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he skull or the neurocranium is the bondy part protecting the brain, while the atlanto-axial

complex is the one responsible for prtecting the spinal cord during it’s jurney from the brain

to the spinal canal. Understanding these relationships is essential for surgical planning,

biomechanical analyses, and diagnosing abnormalities in the craniovertebral junction. The
findings of this study contribute to a more comprehensive understanding of the anatomical varia-
tions and correlations within this complex region. This study investigated the morphometric relation-
ship between the skull’s biparietal diameter and the atlanto-axial complex morphometry-a crucial
region for head movement and spinal cord protection.

Materials and methods. Seventy-five patients who underwent brain CT scans were included.
Various measurements were obtained, including the biparietal diameter (BPD), anterior-posterior
(AP) diameter, and inner cross-sectional area (CSA) of the skull. Measurements of the atlas vertebra,
specifically the atlas transverse diameter, atlas AP inner diameter (with and without dens), and atlas
inner area space were also taken from the CT scans. CT scans were performed using a Siemens 64
slice multidetector scanner, and 3D multiplanar reconstruction was employed to facilitate accurate
measurements.

Results. There was a strong positive correlation between the biparietal skull diameter
(BPD)and the inner skull surface area in males, females, ages more than and less than 40, also there
was strong positive correlation between the skull inner surface area and the atlas inner surface area,
however there was only strong positive correlation between the skull BPD and the atlas inner trav-
erse diameter in those older than 40 years. Otherwise there was weak correlation between the skull
BPD and other atlanto-axial measurements.

Discussion. The atlas-axis complex is highly differentiated in mammals, reflecting adaptations
for head movement and stability The atlas and axis vertebrae are unique among the cervical verte-
brae, as they are highly specialized for head movement and stability. The atlas lacks a vertebral body
and spinous process, while the axis has a prominent dens that articulates with the atlas. This
unique morphology allows for a wide range of head movements, including flexion, extension, and ro-
tation.[10]

Understanding the relationship between skull dimensions and atlas morphology may have sig-
nificant implications for the diagnosis and management of conditions affecting the craniovertebral
junction. [11] For instance, certain genetic syndromes or developmental disorders known to affect
skull growth may also impact the development of the atlas, predisposing individuals to cranioverte-
bral instability or neurological compression. By elucidating the correlations between BPD and atlas
morphometry, clinicians may be better equipped to identify individuals at risk for these complica-
tions and implement preventive or therapeutic interventions. Additionally, a comprehensive under-
standing of these relationships can inform the design of more effective surgical strategies for manag-
ing craniovertebral junction abnormalities [6, 12].

Conclusion. There was a strong positive correlation between the biparietal skull diameter
(BPD) and the inner skull surface area in males, females, ages more than and less than 40, also
there was strong positive correlation between the skull inner surface area and the atlas inner surface
area, however there was only strong positive correlation between the skull BPD and the atlas inner
traverse diameter in those older than 40 years.
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epen (HeHpoKpaHHyM) IIpPEeAcCTaBAsIeT CO00H KOCTHYIO CTPYKTYPY, 3alHINAOIIYI0 T'OAOBHOM

MO3I, Torja KakK aTAaHTO-aKCHAABHBIM KOMIIAEKC OTBedaeT 3a 3alUTy CIIMHHOTO Mo3ra BO

BpeEMS €ro IIPOXOXKAEHUd OT TNOAOBHOTO MO3ra K II03BOHOYHOMY KaHaay. [loHHMMaHMe 3THX

B3aMMOOTHOIIIEHUH HEOOXOAUMO AT MAQHHUPOBAHUS XUPYPTHIECKUX BMENIATEALCTB, OHOMe-
XaHUYIECKOT0 aHaAW3a M AHUaTHOCTHKH aHOMaAWl KpaHHoBepTeObpaabHOTO Iepexona. Pe3yabTaThl gaH-
HOTO MCCAEIOBAHUS BHOCAT BKAQL B OoAee ITOAHOE TTIOHMMAaHHE aHATOMUYECKHUX BapHaUi U KOppeAd-
Ui B 5Toi CAOXKHOM obaactu. B mccaemoBanum uaydasach MopdoMeTpudecKas B3aUMOCBI3b MEXKIY
OunapueTaAbHBIM AUaMETPOM deperna M MopdoMeTpHell aTAaHTO-aKCHAABHOT'O KOMIIAEKCA — KAIOUe-
BO# obaacTH, oTBedarollel 3a ABUKEHUS I['OAOBBI U 3alllUTy CIIMHHOTI'O MO3Tra.

