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Summary.

Introduction. Elucidation of the peculiarities of the morphogenesis of the structures of the human maxillofacial
region does not lose its relevance among scientists-anatomists, embryologists, maxillofacial and pediatric surgeons,
which is explained by a rather large congenital pathology of the structures of the human face, which rank third
among all congenital malformations (CMF). Morphological studies of the sources of rudiments and the chronological
sequence of the appearance of the bones of the facial part of the human head, clarifying the critical periods of
their development will contribute development of new and improvement of existing methods of early diagnosis and
effective surgical correction of CMF of the face.

The aim of the study. The aim of this paper was to clarify the sources, to find out the chronological sequence of the
appearance of rudiments and the peculiarities of the morphogenesis of the bones of the facial part of the human skull.

Material and methods. Specimens of 20 embryos and 25 human pre-fetuses aged from 4 to 12 weeks of intrauterine
development (IUD) (4.0-80.0 mm parietal-coccygeal length (PCL)) were studied. A complex of classical and modern
methods of morphological research is applied: making and studying a series of consecutive histological sections,
microscopy, morphometry, three-dimensional reconstruction.

The investigations were performed keeping to the major regulations of the Resolution of the First National Congress
on Bioethics «General Ethic Principles of Experiments on Animals» (2001), ICH GCP (1996), the European Union
Convention on Human Rights and Biomedicine (04.04.1997), and the European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other Scientific Purposes (18.03.1986), the Declaration of Helsinki on
Ethical Principles for Medical Research Involving Human Subjects (1964-2008), EU Directives Ne609 (24.11.1986), the
Orders of the Ministry of Health of Ukraine Ne 690 dated 23.09.2009, Ne944 dated 14.12.2009, Ne 616 dated 03.08.2012.

The work is carried out within the framework of the initiative research work of the Department of Histology,
Cytology and Embryology of Institution of higher education “Bukovinian State Medical University" "Structural and
functional peculiarities of tissues and organs in ontogenesis, regularities of variant, constitutional, sex-, age-related
and comparative human morphology". State registration number: 0121U110121. Terms of execution: 01.2021-12.2025.

Results. Sources of facial structures — mesenchyme of five facial evaginations (frontal process, paired mandibular
and hyoid branchial arches) are determined on specimens of 4-week aged human embryos. At the end of the 4th week
of IUD, two processes of the mandibular branchial arch are visible — maxillary and mandibular, and the brain is
surrounded by an ectomeningeal capsule, the source of which is mesenchyme of neuroectodermal origin. Its outer
layer (ectomeninx) forms the splanchnocranium — the rudiment of the bones of the facial part of the skull, which
ossifies in both a membranous and cartilaginous way. In the 5th week of IUD, the process of fusion of the derivatives
of facial evaginations begins. In the 6th week of IUD, the mandibular processes of the I branchial arch merge along
the midline, forming the rudiment of the mandible. At the 7th week of IUD, the ectomeningeal capsule differentiates
into a cartilaginous structure, which at the 8th week of IUD becomes continuous around the brain and gives the
sources of the bones of the base of the skull and the cartilaginous nasal capsule. The nasal capsule is the source of
development of the ethmoid bone, nasal septum, and lower concha. At the 7th week of IUD the maxillary, medial, and
lateral nasal processes connect with each other, which leads to the completion of the morphogenesis of the maxilla. In
the 8th week of IUD, the center of ossification is first detected in the suprabrow region of the frontal bone rudiment.
In the 9th week of IUD, active processes of osteogenesis occur in the mandible, as a result of which its base is formed,
while the coronal and condylar processes are ossified by cartilaginous osteogenesis from secondary centers that
appear after the 10th week of IUD. Each nasal bone ossifies from one cartilaginous center at the beginning of the 9th
week of IUD, and the lacrimal bones ossify from one membranous center during the 12th week of 1UD.

Conclusions.

1. Disruption in the processes of proliferation, fusion and transformation of the branchial apparatus at the 5-6th weeks of
intrauterine development leads to the appearance of severe defects, in particular, cleft upper lip, alveolar process and palate.

