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ABSTRACT

BACKGROUND:

Forensic age estimation is an entity that aids stimating age in living
individuals as well as dead individuals in casesatural calamities and man-made
disasters. Pattern and closure of spheno-occigytathondrosis fusion (SOS) along

with subchondral ossification of condyle can beduse age estimation.

AIM AND OBJECTIVES:

To estimate age based on the computed tomogra@fiig images of SOS

fusion and condylar cortication and correlatingiith chronological age.

MATERIALS AND METHODS:

435 CT images belonging to individuals aged betwg@rto 25 years were
included in this study. SOS was assessed using $tage system and condylar
cortication on both sides using three stage systesagittal plane. Data regarding the
fusion stages and cortication types were enterdd nespective chronological age and

then statistically analyzed.

RESULTS:

Stage 2 SOS was found to fuse at similar age betwesdes (19.82 + 2.67
years) and females (19.23 + 2.93 years). Earlisiofuwas noted for other stage in
females compared to males by a mean age of 2 y€arsdylar cortication was
completed earlier in females than in males by 1r weigh statistically significant

differences (p=0.000). On comparing corticationety@mnd different fusion stages,



only Type Il cortication had statistically signifiot differences when compared to

different fusion stages (p = 0.000).

CONCLUSION:

Condylar cortication and SOS fusion had a significpositive correlation
with respect to chronological age and hence thesanpeters can be used as an

auxiliary method for age estimation.

KEY WORDS: Occipital Bone; Sphenoid Bone; Age Determination Skeleton;

Mandibular Condyle; Multidetector Computed TomodrgpForensic Anthropology.
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I ntroduction

INTRODUCTION

The process of establishing the identification ofiedividual is often needed
in natural disasters like earthquakes, tsunamosds, etc., or in cases of man-made
disasters like mass murders, terrorist attacksamy situation where a body is
purposely dismembered in a manner that hindersopalsdentification. Forensic
personal identification, a primary area of focugdrensic sciences and technologies,
deals with appropriate techniques that are utilitedentify live subjects, recently
deceased bodies, and human remains at a crime $terRegardless of swift
advancement in diagnostic methods, the identificafirocess remains a challenging
task as skeletal remnants or decomposing body perake the individual

identification process more difficuft 3.

Methods of identification include fingerprint angiy, DNA profiling, and
dental comparisons. However, these methods hafadlpivhen decomposed skeletal
remains are analyzed or when there are no comparigwailable, like antemortem
and post-mortem records of the same individial. As a result, other techniques,
such as radiological or anthropological methods; & used to determine an

unknown individual's sex, age, and ethniéity

Precise estimation of any one of the above-mentidnelogical components
in skeletal remains is critical because it helppénsonal identification by narrowing

down the search for a missing per§én

Bone, a component of the skeletal system, is eettisib putrefaction and

destruction®. Bones contain many important age markers, whichira forensic
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I ntroduction

identification. Many quantitative and qualitativieidies for estimating bone age have

shown that bone can be used as a reliable soufoesinsic determinatioty.

Previous studies used cranial suture closure, ta@mti epiphysis, and
ossification centers, as well as the articulatingfaxe of the ox coxae (pubic
symphyses and auricular surfaf®). Methods for evaluating these indicators have
evolved from the past, when computed tomography),(@hd magnetic resonance
imaging (MRI) were implemented in addition to otmeacroscopic and conventional
radiographic examinations. For example, CT evadmatif third molar teeth, clavicle
ossification degree, macroscopic and CT evaluatioh spheno-occipital
synchondrosis, canine tooth volume, sagittal sutum@ysis, and MRI evaluation of
tibial epiphysis and calcaneum are some of theiegpns in forensics for estimation

of agel**¢,

A cartilaginous joint between two hard bones iswnas synchondrosis. At
the midline of the base of the skull, three synciioses are present. They are spheno-
ethmoidal synchondrosis, inter-sphenoidal synchmsidy and spheno-occipital
synchondrosis. Spheno-occipital synchondrosis (S@S)one of these three
synchondroses, and because of its role in the dewednt of the craniofacial region
and its late ossification phase, it has therapeartid forensic uses”. The basilar
suture, also known as spheno-occipital synchonsirasia growth center between the
occipital and sphenoid bones. It increases thealfdaight by pulling the maxilla
upwards and forwards, thereby increasing the fatggith and height and aiding in

cranial flexion*® %

Forensic age estimation by considering the patewhtiming of SOS fusion

provides an upper and lower age limit in an ada@esé®. However, the technique
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I ntroduction

using the assessment of single bones for age éstimia not so dependabfé 2. So,
another reliable factor that can be assessed tweden age estimation, namely

cortication around the condyle, was considered.

The development of the mandibular condyle is a gsecthat begins with
endochondral ossification and chondrogen&éls This process of development is
closely related to the development and growth @ mhandible as morphological

changes in the form of size and remodeling takeeptd a certain ade’.

The deposition of secondary cartilage on the osssodface of the condyle
takes place during the 12th week of intrauterife#f'. Remodeling causes changes
in the mineralization of cortical bone between tiogtical regions of the mandibular
condyle. Research states that condylar cartilagetislisplaced by bony texture until
the age of 20-25 yeaf<..

For the former, radiographs (conventional, CT, MBbne beam CT (CBCT),
or a combination of any of these) or macroscopangrations involving a cadaver or
deceased individual can be used to assess spheipdaic synchondrosis and
condylar cortication. CT scans provide precise @cusate images of the
abovementioned factof$3!!

The literature review shows only one study haswatald condylar cortication
and correlated it with chronological age to fing associatio®” and only one study
evaluated the relationship between condylar cditina spheno-occipital

synchondrosis and chronological ai&

As a result, our study suggested estimating agesdbasn computed
tomographic images of the spheno-occipital synchusig and condylar cortication

and correlating it with chronological age.
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Hypothesis

HYPOTHESIS:

NULL HYPOTHESIS:

There will be no correlation between spheno-occipital synchondrosis and
condylar cortication with chronological age to be used as an age estimating factor in

forensic identification.

ALTERNATIVE HYPOTHESIS:

There will be a correlation between spheno-occipital synchondrosis and
condylar cortication with chronological age to be used in age estimation for forensic

identification of an individual.
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Aim and Objectives

AIM OF THE STUDY

This study estimates age based on the computer tomographic images of

spheno-occipital synchondrosis fusion and condylar cortication and correlates it with

chronological age.

OBJECTIVES

1. To estimate age, based on fusion degree of spheno-occipital synchondrosis
in the sagittal view of computed tomography.

2. To estimate age, based on the cortication of condyle assessed bilaterally in
the sagittal view of computed tomography.

3. To correlate the age obtained by assessment of spheno-occipita

synchondrosis and condylar cortication with chronological age.
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Review of Literature

REVIEW OF LITERATURE

For ensic anthropology:

Application of anthropological methods and theohatt stays within the
medico-legal context, that relates to the recowaryg analysis of the skeleton and
forms a basis for understanding and interpretatibmariations among humans, the
biology of skeleton etc. is called Forensic antiotogy *¥. It involves the estimation
of the biological profile that comprises sex, atgesage, and stature from unknown
skeletal remains. This helps in generating inforamtthat can be used in the
identification of a person wherein forensic antluiogists specialize as they are
aware of osteology, growth and development, antdgbagies involving the skeletal

system®!,
History of forensic anthropology:

Initially, forensic anthropology was restricted prib anatomists and a few
physical anthropologists that were consulted fav kenforcement on skeletonized
remains due to their employment in museums andeusities which lead to little or
sparse information regarding the possible appbeoatf biological anthropology. In
1878, a Harvard anatomy professor named Thomas Hidviagd the foundation for
forensic anthropology with his extensive work otabishing methods of estimating
age, sex, and stature from the skeleton in hisye3&e Identification of the Human
Skeleton: A Medicolegal study 1. His work helped him to earn the title of “Father of

Forensic Anthropology in the United States”.
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Review of Literature

The utility of forensic anthropology gathered atiem during the 2 World
War and the Korean war where the identificatiorde€eased service members was
needed for medicolegal and military purposes. WilMdarion Krogman developed
forensic anthropological methods based on the &italemains of deceased soldiers
which he published in two works name@uide to the ldentification of Human
Skeletal Material *”! and The Human Skeleton in Forensic Medicine ™). Later this
field became more professionalized with the esthblient of the physical
anthropology section of the American Academy ofefsic Science8® (AAFS) in
1972 and the American Board of Forensic Anthropplo&BFA) B% in 1977. Apart
from establishing the biological profile, this fiehas increased its scope to personal
identification, trauma, and taphonomic analysig] arvestigation of mass disasters
and violations of international law with investigats limited not only to the deceased
individuals but also involves living individual ttetermine whether the individual has

attained a particular age or it
Age estimation in forensic anthr opology:

Among the four biological profile factors, knowirthe age at death is a
critical characteristic in identifying the missimgerson since it is one of the most
essential parts of analysis in forensic anthroppltat aids in limiting the list of
likely missing individuald*®. This age can be eithekeletal age which is based on
skeletal maturity; biological age which corresponds to physiological age; or
chronological age which is the time duration that elapsed from tneetof birth till

the person is alive.
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Methods to determine age depend on what the skedstamants present and it
also varies between an immature individual (fetdgnt, child, and adolescent) and a
mature individual. Hence, if the preliminary assaesst reveals completely fused
third molar apices; epiphyses of the sternal clavend iliac crest; fused basilar
synchondrosis, then techniques involving assessfoenmature individuals should be

employed*!.

Age estimation of the immature can be accurateigbéished based on dental
formation when the teeth are present for examinatitvaluation of individual teeth
for age assessment should be carried out for afjmad®n keeping in mind the
variations in gender and population differené&s Also, ossification of long bones
can be used for age estimation but, dental devedopris highly correlated with
chronological age and hence the most accurate erable method should be used
whenever possible as bone development is more tilslee to environmental

influences like nutrition, health status, &t2.
Skull base development and Spheno-occipital synchondrosis:

Growth of bone takes by the deposition of bone xain a precursor by a
process called osteogenesis. Formation of boneébeanf two types; one where the
ossification process occurs within a mesenchymeishnown as intramembranous
ossification; secondly the ossification proces®saglace from cartilage known to be
endochondral ossification. The development of bdm&s two or more centers of
ossification™. The first one that occurs in long bones (diaphysi shaft) is the
primary ossification center. Secondary ossificattenters appear late after birth and
are referred to as epiphyses. Between diaphysisepimhysis, a cartilaginous layer

exists that helps the bone to grow in length knasmetaphysis or growth platd.
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The cranial base develops from cartilage that ndicaous with nasal cartilage
that is later replaced by bone during embryogendaisnary ossification centers
undergo osteogenesis beginning from the third mamthtero till the first year of
birth leading to the formation of cranial base ®rgphenoid and occipital bones that
are formed from 25 separate ossification centerpfl@hich is for the former, lays
down the cranial bas&®. All these primary ossification centers fuse tanfo
basioccipital, presphenoid, basisphenoid, and ethinones which are illustrated in

Figure 1.

PS

M

Figure 1: Midsagittal view of Fetal Cartilaginous Skull. Solid represents cartilage
and hashed fill represents primary ossification centers of the basioccipital (B),
basisphenoid (BS), presphenoid (PS), vomer (V), maxillary (M), frontal (F), and
nasal (N). M odified figure adapted from Scott,1958

Synchondrosis known as bands of cartilage exisisdsn ossified bone and
acts as a growth center until the fusion of theeb@ncompletely achieved. These
synchondroses play a major role in prenatal andnptsd growth of the skeleton
where the growth is exhibited in either directieendted by bipolar nature involving
the cranium and face as the timing of the closdrthese can indicate the onset of

skeletal development or maturatiéHi.
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Three midline cranial base synchondroses that mmeagly related to the growth of

the skull base which is depicted in Figure 2.

1. Intersphenoid synchondrosis

2. Spheno-ethmoidal synchondrosis

3. Spheno-occipital synchondrosis
Synchondrosis that separates presphenoid and bes@p bones until fusion is
called intersphenoid synchondrosis. This synchondrosis is not related to postnatal
growth of the cranial base as the fusion takeseptaar thé'" 8!
Synchondrosis that separates presphenoid and ettmaoes until fusion ispheno-
ethmoidal synchondrosis. It is related to post-natal growth of the cratiase until its
fusion when the growth of the anterior cranial beseomplete i.e. 6-8 years of age
[49]
The third synchondrosis that separates basioctipital basisphenoid bones is
spheno-occipital synchondrosis. Since it is the last cranial base synchondrasis t
ossify, it represents a major postnatal growth raadm of the cranial base as the

fusion takes place from the endocranial surfadbéaectocranial surfac®”

Figure 2: Midsagittal view of Cranial Base Synchondrosis. M odified figure
adapted from Scott,1958
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Mandible and Condylar growth:

Initially, the condyle was thought to be the prignand principal growth
center of the mandible which controlled the growttthe mandiblé®. Later, it was
proved that condyle alone does not determine matatitgrowth but it occurs as a
growth site needed for development controlled Hyirisic and extrinsic factor?.
Condylar cartilage which is approximately 1.5 mnthickness reduces to 0.5mm by
6 months of age due to a decrease in the zone alineycartilage. This thickness
further decreases by 0.2 mm to attain a diameté€.®fmm once the primary teeth

erupt into the oral cavity till the age of 7 ye&r§

The shape of the condyle remains constant withnarease in size during
mixed dentition where the growth cartilage areaidishes and gets replaced by
immature bone. This transition is supported byftrenation of fibrocartilage which
is then replaced ossification of bofi&. It was stated that deposition of subchondral
compact bone takes place until 30 years of agehnwtocrelates with the reduction in

endochondral ossificatidrr.

