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Abstract

Anencephaly, being a rather severe malformation, represents an extensive field for studying such relationships as the brain-skull (brain-
base of the skull, brain-vault of the skull, brain-facial skull), brain-endocrine system; not only the theoretical, but also the absolutely complete
clinical significance of this kind of research is very great. Of course, first of all, the study of anencephaly covers problems of occurrence (genetic,
racial predisposition, diet, metabolic relationships) and diagnosis. However, the cranial changes associated with anencephaly, although
primarily described due to the close proximity and relatively easy access, are unfortunately less addressed in the relevant literature. Intensive
growth in the technology of plastic and reconstructive operations on the face, orthodontic interventions require thorough knowledge of the
formation of skull structures; this formation is impossible without correct relationships with the brain.

The aim of the research was to study the state of research on craniofacial changes in anencephaly. Anencephaly causes significant
changes not only in the cranial vault but also in its base and facial part.

A distinctive feature of these changes, first of all, is their extreme variability. The whole variety of developmental processes occurring at
the contact between the brain and the skull, with anencephaly, turns into a rather complex malformation picture; studying this picture requires
the attention of both clinicians and morphologists. Naturally, all attention is focused on solving etiological and diagnostic issues; in addition, it
is necessary to take into account the growing needs of transplantation. But with all this, the anatomical picture of all cases of anencephaly must
be clearly clarified, taking into account the cause-and-effect relationships of what is happening, from which it follows that the development of
the problem of defects of the primary neural tube in general and anencephaly in particular should be carried out initially from a morphological
point of view.

Defects in the central nervous system associated with defects in the formation of the primary neural tube have extremely serious
consequences. Anencephaly is the most severe of these developmental defects. Diagnosis at the earliest stages of pregnancy is difficult due to
objective circumstances. Even diagnosis within the time limits indicated in the literature, i.e., acceptable for the same objective reasons, requires
special preparedness specialists. Considering these associated factors, the study of cranial changes in anencephaly is of particular importance.
This concerns both the establishment of certain standards for the development of the skull and the determination of the special properties of
the anencephalic skull to improve diagnosis.
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Introduction

Absence of the brain (anencephaly) results in
acrania (absence of the skull), acalvaria (roofless skull), or
cranioschisis (fissured cranium), with variable effects on the
face. These fetuses have a minimal survival rate. Ossification
of the intramembranous calvarial bones depends on the
presence of the brain; in its absence (anencephaly), no bony
calvaria forms. In anencephaly, the absence of the calvaria
results in cranioschisis, characterized by a short, narrow,
lordotic chondrocranium, with notochordal anomalies in
many cases; the absence of the brain results in the cranial
base remaining unflattened, allowing the facial bones
to occupy anomalous positions. Macroglossia typifies
anencephaly; trisomy 21 syndrome; Crouzon syndrome;
and the association of coloboma of the eye, heart anomaly,
choanal atresia, retardation, and genital and ear anomalies
(CHARGE syndrome) [1].

Among the neural tube defects, the reported
prevalence of anencephaly was highest at 2.1 per 1000

births (95% CI, 1.6-2.8), followed by spina bifida at 1.9 per
1000 births (95% CI, 1.4-2.7). Anencephaly is a neural tube
defect that occurs due to the failure of normal tube closure
at the cranial end of the 4-week old embryo, resulting
in the absence of a major portion of the brain, skull, and
scalp. Anencephaly (a Greek word meaning "no brain")
is the end stage of a neural tube defect, starting with the
(partial) absence of the cranial vault (acrania) (Figure 1).
Anencephaly is characterized as the most severe form of
neural tube defect (NTD), and the role of folic acid deficiency
in its development is discussed. Hispanics are indicated
as a population at greater risk in terms of anencephaly
development. Also, when discussing other risk factors,
attention is paid to defects in folic acid metabolism, obesity
and diabetes, dieting, etc. [2-5]. General interest in the topic
of anencephaly has increased due to the possible use of
anencephaly organs for transplantation and the ethical and
scientific issues raised by this possibility [6].

Figure 1 - Anencephaly (from the museum of the Department of Human Anatomy and Medical Terminology of the
Azerbaijan Medical University).
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The worldwide prevalence of anencephaly is high;
therefore, clinicians and specialists need to emphasize the
importance of prevention strategies as well as control and
treatment strategies [7].