2. The condensed mesenchyme of the front part of the ectomeningeal capsule (in front of the pituitary gland) has
a neuroectodorsal origin, and its outer layer (ectomeninx) forms the splanchnocranium — the source of the bones of
the facial part of the skull (frontal, lacrimal, zygomatic, nasal bones, vomer, maxilla and mandible), and ossifies in
both a membranous and cartilaginous way.

3. The frontal, lacrimal, nasal bones, vomer, as well as the premaxillary part of the maxilla (incisive bone)
originate from the mesenchyme of the mandibular branchial arch. The maxilla and the zygomatic bone originate from
the mesenchyme of the maxillary process, while the mandible and the tympanic part of the temporal bone originate
from the mesenchyme of the mandibular process of the 1st branchial arch.
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4. Time intervals during which active proliferative changes and differentiation of embryos occur (7 and 10 weeks
of human prenatal development) can be classified as critical periods of development of bone rudiments of the human
skull with the possible appearance of congenital malformations.
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Human.

Introduction

Elucidation of the features of the morphogenesis
of the structures of the human maxillofacial area
does not lose its relevance among anatomists,
embryologists, maxillofacial and pediatric surgeons.
The high interest in this topic is explained by the
rather large congenital pathology of the structures of
the human face, which rank third among all congenital
malformations (CMF). Of these, 70% are congenital
cleft upper lip and palate, and 30% are various forms
of craniosynostosis and craniofacial dysostosis [1-
6]. The number of children with CMF of the face and
jaws tends to increase [6, 7]. In particular, CMF in
the form of clefts of the upper lip and palate occur in
approximately 10% of all human congenital pathology
[9, 10]. The highest risk of mortality is in children
with complex CMF affecting several organ systems
[11]. Some of the syndromes may require lifelong
treatment of patients in adulthood, which impairs the
quality of life. Congenital deformity of the mandible,
which may be a consequence of Robin's syndrome,
improper development of the first branchial arch, or
Treacher-Collins syndrome [9], requires performing
straight, curved, or linear osteotomies. Ankylosis
in the region of the temporomandibular joint is a
potential etiological factor of impaired growth of
the mandible and subsequent facial asymmetry in
children [8]. Children with postnatally diagnosed
severe hypoplasia of the maxilla or mandible are
treated with an autograft of the iliac bone or a rib-
cartilage fragment accompanied by distraction
osteogenesis [12]. Congenital hypoplasia of
the mandible most often occurs as a result of
underdevelopment of the branchial apparatus, which
occurs unilaterally or bilaterally [13]. Congenital
intranasal encephaloceles are CMF bones of the
skull, associated with complex genetic syndromes
or associated dysmorphisms, which today are treated
using the transnasal endoscopic method [14, 15]. It
is well known that despite the dominance of genetic
factors, the occurrence and development of defects
are quite sensitive to the influence of modifying
harmful environmental factors [15, 16]. Particularly
severe cosmetological and socially adaptive
consequences can occur with CMF of the bones of the
facial part of the skull (maxilla, mandible, lacrimal,
nasal, palatine, zygomatic bones, vomer and lower
nasal conchae). Morphological studies of the sources
of the rudiments and the chronological sequence of
the appearance of the bones of the facial part of the
human head, clarifying the critical periods of their
development will contribute development of new and
improvement of existing methods of early diagnosis
and effective surgical correction of face CMF [18].

The aim of the study. The aim of this paper was
to clarify the sources, to find out the chronological
sequence of the appearance of rudiments and the
peculiarities of the morphogenesis of the bones of
the facial part of the human skull.
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Material and methods

The work is carried out within the framework of
the initiative research work of the Department of
Histology, Cytology and Embryology of Institution
of higher education “Bukovinian State Medical
University" "Structural and functional peculiarities
of tissues and organs in ontogenesis, regularities
of variant, constitutional, sex-, age-related and
comparative human morphology". State registration
number: 0121U110121. Terms of execution: 01.2021-
12.2025.