Marepuasnsr u metonsl. B uccaeqoBanne ObIAM BKAIOYEHBI 75 IMAIIMEHTOB, KOTOPHIM OblAa BBI-
noaHeHa KoMIbioTepHasa ToMorpadgusa (KT) roaoBHoro moszra. IIpoBoauauch pasandHBIE M3MEPEHUS,
BKAIOUad OunapuerasbHbil quametp (BII), mepenHe-3agHuil AHaMeTp U BHYTPEHHIOI IAOIIAAE IIO-
IIepeYHoro cedeHUda depena. Taxkxke 1o maHHBIM KT BBITTOAHAAMCH U3MEPEHHA aTAaHTA: IIOIIEPEYHBIN
OUaMeTp aTAaHTa, BHYTPEHHUH INepenHe-3aOHUE AUAMETpP aTAaaHTa (C 3yDOBHAHBIM OTPOCTKOM U 0e3
HEro) W BHYTPEHHdS IIAOIIAAb ITpocTpaHcTBa araaHTa. KT BBIIIOAHSAACH C HCIIOAB30BaHUEM 64-
CPe30BOr0 MYABTHIETEKTOPHOI'O CKaHepa Siemens, Oad obecliedeHHsl TOYHOCTH U3MEPEHUH IIPUMEHsI-
Aack 3D-MyabpTHIIAQHAPHAA PEKOHCTPYKITHSI.

Pesynbratnl. BrigBaeHA CHABHAS MTOAOKHUTEABHAS KOPPEAdIlHsS MeXAy OulapHeTasbHBIM OUa-
meTpoM duepena (BIL/]) 1 BHyTpeHHEM MOAOMIAABIO IIOBEPXHOCTH Yeperna y MyzKYWH, JKEHIITUH, AWIL
crapie 1 Moaoxe 40 aet. Tak:ke oTMedeHa CHABHAA IIOAOXKHUTEAbHAS KOPPEASIIINT MEKAYy BHyTPeHHeH
TIAOIIIAABI0 ITIOBEPXHOCTH dYepella U BHYTPEHHEH IAOIaAbl0 IIOBEPXHOCTHU aTaaHTa. OMHAKO CHABHAd
TIOAOKUTEAbHAS KOPPEAdIIHsS MEXKAY OHUITapHeTaAbHBIM AHaMETPOM depera W BHYTPEHHHUM IIoneped-
HBIM OHAMETPOM aTAaHTA HabAIOAAACH TOABKO Yy AHIL crapire 40 AeT. B 0CTAABHBIX CAydasax KOpPpeAd-
U9 MeXAy OunapueTaAbHBIM OUAMETPOM dHeperna U APYTHMH H3MEPEHHSIMH aTAaHTO-aKCHAABHOTO
KoMIIAeKca Oblaa caaboi.

OOcy:xneHue. ATAQHTO-aKCHAABHBIH KOMIIAEKC BBICOKOAU(M(PEPEHIIMPOBAH ¥ MAEKOITHTAIOIIHX,
YTO OTpazKaeT aJalTallUio K ABUXKEHHUIM T'OAOBBI 1 obecriedeHHIo cTabuabHOCTH. [I03BOHKHY aTaaHTa U
aKCHCa YHUKaABHBI CPENH IeHHBIX T03BOHKOB, 0aaromaps BBICOKOH cCIleIMaAn3allid, o0ecIliednBaro-
e OBUXKEHUS MOAOBBI U CTA0OMABHOCTE. ATAQHT HE HMeEEeT TeAd II03BOHKA M OCTHCTOTO OTPOCTKA, TO-
IIa KakK akKCHC 00AaaeT BBICTYHAOIINM 3YOOBHAHBIM OTPOCTKOM, COYACHSIOIINMCS C aTAaHToM. Ta-
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Kasd YHHKaAbHas MOPQOAOTHs obeclieduBaeT IINPOKHH AUAIla30H ABUXKEHUH IOAOBBI, BKAIOYAS CTHU-
6anue, pasrubanue u Bparesue [10].