Naturally, the strengthening of the diagnostic
component of the problem of anencephaly and neural
tube defects in general is associated with ultrasound
examinations of the developing fetus. However, until certain
stages of pregnancy, due to objective reasons, such a study
cannot give clear results [4, 8-10].

Fleurke-Rozema J.H. et al. [4] showed that in a
country where first trimester ultrasound at 11 to 14
weeks’ gestation is not performed routinely, many cases
of anencephaly remain undetected until the midtrimester
scan. Anencephaly and exencephaly can be diagnosed in
the first trimester, when the skull is not visible due to the
absence of the cranial vault, but the face itself, including
the orbits, can be visualized. When the brain remnants
appear flat, the term anencephaly is used. When brain
remnants appear as an irregular, bulging structure, the
term exencephaly is usually preferred. Prenatal diagnosis is
obvious in the second trimester. In the first trimester, the
rounded structure corresponding to the exposed brain can
be misleading if an ultrasound is done too early, at 8-10
weeks. This emphasizes the need to perform ultrasounds
in the first trimester of pregnancy, at 12-13 weeks, when
it becomes possible to analyze the anatomical structures of
interest [8].

Exencephaly, anencephaly, meningoencephalocele,
and alobar holoprosencephaly were fully detected on scans
in the first trimester. Several types of central nervous system
malformations may be partially detected on scans in the
first trimester, including posterior fossa (PFA) anomalies,
open spina bifida, semilobar holoprosencephaly, and severe
ventriculomegaly [9]. Anencephaly occurs when the head of
the neural tube does not close, resulting in the absence of
the fetal skull and brain. By the end of the first - beginning of
the second trimester, a normal fetal head should be visible
on a prenatal ultrasound. Anencephaly is diagnosed when
no calvarial vault or normal brain tissue is visible above the
orbits. Careful knowledge of normal intracranial anatomy
and the use of a logical sonographic approach can improve
the description of abnormalities, leading to a more accurate
differential diagnosis in early pregnancy [10].

According to Thomas J.A. et al. [6], for the
neuroendocrinologist, the tragedy of the human fetus with
the congenital absence of the brain provides at least the
opportunity to obtain information about the role of the
hypothalamus and its hypophysiotropic hormones in the
development of the human anterior pituitary gland and
its endocrine target glands. Another issue is the growing
evidence that folic acid supplementation around the time
of conception reduces the incidence of neural tube defects.
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Thus, anencephaly, being a rather severe
malformation, represents an extensive field for studying
such relationships as the brain-skull (brain-base of the
skull, brain-vault of the skull, brain-facial skull), and brain-
endocrine system; not only the theoretical, but also the
absolutely complete clinical significance of this kind of
research is very great. Of course, first of all, the study of
anencephaly covers problems of occurrence (genetic, racial
predisposition, diet, metabolic relationships) and diagnosis.
However, the cranial changes associated with anencephaly,

Craniofacial changes in anencephaly

According to Trenouth M.]. [11], anencephaly has
great importance because it acts as a natural experiment
for studying normal and abnormal skull growth. Normal
craniofacial growth can be explained as a multifactorial
process; in this process, all components are balanced and
interact in a coordinated manner. This is largely consistent
with research [12], which states that comprehensive
studies of different bone groups according to their discrete
evolutionary precursors, combined with facial analysis, are
a vital prerequisite for understanding the interdependence
of the development of various tissue components as well as
for determining pathogenesis.

Until the studies are compiled, it is difficult to assess
which defects are primary and which are secondary.

The specimens in the study of Garol J.D. et al. [13]
were classified and grouped as follows: meroacrania,
a cranial defect not involving the foramen magnum;
holoacrania, a cranial defect involving the foramen magnum;
and holoacrania with rachischisis, a cranial defect involving
the foramen magnum and extending into the vertebral
column. The size of the calvarial defect in fetuses with
meroacrania ranged from about one centimeter to several
centimeters in diameter, the latter exposing the entire
floor of the skull. The opening in the skull was successively
limited in front by the frontal bone, laterally by the parietal
or squamosal temporal bones, and behind by the parietal
or occipital bones, depending on the size of the defect. As
the size of the vault defect increased, the size, shape, and
spatial orientation of the bones of the calvarium changed
more strongly than normal.