Specimens of 20 embryos and 25 human pre-
fetuses aged from 4 to 12 weeks of intrauterine
development (IUD) (4.0-80.0 mm parietal-coccygeal
length (PCL)) from the archival funds of the
Department of Histology, Cytology and Embryology
of the Bukovinian State Medical University were
studied. The periods of IUD are systematized
by parietal-coccygeal length according to the
classification of B.P. Khvatov and Yu.N. Shapovalov
(1969). A complex of classical and modern methods
of morphological research is applied: making and
studying a series of consecutive histological sections,
microscopy, morphometry, three-dimensional
reconstruction.

The investigations were performed keeping to
the major regulations of the Resolution of the First
National Congress on Bioethics «General Ethic
Principles of Experiments on Animals» (2001), ICH
GCP (1996), the European Union Convention on
Human Rights and Biomedicine (04.04.1997), and the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (18.03.1986), the Declaration of Helsinki
on Ethical Principles for Medical Research Involving
Human Subjects (1964-2008), EU Directives Ne609
(24.11.1986), the Orders of the Ministry of Health
of Ukraine Ne 690 dated 23.09.2009, Ne944 dated
14.12.2009, Ne 616 dated 03.08.2012.

Results and their discussion

Based on our material, it was found that the
bones of the facial part of the skull arise from the
mesenchyme of five facial protrusions, which are
clearly visible on three-dimensional computer
reconstructions of 4-week-old human embryos.
The sources of development of facial structures
are the frontal process, paired mandibular and
hyoid branchial arches. At the end of the 4th week
of TUD, two processes of the mandibular branchial
arch are visible — maxillary and mandibular (Fig.
1). All these mesenchymal evaginations surround
the stomodeum — the primary oral cavity, which is
caudally separated from the primary intestine by
the oropharyngeal membrane. The frontal process
and branchial arches are covered with ectoderm and
contain inside mesenchyme, which is the source of
the development of bone, cartilaginous and vascular
structures of the facial part of the head.

During this period of IUD, the mesenchyme,
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Fig. 1. Three-dimensional computer
reconstruction model of the upper half of a
human embryo (4.5 mm PCL, 4th week of IlUD).
Left side projection. A — external contours, B
— internal structures. Magnification x12:

1 — frontal process; 2 — maxillary process
of the 1st branchial arch; 3 — mandibular
process of the 1st branchial arch; 4 — hyoid
branchial arch; 5 — heart; 6 — foregut; 7 -
cardinal veins; 8 — left dorsal aorta.

Fig. 2. Frontal section of the head of a
4-week-age human embryo (5.0 mm PCL).
Staining with hematoxylin and eosin. Photo of
the microspecimen. Magnification x50:

1 — brain; 2 - rudiments of eyeballs; 3 —
rudiment of the nasal cavity; 4 - mesenchymal
capsule (ectomeninx).

which originates from the neural crest and occipital
sclerotomes, surrounds the brain and forms a capsule
(Fig. 2). The condensed mesenchyme of the front
part of the ectomeningeal capsule (in front of the
pituitary gland rudiment) has a neuroectodorsal
origin, and its outer layer (ectomeninx) forms the
splanchnocranium — the source of the bones of the
facial part of the skull (frontal, lacrimal, zygomatic,
nasal bones, vomer, maxilla and mandible), and
ossifies in both a membranous and cartilaginous way.

Inthe 5th week of IUD, together with the formation
of optic and nasal placodes, the process of fusion of
facial protrusions derivates (frontal process, medial
and lateral nasal processes of the maxillary process
and mandibular process of the 1st branchial arch, and
hyoid branchial arch) begins, resulting in nasal pits

and primary nasal cavity.
In the 6th week of IUD, the mandibular processes
of the Ist branchial arch merge along the midline,
forming the rudiment of the mandible. Disruption
of the processes of proliferation, fusion and
transformation of the branchial apparatus at the
5-6th week of IUD leads to the appearance of severe
CMF, in particular, cleft lip.