[ToHnMaHHe B3aMMOCBSI3H MEXKAy pa3MepaMH deperia U Mopdoaorueil aTaaHTa MOKET HUMETH
BasKHOE 3HAYEeHHE A9 AUATHOCTUKU U AedeHUd 3a00AeBaHU, 3aTparvBaloOlIMX KpaHHOBepTeOpasb-
HBIH nepexon [11]. HampuMep, HEKOTOpbIe FreHETHYECKHE CHHAPOMBI HAM HAPYIIECHUS PA3BUTHS, BAH-
SIOIME Ha POCT Yeperla, MOTyT TaKiKe BO3neHCTBOBATE Ha Pa3BUTHE aTAAHTA, IIpeapaclioAaras HHIU-
BHUIOB K HECTAOHMABHOCTH KPaHHOBepPTeOpaAbHOrO IIepexofia MAW HEBPOAOTHYECKOH KOMIIpecCHH. BrI-
SICHEHHE KOPPEASIITUH MeXKay OUIlapHeTaAbHBIM AUaMeTPOM M MOP(OMeTpHEH aTAaHTa MOXKET IIOMOYb
KAVHHUITUCTAM AyYIIle BBIIBASTE AHUIL C PUCKOM Pa3BUTHUSA 3THX OCAOXKHEHHM M IIPOBOAUTEH IIPOPHAAK-
TUYECKHE HMAHU TepalleBTHUeCKHe BMellaTeAbcTBa. Kpome Toro, BCeCTOpOHHee IMOHMMAaHHE 3THX B3aH-
MOCB3€eH¥ MOIKET CIIOCOOCTBOBAaTH paspaboTke Gosee 3(p(PEKTHUBHBIX XUPYPrUYECKUX CTPATETHH AT
A€YeHHd aHOMaAW# KpaHHoBepTeOpasbHOrO mepexona [6, 12].

3akaouenne. BolgBaeHA CHABHAS ITOAOKHUTEABHAS KOPPEASIHSa MeXOy OunapheTasbHBIM AHa-
MmeTpoM depernia (BII/l) m BHyTpeHHEH IIAOIIIANBIO IIOBEPXHOCTH dYepera y MYysKYMWH, JKEHIITWH, AWIL
crapie 1 Moaoxke 40 aet. TaksKe OTMeUeHA CHABHAS ITOAOKHUTEABHAS KOPPEATIHS MeXAy BHyTPEeHHEH
TIAOIIAABIO ITIOBEPXHOCTH dYepena M BHYTPeHHel IIAOIaAbio IIOBEPXHOCTH aTAaHTa. OQHAKO CHABHAS
TIOAOXKHUTEABHAST KOPPEAdIINs MeXAy OHIapHeTaAbHBIM AUaMEeTPOM depella M BHYTPEHHUM IIOIIeped-

HBIM JUAMETPOM aTAaHTa HabAIaAaChk TOABKO y AUIL cTapire 40 aert.

KaroueBrie caoBa: GUmapueTasbHBIH OUAMETP, aTAAHTO-aKCHAABHBIH KOMIIAEKC, MOP(OMETPHU,
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ntroduction. The craniovertebral junction
(CVJ) is a complex anatomical region that
includes the occiput, atlas (C1), and axis
(C2), playing a crucial role in head sup-
port, movement, and protecting the spinal
cord as it transitions from the brainstem [1].
The cranium or the skull, is an important bony
structure its main function is to protect the
precious brain giving rise to the name ‘neu-
rocranium’, it consists of eight bones; occipital,
two temporal, two parietal, sphenoid, ethmoid
and frontal [2].
The biparietal diameter (BPD) serves as
a standard biometric parameter widely used in
fetal ultrasound to estimate gestational age and
assess fetal growth, providing essential infor-
mation about the development and well-being
of the fetus, this draw our attention to the im-
portance of this measurement pushing us to-
wards comparing it to many other parameters
in the unique atlas in addition to the skull oth-
er morphometric parameters, the BPD is the
widest parameter of the skull [2].
The atlas (C1) vertebra, distinguished by
its lack of a vertebral body and spinous pro-
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cess, represents a unique adaptation within the
vertebral column, primarily designed to articu-
late with the skull and facilitate head move-
ment [3]. The same rule is applied for the ver-
tebral column whose responsibility is to protect
the delicate spinal cord [4].

Atlanto-axial part consists of two modi-
fied cervical vertebrae drawing the attention to
a sort of transitional bony zone between the
cranium above and the typical cervical verte-
brae below the atlantoaxial joint is a type of
synovial joint that represent a uniaxial pivot
joint [3].

Those two vertebrae are sharing the
cranium in protecting the important neural tis-
sue in one hand and sharing the other cervical
vertebrae in allowing movement of the head in
many directions over the relatively more stable,
less movable thoracic vertebrae [6]. However;
the two unique vertebrae with their special
shape allows more special movements although
they do not have the spinous processes which
acts as a leaver of the attached ‘inter-ligaments’
and paraspinal muscles increasing their force
of movement and concomitant protection; these

DOI: 10.21569/2222-7415-2026-16-1-6-19 8
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two vertebrae they have more free movement
allowing better movement in the neck area. The
atlas vertebra with its plane ring shape giving
the feeling of being a transitional zone between
the spherical skull and the remaining cervical
vertebrae [7]. This vertebra with the Dennis of
the axis are special area drawing the focus of
the neurosurgeons and orthopedic surgeons
giving rise to many special procedures related
to this important area. It is important to have
any information related to the morphometric
parameters wether anatomical or radiological
that can help these two teams of surgeons to
decide their plans when attempting surgical
intervention at this alarming specific area [8].

