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ABSTRACT

Background and Objectives: Forensic dentistry is a complex and intriguing part of
forensic science that involves utilizing of dental sciences to identify dedeas
individuals. In cases where the skeletal remains and damaged or disfigured btsdy pa
are retrieved from crime scenes or areas of natural disasters, itriegpensibility of

a forensic anthropologist to evaluate the evidence and determine the biologica profil
of the deceased. Gender determination categorizes an individual as male t& fema
and is a key component in establishing identity and reconstructing an individual's
biological profile, particularly from skeletal and fragmented remaingsadisred in
mass disasters. A person’s gender is determined by evaluating the biokogitsabf

his or her skeletal system, which differ among the genders as they are function-
dependent. As it is a simple, quick, and non-invasive way to get crucial information
without damaging evidence, radiological examination of human skeletons is
frequently used in forensic anthropology. Cone Beam Computed Tomography (CBCT)
permits accurate skeletal measurements for gender determination by prqwvielange

images with high resolution and minimal faults.

The present study was conducted to evaluate and compare the position and
dimensions of the Inferior alveolar nerve (IAN) canal among males and femsileg

CBCT images in the North Karnataka population.

Methods: A total of 226 CBCT scans consisting of 113 males and 113 females of the
North Karnataka population in the age group of 18-60years fulfilling the inclusion
criteria were assessed in this study. A total of 20 linear parametmes nveasured, 10

from either side of the mandible pertaining to the location and dimensions of the IAN

viii



Canal. Results were tabulated and statistically analyzed using 8T&ftware and

step-wise discriminant function analysis was carried out.

Results: The results revealed statistically significant differendes 0.05) between

the genders in most of the variables. The mean values of the parameters@dssass
higher in males except for BIAC_R, SCIC_R, and SCIC_L which were found to be
higher in females whereas, IMEF_R was found to be equal in both genders. The
overall predictive accuracy for the entire study group was 94.69% for males and

98.23% for females.

Conclusion:

The location and dimensions of the IAN canal can be accurately used for sex
determination and the discriminant analysis model used for the study group can be of

great assistance in the identification of unknown.

Keywords: Inferior alveolar nerve canal, Mandibular canal, Sex Determination

Analysis, X-ray Cone Beam Computed Tomography.
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I ntroduction

INTRODUCTION

The discovery of x-rays ranks alongside a few outstanding contributions in the
field of medical science. The expansion of diagnostic roentgenology has taken place at
arapid rate and has thus become an integral and essential part of medical and dental
practice. Forensic odontology is one such imminent branch of Dentistry that plays an
important role in establishing the identity of a deceased individual. It is of prime
importance in cases of natural calamities, mass disasters, mishaps and criminal
offenses M. Forensic odontologists are appointed by the legal system to provide their
expertise which serves as evidence in the court of law for the effective administration
of justice. In cases of mass disasters or at a crime scene when a skeleton is discovered,
it isimperative to create a biological profile of the deceased so as to determine the sex,
ancestry and also to estimate the stature and age at the time of death (9. In forensic
investigation among all the parameters assessed, determining the sex of the deceased
is very important as al the other biological parameters like age are dependent on the

gender and cannot be accurately identified .

Sex determination is a process of establishing the identity of an individual by
linking the deceased with the stream of data present in the information system. Thisis
not a simple process as during criminal acts or in cases of physical injuriesinflicted, it
is difficult to have an intact face and crania as attempts are made to hide the identity
by damaging the face ®. Thus, in a case when only the damaged or shattered skull is

retrieved, determining sex becomes incredibly challenging and complex.

In such cases, it is aso essential to develop a discriminant function model to
evaluate the accuracy and quality of each bone individually during the process of sex

determination, as the investigator has no control over which part of the skeleton will
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be available for analysis. It is a well-known fact that a discriminant function model
devised for a particular population cannot be generalized and applied to any other
population as sexual differences vary significantly among populations of different
geographic locations. Keeping this in mind it was crucial to develop population-
specific discriminant function models for accurate sex estimation in North Karnataka
population. Discriminant Function Analysis (DFA) generates rules to classify
individuals into a defined group based on a set of measurements of the individuals .

In the present study, DFA was used for sex determination.

Skull is the second most sexually dimorphic portion of the body after the
pelvis ®. The inferior alveolar canal is an intra-bony structure in the mandible that
contains a neurovascular bundle that runs obliquely downward and forward in the
ramus and then travels horizontally forward and ends at the mental foramen @. A
literature search in forensic studies has substantiated evidence of various studies
conducted on sexua dimorphism in inferior alveolar canal locations and dimensions
among different ethnic populations. There is an indication that the canal position and
dimensions vary among males and females@. Thus, the inferior aveolar canal can be

considered areliable tool in gender determination.

Traditionally evaluation of various macroscopic and morphological changes of
the bone for example pubic symphysis region, sternal end of ribs, cranial sutures, and
articular surfaces were used for sex determination ©). However, this was very time

consuming as it requires the preparation of the bone.

The evolution of radiology has revolutionized the field of Dentistry where
images of the bone can be acquired with Cone Beam Computed Tomography scans

(CBCT scans) following which appropriate measurements could be applied. The
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applicability of radiological imaging in various lega matters has been discussed
extensively in the literature and substantiated the use of CBCT scans for human
identification. The advantages of CBCT include multiplanar reconstruction, easy
mani pulation of the image, and assessment of the craniometric points. Apart from this,
disadvantages like the superimposition of anatomic structures can also be avoided ).
One of the biggest advantages is that it is less time-consuming. This is beneficial,
especialy in cases of mass disasters, where anthropometric processes involving direct
measurement of the skull will be time-consuming as it involves the tedious
process of soft tissue removal. Thus, in such situations, sex determination using

CBCT scanswill be much faster, easier, and more reliable.