Fig. 2. Frontal section of the head of a
4-week-age human embryo (5.0 mm PCL).
Staining with hematoxylin and eosin. Photo
of the microspecimen. Magnification x50:

1 - brain; 2 - rudiments of eyeballs;
3 - rudiment of the nasal cavity; 4 -
mesenchymal capsule (ectomeninx).

At the 7th week of IUD, the differentiation of
mesenchymocytes of the ectomeningeal capsule into
chondroblasts begins, and at the 8th week of IUD,
the cartilaginous rudiment of the skull becomes a
continuous structure from which the base of the skull
and the cartilaginous nasal capsule (ectoethmoid)
develops (Fig. 3). The nasal capsule is the source of
development of the ethmoid bone, nasal septum, and
lower concha.

The mandible is formed by both membranous
and cartilaginous osteogenesis using the Meckel’s
cartilage model (Fig. 4). The body of the mandible
ossifies in a membranous way during the 6-7th week
of IUD from independent centers of ossification
(mental bones) in the region of future symphysis of
the mandible.

In 7-week-age human fetuses 19.0-20.0 mm
PCL the maxillary, medial, and lateral nasal
processes, connect with each other, which leads
to the completion of the morphogenesis of the
maxilla. At this stage of IUD, osteogenic islands
are rarely observed (compared to the mandible), and
cartilaginous rudiments are completely absent.

On the 8th week of IUD, the center of
ossification is first detected in the suprabrow area
of the frontal bone, slightly above its supraorbital
edge. Both segments of the rudiment of the frontal
bone are separated by the interfrontal fossa. The
frontal, lacrimal, nasal bones, vomer, as well as
the premaxillary part (incisive bone) of the maxilla
originate from the mesenchyme of the mandibular
branchial arch. The maxilla and the zygomatic bone
originate from the mesenchyme of the maxillary
process, while the mandible and the tympanic part
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of the temporal bone originate from the mesenchyme
of the mandibular process of the 1st branchial arch.
In the 9th week of IUD, active processes of
osteogenesis occur in the mandible, as a result of
which its base is formed, while the coronal and the
condylar processes are ossified by cartilaginous
osteogenesis from secondary centers that appear
after the 10th week of IUD. Bony trabeculae in the

mandible, which are located on both ventro-lateral
surfaces of Meckel’s cartilage, converge with each
other in the distal direction. Appositional growth
of bone tissue of the mandible in the maxillofacial
apparatus gradually forms the front part of the head.
Therefore, the mandible has the ability to grow in
two directions — along the midline and laterally in
the area of the condyles.

Fig. 4. Three-dimensional computer reconstruction of the upper part of a 7-week-
age human prefetus 17.0 mm PCL. A - frontal projection, B — left frontolateral

projection. Magnification x12:

1 — bone tissue of the maxilla; 2 — bone tissue of the mandible: 3 — Meckel’s
cartilage; 4 — eyeballs; 5 — rudiments of the scull bones; 6 — blood vessels.

The lower concha ossifies from one cartilaginous
islet during the 5th month of IUD in the region of
the lateral part of the nasal capsule. Over time,
each lower concha separates from the nasal capsule,
forming a separate bone. Each nasal bone ossifies
from one cartilaginous center at the beginning of
the 9th week of IUD, and the lacrimal bones ossify
from one membranous center during the 12th week
of IUD.

The nasal septum ossifies in a membranous
way, starting from above and behind, forming
a perpendicular plate of the ethmoid bone. The
cartilage of the nasal septum in human fetuses is not
ossified. The vomer ossifies in a layer of connective
tissue that covers the lower posterior edge of the
cartilaginous nasal septum on both sides. On the 8th
week of IUD, ossification centers appear on the sides
of the midline, and by the 12th week of IUD, these
centers are connected under the cartilage, forming a
groove for the cartilage of the nasal septum. Fusion
of bony plates progresses forward and upward as the
intervening cartilage is slowly resorbed.