Kjaer 1. etal. [14] indicated that cases of anencephaly
without cervical rachischisis differ markedly from cases with
cervical rachischisis. Morphological characteristics, such as
bilateral narrowing of the basilar part of the occipital bone
combined with normal craniocaudal dimensions, are found
in cases without cervical rachischisis. In these cases, frontal
clefting of the vertebral bodies was observed. Caudocranial
shortening of the basilar part of the occipital bone was found
in cervical rachischisis, in which there was also complete
median splitting of the vertebral bodies. The study found
that when initial closure of the neural groove failed, skeletal
abnormalities were more extensive. The study supports
the hypothesis that the notochord is an important clue to
understanding the pathogenesis of anencephaly.

The cranial floor in cases with meroacrania changed
shape from ovoid to trapezoidal, with a narrow end located
in the front. This configuration is caused by a decrease
in the width of the anterior fossa and the adjacent part
of the middle fossa, as well as an increase in the width of
the posterior fossa. The middle fossa in front was shallow,
and in front of its posterior border, the bottom was not
concave but convex. The border between the middle and
posterior fossas ran almost perpendicular to the midline.
The posterior fossa maintained the same width as the
middle fossa instead of tapering posteriorly. In the lateral

although primarily described due to the close proximity and
relatively easy access, are unfortunately less addressed in
the relevant literature. Intensive growth in the technology
of plastic and reconstructive operations on the face,
orthodontic interventions require thorough knowledge
of the formation of skull structures; this formation is
impossible without correct relationships with the brain.

Based on the above, we set a goal to study the state
of research on craniofacial changes in anencephaly.

projection, the bottoms of the anterior and middle fossae
were at the same level [15].

Lombholt J.E et al. [16] noted the importance of the
connection between bone compartments and their neural
contents. Authors pointed out that neuro-osteologically,
the space for the cerebellum is smaller in fetuses with
anencephaly than in normal fetuses of the same age, and
that there is a difference in size reduction. Examining
the development of the cerebellum and brainstem in
anencephaly in relation to skull base development may
help clarify whether the smaller posterior fossa volume is
a developmental error or simply secondary to a calvarial
defect. The study revealed two morphological types of the
posterior cranial fossa. In one type, the morphology of the
cranial fossa was close to normal, whereas in the other type,
the posterior cranial fossa was deformed and significantly
smaller in size. The latter condition is hypothesized to be
due to a primary error in chondral and cranial development.

Because desmal ossification of the neurocranium
is induced by the presence of soft tissue (the brain), bone
does not develop as a direct consequence of the absence of
the brain. The base of the skull, on the contrary, is formed
by chondral ossification, which is genetically determined
and is therefore also present in anencephaly [17]. The
authors indicated that the temporal bone was also one
of the bones found in skulls with anencephaly and was
positioned vertically in skulls with the foramen magnum
and more horizontally in all other skulls without it. From
a dorsal point of view, the temporal bones were located at
different angles; in skulls without a foramen magnum, their
petrous part was located significantly below the horizontal.
In addition, the seven skulls had a rather acute angle from a
dorsal point of view and less than 150° in the location of the
temporal bones, while the two skulls had a rather obtuse
angle. Despite the altered arrangement of the temporal
bones and the base of the skull, all foramina for nerves and
vessels were present, but their position and the direction
of the foramina changed. For example, in three skulls, the
internal acoustic pore was directed cranially, and in eight
skulls, dorsally.

The jugular foramen extended far laterally to the
internal acoustic pore. Metzner L. et al. [18] pointed out that
in anencephaly, the frontal bone is severely affected. In a
normal fetus, the frontal bone forms an angle of 122.3 + 14.2°
with the nasal bone. In the anencephalic skull, there was a
marked increase in this angle since the frontal bone does
not have an eminence. In anencephalics with meroacrania,
the glabellar part of the frontal bone formed an angle of 162
+ 8.7° with the nasal bone and then almost immediately
lay flat at an angle of 210 + 9.8° with the nasal bone. In
cases of holoacrania and holoacrania with rachischisis, the
angles were 199 * 4° and 192 + 7.5°, respectively, for the
glabellar part of the frontal bone, and in both groups, the
frontal eminence was absent. Morphologically, the most
affected facial bone was the zygomatic bone. In the lateral
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projection, it usually had a rhomboid shape, but normally it
had a “+” shape.