Growth of the condyle takes place due to simultasedeposition and
resorption on the periosteal and endosteal surfades posterolateral region of the
region has periosteal deposition and endosteatpso whereas the anteromedial
region has endosteal deposition and periosteatptisn®®. This process helps in the

superior and lateral growth of the condyle.

Radiographic evaluation reveals the formation ofalnfocal areas of
mineralization in the first year of life that coste® and form a continuous layer that
increases in thickness as age progre$8evariation in mineralization of the condyle

is noted during growth with compact, cortical bdoening around the neck of the
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condyle around the first 6 years of age till 20rgaat age following a superior pattern
[57].
Radiology in forensics:

Schullerin the year 1921 utilized radiographs initially fdental identification
and stated that they can be used for comparatideraconstructive purpose¥’.
Comparative radiograph uses two radiographs orteightaken before death and the
other that is taken after death. Reconstructiventiieation is one where the
biological profile is generated for an unidentifiperson with the help of radiographs
and other aidS®!,

The use of radiographs in forensic dentistry is sodgred with the
identification of teeth, presence of anatomicalicttires, associated pathologies, and
other features like the presence of foreign objeetstorations, etc. as these features

vary among individuals and hence can be used fopasative identificatiofr®.

Radiographs can help to ease the identificationcge® as they give
information simpler and quickly in a non-invasiveammer both in living and dead
individuals ®®. Radiographs can help in the analysis of a tooth i¢s surrounding
structures like coronal shape and size, anatonpylpf, various dental treatments, etc.

which can be compared in both antemortem and pestmaadiograph&®: 6!

Owing to the evolution in the field of radiologyorventional radiographs are
replaced by advanced digital three-dimensional intagystems which can be used
for facial reconstruction in addition to that ofrsparative purposé®. The manner of
death in medico-legal cases can be determineduigtuel autopsy technique named
“virtopsy” where multi-detector computed tomographyagnetic resonance imaging,

ultrasonography, and other advanced imaging maeskire implicatet*.
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Computed tomography and forensics:

The word “tomography” is derived from the Greek détomos” referring to
the x-ray technique where a single plane is phaggged while eliminating the outline
of structures in other plan&§!. This explains the working principle of conventn
radiography which has a limitation of superimpasitidue to overlapping structures
and improper detailing of the 3-dimensional voluwiethe human body that is

represented as the 2-dimensional images.

To overcome the disadvantage of conventional radmgy, Computed
tomography (CT) was introduced in the year 196Gbyfrey N. Hounsfield where x-
ray measurements of a body were taken from difted@ections which allowed the
reconstruction of internal structuf&l. This imaging has evolved since its inception in
terms of generation based on the source of theg eam, collimation used, and the

type of detector that detects the x-ray bédhm

CT helps in the segmentation of images and it heipsavoid the
superimposition of anatomical planes that is beydnel plane of interest with
increased accuracy and reliability for the obsewbere computer-assisted analysis

can be carried out for various purpo$8s

CT helps in the identification of individuals whetbe autopsy has not
consented to or cannot be performed in cases o diaasters like an explosion, fire,
or natural calamities and also in cases where ddg s purposefully dismembered in
cases like murder. CT guided autopsy (Virtopsy) dam performed wherein
visualization of complex internal anatomical struet with possible superimposition

of images®*.
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Apart from the above-mentioned potential appliaaio CT can be used in
determining the skeletal maturity, gender of th&nawn individual, and dental or

skeletal age of a living or dead individ{f4l.
Assessment of Spheno-occipital synchondrosis:
Direct assessment of SOSfusion:

Akhlaghi et al (2008) macroscopically assessed the fusion of SOS based o
calcification along the length of the cartilaginqast of the sutur®. They classified

fusion into three various stages as shown in Figure

1. Open: Calcification has not begun or less thar' bfithe suture had been
calcified
2. Semi-closed: The calcification of the cartilage tmebn more than 174but

less than 3/ of the length of the suture.

3. Closed: Calcification of more than 3/4f the suture.

Open Closing Closed

Figure 3: Three stages of SOS assessed through the direct method.
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Mahon et al (2017) "” adapted a non-invasive direct evaluation of SGSofuas
shown in Figure 4 based on three stage systemetkligShirley and Jantz et al 'Y

where numerical values corresponding to each offttee stages were substituted.

1. Spheno-occipital synchondrosis remains open witiceable space between
the occipital bone and sphenoid bone

2. The basilar portion of the occipital bone and toeybof the sphenoid bone
has an active fusion with mild spacing noticealridh® ectocranial aspect.

3. Complete fusion with the absence of spaces or agenwith or without

fusion scar.

Y
doahk
_. '-'r.

Unfused/open Fusing/closing

Fused/closed

Figure 4: Direct assessment of Spheno-occipital synchondrosisrevealing
different stages of fusion
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Radiographic method of SOS assessment:

Radiographic assessment of SOS fusion was initeedgessed Hgassed et al
(91 \where the fusion stages were based on the oggificatatus. Five stages were
proposed where the visibility of the scar was #@d@n into consideration as shown in
Figure 5.

1) Stage 1: The suture appears to open completely.

2) Stage 2: Closure occurs only in the superior border

3) Stage 3: Half of the superior border is closed.

4) Stage 4: Fusion scar is noted with complete fusion.

5) Stage 5: Complete fusion of suture with no scar.

[ Stage 4 ] [ Stage 5 ]

Figure 5: Radiographic assessment of Spheno-occipital synchondrosis showing 5

stages of fusion.
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Later, Franklin et al (2013)"? modified five stage-systems given Bgissed et al *!
into a four-stage system where the fusion scar masseparately considered for
classification (Figure 6).
1) Stage 0O: Basilar portion of the occipital and th#hesoid bone remains
completely open with no signs of fusion or boneadgon.
2) Stage 1: Fusion proceeds from the endocraniumet@ttocranium, where the
fusion is not more than half the length of the $yorarosis.
3) Stage 2: Ectocranium remains unfused with more ti@hthe length of the
synchondrosis being fused.
4) Stage 3: Fusion is complete with the appearancaoofal bone with or

without a fusion scar.

[ Stage 0 ] [ Stage 1 ]

[ Stage 2 ] [ Stage 3 ]

Figure 6: Radiographic assessment of Spheno-occipital synchondrosisusing 4
stage system
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LITERATURE SEARCH:
Spheno-occipital synchondrosis and age estimation
Conventional radiological methods:

Powell et al (1963) utilized laminography, where tracing was perfornweith the
marking of anatomical landmarks. All x-rays taken dérthodontic treatment planning
of age groups 6 to 21 years, belonging to 205 mahes193 females, were assessed
for spheno-occipital closure using 6-stage systdmsal closure of the suture was
noted at 10 years of age for males, whereas 8 yeassthe earliest age at which
initial closure was noted for females. Completesale of SOS was found between 13
and 16 years in males and between 11 and 14 ye&males. Obliteration of sutures

was earlier in females when compared to males toyRyeard’!.

Konie et al (1964) assessed skeletal age based on the closure of S@DSkaletal
maturity using laminograms and hand-wrist radiogsapespectively. 314 patients
(162 females & 152 males) belonging to age groupgedrs to 24 years were
evaluated for the fusion of SOS and the atlas efes&l maturation was followed by
hand-wrist assessment. Initial fusion of the sphecmpital junction was noted in the
age range of 10-11 years for females and 13-14sy&ar males. Complete
ossification was noted after the ages of 13 yeadséamonths in females and 16 years

in males?”.
Histological methods:

Melsen et al (1972) performed a histological examination of SOS clesam sections
of 100 individuals of both genders aged 0-20 ywadrs had died due to long-standing

illness, violence, or accidents. Three-stage systerare utilized in which open
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denoted open suture; closing when there was a tmmaf an osseous bridge
between the occipital and sphenoid bones, and ctlogeen cartilage had been
replaced by bone. It was concluded that the agepgfor closing synchondrosis
ranged from 13 years and 6 months to 18 years amadriths for males, whereas it

ranged from 12 years and 3 months to 16 years anorth for female&*.,

Ingervall et al (1972) carried out a postmorteinvestigation where toluidine blue
staining of SOS and clivus was carried out in 32eand 21 females aged 2 days to
24 years and 11 months. SOS was either closedsinglin the age group of over 16
years in males and above 13 years and 9 montlesrialés. Suture closure occurred
earlier by 2 years in females when compared to snatel irrespective of gender,

small cartilaginous areas were seen among thedslgged 17 years or oldé&t.
Direct inspection :

A sample of autopsied Northwest Indian populaticaswarried out bysahni et al

(1998) to estimate the timing of fusion of the bphkienoid with the basilar section of
the sphenoid bone. Skulls from 50 males and 34 legri@elonging to ages of 10 to 20
were removed from the calvarium and examined whigls then macerated after
computed tomographic assessment. Three stagesiohfwere used to describe the
union between the two bones. Complete fusion wes seboys at the age of 15 years

or above and at or above 13 years for difls

Coqueugniot et al (2007) devised new aging standards based on tsienfuof
infracranial epiphyses and SOS on 132 skeletomsddfiduals aged between 7 to 29
years. Their study concluded that the direct maopis examination of ossifications

of the SOS and other bones like the pelvic girthe, shoulder, and the upper and
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lower limbs can be utilized for age determinatioimew there is an absence of dental

remaind’".

The closure of the spheno-occipital suture in neddavers that were sent to an
Iranian legal medical organization was examinedAtihlaghi et al in 2008. 106
Cadavers belonging to age 8 to 26 years were exahdimectly after autopsy for the
suture closure according to three stage systemojpée suture was found at the mean
age of 12.78 * 3.00 years; Semi closed suture wasdf at the mean age of 16.86 *
2.69 years; Closed suture was found at the meaofa@e 36 + 3.22 years. They also
carried out regression analysis to predict whethesure of the suture can be used for
age determination. Analysis revealed that the roatiavers can be grouped above or

below 16 years with a sensitivity of 88.31% andcéfjmty of 79.31%°,

Similarly, Akhlaghi et al (2010) examined the closure of SOS through a direct visual
examination and correlated it with chronologicaleagn the Legal Medical
Organization of Tehran (LMO). 376 cadavers beloggio 180 males and 170
females of age group 8 to 26 years were evaluateording to three staging systems.
The open suture was found in the mean age of 22273 years for boys and 9.04 +
1.15 years for girls; Semi closed suture was founthe mean age of 16.12 + 2.85
years for boys and 12.38 + 0.52 years for girlgs€t suture was found in the mean
age of 21.17 £ 3.14 years for boys and 19.44 + @ea8s for girls. The age limit was
set in their study that when the suture is closedage of the boys was 15 years or
above and in girls, it was 12 years or above. Whensuture remains open or semi-
closed, the age of the boys is below 21 years valseir girls, the age was 13 years or

below!®!,
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By performing a direct examination of the ectocahsite of the sutureshirley et al.
(2011) evaluated SOS fusion in 162 modern Amerindividuals aged 5 to 25 (100
females and 62 males). Three stage scoring systasuiized and age transition
between different stages of suture closure waseltnising 68% and 95% prediction
intervals. When the suture is unfused, the agegtitity that a male could be was
less than 21.6 years whereas it was less thany®@& in females. The suture was
fusing in the age range of 12.6-22.8 years in male$ 7.8-20.1 years in females.
Closed sutures had an age probability of more 1188 years in males and more than

9.3 years in femald§!.

Mahon et al (2017) estimated the repeatability of the three-stageisganethod of
SOS on a sample of South African Black skeletalpgamA total of 147 randomly
selected skeletons (74 males and 73 females) afgbef 12-30 years were inspected
for the degree of fusion. The Mean age of the samplere the SOS was unfused was
14.3 £ 1.9 years (6.1% of the sample). Fused SGSfewand at the mean age of 16.5
+ 1.8 years (11.6% of the sample) and fused SOSaual at the mean age of 24.3 +

4.0 years (82.3% of the samplé).