With the presence of the more sophisti-
cated CT scan devices with its clear images
that describe the radio anatomical reality of the
bones, this advanced technology allows us to
measure precisely the diameters with estima-
tion of the surface area of the rounded inner
skull, and the rounded spinal canal [9].

Aim of the study is to find the biometric
correlation between the cranium and the atlan-
to-axial complex.

Materials and methods.

This study was conducted in the Oncol-
ogy Teaching Hospital in Medical City Complex
in Baghdad from 1st of october 2024 till 15th of
february 2025.

It is a retrospective cross- sectional study in
which includes the data for patients who un-

derwent a check CT scan for their skull and
cervical region for any reason, the data then
processed taking care while selecting the data.

Exclusion criteria
1. Any abnormal skull shape especially with
congenital anomalies.

2. Congenital vertebral anomalies involving the
atlas (such as bifid vertebra).

3. Images with motion artifact

4. Cases of head trauma

A total of 73 patient’s CT included in
this study in whom brain CT scan were per-
formed for various indications and the skull
was apparently normal in shape.

The study sample consisted of 42 male
and 31 female, with their age ranges from 2
years to 76 years (mean 27.59 + 18.093).

CT was performed on Siemens 64 slice
multidetector scanner somatom definition (AS
64, Siemens). A tube voltage of 120 kVp, tube
current of 250 - 300 mA, collimation of 0.652
mm, slice thickness of 5 mm and Pitch of 1 mm
were used in all patients.

Variable measurement taken for each
case after reconstruction of 1.5-2 mm was done
followed by 3D Multiplanar reconstruction (3D
MPR) and correlation between multiple varia-
bles was done.

For the skull, the biparietal diameter
(BPD), the anterior-posterior (AP) diameter and
the inner cross-sectional area (CSA)were taken
for each patient after adjustment of the axial

Fig. 1 a(Puc. 1 a)

Fig. 1 b (Puc. 1 6)

Puc. 1.

norepedHoro cedenusa (CSA).

Fig. 1. CT scan of the skull, axial plane, bone window.
a — Measuring the BPD and the AP diameter. b — measuring the cross-sectional area (CSA).
KT 4yepena, akCUAAbHASA MAOCKOCTb, KOCTHOE OKHO.

a — Vamepenue 6unapuerasbHoro auamerpa (BII) u mepenHe-3agHero guamMerpa. b — M3mMepeHUe MAOIAAN
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images parallel to the corpus callosum for all
the patients using the 3D MPR to overcome any
abnormal tilting in patients head position. All
the measurements were taken at axial view at
the level of the thalami. The maximal BPD were
taken between the inner surfaces of the skull,
the AP diameter was taken along the midsagit-
tal plane passes through the third ventricle and
the inner CSA was traced along the inner corti-
cal skull surface using a manual cursor and
recorded automatically (fig. 1).

Other variable measurements were tak-
en at the level of the atlas arch in axial view
after adjustment of the axial slices parallel to
the arch, and include: maximal inner trans-
verse diameter (ITD), maximal inner anteropos-
terior (IAP) diameter, the spinal canal diameter
(SCD), and the cross-sectional area (CSA) of the
atlas (fig. 2).

whole inner D. cm, atlas inner area space, AP
diameter, inner surface area of the skull).

Results.

The study includes 42 males (57.5%)
and 31 females (42.5%). The mean age of the
study population was 27.59 + 18.09 years. The
mean skull biparietal diameter was 12.81 +
0.62 cm, while the mean atlas inner transverse
and anteroposterior diameters were 2.81 * 0.27
cm and 3.02 + 0.28 cm, respectively. The mean
atlas sagittal canal diameter measured 1.81 +
0.28 cm, with an average atlas inner cross-
sectional area of 6.35 * 0.93 cm? The mean
skull anteroposterior diameter and inner cross-
sectional area were 15.15 + 1.41 cm and
159.81 + 13.14 cm?, respectively (table Nel).

Correlation analysis demonstrated weak
positive, statistically non-significant correla-
tions between skull BPD and most atlas di-

Fig. 2 a (Puc. 2 a)

Fig. 2 b (Puc.26)

Area=6.084 cm?
P=8.92 cm

/
\& 2

Fig. 2 b (Puc. 2 6)

Puc. 2.

norepedHoro ceueHusa (CSA).