The maxilla, zygomatic and palatine bones
develops through membranous ossification. Each
maxilla ossifies from a single center, which appears
in the 6th week of IUD slightly above the canine
(Fig. 5). Later, ossification spreads to the rest of
the maxilla. The zygomatic bone ossifies from a
single center that appears in the 8th week of IUD.
Ossification of each palatine bone also occurs on the
8th week of IUD from a single center that appears
in the mesenchyme in a perpendicular plate, after
which ossification spreads to all parts of the bone.

Untilthe 10thweek of TUD, the frontalreorientation
of the orbit is still ongoing, the interorbital distance
decreases compared to the width of the facial part of
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Fig. 5. Three-dimensional computer
reconstruction of the 10-week-age human
fetus head (48.0 mm PCL). Left anterior-lateral
projection. Magnification x10:

1 — maxilla; 2 — nasal capsule; 3 — calvaria
bones rudiments; 4 — eyeballs; 5 — soft tissues
of the upper lip; 6 — Meckel’s cartilage; 7 — soft
tissues of the lower lip.
the head. Frontalization of the face contributes to the
consolidation of the main facial rudiments, and the
face of the prefetuses at this stage of IUD acquires an
anthropomorphic appearance. In 10-week-age human
fetuses (42.0-52.0 mm PCL), the ossification of the
orbital plate of the frontal bone begins in its medial
part. During this period, foci of ossification also
appear in the lacrimal bone and the orbital plate of
the large wing of the sphenoid bone (Fig. 6).
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Fig.6.Three-dimensionalcomputerreconstruction
of the right orbit of an 11-week-age human fetus (60.0
mm PCL). Frontal projection. Magnification x25:
1 — maxilla; 2 — nasal bone; 3 — frontal bone;
4 - zygomatic bone; 5 — zygomatic process of the
temporal bone; 6 — greater wing of the sphenoid
bone; 7 — optic canal; 8 — ethmoidal bone; 9 — lacrimal
bone; 10 — superior orbital fissure; 11 — inferior orbital
fissure; 12 — teeth rudiments; 13 — mandible.

In human fetuses of the 12th week of IUD, the
formation of mandibular processes continues, since
they came out of the angles of the mandible in the
dorso-cranial direction. The solid base of the branches
of the mandible consists of hyaline cartilage, which
was gradually replaced by bone tissue.

Obtained data on  maxillary  processes
establishment correlates with study, conducted by the
means of ultrasound on prefetuses without congenital
malformations as well [17]. Three-dimensional
methods for prenatal development investigations
(with source information from the sonographic
images or histological slides) are considered as the
most reliable ones. Our data on stomotodeum and
mandible formation differs from other sources, but is
still framed within the end of embryological period
[19, 20] — it was mentioned in the 5th week of IUD
as a period of lower wall of stomodeum formation
with mandibular processes fusion. Additionally, the
formation of periosteum wasn’t detailed included in
our studies, but the osteogenetic island formation

References:

terms and wide distribution during prefetal period
correlates with other papers [17, 19]. The earliest
sources of mandibular and maxillary rudiments as
branchial arches correlate with other papers [21, 22],
as well as approximate time for Meckel’s cartilage
formation [7, 10, 15] and orbital fossa mesenchymal
origination [20, 23-25].

Conclusions.

1. Disruption of the processes of proliferation,
fusion and transformation of the gill apparatus at
the 5-6th week of intrauterine development leads to
the appearance of severe defects, in particular, non-
union of the upper lip, cellular process and palate.

2. The condensed mesenchyme of the front part of
the ectomeningeal capsule (in front of the pituitary
gland) has a neuroectodorsal origin, and its outer
layer (ectomeninx) forms the splanchnocranium -
the beginning of the bones of the facial part of the
skull (frontal, lacrimal, zygomatic, nasal bones,
lamina, upper and mandibles), and ossifies in both a
membranous and cartilaginous way.

3. The frontal, lacrimal, nasal bones, vomer, as
well as the premaxillary part of the maxilla originate
from the mesenchyme of the mandibular branchial
arch. The maxilla and the zygomatic bone originate
from the mesenchyme of the maxillary process,
while the mandible and the tympanic part of the
temporal bone originate from the mesenchyme of the
mandibular process and the branchial arch.