Pate et al (2018) evaluated the utility of the SOS fusion in theireation of age
among the Central Indian population. 198 cadavéds (males and 81 females)
belonging to the age group 8 to 26 years were nsaopcally examined using a
digital Vernier caliper utilizing the Mitra-Akhlaglscale to grade the fusion degree.
The mean age at which the suture was open in maadesl1.11 + 2.12 years and in
females was 9.25 + 1.58. Mean age where the serséd|suture was noted in males
was at 16.80 + 1.16 years, whereas in femalesstavdl2.6 + 1.14 years. A closed

suture was found at the mean age of 21.48 + 2.@%syi@ males and 20.27 + 2.65
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years in females. They concluded that there wagnifisant linear correlation existed

between the age of the individual and the closti®@Q@S for both gendefs”.
Computed tomography:

Okamoto et al. (1996) retrospectively evaluated the development of thé& $Ging

high-resolution thin-section CT of 253 patients dadeto 77 years of old. Patients
aged between 8 to 13 years had a midline ossificatenter. Additional symmetrical
ossification centers on both sides of the midlirewnoted for 6 girls whereas it was
not seen in boys. SOS did not persist after 13sy@frage in any patient. They
concluded that high-resolution CT images can bel usepredict the progressive

calcification of SOF®,

Bassed et al. (2011) utilized a multi-factorial approach where age raation was
carried out with CT imaging of the medial claviau&piphysis, the third molar tooth,
and the spheno-occipital synchondrosis. A samplethef Australian population
consisting of 605 individuals that included 421 esahnd 184 females belonging to
the age group 15-25 years were assessed for spiceiptal synchondrosis, third
molar development based on Demirjian staging, atereal end of the clavicle for
epiphysis. Linear regression analysis performedadsess the correlation of each
variable with age revealed that there was no sgmt correlation of SOS with
chronological age thereby indicating that it canbet used for the age estimation

model™?,

Franklin et al. (2014) developed a quantified age estimation standarddoas the
scoring of the degree of SOS fusion in a high-ngsmh multislice CT. Cranial CT

scans of 312 individuals of the contemporary Wes#arstralian population aged 5 to
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25 years were assessed for SOS fusion utilizintpgessystem. The mean age for
Stage 0 was found to be 10.28 + 3.30 years in naadds8.62 + 2.40 years in females.
Stage 1 was found in the mean age of 14.30+1.44syieamales and 12.65 + 1.86
years in females. Stage 2 was found in the mearob6.38 + 0.48 years in males
and 13.53 + 1.13 years in females. Stage 3 waslfouthe mean age of 19.83 + 2.94
years in males and 18.62 + 3.55 years in femalesy Toncluded that the SOS fusion

degree has a potential value in an indication efetil agé’.

Can et al. (2014) investigated the fusion degree of SOS for estimgatige in the
Turkish population with the help of MDCT. A totafl 838 individuals of age 10 to 25
years (399 men and 139 women) were evaluated f@ ®Gion utilizing the five-

| B2 SOS was open at the mean age of 11.5 +

stage system proposed Bgpssed et a
1.5 years for males and 10.7 £ 0.8 years for fesndasion was found to start earlier
in women than in men by 2 years and this procesgptaies in both gender at the age
of 17 years. A positive correlation was noted betwvege and degree of fusion of

SOS and they concluded that CT assessment of S@Shelpful for estimating the

age of the individuals between 11 and 17 yeargef3.

Barrany et al. (2015) determined the pattern of fusion of SOS using a <€an
among the Yemen population to assess whether #ienfof SOS can be used as a
reliable age estimation marker. They investigat€@SSusion in a sample of 217
subjects (121 males and 96 females) belonginge@ye group 15 to 25 years. Four
stage system biylavel et al. " was used for staging the fusion degree of SO$eSta
0-1 was found in the age less than or equal to &8syin males and 22 years in
females. Stage 2-3 was found in the age less thaqual to 16 years in males and

less than or equal to 15 years in femé&tBs
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Guillaume et al (2016) evaluated the foramen magnum area and the pasteaioial

fossa with the degree of cranial base synchondassiffication. 6 stage system was
utilized to retrospectively analyzed 235 healthyildthn. SOS fusion began at
approximately 10 years whereas grade Il was obdeavege 10.14 years. Grade Il
was seen approximately at 13.5 years. They condltit earlier closure of SOS and

other sutures of the skull base closed earlieirla ghen compared to boy&.

Hisham et al (2018) quantified the timing of the closure of SOS in Kdian

individuals with the help of MDCT and formulated age estimation model based on
its closure status. Anonymous CT scans of 500 iddals (336 males and 164
females) aged 5-25 years were analyzed based ostage system. The age in which
transition from stage 0-1 occurred in males wasidoto be 12.52 years, whereas in
females it was found to be 10.47 years. The transif stages 1-2 occurred at the
age of 13.98 years in males and the age of 12.26ye females. Stage 2-3 transition
was seen in the age 15.52 years in males and $8a8 in females. Fusion of SOS

was complete in all the included subjects abovget8s of ag&™!.
M agnetic resonance imaging:

Ekizoglu et al (2016) investigated the utility of MRI in the evaluati@i the SOS
degree of fusion for estimating the age. 1078 sbj@!55 males and 623 females) of
age 7 to 21 years were subjected to MRI evaluaifoBOS according to five stage
method. SOS fusion was found to start 2 yearsezami females than in males.
Complete fusion was noted in the mean age of 18.8&tyears for males and
17.78+2.20 years for females. They concluded th&i kban be used efficiently in
estimating age as it is non-invasive and had retluegliation exposure when

compared to CT.,
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Cone beam computed tomography:

Kocasarac et al (2015) developed a regression model based on the ragiogra
evaluation of SOS and third molar in a Turkish sapagation. CBCT and OPG of
349 individuals (182 males and 167 females) aged 85 years were assessed for
SOS fusion using the four-stage system and Demirggstem for third molar
development assessment respectively. For malege Stavas found at the mean age
of 9.92+1.19 years; stage 1 was found at the mgarohll + 1.67 years; stage 2 was
found at 17.12 £ 3.72 years; stage 3 was fountietriean age of 18.5+4.07 years.
For females, stage O was seen in the mean age1s 1(.58 years; stage 1 was seen
in the mean age of 12.3 + 2.12 years; stage 2 e&s & 15.42 + 2.86 years; stage 3
was seen in the mean age of 20.56 + 3.43 yearsy Thecluded that a positive
correlation between the age and SOS fusion wagrfotfemales and also between

the age and third molar calcification in both sé¥8s

Sinanoglu et al (2016) evaluated the reliability and reproducibility ofBCT in
assessing SOS synchondrosis development for detegrthe age in a sample of the
Turkish population. CT images belonging to 238 eaty (90 males and 148 females)
aged 7 to 25 years. 4 stage system was used tesabeeSOS fusion. The transition
of age from stage O to stage 1 was seen in the agaof 11.37 years for males and
10.56 years for females. The transition from sthge stage 2 is seen at a mean age of
14.48 years for males and 15.75 years for fem&tme 2 to stage 3 is noted at a
mean age of 18.36 years for males and 18.29 yeafgrhales. They concluded that

SOS fusion can be used reliably as an age estimat@rker in the Turkish population

[29]
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Alhazmi et al (2016) examined the relationship between SOS closure aibérty
onset in a sample of the American population. 3DCCBcans of 741 subjects (361
males and 380 females) of age 6 to 20 years wesessasd for SOS fusion using a
four-stage system. Significant relation between S0@son and the beginning of
puberty was noted for males and females. The megarica various degrees of fusion
for males was 11.07 years, 12.95 years, 14.44 yaads16.41 years for stages 0, 1, 2,
and 3 respectively. Similarly, in females, meansagfe9.75 years, 11.67 years, 13.25
years, and 15.25 years for stages 0, 1, 2, andpgctvely were noted. It was proved
that SOS closure occurs at an earlier age and fastar rate in females when

compared to malé®.

Kocasarac et al (2017) assessed the correlation between SOS fusion, ceérvi
vertebrae maturation (CVM), and mandibular thirdlananaturation (TMM) with
chronological age in a Turkish population. 116 wdlials (43 males and 73 females)
of age ranged 8-28 years who possessed CBCT, llaegghalogram, and OPG were
evaluated for SOS fusion using the four-stage aystervical vertebrae maturation
using Lamparski criteria, and third molar matumatiosing Demirjian system
respectively. Statistical analysis revealed thateéhwas a strong correlation between
chronological age with SOS, CVM, and TMM among rsgle= .810, r = .812, and r
= .802 respectively). Also, a strong correlatiommmen chronological age with SOS
and TMM among females (r = .643 and r = .842 rethpaly). Their results suggested
that there can be a new approach to assess skakgiaiity from SOS when CBCT is

available®®!,

Sharma et al (2020) ascertained the probability of estimation of ageisample of

the Indian population with the help of CBCT. 27Dbjgets aged 10-25 years (145
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males and 126 females) were assessed for SOSeloased on six stage system. The
youngest age at which the SOS was completely fusethles was 15 years whereas
in females it was 13 years. Complete fusion wasedah all the individuals
irrespective of gender above 16 years and femdlamed suture closure earlier than
males. They depicted that closure of SOS had adireationship with age and it is

reliable to determine age in the central Indianuaon®”.

Belgin et al (2021) evaluated the relationship between SOS, CVM, divdscwith
chronological age on CBCT images of the Turkishytafion and compared the
above-mentioned methods for age estimation. 200 TBtages (98 males and 102
females) were assessed for SOS fusion using 4 stggjem, CVM was assessed
using Hassel and Farman staging and Clivus length \width were measured.
Accuracy rate when all the above-measured parametere considered for age
estimation resulted in 80% after multiple regressaoalysis. They concluded that use

of SOS and CVM can be used reliably for age estomdt!.
Cone beam computed tomogr aphy and Computed tomogr aphy:

Dalli kajan et al (2021) assessed the fusion patterns of SOS in a samfte ¢fanian
population where they utilized Spiral CT and CBC&rss of 763 subjects (459 males
and 304 females). 5 stage system was utilizedlenchbst frequent stages at different
age groups were analyzed. In males, stage 1 wad mo®-13 years, stage 2 in 14-15
years, stage 4 in 16 years, and stage 5 in th@¥@&r group. In females, stage 1 was
noted in 9 years, stage 2 in 10-12 years, stagel3-14 years, and stage 4 and 5 in
the age 15-17 years. It was concluded that fusfoB@S occurs 2 years earlier in
females than in males and there was a positivelation between different stages of

fusion and the chronological af§&.
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Condylar cortication and age estimation:

Bayrak et al (2018) evaluated the relationship between the mandiboterdylar
cortication with chronological age utilizing CBCThé also investigated whether
condylar cortication can be used for the estimatibage. 433 Turkish subjects (173
males and 260 females) aged 8 to 31 years weresasséor condylar cortication on
both sides based on three stage system. Type k@asin the mean age of 14.14 +
2.30 years for males for both the condyles and113.2.19 years for females; Type |l
was seen in the mean age of 16.11 + 3.18 yeamndtes and 15.48 £ 2.70 years for
females. Type Ill was observed in the mean age9d9+ 3.96 years for males and
17.95 + 3.13 years for females. They stated thatype of condylar cortication may
vary for the same individual when the right and leifle are considered and the

cortication process in males occur at a later tirthen compared to femal€8.

Yalcin et al (2020) used cone beam computed tomography (CBCT) to measur
articular eminence cortication (AEC), mandibulamdgle cortication (MCC), and
mandibular cortical index (MCI) in a Turkish poptiten. 520 CBCT scans belonging
to 312 males and 208 females aged 7 to 84 weretigaged for the MCC and AEC,
MCI in the sagittal section, and panoramic refotethimage of CBCT respectively.
A significant relationship between MCC, AEC, and Mas noted (p<0.05) and also
for the measured parameters with age (p < 0.0%y Toncluded that cortication that
occurs in the TMJ region should be known for diaing TMJ disorders and also for

detecting osteoporotic chand&%
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Spheno-occipital synchondrosis, condylar cortication, and age estimation

Bayrak et al (2020) assessed the relationship between MCC, SOS, andatbgical

age utilizing CBCT images. 253 patients (94 maled 459 females) aged ranged
from 10 to 28 years were assessed for MCC usinga®agt al ®? three-staging

system and SOS fusion according to four stage sys$©S stage 0 fusion was noted
to be 12.97 + 1.37 for males and 11.75 £ 1.35 y&ardemales. The mean age for
stage 1, stage 2, and stage 3 was approximatedwar® yand 1 year respectively earlier
for females when compared to males. Also, a p@sttivrelation between MCC, SOS
fusion, and chronological age was noted therefoey toncluded that these factors

can be used reliably for age estimaffth
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Table 1: Studiesin which four stage system devised by Franklin et al. was used for staging the closure of SOS