Fig. 2. CT scan of the skull, axial plane, bone window.
a — Measuring the BPD and the AP diameter. b — measuring the cross-sectional area (CSA).
KT 4epena, akcUMaAbHASA MAOCKOCTb, KOCTHOE OKHO.

a - HaMmepeHnue GumapuerasbHoro auamerpa (BII[) u nepemHe-3azHero guamerpa. b — MamepeHue maomamau

The SCD was measured in axial view
from the posterior edge of the odontoid process
to the inner surface of the posterior portion of
the atlas arch and the IAP diameter was meas-
ured from the inner surface of the anterior part
of the arch to the inner surface of the posterior
part. The CSA was traced along the inner corti-
cal surface of the atlas using a manual cursor
and recorded automatically.

Statistical tools.

By using SPSS (version 26) show the
statistical analysis below: The Pearson correla-
tion shows the relationship between BPD cm &
(atlas transverse D cm, Atlas AP inner diameter
cm, atlas AP inner diameter without dense

www.rejr.ru | REJR. 2026; 16(1):6-19

mensions. In contrast, skull BPD showed a
strong and statistically significant positive cor-
relation with skull inner cross-sectional area (r
= 0.739, p = 0.0001; table No2, fig. 3).

Among male patients, the mean age was 23.24
* 16.04 years. The mean skull biparietal diam-
eter measured 12.96 £ 0.63 cm. The mean at-
las inner transverse diameter and inner an-
teroposterior diameter were 2.86 + 0.24 cm and
3.09 £ 0.30 cm, respectively. The atlas sagittal
canal diameter averaged 1.84 + 0.32 cm, with a
mean atlas inner cross-sectional area of 6.57 £
0.97 cm?. The mean skull anteroposterior di-
ameter and skull inner cross-sectional area
were 15.03 £+ 0.61 cm and 153.17 + 8.02 cm?,

DOI: 10.21569/2222-7415-2026-16-1-6-19 10
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Table Nel.

ner surface area.

Means of the patients age, BPD (biparental skull diameter), Atlas trans-
verse diameter, Atlas AP (anteroposterior diameter) with the dense, Atlas AP inner diame-
ter without dense, and with, AP diameter of the skull, Atlas inner area space and skull in-

No. Factors Mean + SD

1 Age 27.59 + 18.093
2 Skull BPD (cm) 12.809 £ 0.616
3 Atlas ITD (cm) 2.81 £0.273

4 Atlas IAP diameter (cm) 3.024 £0.275

5 Atlas SCD (cm) 1.8111 £0.276
6 Atlas inner CSA (cm?) 6.348 + 0.927

7 Skull AP diameter (cm) 15.145 £ 1.412
8 Skull inner CSA (cm?) 159.81 £ 13.144

CSA, skull AP diameter, skull inner CSA).

Table No2 Correlation between BPD with (atlas ITD, Atlas IAP, atlas SCD, atlas inner

No. Factors R (Pearson)
1 Atlas ITD 0.074
2 Atlas IAP diameter 0.223
3 Atlas SCD 0.136
4 Atlas inner CSA 0.086
5 Skull AP diameter 0.197
6 Skull inner CSA 0.739

P value Interpretation

0.535 Weak positive correlation
0.058 Weak positive correlation
0.253 Weak positive correlation
0.469 Weak positive correlation
0.116 Weak positive correlation
0.0001 Strong positive correlation

respectively (table Ne3).

Correlation analysis in male patients
demonstrated weak and statistically non-
significant correlations between skull BPD and
most atlas dimensions. However, a statistically
significant moderate to strong positive correla-
tion was observed between skull BPD and skull
inner cross-sectional area (r = 0.523, p = 0.004;
Table No4, fig. 4).

In female patients, the mean age was
33.48 £ 19.27 years. The mean skull biparietal
diameter was 12.60 + 0.54 cm. The atlas inner
transverse diameter and inner anteroposterior
diameter averaged 2.75 * 0.31 cm and 2.94 +
0.22 cm, respectively. The mean atlas sagittal
canal diameter was 1.77 £ 0.21 cm, with an
atlas inner cross-sectional area of 6.04 + 0.79
cm?. The mean skull anteroposterior diameter
and skull inner cross-sectional area were 15.23
+ 1.82 cm and 164.84 + 14.10 cm?, respectively
(Table No5).