4. Time intervals during which active proliferative
changes and differentiation of embryos occur (7
and 10 weeks of human prenatal development) can
be classified as critical periods of development of
bone embryos of the human skull with the possible
appearance of congenital malformations.

Prospects for further research. We consider
it expedient to investigate the regularities of the
constitutional morphology of the facial part of the
head in the postnatal period of human ontogenesis.
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OCOBJUBOCTI PO3BUTKY JJUIEBOTO BIAAIJIY YEPEIIA JIOAUHU
O.B. Huzuxkano, 1.C. Ilonoga, P.P. Imumpenxo, H.B. Ky3uak, B.A. I'onuapenxo

BykoBHHCBHKUIl 1ep:kaBHUH MeJUYHUN YHiBepcUTeT
(M. YepHiBui, Ykpaina)

Pesome

Beryn. 3’scyBannsa ocoOnuBocTell MOporeHe3y CTpyKTyp LISJENHO-ITHIEBOI AUISHKK JTIOAWHN HE BTPAda€ aKTyaJlbHOCTI
cepes BUCHHX-AaHATOMIB, eMOPiOIOriB, MEIeNHO-TUIEBUX 1 AUTIUYNUX XipypPTiB, 0 MOSACHIOETHCS JOCUTH BEIUKOIO YPOIKEHOIO
MATOJIOTI€I0 CTPYKTYP JHIS JIIOAWHH, SIKI MOCINAI0Th TPETE MicLle cepes BCiX ypokeHuX Baja po3Butky (YBP). Mopdonoriuni
JOCIIKEHHS JKEPeJl 3aKJIaAKU Ta XPOHOJIOTIYHOT TOCIIIJOBHOCTI MOSBH KiCTOK JINIIEBOTO BiJALIy TOJOBH JIIOANHY, 3’ ICyBaHHS
KPUTUYHUX TEPioAiB IX pO3BUTKY CHPHUATHME PO3pOOIi HOBUX Ta yJOCKOHANEHHIO ICHYIOUMX METOAIB PAaHHBOI JIarHOCTUKH Ta
edekTuBHIN Xipypriuniii kopekuii ¥YBP mums.

MeTa gocaigseHHsl. Y TOUHUTH JPKepela, 3’ ICyBaTH XPOHOJIOTIYHY ITOCIIIOBHICTh MOSIBH 3aKJIaJJOK Ta 0co0nMHuBOCTI MOpdo-
reHe3y KiCTOK JIMIEBOTO BNy yepena JIOJuHH.

Marepiau i MmeToan nocaimkenns. Jocaimkeno npenaparu 20 3apoakiB Ta 25 nepeaIioiB JIOAUMHA BikoM Bijx 4-ro mo 12-
TO THXXHIB BHYTPIITHBOYTpoOHOTO po3BUTKY (BYP) (4,0-80,0 MM TiM’ stHO-KynpuKkoBoi nosxkuau (TK/I)). 3acTocoBaHO KOMIIIEKC
KJIAaCHYHUX Ta CYy4acCHUX METOHIB MOP(OJIOTIYHOTO AOCTIPKEHHS: BUTOTOBICHHS Ta BUBYEHHS Cepiil MOCIITZOBHHUX TiCTONOTY-
HUX 3pi3iB, MIKpOCKOIIisl, MOPHOMETPist, TPUBUMIpHE PEKOHCTPYIOBAHHS.

JlocimKkeHHsT TPOBOIMIIOCS BiAMOBITHO 10 OCHOBHUX MOJOXeHb Pesomronii [lepmoro HanioHansHOTO KOHTpecy 3 OioeTH-
KM «3aranbHi eTUYHI NPUHIHUIH eKcrnepuMeHTiB Ha TBapuHax» (2001), ICH GCP (1996), Kousenuii €Bpomneiicrkoro Coro3y
mpo mpasa MaAuHK Ta Oiomeauuuny (1997), a Takox ['enbciHChbKOT Aekaapallii mpo eTHYHI MPUHIUIN MEIUIHUX J0CITiKCHD
i3 3anmydenusaMm monei (1964-2008), Jupextus €C Ne609 (1986), Haxazis MO3 VYkpaiuu Ne 690 Bix 23.09.2009, Ne 944 Bin
14.12.2009, Ne 616 Big 03.08.2012.