S & 55 Staging system
> cw = o
S @ © o Sample
(7:5 5 g S % Sze Stage O Stage 1 Stage 2 Stage 3
(@) N 8‘
< a = M| F M F M F M F M F
Franklin
et al. M;g' Australia| CT | 169 | 143 | 10.28+3.30| 8.62+2.40 | 14.30+1.44| 12.65+1.86| 16.38+0.48| 13.53+1.13] 19.83+2.94| 18.62+3.55
(2013)
Kocasrac Aug-
et al. o5 Turkey CT (182|167 | 9.9241.19] 10.13+1.58] 11+1.67 | 12.3+2.12| 17.12+3.72| 15.42+2.86] 18.5x4.07 | 20.56+3.43
(2015)
Sinanoglu Jul-
et al o5 Turkey CT 90 | 148 | 10+£1.95 10+£1.15 13+£2.23 12+1.97 17+2.82 17+£3.76 20+4.10 18+3.77
(2016)
Kocasrac Aug-
et al. 57 Turkey [ CBCT| 43 | 73 | 10.55+2.12( 9.75+1.70| 12.38+2.06| 12.62+0.74{ 18.62+4.50| 15.00+3.11| 18.92+3.90( 18.02+3.63
(2017)
Alhazmi
et al. Olcg USA | CBCT|361|380| 11.07+1.91] 9.75+1.30| 12.95+1.38( 11.67+0.93| 14.44+1.06| 13.25+1.19| 16.41+1.40| 15.25+1.89
(2017)
Hisham
et al. Mzag- Malaysia| CT | 336 164 | 10.26+2.45 9.33+2.69 | 13.74+1.48( 10.82+2.36| 14.75+1.45( 13.60+1.07| 20.84+2.84| 19.78+3.35
(2018)
Bayrak
et al. 02%[ Turkey | CBCT| 94 | 159 | 12.97+1.37| 11.75+1.35 14.17+0.98| 12.08+1.25| 14.92+1.08| 13.38+1.61| 16.38+1.56| 15.55+1.61
(2020)
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Table 2: Studiesin which five stage system devised by Bassed et al. was used for staging the closure of SOS

Study Can et al (2014) Ekizoglu et al (2016) Elbarrany et al (2015) Dallikajan et al (2021)
Agerange (years) 15-25 Jul-21 15-25 Sep-22
Population Australia Turkey Egypt Iran
Method CT MRI CT CT and CBCT
Samplesize (N) 638 (390 and 239) 1078 (455 and 623) 217 (121 and 96) 763 (459 and 304)
Gender Male Female Male Female Male Female Male Female
Stage 1 11.54+1.53( 10.68+0.82 10.70+2.24 9.71+1.94 16.031|5 1520 10.33 10.11
Stage 2 14.00+1.65( 12.69+1.93 13.78+1.§2 13.08+1|98 18.9942 20+2.35 13.55 11.12
Fusion
Stages Stage 3 14.95+2.19( 14.00+2.4% 14.41+1.§2 13.29+2]14 21.3212 21.56+2.30 16.43 15.14
Stage 4 20.34+£3.46| 18.17+3.5% 17.51+1.8§8 17.51+2|20 21Z83| 20.41+3.24 18.68 18.31
Stage 5 20.88+2.72| 21.21+2.87 18.43+1.8§4 17.78+2]20 20.5253 20.4+3.14 19.62 19.23
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METHODOLOGY

STUDY DESIGN:

This was a retrospective cross-sectional study revied assessment of SOS
and condylar cortication of 435 individuals agedt@®@5 years fulfilling inclusion
and exclusion criteria was carried out. This studg conducted based on the ethical

standards set by the Declaration of Helsinki, idcig all amendments and revisions.

SOURCE OF DATA:

CT scans taken as a part of routine investigatltained from archives of the
Department of Radio-diagnosis, KLE's Dr. PrabhaKare Hospital and Medical
Research Centre, KLE Academy of Higher Educatiod &esearch (KAHER),

Belagavi.

ARMAMENTARIUM:

1. 128 slices, GE Evolution Evo ® CT machine with OBrslice thickness.

2. DICOM viewer software to view CT scans.

3.  Adobe Photoshop to interpret converted scans fhfttimat.

4.  Guideline sheet showing Spheno-occipital synchasidrstage of fusion and
the type of condylar cortication.

5.  Scoring sheet for recording the observations.
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Methodology

SELECTION CRITERIA:

Inclusion criteria;

1. CT scans of patients of age groups from 10 yea? tgears.
2. CT scans show no evidence of congenital or devedopah deformities
involving the skull base and mandible.

3. CT scans reveal no evidence of a history of presicauma or treatment.

Exclusion criteria:

1. CT scans reveal trauma or fracture potentiallycdiifg the site of interest.

2. CT scans of patients affected by temporomandiljolat disorders (systemic,
inflammatory, degenerative joint disease).

3. CT scans of patients with endocrine, metabolicrithomhal disorder, systemic
diseases that may influence the cranial base dawvelnt.

4. CT scans show motion blur or artifacts with no tachl error.

METHQOD:

CT scans collected from the archives were takeh28slices, GE Revolution
Evo® CT machine. The protocol set during exposuas W20kVp, 280 mAs with a
window level of 4000 AU and scan time of 12 secomdsshown in Figure 7.
Continuous sagittal sections of the thickness 6fmdn with a field of view of 20-
25cm, showing the skull base and mandibular condyee included for assessment.
The scans were exported in tagged image file forgt#f) blinding the patients’
demographic details like name, age, and gendenliegeonly the area of interest for

assessment by two observers.
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Measurement of parameters:

The sagittal section was selected as it revealstimeplete visibility of the
condyle with insight regarding its cortication skt Spheno-occipital synchondrosis
fusion degree was assessed in the mid-sagittaé @art was visible in that section.
Two dentomaxillofacial radiologists performed theakation of SOS fusion and
cortication of condyle based on the staging sysgeren byFranklin and Flavel et
al " andBayrak et al % respectively. One observer assessed a sampledo€T0

images randomly after one month.
Four stages of SOS fusion assessment are depickedure 8

1. Stagel: Completely open.
2. Stage Il: Closed superior border.
3. Stage Ill: Complete fusion with visible fusiorasc

4. Stage IV: Complete fusion with no visible scar.

Condylar cortication was assessed based on thage gtading system as depicted in

Figure 9

1. Type I: Absence of cortication observed on coedyl

2. Type ll: Bone on the condylar surface appearslatver density than
the structure around the condyle (cortical areas).

3. Type lll: The surface of the condyle appears atighdr or similar

density than surrounding cortical areas.
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STATISTICAL ANALYSIS:

Stages of SOS fusion and condylar cortication fmdgr and chronological
age were entered in Microsoft Ex@edoftware. Chronological age was calculated by
subtracting the date of birth from the date of expe. Statistical Package for the
Social Sciences (SPSS) 21.0 for Windows (SPSS IBhicago, IL, USA) was
utilized to perform statistical analysis. Quantitatvariables were represented with
the help of mean and standard deviation whereadgatie variables were expressed
in numbers and percentages. The distribution ofdag and its normality were
assessed using the Kolmogorov-Smirnov test. A oag-ANOVA test with post hoc
Tukey was done to determine the difference betwblenstage of SOS fusion and
condylar cortication on both sides with chronoladiage for both genders. Pearson
correlation test was carried out to determine #lationship between chronological
age with SOS fusion and cortication types on batless Inter-examiner and intra-
examiner reliability were done by Cohen’s kappaistias. The level of significance

for analysis was set at 5% (p < 0.05).
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PHOTOGRAPHS

Figure 7: 256 Slice GE Revolution Evo® CT machine
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Methodol ogy

Stage 0 Stage 2

Stage 3 Stage 4

Figure 8: 4 Stage assessment system of Spheno-oitaisynchondrosis by Flavel

et al

Type | Type Il Type I

Figure 9: Condylar cortication assessment based @istage system

by Bayrak et al
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Methodol ogy

Figure 10: CT images of a 10-year-old boy revealing) Stage 0 of Spheno-

occipital synchondrosis; b) Type | Condylar corticaion on right side; c) Type |

Condylar cortication on left side

)
N
l

Figure 11: CT images of a 13-year-old girl showing) Stage 1 of Spheno-occipital

synchondrosis; b) Type | Condylar cortication on rght side; ¢) Type | Condylar

cortication on left side
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Methodol ogy

Figure 12: CT images of a 17-year-old male revealina) Stage 2 of Spheno-

occipital synchondrosis; b) Type Il Condylar cortication on right side; c) Type Il

Condylar cortication on left side

Figure 13: CT images of a 22-year-old female revaaf) a) Stage 3 of Spheno-

occipital synchondrosis; b) Type Il Condylar cortication on right side; c) Type

IIl Condylar cortication on left side
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Results

RESULTS

The study group consisted of 435 people belonginghé age of 10 to 25
years. Descriptive statistics for the distributioh patients according to stages of
Spheno-occipital synchondrosis fusion degree arfferdnt types of condylar
cortication on both sides along with gender areegiin Table 3. Percentage-wise
distribution of the population according to gendedescribed in Graph 1. Also, the
percentage of the population with different typésandylar cortication on the right
and left side, and SOS stages for males and feraededepicted in Graphs 2, 3, and 4

respectively.
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Results

Table 3: Distribution of population according to gender, age group, Condylar

cortication types on right and left side, and Spheno-occipital synchondrosis

stages.

Category n %
Male 284 65.3
Gender Female 151 34.7
Total 435 100
10-14 44 10.1
15-20 113 26.0
Age Group (years)
21-25 278 63.9
Total 435 100
Typell 143 32.9
Right
Typelll 246 56.6
Condylar Total 435 =0
Cortication Type!| 48 11.0
Typell 140 32.2
L eft
Typelll 247 56.8
Total 435 100
Stage 0 41 9.4
Stage 1 14 3.2
Spheno-occipital Stage 2 68 15.6
synchondrosis '
Total 435 100
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Results

Gender

Percent

Male

Female

Gender

Graph 1. Distribution of population according to gender described in

per centage.

60.0%

50.0%

40.0%

30.0%

Percent

20.0%

10.0%

0%

Gender

Emale
EFemale

Typelll Type ll

Condylar cortication Right

Graph 2: Distribution of population according to gender for different types of

condylar cortication on theright side described in percentage
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Results

Gender

Emale
EFemale

60.0%

50.0%

40.0%

Percent

30.0%

20.0%

10.0%

0% / § /
Typel Typelll Typelll

Condylar cortication Left

Graph 3: Distribution of population according to gender for different types of
condylar cortication on left sde described in percentage

Gender

B male
@ Female

Percent

Stage 0 Stage 1 Stage 2 Stage 3
Spheno-occipital synchondrosis

Graph 4: Distribution of population according to gender for different stages of
Spheno-occipital synchondrosis described in percentage
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Results

Descriptive statistics were carried out for theaksample according to the age
group to compare it with different types of conaytrtication on both sides and
Spheno-occipital synchondrosis. The Chi-squarertasaled that all age groups had
highly statistically significant differences formdylar cortication on both sides (right
and left side; p = 0.000) and Spheno-occipital Bpndrosis (p = 0.000). The
distribution of the total sample in different ageogps along with its respective
condylar cortication type and synchondrosis stagssown in Table 4. Graph 5 and
6 describes the distribution of the population adtw to the age group for condylar
cortication for the right and left side respectweSpheno-occipital synchondrosis

distribution according to the age group is showrph 7.

Age
Group
[ 10-14 years
100.0% 1520 years
[[21-25 years

80.0%

84.5%

Percent
3]

20.0%

/
0%

Type | Type I Type
Condylar cortication Right

Graph 5: Distribution of population according to various age groups for

different types of condylar cortication on theright side described in per centage
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Results

Age
Group
[10-14 years
100.0% [15-20 years
[[21-25 years

80.0%

60.0%

Percent

40.0%

20.0%

0%

Condylar cortication Left

Graph 6: Distribution of population according to various age groups for

different types of condylar cortication on the left side described in per centage

Age
Group
[10-14 years
W15-20 years
[21-25 years

100.0%

Percent

Stage 0 Stage 1 Stage 2 Stage 3

Spheno-occipital synchondrosis

Graph 7: Distribution of population according to various age groups for

different stages of Spheno-occipital synchondrosis described in per centage
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Results

Table 4. Distribution of total sample according to age group for condylar cortication (right and left) and Spheno-occipital

synchondrosis described in terms of number of population and percentage Statistical test used: Chi-square test p value < 0.05

indicates statistically significant differences.

Condylar Cortication (Right)

Condylar Cortication (L eft)

Spheno-occipital synchondrosis

Agegroup
Typel Typell Typelll Total p Typel Typell Typelll Total p Stage0  Stagel  Stage?2 Stage3  Total p
10-14 %8 6 (13.6) 0 (0) 4 4(9.1) 0 (0) 38(86.4) 1(2.3) 2(4.5) 3(6.8)
y (86.4) (100) (90.9) (100) (100)
15-20 7 (6.2) 11 (9.7) 1 7(6.2) 91(80.5) 15(13.3) 1(0.9) 60 (53.1)
Y (84.1) (100) (100) 911.5) (34.5) (100)
11 235845 278 00007 232 278 0.000% 249 278 0000
21-25years  1(0.4) 1(0.4) 45(16.2) 2(0.7) 0 (0) 27 (9.7)
(15.1) ) (100) (83.5) (110) (89.6)  (100)
46 143 246 435 48 140 247 435 312 435
Total 41 (91.4) 14 (3.2)
(10.6) (32.9) (56.6) (100) (12) (32.2) (56.8)  (100) (15.6) (71.7)  (100)
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Results

Cohen kappa statistics showed a reliable interrobsgk=0.823) and intra-

observer agreement (k=0.842) with statisticallygigant values (p < 0.05).