Correlation analysis demonstrated weak
and statistically non-significant correlations

| www.rejr.ru | REJR. 2026; 16(1):6-19

between skull BPD and most atlas parameters
in female patients. However, skull BPD showed
a strong and statistically significant positive
correlation with skull inner cross-sectional ar-
ea (r=0.779, p = 0.0001; Table No6, fig. 5).

In patients older than 40 years, skull
biparietal diameter demonstrated a statistically
significant strong positive correlation with atlas
inner transverse diameter (r = 0.486, p =
0.041). A strong and statistically significant
positive correlation was also observed between
skull BPD and skull inner cross-sectional area
(r = 0.622, p = 0.013). Correlations between
skull BPD and the remaining atlas parameters,
including inner anteroposterior diameter, sagit-
tal canal diameter, and atlas inner cross-
sectional area, were weak and not statistically
significant. Skull BPD showed a weak negative,
non-significant correlation with skull antero-
posterior diameter (Table No, fig. 6).

In patients aged 40 years or younger,
skull biparietal diameter demonstrated weak
and statistically non-significant correlations

DOI: 10.21569/2222-7415-2026-16-1-6-19 11
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Fig. 3. Diagrams.

a — Weak correlation between skull BPD and atlas ITD. b — Weak correlation between skull BPD and Atlas
inner AP diameter. c — Weak correlation between skull BPD and atlas SCD. d — Weak correlation between the
skull BPD and atlas inner CSA. e — Weak correlation between the skull BPD and the skull AP diameter. f —
Strong correlation between the skull BPD and the skull inner CSA.

Puc.3. Auarpammbl.

a — Chrabag Koppeadius MexXay OunmapuerasbHbIM auamerpoM (BII/I) deperma M MHOIIEPEYHBIM BHYTPEHHHM
nuameTrpoM (ITD) ataanta. b — Caabasa Koppeadaiusa mexay BII/] yepena U BHyTPEHHUM IlepeIHe-3aIHUM IHa-
metpoM (IAP) ataanTta. ¢ — Caabasa Koppeadia Mexkay BII/] yepemna ¥ CAaTUTTAABHBIM AHAMETPOM ITI03BOHOYHO-
ro kaHaaa (SCD) ataanrta. d — Caabag Koppeadaiusa mexay BII/ yeperna U BHYTPEHHEH AOIIAIBI0 IOIIEPEIHO-
ro cedenud (CSA) ataaHTa. e — Crabaa kKoppeadarusa mexay BII/] yepena U nmepeaHe-3aIHUM AHAMETPOM Yepe-
na. f — CuabHag Koppeadarua Mexay BII/] yeperna 1 BHyTpeHHEH MAOLIAABI0 IIOIEPEYHOr0 CEYeHUs Yeperia.
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Fig. 4. Diagram.
Strong correlation between skull BPD and skull inner CSA for male patients.
Puc.4. Auarpamma.

CuabHag KOPPEASIINS MEXAy OurnapreTasbHbIM auaMmerpoMm (BII) depena v BHYTPEHHEH IIAOIIAIBIO IIOIIE-
peuHoro cedeHud (CSA) yepemna y DaleHTOB My?KCKOTO I10AA.

Table Ne3. Means of measured parameters for male.
No. Factors Mean + SD
1 Age 23.238 £16.043
2 BPD 12.964 + 0.626
3 Atlas ITD 2.859 +0.237
4 Atlas IAP diameter 3.087 £0.297
5 Atlas SCD 1.838+0.316
6 Atlas inner CSA 6.572 + 0.965
7 Skull AP diameter 15.028 + 0.605
8 Skull inner CSA 153.171 £8.019

Table Ne4. Correlation between BPD cm with (atlas ITD, Atlas IAP diameter, atlas
SCD, atlas inner CSA, Skull AP diameter, skull inner CSA) by using person correlation (For
male).

No. Factors R (Pearson) P value Interpretation

1 Atlas ITD -0.042 0.791 Weak negative correlation
2 Atlas IAP diameter 0.273 0.08 Weak positive correlation
3 Atlas SCD 0.212 0.177 Weak positive correlation
4 Atlas inner CSA -0.057 0.718 Weak negative correlation
5 Skull AP diameter -0.311 0.107 Weak negative correlation
6 Skull inner CSA 0.523 0.004 Strong positive correlation
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Fig. 5. Diagram.
Strong correlation between skull BPD and skull inner CSA for female patients..
Puc.5. Auarpamma.

CuabHad KOppeAslusg MeXAy OunapueTasbHbIM auaMeTpoM (BII/) yepena u BHYTpPeHHEH IAOIIAABLIO IIOIIE-
peuHoro ceuyeHud (CSA) yepena y namueHTOB 3KEHCKOT0 I10AA.