The frontal process of the zygomatic bone had
a posterosuperior slope, while normally it was directed
upward. Consequently, the frontozygomatic suture was
located more posteriorly than normal.

As indicated by Trenouth M.]. [11], the nasomaxillary
segment in anencephaly was significantly smaller, and
the intermaxillary space and mandible were significantly
larger than normal. The squamous occipital bone was
underdeveloped compared to the norm and had a more
vertical slope. During normal growth, the squamous
occipital bone rotates from a vertical to a horizontal position
as the brain grows. The basilar occipital bone was at a much
higher level than normal, and the back of the skull was
greatly shortened. The base of the skull was also relatively
shorter and at a higher level than the normal standard.
This discrepancy was most pronounced posteriorly and
decreased anteriorly.

The cranial and facial structures of fetuses with
anencephaly were affected in various locations. The most
significant changes were observed in measurements
related to the transverse plane. All measurements except
maxillary length, mandibular body length, and mandibular
plane angle differed significantly between anencephaly
cases and controls. It turned out that during prenatal
development, brain growth prevailed over facial growth.
These results indicate that cephalic tissue affected not

Conclusions

Defects in the central nervous system associated
with defects in the formation of the primary neural tube
have extremely serious consequences. Anencephaly is the
most severe of these developmental defects. Diagnosis at
the earliest stages of pregnancy is difficult due to objective
circumstances. Even diagnosis within the time limits
indicated in the literature, i.e., acceptable for the same
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Tylninaeme

AHaHyedanus damydsiy alimapasikmatl ayslp kemicmizi 601a ombipsin, Mu - 6ac cylieai (mu-6ac cytieciHi He2i3i, 6ac cyliezi, Mu-6em
6ac cytiezi), mu - 3HOOKpUHOIK JHcylie cuskmoul kKamblHacmapdsl 3epmmey ywiH ke epicmi 6ia1dipedi. MyHdall 3epmmeynepoiy mek meopusiavlk
eMec, COHbILMEH Kamap moJblK KJAUHUKA/AbIK MAHbI3bI eme 30p. OpuHe, AHIHYeda usiHbl 3epmmey OHblH cebebiH (2eHemuKa/blK, HaciAdik
6eliim0dinik, duema, MemaboAUKAAbIK b6allnaHbIcMap) HcaHe dUazHOCMuKa MaceesepiH Kammuobl. [lezeHMeH, aHIHYehaausMeH 6aliaaHbicmbl
6ac cylieziHiy 632epicmepi, eH an0bIMeH, HAKbIHObIK NeH CaAbICMbIpMAibl mypde oHall Ko dHemkisyze 6aliaHbICMbl CUNAMMAAFAHbIMEH,
eKiHiwke opatl, muicmi ade6uemmepoe a3 KaMmblLAFaH. Bemke niacmukasvlk jxcaHe KAANbIHA Keamipy onepayusaapsl MexHo102UsICbIHbIH
KapKblHObL 6CYi, 0OpmMOJOHMUSAAbIK apaaacyaap 6ac cyliek KypblablMOapblHbIH KA1blnMacyblH mepeH 6inimoi maaan emedi. bya Kaasinmacy
MUMeH JypblC KAMbIHACCHI3 MYMKIH eMec.

3epmmeydiH makcambl aHaHyedaus ke3iHdezi 6ac cyliek - 6em ainemindeal e32epicmepdi 3epmmeydiH scardaiibiH 3epmmey 60106l