PoGoTa BUKOHYETBCS B paMKax iHILiaTHBHOI HayKOBO-IOCHiAHOT poboTH Kadenpu rictoiorii, nuronorii ta emopionorii 3a-
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KJ1aay BUIOT oCBiTH «ByKkoBHHCHKHI AepikaBHUI MeIUUHUH yHIBepcuTeT» Ha TeMy « CTPpyKTYpHO-(QYHKI[IOHAIbHI 0COOIMBOCTI
TKaHWH 1 OpraHiB B OHTOI€HE31, 3aKOHOMIPHOCTI BapiaHTHOI, KOHCTUTYLi{HOT, CTaTeBO-BiKOBOI Ta MOPiBHAIBHOI MOpdoyorii
monuHny. JlepxkaBuuii peectpaniitauit Homep: 0121U110121. Tepminu Bukonaunus: 01.2021-12.2025.

Pesyabrarn. Ha npenaparax 4-TmkHeBHX eMOpiOHIB JIOAMHU BH3HAYAIOTHCS PKEpella JIUIEBUX CTPYKTYp — ME3eHXiMa
I’ ITH JTUIIEBUX BUCTYMIB (JI00OBUII BiIPOCTOK, MapHi HIKHBOIIENENHA Ta Mijx’ a3uKoBa 310poBi ayru). Hanpukinmi 4-ro THXHS
BYP nmowmiTHI ABa BiApOCTKA HHKHBOIIEICITHOT 350pOBOi AYTH — BEPXHO- Ta HIKHBOIICICIHUMN, @ TOJOBHUI MO30K OTOYCHHUI
eKTOMEHIHTeabHOI0 KANCyol0, JUKEPEJIOM AKOi € Me3eHXiMa HeHpOeKTo1epMaibHOTO MOXOMKeHHs. 11 30BHimHiH mwap (exTo-
MEHIHKC) GOpMYy€ CIIAHXHOKPaHIyM — 3a4aTOK KiCTOK JHIIEBOTO BiAJINYy 4Yepema, AKHH CKOCTEHIBAaE SK MEPEeTUHYACTHM, TaK 1
xpsmoBuM nuisixoM. Ha 5-my twxHi BYP nmounHaeTsest mporiec 3poleHHs MOXIHUX JUIICBUX BUCTymiB. Ha 6-mMy TikHi BYP
HIDKHBOIIENICITHI BiApOoCTKH | 316poB0T 1yTH 31MBaIOTHCS MO CEPEMHHIN JTiHil, yTBOPIOIOUH 3a4aTOK HIKHBOI mesenu. Ha 7-my
TixHI BYP exToMeHiHTeanpHa Kancyna U epeHIiIOEThCA Y XPALIOBY CTPYKTYPY, AKa Ha 8-My TxHI BYP crae 6e3mepepBHOIO
HaBKOJIO TOJIOBHOTO MO3KY 1 JIa€ 3a4aTKM KiCTOK OCHOBA depera Ta XpsLOBy HOCOBY Kamcyny. HocoBa kamcyna e mxepenom
PO3BHUTKY peliTyacTol KicTKH, HOCOBOI MEPErOPOAKY Ta HHKHBOI HOCOBOI pakoBuHU. Ha 7-my TimxkHi BYP Bepxupomenennuii,
npucepenHiid Ta GiYHUI HOCOBI BIAPOCTKM CTHUKAIOTHCSH MiX c000I0, IO MPHU3BOAUTEH O 3aBEpLICHHS MOP(POTEHE3y BEpXHBOI
wenenu. Ha 8-my tmokni BYP Brepiue BusiBiasieTbes HeHTp CKOCTEHIHHs y HaAOpiBHIN AinsHII 3auaTka 1060BOi KicTku. Ha 9-my
TrokHI BYP BinOyBaroThcsl akTHBHI poIecH OCTEOTeHe3y B HMKHIH IIeseni, B pe3yabTaTi sKux GopMyeThes ii 0CHOBA, TOII K
BIHIIEBUH 1 BUPOCTKOBUU BiAPOCTKH OCH(IKYIOThCA IUIIXOM XPSAIIOBOTO OCTEOTEHE3Y 3 BTOPUHHUX “LEHTPIB, SKi 3’ ABIAIOTHCS
micis 10-ro trkHs BYP. KokHa HOCOBa KicTKa CKOCTEHIBA€E 3 OJIHOTO XPSAIIOBOTO OCepeKa Ha movatky 9-ro txus BYP, a ciiz-