In this study, condylar cortication was assesselath sides. Hence, different
combinations of cortication types were noted whethtsides were compared and

results are described in terms of number and ptageras shown in Table 5.

Table 5: Combination of different types of condylar cortication noted on right

and left sidesdescribed in terms of number of individuals and per centage

L eft Condyle
Typel Typell Typelll Total
Typel 45 (10.3) 1(0.2) 0 46 (10.5)
Right Typell 3(0.7) 130(29.9) 10(2.3) 143 (32.9)
Condyle | ryneyy 0 9(2.1)  237(545) 246 (56.6)
Total 48 (11) 140 (32.2) 247 (56.8) 435 (100)

Gender-wise comparison with condylar corticatiopety on both sides and
SOS fusion was carried out. Statistically significdifferences were noted for SOS
fusion stages (p = 0.007). whereas condylar cditicaypes on both sides revealed
no statistically significant differences (p = 0.784d p = 0.607 for the right and left
sides respectively). Gender-wise distribution ahpkes belonging to different types

of condylar cortication and synchondrosis staggsvisn in Table 6.
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Results

Table 6: Distribution of total sample according to age gender for condylar cortication (right and left) and Spheno-occipital

synchondrosis for males and females Statistical test used: Chi-square test p < 0.05 indicates statistically significant difference n

number of patients, SD Standard deviation

Gender

Condylar Cortication (Right)

Condylar Cortication (L eft)

Spheno-occipital synchondrosis

Typel | Typell T?;Te Total p Typel | Typell Tﬁﬁe Total p StageO | Stagel | Stage2 | Stage3 Total p
Males 32 91 161 284 33 87 164 284 29 12 (4.2) 33 210 284
(11.3) | (32.0) | (56.7) | (100) (11.6) | (39.6) | (57.7) | (100) (10.2) ' (11.6) | (73.9) | (100)
52 85 151 53 151 35 102 151 .
Females | 14 (9.3) 3a4) | 563 | (100) 0.761 | 15(9.9) (35.1) 83 (55) (100) 0.607 | 12(7.9)| 2 (1.3) 232) | 675 | (@o0) 0.007
46 143 246 435 140 247 435 68 312 435
Total (10.6) (32.9) (56.6) (100) 48 (11) (32.2) (56.8) (100) 41(04)] 1462 (15.6) (71.7) (100)

Among 435 patients, 285 were males with a meanod@e.85 + 3.93 years and 151 were females withearmage of 20.17 +

4.03 years. Mean age was calculated accordinga@eamyips and it was found that the mean age ofipd@bonging to the age group 10-

14 years was 11.59 = 1.60 years, 15-20 years w23 #81.79 years, and 21-25 years was 23.00 +yled6s. The Mean age of different

stages of condylar cortication for both sides arsldn stages of Spheno-occipital synchondrosi®étin males and females are in the

Table 7.
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Results

Table 7: Descriptive statistics with mean and standard deviation of chronological

age for different

types of

condylar

cortication and Spheno-occipital

synchondrosis fusion for both genders n number of patients, SD Standard

deviation
Male Female
Category
n Mean SD n M ean SD

Typel 32 12.84 3.18 14 10.93 1.07

Typell 91 19.63 | 2.67 52 18.54 | 2.39

Right

Typelll | 161 23.14 1.53 85 22.69 1.72

Condylar Total 284 | 20.85 3.93 151 20.17 @ 4.02

Cortication Typel | 33 | 1276 3.09 | 15 | 11.47| 2.33
Typell 87 19.71 | 2.55 53 18.72 | 2.41
L eft

Typelll | 164 | 23.09 1.57 83 22.67 1.86

Total 284 | 20.85 3.93 151 20.17 | 4.02
Stage 0 29 12.62 3.34 12 10.83 0.94

Stage 1 12 16.67 | 1.44 2 1450 | 6.36

Spheno-occipital
_ Stage 2 33 19.82 2.67 35 19.23 2.93
synchondrosis

Stage3 | 210 @ 22.39 2.28 102 21.71  2.64

Total 284 | 20.85 3.93 151 20.17 4.02
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Results

Descriptive values of chronological age accordiagthe types of condylar
cortication on both sides for both genders werdopered using a one-way ANOVA
test. Results revealed that the average chrona@bage increased with an increase in
types of condylar cortication. Chronological agesw@vest for Type | on both sides,
whereas the age was highest for Type Il corticatith statistically significant
differences |§ < 0.05). Also, there were statistically signifitatifferences between

the cortication typeg(< 0.05) as shown in Table 8.

Condylar cortication was also assessed side-wisboth males and females,
the chronological age was minimum for Type | cation and it increased as the
cortication gradually progressed to Type Il caation type on the right side with
highly statistically significant differences (< 0.05) among different groups of
cortication types on the right side as given inl&#&b Similar results were noted when
the left side was assessed for condylar corticadi®rthere were highly statistically
significant differences seen in the mean chronclgage of various cortication types
(p < 0.05), as given the Table 9. In the three catitinn stages, the mean age of
females was lower than that of males suggestingdssification occurs a bit sooner

in males than females.
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Table 8: Descriptive statistics with mean values of chronological age of overall sample according to different types of condylar

cortication for both sides Statistical test used: One-way ANOVA. Statigtically significant values at p < 0.05 post-hoc Tukey

analysis revealed statistically significant differences between cortication types denoted by super script letters @3¢ 0.b% ¢ Nymber

of patientsisdenoted by n SD standsfor Standard deviation, Min stands for minimum, Max stands for maximum

Condylar Right E Condylar Left .

- p - p
Cortication n  Mean D Min M ax Cortication n Mean D Min  Max
Typel *®% 46 1226 285 10 24 Typel *®2 48 1235 291 10 24
Typell ™ 143 1923 262 12 25 Typell ™ 140 1934 254 14 25

532.796  0.000* 526.648 0.000*

Typelll ¢ 246 2298 1.61 16 25 Typelll © 247 2295 168 16 25

Total 435 20.62 3.97 10 25 Total 435 2062 397 10 25
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Results

Table 9: Descriptive statistics with mean values of chronological age accor ding to different types of condylar cortication for both

the sidesfor males and females Statistical test used: One-way ANOVA. Statistically significant values at p < 0.05 post-hoc Tukey

analysisrevealed statistically significant differ ences between cortication types denoted by superscript letters ® @205 ¢ Nymber

of patientsisdenoted by n SD standsfor Standard deviation, Min stands for minimum, Max stands for maximum

Condylar Males F Condylar Females F
Cortication n Mean SD Min Max P Cortication n Mean SD Min Max P
Right Typel @2 32 1284  3.18 10 24 Typel &.& 14 1093 1.07 10 13
Side | Typell®™®™ 91 1963 267 12 25 Typell ®P° 52 1854 239 14 24
319.408  0.000* 250.580  0.000*
Typelll ¢ 161 2314  1.53 19 25 Typelll © 85 2269 1.72 16 25
Total 284 2085 393 10 25 Total 151 20.17 4.03 10 25
Condylar Males F Condylar Females F
Cortication n Mean SD Min M ax P Cortication n Mean SD Min M ax P
Left | Typel*®% 33 1276 3.09 10 24 Typel & 15 1147 237 10 19
Sde | Typell®™™ 87 1971 255 14 25 Typel| >b° 53 1872 241 14 24
250.580  0.000* 198.110  0.000*
Typelll© 164 23.09 157 19 25 Typelll © 83 2267 1.86 16 25
Total 284 2085 392 10 25 Total 151 2017 4.03 10 25
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Results

Fusion stages of Spheno-occipital synchondrosise werrelated with the
chronological age of the overall sample. Stage § maded in individuals belonging to
the age range starting from 10 years (Mean aged122.96 years) and as the stage
progresses there was an increase in the chronalogge. Stage 1 was seen 4 years
after stage O with ages ranging from 19 years (Mepn16.36 + 2.34 years). Stage 2
and 3 were seen in individuals with a maximum afj@5oyears with a mean age of
16.36 + 2.34 years and 16.36 + 2.34 years for st@gand 3 respectively. All the
stages had statistically significant differences dbronological agep(= 0.000) as

shown in Table 10.

Gender-wise comparison was carried out to assesdifierence between the
chronological age according to different stagefusfon. The mean age for stages 0
and 1 was found to be approximately 2 years greaterales compared to females.
Stage 2 closure was seen in similar ages amongsraatk females. Stage 3 was seen
to close 1 year in advance in males than femalableT10 shows the chronological
age of different stages in males and females. Wdl stages of synchondrosis had
statistically significant differences among maled éemales irrespective of the stages

(p = 0.000).
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Results

Table 10: Descriptive statistics with mean values of chronological age according to different types of Spheno-occipital
synchondrosis for overall sample, males and females Statistical test used: One-way ANOVA. Statistically significant values at p <

0.05 Number of patients are denoted by n SD stands for Standard deviation, Min stands for minimum, Max stands for maximum

Spheno-occipital synchondrosis n M ean SD Min Max F p
Stage 0 29 12.62 3.34 10 24
Stage 1 12 16.67 1.44 15 19
Male Stage 2 B8 19.8- 2.6¢ 14 25 152.74 | 0.000*
Stage 3 210 22.39 2.28 10 25
Total 284 20.85 3.93 10 25
Stage 0 12 10.83 0.94 10 13
Stage 1 2 14.F 6.3€ 10 19
Female Stage 2 35 19.23 2.93 14 25 64.647 0.000*
Stage 3 102 21.71 2.64 13 25
Total 151 20.15 4.02 1C 25
Stage 0 41 12.1 2.96 10 24
Stage 1 14 16.36 2.34 10 19
Overall Stage 2 68 19.5] 2.81 14 25 210.273 | 0.000*
Stage 3 312 22.17 2.42 10 25
Total 435 20.62 3.97 10 25
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Results

Distribution of included population according tdfdient condylar cortication types

and Spheno-occipital synchondrosis fusion degréie efironological age was carried

out for both sides as depicted in Table 11. Regagrdhe right side, there were no
statistically significant differences between tlyachondrosis stages and Type | and
[l cortication stages with p values being 0.06&l &1162 respectively. Statistically

significant differences were noted for the Typedttication stage with SOS fusion (p

= 0.000). Similarly, on the left side, statistigadignificant differences were noted for
Type | and Il condylar cortication stages with Sf0Sion stages (p = 0.016 and 0.000
respectively). There were no statistically sigrific differences for Type |l

cortication with SOS fusion stages (p = 0.307).

Gender-wise comparison was performed using a onyeAMDVA statistical test for
males and females for both sides. Statisticalligaificant difference was noted only
for Type Il condylar cortication for both males afenales on the right side (p =
0.000 and 0.029 respectively) as well as on the defe (p = 0.000 and 0.018
respectively) as shown in Table 12 and 13. Alsstatistically significant difference
was noted for Type | cortication with SOS fusioagss on the left side for females (p
= 0.002). Type Ill cortication stages did not rdveay statistically significant
differences when compared with fusion stages fdemand females on both sides as

depicted inTables 12 and 13.
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Table 11: Descriptive statistics with mean values of chronological age according to different types of Spheno-occipital

synchondrosis with condylar cortication for overall sample on right and left side Statistical test used: One-way ANOVA

Statistically significant values at p < 0.05 Number of patients are denoted by n SD stands for Standard deviation, Min stands for

minimum, M ax stands for maximum

Spheno- Right Condyla Spheno- L eft
Cor]dyle occipital Mi = D r occipital M M = D
Corticaton wnchpndro n Mean SD n Max quucat Wnch.ondro n Mean SD in  ax
Sis ion sis
Stage O 37 11.73 258 10 24 Stage O 39 1179 254 10 24
Stage 1 5 14.40 2.61 10 17 Stage 1 5 14.40 2.61 10 17
Typel Stage 2 1 16.00 ) 16 16 2558  0.068| Typel Stage 2 i 4514 0.016*
Stage 3 3 1400 458 10 19 Stage 3 4 1525 450 10 19
Stage O 3 1333 1.16 12 14 Stage O 1 14.00 - 14 14
Stage 1 9 17.44 133 16 19 Stage 1 9 17.44 133 16 19
Typell Stage2 46 1828 221 14 23 0°73 00007 Typell g 05 49 1839 230 14 23 10103 0.000°
Stage 3 85 20.14 242 14 25 Stage 3 81 20.19 241 14 25
Stage O 1 22.00 - 22 22 Stage O 1 22.00 - 22 22
Typelll Stage 2 21 2238 163 19 25 1.834  0.162| Typelll Stage 2 19 2242 168 19 25 1.187 0.307
Stage 3 224 23.04 160 16 25 Stage 3 227 23.00 168 16 25
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Results

Table 12: Mean values of chronological age according to different types of Spheno-occipital synchondrosis with condylar
cortication for males and females on right side Statistical test used: One-way ANOVA Statistically significant values at p < 0.05