Table No5. Means of measured parameters for female.
No. Factors Mean + SD
1 Age 33.483+19.274
2 BPD 12.601 +0.543
3 Atlas ITD 2.745 + 0.308
4 Atlas IAP diameter 2.939+0.219
5 Atlas SCD 1.774 £0.210
6 Atlas inner CSA 6.044 +0.789
7 Skull AP diameter 15.233 £1.816
8 Skull inner CSA 164.835 + 14.096

Table No6. Correlation between BPD with (atlas ITD, Atlas IAP diameter, atlas SCD,
atlas inner CSA, skull AP diameter, skull inner CSA) by using person correlation (for fe-
male).

No. | Factors R (person) P value Interpretation

1 Atlas ITD 0.083 0.659 Weak positive correlation
2 Atlas TAP diameter -0.090 0.629 Weak negative correlation
3 Atlas SCD -0.138 0.459 Weak negative correlation
4 Atlas inner CSA 0.120 0.521 Weak positive correlation
5 Skull AP diameter 0.315 0.057 Weak positive correlation
6 Skull inner CSA 0.779 0.0001 Strong positive correlation
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Fig. é. Diagram.

a — Strong correlation between skull BPD and atlas ITD for patients with age greater than 40 years. b —
Strong correlation between skull BPD and skull inner CSA for patients with age greater than 40 years.

Puc. 6. Auarpamma.

a — CuabHag KOppeAditus MeXAy OurapreTasbHbIM auameTrpoM (BIIZ) gepena u monepeyHBIM BHYTPEHHUM
auamerpoM (ITD) aTaanTa y nanuenToB crapue 40 aert.

b — CuabHag Koppeadius Mexny OunapuerasbHbIM auamerpoM (BII/I) deperna ¥ BHYTPEHHEH MAOIIABIO
nonepeyHoro cedeHuda (CSA) yepena y namueHToB crapuie 40 aet.

Table Ne7. Correlation between BPD cm with (Atlas ITD, atlas IAP diameter, atlas
SCD, atlas inner CSA, skull AP diameter, skull inner CSA) by using person correlation for
age greater than 40 years.

No. Factors R (Pearson) P value Interpretation

1 Atlas ITD 0.486 0.041 Strong positive correlation
2 Atlas IAP 0.297 0.231 Weak positive correlation
3 Atlas SCD 0.099 0.696 Weak positive correlation
4 Atlas inner CSA 0.289 0.245 Weak positive correlation
5 Skull AP diameter -0.113 0.687 Weak negative correlation
6 Skull inner CSA 0.622 0.013 Strong positive correlation

Table Ne8. Correlation between BPD cm with (Atlas ITD, atlas IAP diameter, atlas
SCD, atlas inner CSA, skull AP diameter, skull inner CSA) by using person correlation for
| age equal or younger than 40 years old.

No. Factors R (Pearson) P value

1 Atlas ITD -0.060 0.666 Weak negative correlation
2 Atlas TAP diameter 0.193 0.158 Weak positive correlation
3 Atlas SCD 0.142 0.301 Weak positive correlation
4 Atlas inner CSA 0.001 0.997 Weak positive correlation
5 Skull AP diameter 0.246 0.086 Weak positive correlation
6 Skull inner CSA 0.743 0.0001 strong positive correlation
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Table Ne8.

age equal or younger than 40 years old.

Correlation between BPD cm with (Atlas ITD, atlas IAP diameter, atlas
SCD, atlas inner CSA, skull AP diameter, skull inner CSA) by using person correlation for

No. Factors R (Pearson)
1 Skull inner CSA  0.354

P value

0.004

Interpretation

Strong positive correlation

with atlas inner transverse diameter, inner an-
teroposterior diameter, sagittal canal diameter,
and atlas inner cross-sectional area. A weak
positive, non-significant correlation was also
observed between skull BPD and skull antero-
posterior diameter. In contrast, skull BPD
showed a strong and statistically significant
positive correlation with skull inner cross-
sectional area (r = 0.743, p = 0.0001; Table
No8, fig. 7).

Correlation analysis demonstrated a
statistically significant positive relationship be-
tween atlas inner cross-sectional area and
skull inner cross-sectional area (r = 0.354, p =
0.004), indicating that individuals with a larger
skull inner cross-sectional area tend to have a
proportionally larger atlas inner cross-sectional
area (Table No9, fig. 8).

Discussion.