AHnanyegaaus 6ac cylieziniy KolimMacbiH0a FaHa eMec, OHbIH Hezi3i MeH 6em 6eieiHOe de eaeyni e3zepicmep mydbipadsl. Amaamviul
e3zepicmepdiH alipbiwa 6eseici, ey aadbimeH, 01apdbly wekmeH mulc 632epeiwmiei. Mu meH 6ac cytiegiHiy jcaHacyviHoa 601amuviH damy
npoyecmepiniy 6apviK asyan mypi (mMu-6ac cylieziniy Hezi3i, 6ac mubl, 6ac mubl-6em cyliezi), aHaHYyedarusimeH eme Kypdeai damy aKayavlk
KepiHiciHe aliHasnadvl. Bya cypemmi 3epmmey KauHukmepdiy de, Mopgdosoemapdsly 0a HA3apblH Kajxcem emedi. OpuHe, 6apablK HA3AD
IMUOI02USNBIK JHCaHEe QUazHOCMUKAbIK Macenenepdi weulyze 6arbimmanral. COHbIMEH kKamap, MpaHCNAGHMAYUsIHbIH 6cin Keae HcamyaH
Kajcemminikmepin eckepy kascem. bipak myHbly 6apimeH aHIHYedaNUSHLIH 6apaAblK HAFOAUAAPLIHLIY, AHAMOMUSALIK 6eliHeci 601bin
JHCAMKAH OKUFAHbIH ce6en-candapavlk 6aliaHbIcCmapbiH ecKkepe omulpbin, HAKMbl aHbIKMaAybl kepek. Ocbl0aH Jicaanel 6acmankbl Jcylike
mymieiniy akaynapul MaceneciH, aman alimkaHoa aHaHyedaausiHbl dambimydbl MOPPHOa02UANbIK MYPFLIOAH 6acmankbloa Jicypzizy kepek
dezeH KOpblmbIHObL WbIFAJbL.

Bipinwinik dicylike mymieiniy Kajavlnmacy akayaapblmeH 6aliiaHbicmbl opmanablk Jicylke JicylieciHiy akayaapul eme aybulp
3apoanmapra akenedi. AHaHyedaaus - damy akayaapuiHuiy iwindeei eH aywipel. Xykminikmiy eH epme kezeHdepinde duazHo3 Koo
o6bekmusmi xcardatinapra 6aliiaHbicmsl KubiH. Tinmi ade6uemme kepceminzeH mep3imoe duazHo3 Kow, o06bekmusmi cebenmepMmeH,
apHaiivt 0alibiHObIKMbL MamMaHdapdbly KambicyblH masan emedi. Ocel 6atinaHbicmel pakmopaapdsl eckepe omblpsbin, AHIHYePaAUA0aFbl
6ac cyliek e3zepicmepiH 3epmmey epekuie Maybl3ra ue. bys 6ac cytieeiniy damybiHbly 6esz2iai 6ip cmaHdapmmapblH 6eszineyze de, duazHo30bl
Jcakcapmy ywin ausHyedarusiavlik 6ac cylieciniy epekule Kacuemmepin aHbIKMayFra 0a KambIiCMbl.

TytiiH ce3dep: aHaHyedaaus, ypulK, bac cyliek, xcylike mymiel akaynapbl.
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Pe3wome

AHsHyedanus, a645859c6 0oCmMamo4HO MsAXCeAbIM NOPOKOM passumusi, npedcmas/isiem O6WUPHOe noje 051 U3y4eHus MakKux
83aUMOOMHOWeEHUl, KaKk Mo32-uepen (Mo32-0CHOBAHUE Yepend, MO32080l C800 Yepend, M032-1uyesoll Yepen), M032-3HOOKPUHHAS cucmeMma;
He MoJ1bko meopemuyeckoe, HO U a6CoII0MHO NOIHOe KAUHUYeCKoe 3Ha4eHUe makozo poda ucc/1edosanull oveHb seauko. KoHeuHo, 8 nepsyro
ouepedb, usyyeHue aHaHYyegauUU oxeamwvleaem npobaemMvl NPUHUHBI B03HUKHOBEHUS (2eHemuuecKas, pacosasi npedpacno0ieHHOCb,
duema, memabonuveckue ces3u) u duazHocmuku. OOHaKo YepenHvle U3MEHEHUs, C8SI3aHHble C aHIHYedauell, Xoms U ONUCaHbl, 8 Nepeyr
ouepedb, U3-3a HenocpedcmeeHHOU 6.1U30CMU U OMHOCUMEIbHO /1e2K020 d0Cmyna, K Coxca/eHulo, MeHee 0ceeujeHbl 8 coomsemcmayoujeli
aumepamype.  MHMeHCU8HbIl pocm MexHO02uu NAACMu4ecKux U PeKOHCMpPYKMUBHbIX onepayull HA /auye, opmodoHMuUYecKux
eMewamenbcme mpeGyom 2ay60Kux 3HaHull @opmuposanus cmpykmyp uepena. Imo GopMuposaHue He8O3MOXHO 6e3 HemKux
63AUMOOMHOWEHU C MO320M.

ue./lbIO uccsedosaHust 6ula0 usyveHue cocmosHus uccaedosarutl YepenHo-a1uyesvblx uameHeHull npu aHaHueﬁaﬂuu.