HiI KICTKH 0CH(IKYETHCS 3 OTHOTO IIEPETHHYACTOTO LEHTPY HpoTarom 12-ro trxHs BYP.

BucHoBku.

1. Hopywenns npouecis npouidepanii, 3MUTTS Ta TpaHchopmauii 316poBoro amapary Ha 5-6-My THXKHSIX BHYTPILIHBOY-
TPOOHOTO PO3BUTKY NMPHU3BOAUTE JI0 TOSBU TSDKKHUX Baj, 30KpeMa, HE3POMIEHHSI BEPXHHO01 I'yOH, KOMIpKOBOTO BiJ[pOCTKa Ta IiJ-

HEOIHHS.

2. KonaeHcoBana Me3eHXiMa MepeHb0T YaCTHHHU EKTOMEHIHI¢albHOT Karncynu (momepeay Bija 3auaTka rinodiza) Mae Helpo-
eKTOoJiepcaTbHe MOXOKEHHS, a il 30BHINIHIN map (eKTOMEHIHKC) GopMye CINIAaHXHOKPaHiyM — 3a4aTOK KiCTOK JUIEBOTO BiAAITy
gyepena (1000B01, c15030B01, BUIUYHOI—, HOCOBOI KiCTOK, JIeMilla, BEPXHBOI 1 HUKHBOI IIeJen), 1 CKOCTEHIBAa€E K MepeTuHYac-

THUM, TaK i XpAIIOBUM LIJIAXOM.

3. JloboBa, c1030Ba, HOCOBA KiCTKH, JIEMIII, a TAKOX Mepe/IeNenHa YacTHHa (pi3eBa KicTKka) BEPXHBOT MeIeNnH TOXOIATh
Bil Me3eHXIMHU HIKHBOIIEIETHOT 350poBoi Ayru.— BepxHs mienena i BUJIMYHA KicTKa MOXOIATh 3 ME3CHXIMHU BEPXHBOIIEICI-
HOTO BiPOCTKA, TOAI SIK HWXKHA Lienena i 6apabaHHa 4acTHHA CKPOHEBOI KiCTKH MOXOJATh 3 ME3CHXIMU HM)KHBOLICICITHOIO

BijipocTka I 350poBoi Ayry.

4. YacoBi MPOMIXKKH, IPOTIATOM SKUX BiJOyBalOThCA aKTHBHI mpodidepaTuBHi 3MiHN Ta Audepenuianis 3agarkis (7 Ta 10
THXKHI TPEHATaJbHOI0 PO3BUTKY JIOJUHH) MOXKYThb OYTH KiacH(pikoBaHI SK KPUTHYHI MEPioAHM PO3BUTKY KiCTKOBHX 3a4aTKiB

uepena JIAUHU 3 MOXKINBOIO IMMOABOK YPOIIKECHUX BaJl PO3BUTKY.

KJi1o4oBi ci1oBa: em6pionansuuii po3BUTOK; THIIEBHIl BiAiN Yepena; IepeTHHYACTHIA i XPAMIOBHUIA 0CTEOTEHE3; TIOAUHA.
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