP XpeOTOBOTO CTOBIA MiXK COOOI0 Ta 3 CyMIKHUMH
OpTraHaMU i CTPYKTYpaMH Ha Pi3HUX CTaJisSX MPEHATAIBHOTO MTEePioly OHTOTEHE3Y
JFOAVHU.

PesynbpraTi qucepraiitHoi poOOTH MOXKYTh CTaTH 0a3010 IS TOAATBIIIOTO
BUBYECHHSI MopdoreHe3y ta emoOpioronorpadii AUISTHKH XpeOTOBOr0 CTOBIA Ha
CHeIlialbHO BIMIOpaHOMY Martepiaii Bii MaTepiB 13 TEBHOI KIIHIYHOIO
MaTOJIOTIE€I0, a TAKOXK STAJIOHOM JIJIsi BABYCHHSI PO3BUTKY XpeOTOBOTO CTOBIA B

€KOJIOT1YHO HECIPHUATIMBUX perioHax. Bigomocti npo ocobmuBocTi Tomorpadii



XpeOIliB y MIOAIB € MOP(OJIOTIYHOIO OCHOBOIO VISl YIOCKOHAICHHS 1CHYIOUHMX
OneprkaHi aHi € TEOPETUYHOIO OCHOBOIO ISl HACTYITHUX €KCIEPUMEHTATbHHUX,
MOPIBHAJIFHO-aHATOMIYHUX Ta MOPIBHIIBHO-eMOPIOJIO-TIUHUX JOCTIIKEHb Y
KJIIHIYHIN aHaToMIi Ta eMOp10JIoTii.

Kurouosi ciioBa: xpeOTOBHII CTOBI, KPHXKOBUI Xpebelb, KyIPUKOBa KiCTKa,

MopdoreHes, JH0IuHa.
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The problem of the musculoskeletal system lesions in children and, in
particular, congenital malformations of the spine and central nervous system
(CNS), represents one of the most acute and topical medical and social problems
of the present time. The urgency of their study is determined by a specific
importance of this pathology in the structure of infant, perinatal mortality and
children’s disability. According to the information, cited by the National
American Center concerning the development of birth defects, 10 - 20 million
children are born with congenital defects every year.

Birth defects (BD) of the spine and central nervous system make about

25-30% of all congenital defects in children and are the main cause of the primary



children’s disability. Frequency of BD detection is also known to increase with
age and by the end of the first year of life reaches 5-7% at the expense of
congenital defects not detected at birth.

The study of morphological regularities of the development of the sacral
and coccygeal parts of the spine is necessary in order to understand correctly the
nature of the complicated processes, occuring during antenatal life.

Injury of the sacral and coccygeal parts of the spine is one of the most
complicated problems of modern orthopedics and traumatology. The duration and
complicacy of the treatment, disability, high level of disability result in significant
economic expenses, that determines the medical and social significance of the
problem.

Complex of morphological research methods was used, namely:
macroscopy, microscopy of series of the consecutive histological and
topographic-anatomical sections, ordinary and thin preparation, graphic and
plastic reconstruction, vascular injections followed by radiography, morphometry
(digital computer histometry), statistical processing of digital data. All digital
indices obtained were processed by methods of variation statistics, that confirms
the reliability of the data concerning specific features of the qualitative
characteristics of the sacral and coccygeal vertebrae bone tissue in the dynamics
of prenatal ontogenesis and has important significance for prenatal diagnostics,
forensic practice, especially for monitoring fetal development in health and early
screening of malformations. The use of such methods made it possible to trace
and objectively assess the topographic and anatomical features of the spine during
the prenatal period of human ontogenesis.