Ansnyepanus evizvieaem 3Ha4UMebHble U3MEHEHUS He MOJ/bKO HA ce80de Yepena, HO U HA e20 OCHOBAHUU U AUYesoll 4acmu.
OmauvumenbHoll Yepmoll 3mux U3MeHeHUll, 8 nepsylo ouyepeds, 6/5emcsl UX 4pe3sbidaliHas eapuabesbHocmb, Bce mHozo06pasue

40


https://doi.org/10.1007/s10024-004-9098-z
https://doi.org/10.1016/j.aanat.2020.151607
https://doi.org/.1002/tera.1420170115
https://doi.org/.10.1597/11-217
https://doi.org/10.1017/s0022215100089684
https://doi.org/10.7860/JCDR/2014/10402.4885
https://orcid.org/0000-0002-7447-5311
https://orcid.org/0000-0002-7447-5311
https://orcid.org/0000-0002-7447-5311

Astana medicinalyk zhurnaly, Volume 3, Number 122 (2024)

nNpoucxXo0sawux Npoyeccos pazeumusi HA CONPUKOCHOBEHUU MO32 - Yepen (Mo3z - 0OCHOBAHUe 4Yepena, M032080l 800 Yepena, Mo32 -
Auyesoll uepen), npu aHdHyedasuu npespawaemcs 8 00CMAMOYHO CAONHCHYIO MAAbHOPMAYUOHHYIO KapmuHy. H3yueHue 3smoli
KapmuHbl, mpeGyem 6HUMAHUS KAK KAUHUYUCMOB8, mMak u Mopgonozo8. EcmecmeeHHo, 6ce 8HUMAHUe CKOHYEHMPUPOBAHO HA peweHuU
amuosiozueckux u duazHocmuyeckux eonpocos. Kpome mozo, Hado yuumsieams pacmywue nompe6Hocmu u mpavcnaanmosozauu. Ipu
8CeM IMOM AHAMOMUHECKAS! KAPMUHA BCEX CAyHaes aHaHyedaauu doaxiHA GbiMb YeMKO 8bISICHEHA, y4UMbleadsl NPUYUHHO-CAeJCMBeHHbIe
€8513U npoucxoodsujezo, U3 yezo caedyem, 4mo paspabomka npobaemsl dehekmos nepsuyHol HepeHOU mpy6Ku 8 yes10M, U aHIHYeda uu 8
yacmuocmu, 00/1%CHA 8eCMUCH UBHAYAILHO € MOPEHO02UHecKUX NO3UYULL.

Ilopoku yeHmpaabHOU HepeHOU cucmeMmbl, C8s3aHHble ¢ depekmamu HopMupos8aHusi nepeuvHoll HepsHol mpy6Ku, umerom
upe3sbIYaliHO msdiceavle nocaedcmeus. AHaHYedaus npedcmasisiem co6oll camyro msisiceayio U3 aMux nopokos pazsumust. JuazHocmuka
HA CaMbIX paHHUX 3manax 6epemeHHocmu 3ampydHeHa 8sudy 06seKmusHblx 06cmosimeascma. Jasxce duazHocmuka 8 CpoKu, yKa3aHHble 8
JAumepamype, m.e. JonycmuMble no 3MuM dice 066eKMUBHbIM NPUYUHAM MPeGylom cneyuaaucmos 0co6oti no020mosieHHoCMu. Yyumuieas
danHble conymcemayowue pakmopbl, u3yveHue 4epenHbiX UsMeHeHUll npu aHaHyedasuu npuobpemaem oco6yro 3HaUUMOCMb. IMo Kacaemcst
KaK ycmaHoe/1eHust onpedeseHHbIX HOpMAMueos pasgumusi Yepena, mak u onpedesieHust 0co6blX c8olicme aHaHyedarudeckozo yepena 04
yAyHueHust OuazHOCMUKU.

Kaiouegwle cnosa: ananyedanusi, naod, uepen, degpekmol Hep8HOU mpyoOKuU.
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