Number of patients are denoted by n. SD standsfor Standard deviation, Min stands for minimum, M ax stands for maximum

Condyle Spheno- Males Condylar Spheno- Female
Corticato occipital Mi F Corticatio occipital Mi F
n synchondr os n Mean SD n Max P n synchondros = n Mean SD n Max P
is is
Stage 0 25 1216 3.00 10 24 Stage 0 12 1083 094 10 13
Stage 1 4 1550 100 15 17 Stage 1 1 10.00 - 10 10
Typel Stage 2 1 16.00 ~ 16 16 1.996 0.137| Typel Stage 2 i 2.994 0.092
Stage 3 2 1450 6.36 10 19 Stage 3 2 1450 6.36 10 19
Stage 0 3 13.33 116 12 14 Stage 0 -
Stage 1 8 1725 128 16 19 " Stage 1 1 19.00 19 19 N
Typell Stage2 23 19.00 234 14 23 o175 0.000% Typell Stage2 23 1757 185 14 21 >l 0029
Stage 3 57 2054 227 15 25 Stage 3 28 19.32 255 14 24
Stage 0 1 22.00 22 1 Stage 0 -
Typelll Stage 2 9 2233 166 19 9 1.626 0.200 | Typelll Stage 2 12 2242 168 19 25 0.361 0.549
Stage 3 151 2319 152 20 151 Stage 3 73 2274 173 16 25
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Table 13: Mean values of chronological age according to different types of spheno-occipital synchondrosis with condylar

cortication for males and females on left side Statistical test used: One-way ANOVA Statistically significant values at p < 0.05

Number of patients are denoted by n. SD standsfor Standard deviation, Min stands for minimum, M ax stands for maximum

Condyle gcpcr:g]t%l Males D Condylar ?gg;ﬂg} Female D
Corticaton ' n Mean SD Min Max Cortication ' n Mean SD Min Max
synchondrosis synchondrosis

Stage 0 27 1222 290 10 24 Stage 0 12 1083 094 10 13

Typel Stage 1 4 1550 1.00 15 17 2511 0098 Typel Stage 1 1 10.00 - 10 10 10.424  0.002*
Stage 2 1 16.00 - 16 16 Stage 2 -
Stage 3 2 145C 6.3¢ 10 19 Stage 3 2 16.0C 4.24 13 19
Stage 0 1 14.00 - 14 14 Stage 0 -
Stage 1 8 1725 128 16 19 Stage 1 1 19.00 - 19 19

Typell 8.045 0.000*| Typell 4358 0.018*
Stage 2 25 19.04 246 14 23 Stage 2 24 1771 194 14 21
Stage 3 53 2051 231 15 25 Stage 3 28 1957 252 14 24
Stage 0 1 22.00 - 22 22 Stage 0 -

Typelll Stage 2 8 2225 175 19 25 1455 0.237| Typelll Stage 2 11 2255 170 19 25 0.061 0.806
Stage 3 155 23.14 156 20 25 Stage 3 72 2269 189 16 25
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Results

Pearson correlation ratio coefficient between sphagtipital synchondrosis
fusion stage, condylar cortication, and gender wasied out for both genders.
Correlation coefficient values for individual paret@rs are shown in Table 14 for
males and females separately. A very strong caivelavas noted for males and
females for the following parameters with statelic significant differencesp( =

0.000).

1) Condylar cortication stages between the right artleft side
2) Condylar cortication stages between the right ar® chronological age

3) Condylar cortication stages between the left sidearonological age.

Similarly, a Strong correlation was noted for ma#esl females for the following

parameters with statistically significant differescp = 0.000).

1) Condylar cortication stages between the right sl spheno-occipital
synchondrosis

2) Condylar cortication stages between the left siagel @&pheno-occipital
synchondrosis

3) Between Spheno-occipital synchondrosis stages larmhalogical age.
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Table 14: Correlation of chronological age with Spheno-occipital synchondrosis and condylar cortication for males and females

on both sides Statistical test used: Pearson Correlation Statistically significant values at p < 0.05. rp is Pearson correlation

coefficient
Condylar Cortication Condylar Cortication Spheno-occipital :
Right (r,) L eft (1) Synchondr osis (7 ) Chronological age (rp)
Male Female Male Female Male Female Male Female
Condylar
cortication Right 1 1 .934* .963* 723* .709* .815* .861*
(rp)
Condylar
cortication L eft 1 1 .754* .694* .821* .836*
(rp)
Spheno—occ[pltal 1 1 785 746+
synchondrosis (rp)
Chronological age 1 1
(rp)
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DISCUSSION

Age estimation in living individualsis of extreme importance in living or dead
individuals for various purposes like identification, obtaining civil rights and benefits
from society, and medico-legal purposes [®. Hence, forensic age estimation (FAE)
has become an integral part of the forensic medicine field that focuses on utilizing an
accurate way of establishing or estimating the chronological age of the person 2.
With a recent surge in the need for identification and estimation of age in living
individuals for legal purposes, the forensic anthropologic field has extended into
studying the same . Forensic odontology is a subgroup of forensic medicine that

deals with the human identification process by helping out in estimating age as well as

determining the sex of the unknown individual *¥.

Estimation of chronological age can be carried out with help of available data
like height and weight of the individual, their pubertal status and dentition as well as
dental findings !°Y. Assessment of skeletal factors and dental factors like suture
closure, maturity index assessment, tooth factors like teeth development, the ratio of
the tooth pulp, coronal index, etc. can help in estimating the chronological age '®®.
Evaluation of the above-mentioned factors can be carried out using three methods,
Direct morphological assessment, radiographical assessment, and histologica
assessment. When compared among these three methods, the latter appears to be a bit
more complicated than the former two methods Y. Although various methods exist,
there is no single method that can accurately tell us about the chronological age

exactly of a human being 2.
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Considerable variation in the closure of spheno-occipital synchondrosis among
males, females, and different populations has provoked interest in the research field to
further assess the fusion degree as an accurate age estimation method . As
mentioned earlier, the radiographic method is reliable and easy to perform compared
to other methods which apply the same for the assessment of SOS. Conventional
radiographs like plain radiographs and sagittal laminar radiographs are no longer used
due to the superimposition of anatomical structures and reduced resolution. Hence,
advanced imaging modalities like multi-slice computed tomography (MSCT), multi-
detector computed tomography (MDCT), cone beam computed tomography (CBCT),
and magnetic resonance imaging (MRI) are being employed to assess the structure
and morphology of bones and teeth for the purpose of forensic identification due to its

superior advantages compared to other methods .

The mandible is one such bone where the morphology corresponds to growth
spurts in adolescents as it develops with an increase in age [*. The condyle is one
integral component of the mandible that has variations according to gender with
respect to its growth or development and shape or morphological appearance .
Cortication or the process of formation of the layer of homogenous bone begins to
appear approximately around 12-14 years and completes by 22 years of age *3. These

developmental changes can be detected in radiographs and assessment of these

changes can be used to correlate with the age of the individual.

Assessment of SOS fusion was carried out with the help of CT and four stage
system devised by Franklin and Flavel et al '@ Initial evaluation of four stage
system in a sample of 312 Australian individuals revealed that the suture was open

(Stage 0) in males at a mean age of 10.28 years with females having open suture
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(Stage 0) at mean age of 8.62 years. There was complete fusion (Stage 3) of SOS 1

year earlier in females (18.62 years) than in males (19.83 years).

Similarly, Hisham et al ®¥ assessed the fusion of SOS using a four-stage
system in CT scans of 500 Malaysian individuals. Stage 0 was noted 1 year later in
males (10.26 years) compared to females (9.33 years). Stage 3 of SOS was also noted
in a similar fashion with males (20.84 years) having earlier closure than females

(19.78 years).

CBCT assessment of SOS fusion utilizing the four-stage system was carried
out in different populations with four studies carried out in the Turkish population 3
8481 and one study in the American population. Complete fusion of SOS was noted at
a similar age for males (18.92 years) and females (18.02 years) in a study by
K ocasar ac et al [ whereas fusion was 1 year earlier in females compared to males
in a study conducted by Bayrak et al ®* and Alzhami et al '® Contrary to these

results, K ocasarac et al '®! reported that the complete fusion was seen 2 years earlier

in males (18.5 years) than females (20.56 years).

In our study, Stage 0 of SOS fusion was noted approximately 2 years earlier in
females (10.83 years) compared to males (12.62 years) which is similar to the results
obtained by Flavel et al ["? and Hisham et al 3! Except for stage 2 fusion where the
mean age of males and females are similar (19.82 years and 19.23 years respectively),
remaining stages favored early stage attainment in females. Complete fusion or Stage
3 of SOS was seen at the age of 22.39 years in males compared to 21.71 years in
females. Our findings were similar to the results obtained in a study conducted by
Flavel et al ["? Bayrak et al *¥, Alzhami et al ® and Hisham et al [ where the

fusion stages of females preceded males.
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Lei et al 1 was first the person to classify the formation of cortical bone around the
condyle based on the presence of a bony layer in the periphery of the condyle with
CBCT as an imaging modality. He concluded that initial signs of subchondral bone
formation were seen at 12-13 years for girls and 13-14 years for boys with complete

cortical bone formation by 21 years and 20 years in females and mal es respectively.

A novel method of condylar cortication was devised by Bayrak et al 2
where three stages were named based on the density difference of cortica bone
surrounding the condyle and areas adjacent to the condyle. Type | cortication was
seen at a mean age of 14.14 years and 13.01 years for males and females respectively
suggesting that no evidence of cortical bone formation was seen below this age
category. Cortication of the condyle was complete by the age of 19 years for males
and 18 years for females where the density of the condyle appeared to have a higher

or similar density as that of surrounding areas.

Condylar cortication was assessed on both sides in our study. Irrespective of
the sides, Type | cortication was seen at the mean age of 12-13 years and 10-11 years
for males and females respectively. Completion of condylar cortication was noted in
the mean age of 23 years for males and 22 years for females. These results were in

concordance with a study conducted by L ei et al /! and Bayrak et al *3.

Bayrak et al [* was the first to assess the relationship between spheno-occipital
synchondrosis fusion stages and different types of cortication of condyle using CBCT.
They found that there was a positive correlation for the above-said parameters with
statistically significant differences for both males (rs = 0.553) and females (rs =
0.645). Similarly, in our study, a positive correlation was seen for both genders with

respect to right and left sided condylar cortication with spheno-occipital
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synchondrosis, as well as between the chronological age and measured parameters.

This proves that along with SOS fusion, condylar cortication can be used as areliable

method to estimate age.
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LIMITATIONS:

Variations in populations or different ethnicity can have an impact on the
forensic identification of an individual. This can be affected by various factors like
geographical location, gender, age, race, etc. Conclusions drawn from a particular
population cannot be utilized for general applicability irrespective of race or ethnic

origin.

The distribution of the study sample according to gender and age group was a
minor setback in this study. Males and females were not equally distributed and the
age group of individuals included for assessment should be made to cover a broader

age group population.

Clinical assessment of the individuals included in this study was not carried
out as the radiographs were obtained retrospectively. Subchondral bone formation is
affected by various factors that can be iatrogenic, disturbances in development, and
parafunctional habits which can produce altered remodeling of condyles leading to
minor degenerative changes. Also, in females, hormonal activity in girls attaining
puberty increases the metabolism of bone thereby exerting excessive loading forces.
Hence these factors must be considered for the assessment of condyle in both genders,

especially females.

Spheno-occipital synchondrosis is influenced in living or dead individuals due
to health and nutritional status, growth and developmental status of bones, and to an
extent ethnicity. This can potentially cause variability in the closure of the suture with
respect to age and hence, this method can be used as an adjunct to other accurate and

determinate age estimation methods.
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4)

Future Prospects of the Study

FUTURE PROSPECTS OF THE STUDY

An equa number of individuals in both groups is needed to compare the
accurate differences in ages for closure of Spheno-occipital synchondrosis as
well as condylar cortication.

Improved sample size with more data from studies that utilized computed
tomography for assessment of both the parameters in the Indian population is
needed to create a popul ation-specific dataset for future forensic purposes.

For age estimation in living individuals, clinica examination to rule out any
evidence of potentia condylar morphological alterations due to parafunctional
habits or occlusal discrepancies can be performed to improve the accuracy of
utilizing the method of condylar assessment.

Consideration of maximum and minimum age limitsis also essential to describe

a particular age range to which the individual might belong.
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SUMMARY AND CONCLUSION

Forensic age estimation is an important aspeabreinic anthropology where
there is the necessity of estimating the age ofdias well as deceased individuals in
cases like natural calamities and man-made disasspheno-occipital synchondrosis
is a growth center between the sphenoid and oatipitnes and assessing the pattern
and closure of this suture has been proven to geoan upper and lower age limit in
the estimation age of an adolescent. Mandibuladylendevelops in close association
with that of the mandible and hence the completibmineralization of cortical bone

can be utilized to estimate the chronological age.