The chronological sequence of the development and formation of
topography of the structures of the sacral and coccygeal parts of the spine in the
early period of human ontogenesis has been established. The topographic and
anatomical features of the relationships of the structures of the sacral and

coccygeal parts of the spine from the moment of their anlage till birth, the



dynamics of their formation and growth, taking into account the morphogenesis
of the adjacent structures have been defined. Investigation of morphogenesis and
spatial-hours relationships of the sacral and coccygeal parts of the human spine,
their joining during intrauterine period of the development and in newborns from
the point of view of topographic and anatomical approach to embryogenesis
problems has been fulfilled by means of adequate morphological methods.
Features of the blood supply and venous outflow of the spine have been clarified.
Critical periods, morphological preconditions and time of possible origin of some
congenital defects of the spine have been established. On the base of the results
obtained, the task of the prenatal diagnostics of congenital malformations of the
sacral and coccygeal parts of the spine was solved.

The source of cartilage and bone formation is the mesenchyme. In the
early stages of development, the entire skeleton of the embryo consists of
mesenchymal rudiments, which only in shape remotely resemble the outlines of
future bones. Henceforth, this mesenchyme is either directly transformed into
bone tissue, or pre-replaced by hyaline cartilage, in place of which the bone
develops. The process of bone formation directly from the mesenchyme leads to
direct ossification, and the formation of bones at the site of cartilage to indirect
ossification (enchondral osteogenesis).

By the end of the embryonic period, in 13,0 mm embryos PCL sacral and
coccygeal vertebrae are on the connective tissue stage, the bodies of the sacral
and coccygeal vertebrae are differentiated by rudiments of intervertebral discs
and along them passes to the coccygeal part of chord, which is the supporting
base for sacral and coccygeal vertebrae. In 15,0 mm preterm infants PCL the
number of sacral and coccygeal vertebrae may exceed compared to the definitive
condition. In 15.0 mm preterm infants PCL body of the sacral vertebrae are of
quadrangular form with rounded edges 34+0.8 pum in size. All morphometric
parameters were measured by means of Charles Zeiss Primo Star microscope and

Zen software.



In the preterm of 16,0 mm PCL the body of 1 sacral vertebra, from which
the legs and vertebral arches move away, surrounding the rudiment of the spinal
cord, was formed. The sacroiliac joint is in a continuous joining. In preterm
infants 17.0 mm PCL sacral and coccygeal part of the spine is bent relative to the
lumbar and thoracic part at an obtuse angle of 130°. Behind there is the spinal
cord which runs till the last coccygeal vertebrae.

On the sagittal section of the prefetus 20,0 mm PCL (7th week) all parts
of the spine are determined, which have in this period 38 vertebral rudiments,
compared with the embryonic period, where anlage of 43-44 pairs of somites was
marked. As a result of absorption of 5-6 somites at the beginning of the prefetal
period, 38 vertebral rudiments were observed. In the cervical region 7 vertebrae
are formed, in the thoracic - 13, 5 lumbar and 13 sacrococcygeal.

In the prefetus 25,0 mm PCL sacral vertebrae, active processes of the
sacrococcygeal plexus formation take place. In preterm infants, the connective
tissue stage of the sacral and coccygeal vertebrae formation is completed by the
end of 8 weeks. The chord at this stage is quite well developed and passes through
the vertebral bodies till the coccygeal spine.

The carried out investigation extends and supplements the existing
concepts about embryogenesis and the spine topography formation, elucidates
their structural organization during intrauterine development from new positions,
that is of great significance for clarification of the morphological ground of some
birth defects’ origin and the pathogenesis of acquired pathology, reveals the
chronological sequence of topographic and anatomical relationships of the spinal
structures with each other and with adjacent organs and structures at different
stages of the prenatal period of human ontogenesis.

The results of the dissertation can become a basis for further study of
morphogenesis and embryotopography of the spine area on a specially selected
material from mothers with certain clinical pathology, as well as a standard for

studying the development of the spine in environmentally unfavorable regions.



Information about the features of the vertebrae topography in the fetus is the
morphological basis for improvement of existing and development of new
methods of surgical correction of their birth defects.

The data obtained are a theoretical basis for the subsequent experimental,
comparative-anatomical and comparative embryological studies in clinical
anatomy and embryology.

Key words: spinal column, sacral vertebra, coccyx, morphogenesis,

human.