The atlas-axis complex is highly differ-
entiated in mammals, reflecting adaptations for
head movement and stability The atlas and ax-
is vertebrae are unique among the cervical ver-
tebrae, as they are highly specialized for head
movement and stability. The atlas lacks a ver-
tebral body and spinous process, while the axis

has a prominent dens that articulates with the
atlas. This unique morphology allows for a wide
range of head movements, including flexion,
extension, and rotation.[10]

Understanding the relationship between
skull dimensions and atlas morphology may
have significant implications for the diagnosis
and management of conditions affecting the
craniovertebral junction. [11]

For instance, certain genetic syndromes
or developmental disorders known to affect
skull growth may also impact the development
of the atlas, predisposing individuals to cranio-
vertebral instability or neurological compres-
sion. By elucidating the correlations between
BPD and atlas morphometry, clinicians may be
better equipped to identify individuals at risk
for these complications and implement preven-
tive or therapeutic interventions. Additionally,
a comprehensive understanding of these rela-
tionships can inform the design of more effec-
tive surgical strategies for managing craniover-
tebral junction abnormalities [6, 12].

In the current study we measured the
skull biparietal diameter in 73 patients using
CT scan measurements, the statistical interpre-
tations showed that we had 42 males (57.5%)

¥ Linear = 0.551
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inner surface area of the skull inner surface area of the skull
Fig. 7 (Puc. 7) Fig. 8 (Puc. 8)
Fig. 7. Diagram. Fig. 8. Diagram.

Strong correlation between skull BPD and skull inner
CSA for patients with age equal or younger than 40
years.

Puc.7. Auarpamma.

CuabHAd KOppeAdIHd MeXAy OHIlapHeTaAbHBIM IHA-
meTpoMm (BII) yepena u BHyTPEHHEH IIAOIIAABIO IIOIIE-
peuHoro cedenua (CSA) depema y IIAIlEHTOB B BO3-
pacte 40 aeT 1 MaazaIIe.

Strong correlation between the atlas inner CSA and
the skull inner CSA.

Puc.8. Auarpamma.

CuabHAs KOPpPEAdIHs MeXKAy BHYTPEHHEH IaoIa-
npio norepedHoro cedeHusa (CSA) aTtaaHTa ¥ BHYT-
PEHHEeH IAOIIAABIO IIOIIEPEYHOTO CEYeHHS Yepera.
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and 31 females (42.5%).

The mean of normal biparietal diameter
of the skull in this study group was 12.809 +
0.616 cm, showing 12.964 + 0.626 in male pa-
tients, 12.601 + 0.543 for females, it reflects
that the diameter is smaller in females than
males which sounds logic. The measures are
less than that obtained by Burdan, et al [12]
which showed that the skull width is
149.547mm for males and 143.517mm for fe-
males, this study was conducted on Caucasian
population so ethnic differences play a role in
comparison to our study which conducted on
Asian population.

A study conducted by Sazonova Olga et
al. showed that the normal width for adult
male’s skull was 13.5 — 15.8cm while for fe-
males it was 13-15.6 cm indicating that there
is variation in human skull morphometry ac-
cording to the gender, age, and ethnicity [13].

The anteroposterior (AP) diameter of the
skull means was 15.145%1.412 including
15.028 = 0.605 for males and 15.233 + 1.816
for females. The mean skull inner CSA was
159.81 £ 13.144 cm?2 including 153.171
8.019 cm?2 for males and 164.835 + 14.096
cm?2 for females. Atlas vertebral morphometry
was measured showing that the widest mean
ITD was 2.81 £ 0.273, which was 2.859 £ 0.237
for males and 2.745 * 0.308 for females which
seems comparable to the results obtained from
(Shilpa and Vatsalaswamy study) in which the
maximal atlas vertebral width was 26.89 =*
1.983mm the study was conducted in Malysia.
[11], while Kui¢ctikoglu et al. in their study con-
ducted in Turki, showed a result of 44.1 + 3.5
mm [14].

The atlas mean inner antero- posterior
(IAP)diameter extending from the inner anterior
arch to the inner posterior arch was 3.024
+0.275 cm which was 3.087 #0.297cm for
males and 2.939 £0.219cm for females which is
comparable to the results of (Shilpa &
Vatsalaswamy study) which was 27.89 =
2.59mm [11] while Kiictikoglu et al. showed the
result of 29.61 = 3.21mm [14].

Atlas spinal canal diameter (SCD) was
measured showing a mean of 1.8111 + 0.276
cm divided to 1.838 = 0.316cm for males and
1.774 £ 0.210cm for females. The results were
comparable to the study conducted by [15].

The atlas inner cross sectional area’s
mean was 6.348 + 0.927 cm?2 including 6.572 £
0.965 cm?2 for males and 6.044 + 0.789 cm?2 for
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