435 computed tomographic images of males and fentel®nging to 10 to 25
years that fulfilled the inclusion and exclusiontemia were assessed for spheno-
occipital synchondrosis and condylar corticatioph&o-occipital synchondrosis was
assessed based on the four-stage system devisEdabklin and Flavel et al "%
where Stage 0 denotes completely open suture Stadje IV denoting complete
fusion. Cortication of the condyle was assessedguiiree stage system given by
Bayrak et al 2 where Type | indicates no evidence of corticatignta Type I

which indicates completion of cortication

Stage 0 of SOS fusion was found in the mean agE2@?2 + 3.34 years in
males and 10.83 + 0.94 years in females; Stageslolaerved in the mean age of
16.67 + 1.44 years in males and 14.50 + 6.36 ye@afmsmales; Stage 2 was noted in
the mean age of 19.82 + 2.68 years in males ar8192.93 years in females; Stage
3 was found in the mean age of 22.39 * 2.28 yeansales and 21.71 + 2.64 years in

females.
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Previous studies assessed condylar cortication amlg side, either right or
left because it was stated that there were nofgignt differences between the types
of cortication on both sides. However, in our studg found that Type | in 93.75%
of cases, Type Il in 92.85% of cases, and TypalB5.95% of cases on both sides

thereby implicating the significance of assessioigdylar cortication on both sides.

Irrespective of the sides, Type | cortication wasrsat the mean age of 12-13
years and 10-11 years for males and females regplgctType 1l Cortication was
observed at the mean age of 19 years in males&pydats in females. Completion of
condylar cortication was noted in the mean age3ofjears for males and 22 years for

females.

A positive correlation was seen for both gendeth wespect to right and left-
sided condylar cortication with spheno-occipitahagyondrosis, as well as between
the chronological age and measured parameters. prhiges that along with SOS

fusion, condylar cortication can be used as abldgienethod to estimate age.

Estimation of age in forensic sciences is the prynmeeed in the identification
of individuals or for legal or criminal hearingsin8e there is no single method that
can accurately estimate the age of the individualsltiple parameters utilizing
skeletal and dental component is essential to iugtie credibility of age estimation
methods. Thus, this study concludes that sphenipitaicsynchondrosis and condylar
cortication can be reliably used to estimate ag¢hase was a positive correlation
between chronological age and the assessed paraméte difference in results
obtained is due to diversity in population and lenwre studies on a specific subset

of the population should be carried out to compdtk other populations.
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Key Paints

KEY POINTS

Spheno-occipital synchondrosis assessment using a four-stage system and
computed tomography is consistent with chronological age.

Except for Stage 2, Spheno-occipital synchondrosis fusion occurred earlier in
females by a mean age of 2 years when compared to males.

Condylar cortication was completed sooner in females than males by a mean
period of 1 year.

A positive correlation is noted between chronological age and the measured
parameters thereby making it a valuable adjunct method in forensic age

estimation.
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ANNEXURE —1I

MASTER CHART — Spheno-occipital synchondrosis stageand Condylar cortication types in Males

Annexure

Patient Spheno-occipital |  Condylar Cortication | patient Spheno-occipital Condylar Cortication

NoO Age Syncsht(;ndross Right Left NoO Age Synchondrosis Right Left
ge Stage

1 22 Stage 3 Type lll Type lll 17 21 Stage 3 Typellll Typellll
2 25 Stage 3 Type 1l Type 1l 18 24 Stage 3 Type 1l Type 1l
3 18 Stage 1 Typell Typell 19 22 Stage 3 Typellll Typellll
4 25 Stage 3 Type 1l Type 1l 20 18 Stage 2 Typell Typell
5 25 Stage 3 Type lll Type lll 21 25 Stage 3 Typellll Typellll
6 25 Stage 3 Typell Type lll 22 18 Stage 3 Typell Typell
7 14 Stage O Type 1 Type 1l 23 22 Stage 2 Typellll Typelll
8 14 Stage O Type 1l Type 1l 24 22 Stage 3 Typellll Typellll
9 13 Stage O Type 1l Type 1l 25 24 Stage 3 Typellll Typellll
10 20 Stage 3 Typell Type lll 26 16 Stage 1 Typell Typell
11 23 Stage 2 Typell Typell 27 20 Stage 3 Typellll Typell
12 21 Stage 3 Type Il Type lll 28 18 Stage 3 Typell Typell
13 23 Stage 3 Type lll Type lll 29 23 Stage 3 Typellll Typelll
14 25 Stage 3 Type lll Type lll 30 23 Stage 3 Type il Typellll
15 12 Stage O Type 1l Type 1l 31 17 Stage 1 Typell Typell
16 22 Stage 3 Type 1l Type lll 32 16 Stage 2 Typell Typell
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Annexure

Patient

Spheno-occipital

Condylar Cortication

Patient

Spheno-occipital

Condylar Cortication

NoO Age Syncgtggirosis Right Left NoO Age Syncgtggirosis Right Left
33 23 Stage 3 Typelll Typelll 49 25 Stage 3 Typellll Typellll
34 20 Stage 3 Typell Type lll 50 22 Stage 3 Type lll Typell
35 19 Stage 2 Typell Typell 51 23 Stage 3 Stage 2 Typell
36 19 Stage 1 Typell Typell 52 19 Stage 3 Typel Typel
37 10 Stage O Type 1 Type 1 53 21 Stage 3 Typell Typell
38 23 Stage 3 Typellll Typelll 54 25 Stage 3 Typellll Typellll
39 17 Stage 2 Typell Typell 55 25 Stage 3 Type 1l Type Il
40 23 Stage 3 Typellll Typelll 56 13 Stage 0 Typel Typel
41 23 Stage 2 Typell Typell 57 22 Stage 2 Type lll Type lll
42 22 Stage 3 Typell Typell 58 25 Stage 3 Type lll Type lll
43 22 Stage 3 Typellll Typelll 59 25 Stage 3 Type 1l Type 1l
44 25 Stage 3 Type lll Type lll 60 23 Stage 3 Typell Typell
45 25 Stage 3 Typell Typell 61 24 Stage 0 Typel Typel
46 22 Stage 3 Typellll Typelll 62 21 Stage 3 Type 1l Type Il
47 25 Stage 3 Type lll Typelll 63 12 Stage O Type 1 Type 1
48 12 Stage O Type 1 Type 1 64 23 Stage 3 Typell Typell
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oo 1ge1 | e [t cocatin_fpater | g [ ST oce [ Contr o
Stage Right Left No Sex Stage Right Left
65 25 Stage 3 Type lll Type lll 81 25 Stage 3 Type lll Type Il
66 25 Stage 3 Type lll Typellll 82 19 Stage 3 Typell Typell
67 22 Stage 3 Typell Typell 83 18 Stage 2 Typell Typell
68 10 Stage O Type 1 Type 1l 84 24 Stage 3 Type lll Type I
69 25 Stage 3 Type lll Typellll 85 21 Stage 3 Type lll Type I
70 25 Stage 3 Type 1l Type lll 86 22 Stage 3 Type 1l Type 1l
71 25 Stage 3 Type 1l Typellll 87 23 Stage 3 Type lll Typellll
72 24 Stage 3 Type 1l Type lll 88 23 Stage 3 Type 1l Type 1l
73 21 Stage 3 Type 1l Type lll 89 21 Stage 3 Typell Type 1l
74 22 Stage 3 Type lll Typellll 90 10 Stage O Typel Type 1l
75 25 Stage 3 Type 1l Type lll 91 22 Stage 3 Type 1l Type 1l
76 18 Stage 3 Typelll Typell 92 25 Stage 3 Typell Typelll
77 16 Stage 1 Typell Typell 93 25 Stage 3 Type Il Typell
78 22 Stage 3 Type 1l Typellll 94 23 Stage 3 Type lll Typellll
79 10 Stage O Typel Type 1l 95 20 Stage 3 Type lll Typellll
80 23 Stage 3 Type lll Typellll 96 10 Stage O Type 1l Type 1l
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Spheno-occipital

Condylar Cortication

Spheno-occipital

Condylar Cortication

Palitlice)nt Ag:X/ Synchondrosis = Pal\tlient Age / Synchondrosis ]
Stage ight Left 0 ex Stage Right Left
97 24 Stage 3 Typellll Typelll 113 25 Stage 3 Type 1l Type 1l
98 22 Stage 3 Typellll Typellll 114 24 Stage 3 Type 1l Type 1l
99 24 Stage 3 Typellll Typellll 115 25 Stage 3 Typellll Typelll
100 22 Stage 3 Typellll Typelll 116 19 Stage 2 Typell Typell
101 18 Stage 2 Typell Typell 117 22 Stage 3 Typellll Typelll
102 17 Stage 1 Typell Typell 118 21 Stage 3 Type 1l Type 1l
103 19 Stage 2 Typell Typell 119 17 Stage 1 Typel Typel
104 21 Stage 3 Typelll Typelll 120 10 Stage O Typel Typel
105 22 Stage 3 Typelll Typelll 121 25 Stage 3 Type 1l Type 1l
106 19 Stage 3 Typell Typell 122 18 Stage 3 Typell Typell
107 25 Stage 3 Typelll Typellll 123 22 Stage 3 Type 1l Type 1l
108 23 Stage 2 Typelll Typelll 124 19 Stage 3 Typell Typell
109 22 Stage 3 Type 1l Type 1l 125 22 Stage 3 Typellll Typelll
110 25 Stage 3 Typelll Typelll 126 20 Stage 3 Typell Typelll
111 23 Stage 3 Typellll Typellll 127 14 Stage O Typel Typel
112 24 Stage 3 Typellll Typellll 128 22 Stage 3 Type 1l Type 1l
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Annexure

Spheno-occipital

Condylar Cortication

Spheno-occipital

Condylar Cortication

Palitlice)nt Ag:X/ Synchondrosis = Pal\tlient Age / Synchondrosis ]
Stage ight Left 0 ex Stage Right Left
129 19 Stage 3 Typell Typell 145 25 Stage 2 Typellll Typellll
130 22 Stage 3 Typellll Typellll 146 22 Stage 3 Type 1l Type 1l
131 22 Stage 3 Typelll Typelll 147 25 Stage 3 Typellll Typellll
132 16 Stage 2 Typell Typell 148 10 Stage O Type 1l Type 1
133 17 Stage 3 Typell Typell 149 24 Stage 3 Typellll Typelll
134 22 Stage 3 Typelll Typellll 150 21 Stage 3 Type 1l Type 1l
135 25 Stage 3 Typelll Typelll 151 25 Stage 3 Typelll Type il
136 21 Stage 3 Typelll Typelll 152 22 Stage 3 Type 1l Type 1l
137 20 Stage 3 Typelll Typelll 153 25 Stage 3 Typelll Type il
138 24 Stage 3 Typelll Typelll 154 12 Stage O Typell Typel
139 23 Stage 3 Typelll Typellll 155 25 Stage 3 Type 1l Type 1l
140 20 Stage 3 Typell Typell 156 20 Stage 3 Typellll Typelll
141 25 Stage 3 Type 1l Typelll 157 21 Stage 3 Typellll Typelll
142 25 Stage 3 Typelll Typelll 158 18 Stage 2 Typell Typell
143 23 Stage 3 Typellll Typellll 159 24 Stage 3 Type 1l Type 1l
144 23 Stage 3 Typellll Typellll 160 25 Stage 3 Type 1l Type 1l
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Annexure

Spheno-occipital

Condylar Cortication

Spheno-occipital

Condylar Cortication

Palitlice)nt Ag:X/ Synchondrosis = Pal\tlient Age / Synchondrosis ]
Stage ight Left 0 ex Stage Right Left
161 23 Stage 3 Typelll Typelll 177 22 Stage 3 Typellll Typellll
162 10 Stage O Type 1l Type 1l 178 22 Stage 3 Typellll Typelll
163 22 Stage 3 Typelll Typelll 179 23 Stage 2 Typellll Typell
164 22 Stage 3 Typellll Typelll 180 24 Stage 3 Typellll Typelll
165 25 Stage 3 Typelll Typelll 181 20 Stage 3 Typell Typell
166 21 Stage 3 Typelll Typellll 182 21 Stage 2 Type 1l Type 1l
167 14 Stage O Type 1l Type 1l 183 22 Stage 3 Typelll Typellll
168 25 Stage 3 Typelll Typelll 184 22 Stage 3 Typell Typell
169 21 Stage 3 Typelll Typelll 185 19 Stage 2 Typell Typell
170 19 Stage 3 Typell Typell 186 25 Stage 3 Typelll Typellll
171 25 Stage 3 Typelll Typelll 187 21 Stage 3 Typell Typell
172 25 Stage 3 Typellll Typelll 188 22 Stage 3 Typellll Typellll
173 25 Stage 3 Type 1l Typelll 189 23 Stage 2 Typellll Typelll
174 25 Stage 3 Typelll Typelll 190 18 Stage 2 Typell Typell
175 24 Stage 3 Typell Typelll 191 21 Stage 3 Type 1l Type 1l
176 23 Stage 3 Typelll Typelll 192 22 Stage 3 Typellll Typellll
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Spheno-occipital

Condylar Cortication

Spheno-occipital

Condylar Cortication

Palitlice)nt Ag:X/ Synchondrosis = Pal\tlient Age / Synchondrosis ]
Stage ight Left 0 ex Stage Right Left
193 25 Stage 3 Typellll Typelll 209 10 Stage O Typel Typel
194 10 Stage O Typel Typel 210 22 Stage 3 Typell Typell
195 23 Stage 3 Typelll Typelll 211 21 Stage 3 Typellll Typellll
196 15 Stage 3 Typell Typell 212 19 Stage 2 Typellll Typellll
197 16 Stage 1 Typell Typell 213 22 Stage 3 Typellll Typelll
198 23 Stage 3 Typellll Typellll 214 22 Stage 3 Type 1l Type 1l
199 19 Stage 2 Typell Typell 215 24 Stage 3 Type 1l Type lll
200 19 Stage 3 Typell Typell 216 25 Stage 3 Type 1l Type lll
201 23 Stage 3 Typell Typell 217 12 Stage O Typel Typel
202 25 Stage 3 Typelll Typellll 218 19 Stage 2 Typell Typell
203 23 Stage 3 Typellll Typellll 219 23 Stage 3 Typell Typell
204 19 Stage 3 Typell Typell 220 14 Stage O Typell Type 1
205 22 Stage O Typelll Typelll 221 25 Stage 3 Typellll Typellll
206 10 Stage 3 Type 1l Type 1l 222 17 Stage 3 Typell Typell
207 22 Stage 3 Typell Typell 223 25 Stage 3 Type 1l Type 1l
208 21 Stage 3 Typelll Typellll 224 23 Stage 3 Type 1l Type 1l
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Spheno-occipital

Condylar Cortication

Spheno-occipital

Condylar Cortication

Palitlice)nt Ag:X/ Synchondrosis = Pal\tlient Age / Synchondrosis ]
Stage ight Left 0 ex Stage Right Left
225 21 Stage 3 Typell Typelll 241 20 Stage 3 Typell Typell
226 16 Stage 2 Type 1l Typell 242 14 Stage 2 Typell Typell
227 21 Stage 3 Typell Typell 243 23 Stage 3 Typellll Typelll
228 21 Stage 3 Typelll Typell 244 22 Stage 2 Typell Typell
229 21 Stage 2 Typell Typell 245 22 Stage 2 Typell Typell
230 15 Stage 1 Type 1l Type 1l 246 23 Stage 3 Typell Typelll
231 17 Stage 2 Typell Typell 247 23 Stage 2 Type 1l Type 1l
232 20 Stage 2 Typell Typell 248 18 Stage 3 Typell Typell
233 25 Stage 3 Typelll Typelll 249 23 Stage 3 Typell Typell
234 24 Stage 3 Typelll Typelll 250 25 Stage 3 Typell Typell
235 23 Stage 3 Typelll Typelll 251 17 Stage 3 Typell Typell
236 18 Stage 3 Typell Typell 252 24 Stage 3 Typell Typell
237 12 Stage O Type 1l Type 1l 253 15 Stage 1 Type 1l Type 1l
238 21 Stage 3 Typell Typelll 254 22 Stage 3 Typell Typell
239 25 Stage 3 Typelll Typelll 255 19 Stage 3 Typell Typell
240 19 Stage 3 Typell Typell 256 22 Stage 3 Typellll Typellll

Page 91




Annexure

Spheno-occipital

Condylar Cortication

Spheno-occipital

Condylar Cortication

Palitlice)nt Ag:X/ Synchondrosis = Pal\tlient Age / Synchondrosis ]
Stage ight Left 0 ex Stage Right Left

257 21 Stage 3 Typelll Typelll 273 13 Stage O Type 1l Typel
258 19 Stage 3 Typell Typell 274 21 Stage 3 Typell Typell
259 21 Stage 3 Type 1l Type 1l 275 22 Stage 2 Typell Typell
260 20 Stage 3 Typell Typell 276 19 Stage 1 Typell Typell
261 23 Stage 3 Typelll Typelll 277 20 Stage 3 Typell Typell
262 24 Stage 3 Typelll Typelll 278 23 Stage 3 Typellll Type il
263 15 Stage 1 Type 1l Type 1l 279 20 Stage 3 Typell Typell
264 15 Stage O Type 1l Type 1l 280 20 Stage 3 Typell Typell
265 22 Stage 3 Typelll Typelll 281 23 Stage 3 Typellll Type il
266 10 Stage O Type 1l Type 1l 282 23 Stage 3 Type il Typellll
267 21 Stage 3 Typell Typell 283 23 Stage 3 Type 1l Type 1l
268 25 Stage 3 Typellll Typelll 284 23 Stage 3 Typellll Typellll
269 14 Stage O Typell Typell

270 24 Stage 3 Typelll Type 1l

271 21 Stage 3 Typell Typell

272 23 Stage 3 Typelll Typelll
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ANNEXURE — Il

MASTER CHART - Spheno-occipital synchondrosis stageand Condylar cortication types in Females

Patient Spheno-occipital |  Condylar Cortication | patiant Spheno-occipital Condylar Cortication

NoO Age Syncsht(;ndross Right Left NoO Age Synchondrosis Right Left
ge Stage

1 25 Stage 3 Type lll Type lll 17 24 Stage 3 Typellll Typellll
2 22 Stage 3 Typell Typell 18 22 Stage 3 Type 1l Type 1l
3 17 Stage 2 Typell Typell 19 25 Stage 2 Typellll Typellll
4 22 Stage 2 Type 1l Type 1l 20 20 Stage 2 Typell Typell
5 24 Stage 3 Type lll Type lll 21 18 Stage 2 Typell Typell
6 25 Stage 3 Type 1l Type 1l 22 10 Stage O Typel Typel
7 25 Stage 3 Type Il Type lll 23 23 Stage 2 Typellll Typelll
8 25 Stage 3 Type lll Type lll 24 19 Stage 2 Typell Typell
9 22 Stage 3 Typell Typell 25 21 Stage 3 Type 1l Type 1l
10 10 Stage O Type 1 Type 1l 26 25 Stage 3 Typellll Typelll
11 17 Stage 2 Typell Typell 27 22 Stage 2 Type lll Type lll
12 19 Stage 2 Typell Typell 28 20 Stage 2 Typell Typell
13 11 Stage O Type 1l Type 1l 29 17 Stage 2 Typell Typell
14 14 Stage 3 Typell Typell 30 23 Stage 3 Typell Typell
15 22 Stage 3 Type 1l Type 1l 31 22 Stage 3 Typell Typell
16 10 Stage O Type 1 Type 1l 32 23 Stage 3 Typellll Typelll
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Patient

Spheno-occipital

Condylar Cortication

Patient

Spheno-occipital

Condylar Cortication

NoO Age Syncgtggirosis Right Left NoO Age Syncgtggirosis Right Left
33 25 Stage 3 Type lll Typelll 49 22 Stage 3 Type lll Type lll
34 21 Stage 3 Type lll Typelll 50 23 Stage 3 Type lll Type lll
35 25 Stage 3 Typellll Typelll 51 21 Stage 2 Type 1l Type 1l
36 19 Stage 3 Typell Typell 52 25 Stage 3 Typellll Typellll
37 23 Stage 3 Type lll Type lll 53 21 Stage 2 Typell Typell
38 24 Stage 3 Typell Typell 54 24 Stage 3 Typellll Typellll
39 23 Stage 3 Typelll Typelll 55 23 Stage 2 Type 1l Type 1l
40 22 Stage 3 Typellll Typelll 56 16 Stage 2 Typell Typell
41 22 Stage 3 Type lll Type lll 57 16 Stage 3 Type lll Type lll
42 19 Stage 1 Typell Typell 58 21 Stage 2 Type lll Typell
43 21 Stage 3 Typellll Typelll 59 22 Stage 2 Type 1l Type 1l
44 21 Stage 3 Type lll Type lll 60 22 Stage 3 Type lll Type lll
45 22 Stage 3 Typellll Typelll 61 21 Stage 3 Type 1l Type Il
46 23 Stage 2 Typellll Typelll 62 21 Stage 3 Type 1l Type Il
47 25 Stage 3 Type lll Typelll 63 19 Stage 2 Typell Typell
48 19 Stage 3 Typell Typell 64 20 Stage 3 Typell Typell
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Spheno-occipital

Condylar Cortication

Spheno-occipital

Condylar Cortication

Pal\tlls " Asgeex/ Syncgt‘;g‘iros's Right Left Pal\tll:ae " A's?:x/ Syncsht‘;g‘;ms's Right Left
65 22 Stage 3 Type lll Type lll 81 15 Stage 3 Typell Typell
66 10 Stage O Type 1 Type 1l 82 20 Stage 3 Type lll Type I
67 21 Stage 3 Type lll Typellll 83 24 Stage 3 Type lll Type I
68 25 Stage 2 Type lll Typellll 84 23 Stage 2 Type lll Type I
69 24 Stage 3 Type lll Typellll 85 11 Stage O Type 1l Type 1l
70 25 Stage 3 Type 1l Type lll 86 22 Stage 3 Type 1l Type 1l
71 17 Stage 3 Typell Typell 87 17 Stage 2 Typell Typelll
72 22 Stage 3 Type 1l Type lll 88 21 Stage 3 Type 1l Type 1l
73 24 Stage 3 Type 1l Type lll 89 21 Stage 3 Type lll Type 1l
74 25 Stage 3 Type Il Type lll 90 23 Stage 3 Type 1l Type 1l
75 19 Stage 3 Typell Typell 91 16 Stage 3 Typell Type Il
76 19 Stage 3 Typelll Type 1l 92 17 Stage 2 Typell Typelll
77 23 Stage 3 Type 1l Type lll 93 23 Stage 3 Type 1l Type 1l
78 22 Stage 3 Type 1l Typellll 94 22 Stage 3 Typell Typelll
79 22 Stage 3 Type 1l Typellll 95 25 Stage 3 Type lll Typellll
80 13 Stage 3 Type 1 Type1l 96 25 Stage 3 Type lll Type I
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Spheno-occipital

Condylar Cortication

Spheno-occipital

Condylar Cortication

Palitlice)nt Ag:X/ Synchondrosis = Pal\tlient Age / Synchondrosis ]
Stage ight Left 0 ex Stage Right Left
97 20 Stage 3 Typell Typell 113 17 Stage 3 Typell Typell
98 20 Stage 3 Typellll Typell 114 15 Stage 2 Typell Typell
99 19 Stage 2 Typell Typell 115 19 Stage 3 Typell Typell
100 19 Stage 3 Typell Typell 116 21 Stage 3 Typellll Typelll
101 23 Stage 3 Typelll Typelll 117 22 Stage 3 Typellll Typelll
102 22 Stage 3 Typelll Typell 118 19 Stage 3 Typell Typell
103 25 Stage 3 Typelll Typelll 119 22 Stage 3 Typell Typell
104 21 Stage 3 Typell Typell 120 16 Stage 3 Typell Typell
105 20 Stage 2 Typell Typell 121 21 Stage 3 Type 1l Type 1l
106 22 Stage 3 Typell Typell 122 25 Stage 3 Type 1l Type 1l
107 11 Stage O Typel Typel 123 23 Stage 3 Type 1l Type lll
108 24 Stage 3 Type 1l Type 1l 124 14 Stage 2 Typell Typell
109 16 Stage 3 Typell Typell 125 21 Stage 3 Typellll Typelll
110 16 Stage 2 Typell Typell 126 16 Stage 2 Typell Typell
111 18 Stage 3 Typell Typell 127 18 Stage 2 Typell Typell
112 21 Stage 3 Typellll Typellll 128 19 Stage 2 Type 1l Type 1l

Page 96




Annexure

Spheno-occipital

Condylar Cortication

Spheno-occipital

Condylar Cortication

Palitlisnt Ag:)(/ Synchondrosis = Pal\tlient Age/ Synchondrosis ]
Stage ight Left 0 ex Stage Right Left
129 25 Stage 3 Type Il Type Il 145 24 Stage 3 Type 1l Type 1l
130 11 Stage O Type 1l Type 1l 146 23 Stage 3 Typellll Typelll
131 11 Stage O Type 1l Type 1l 147 21 Stage 3 Typellll Typellll
132 15 Stage 2 Typell Typell 148 25 Stage 3 Typellll Typelll
133 18 Stage 2 Typell Typell 149 22 Stage 3 Typellll Typelll
134 10 Stage 1 Type 1l Type 1l 150 23 Stage 3 Typellll Typellll
135 13 Stage O Type 1l Type 1l 151 23 Stage 3 Typelll Typellll
136 21 Stage 3 Type Il Type 1l
137 22 Stage 3 Type lll Type lll
138 16 Stage 2 Typell Typell
139 12 Stage O Typel Typel
140 20 Stage 3 Typell Typell
141 22 Stage 3 Type lll Type 1l
142 19 Stage 3 Typell Typell
143 10 Stage O Type 1l Typel
144 22 Stage 3 Type Il Type Il
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