Panoramic radiography has been used for gender determination in the past.
CBCT overcomes the limitations of panoramic radiography like distortion,

magnification, and overlapping, and can provide accurate details©).

There is a paucity of studies in this regard among the Indian population, hence
the current study is aimed to compare the differences in the location and dimensions of
the inferior alveolar canal among male and female adults using CBCT scans. In view
of this, the region of the mandibular canal can be considered an aid in sex
determination due to its protected anatomical position. Additionally, it is an important
landmark to be analyzed in a population in which discriminant function model

involving the mandibular canal region has not been derived.

Thus, the present study was undertaken to provide data on the inferior aveolar
nerve canal for sex determination, which can be used as a reference sample for

establishing the identity in cases of unknown fragmented skulls.
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Aim & Objectives

AIM AND OBJECTIVES

Aim of the study

» Theaim of the study was to evaluate and compare the position and dimensions
of the inferior alveolar cana among males and females using Cone Beam

Computed Tomography (CBCT) images

Objectives of the study

* To evaluate the location, width and height of the inferior alveolar canal in
males using CBCT images.

* To evaluate the location, width and height of the inferior alveolar canal in
females using CBCT images.

» To compare the location, width and height of the inferior alveolar canal among
males and females.

* To derive a discriminant equation for determining the sex of an individual in

the North Karnataka popul ation
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Review of literature

REVIEW OF LITERATURE

THE MANDIBLE

The mandible is the strongest bone of the facechvhias a horizontal portion, two
perpendicular portions, the body, and the rami,ctvhinite with the body of the mandible

and the angle region.

DEVELOPMENT OF THE MANDIBLE

The mandible develops bilaterally within the mandilp processes of the first
branchial arch, where it is preceded by the cagilaf the primary cartilaginous skeleton,the
Meckel's cartilage. Each embryonic mandibular pssceontains the rod-like cartilaginous
Meckel's cartilage core, which is an extension dfe tchondrocranium into the
viscerocranium, and its accompanying inferior alaeartery, vein and nerve. Meckel's
cartilage does not take a direct part in the foromadf the corpus of the mandible but acts as
a support for the mandibular nerve as well as lier membrane bone that develops later.
Meckel's cartilage articulates with the cranial éas the petrous part of the temporal bone,

giving rise to the malleus and incus bones of timei ear.

Meckel's cartilage completely disappears by apprnately 24 weeks of gestation,
and remains as the dense spheno-mandibular ligargeumg rise to the malleus and

incus®.

Development by intra-membr anous ossification:

The mandibular division of the trigeminal nervehs first structure to develop in the
region of the lower jaw is that precedes the ectmnehymal condensation forming the

mandibular arch. The first development of the nasva requisite for inducing osteogenesis
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by the production of neurotrophic factors. This chénlar ectomesenchyme must interact

initially with the epithelium of the mandibular &rbefore primary ossification can océUr

At 6 weeks of gestation — Mesenchymal condensatcmurs in the angle formed

by the division of IAN and its branches.

» At 7 weeks- A center of ossification appears inpfeechondral membrane lateral

to Meckel's cartilagé'.

Fig. 1: Histological section showing Meckel's caldige medial to the developing
mandible(M). MST = Masseter muscle
Intramembranous ossification of the body of the dilale starts as a mass of fibrous
tissue lateral to the bifurcation of the incisivelanental nerves and proceeds distally to the
mental foramen region and proximally to the mani@dibdoramen region. As it does so,
Meckel's cartilage begins to degenerate and ineohs the infero-alveolar neurovascular

bundle becomes enveloped by the developing maratibaine™?.
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e o |

Meckel's cartilage

Mandibular nerve

~N
Lingual omnrr\ 2T

Inferior alveolar branch / / .
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osteogenesis &5

3
‘ '[."\ /// >4
A e
’ Incisive branch Mental branch
e =]

Fig. 2: Relationship of Meckel's cartilage to the andibular nerve and the site where

membrane bone formation is initiated

The membranous bone comprising the mental nenzegroove is spread to form a
plate that extends laterally to the inferior ahagoherve. Below the groove containing the
mental nerve, bone formation occurs below the ineiserve and above between the incisive

nerve and Meckel’s cartilage.

The groove containing the mental nerves becomesntbatal foramen by the
extension of the bone over the nerve. With the &iirom of bone over the incisive nerve, the

incisive canal is formeff©.

The development of ramus of the mandible occura lpyocess of rapid ossification
spreading posteriorly into the mesenchyme of tflepharyngeal arch, deflecting from
Meckel's cartilage. This point of deflection is cheterized by the lingula in the adult

mandible, from where the inferior dental nerve enthe body of the mandible.
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Fig. 3: Spread of mandibular ossification away froideckel’s cartilage at the

lingula

There is a formation of a plate lateral to the iife alveolar nerve due to bone

formation. The developing dental lamina is awayrfrime bone of the mandible at this stage.

Later, as the tooth germs differentiate, they Wil surrounded by the lateral and
medial plates of the mandible. These plates witted above the level of the roof of the
canals for the incisive and inferior dental nerieeform the alveolar plates. The tooth germs
become encompassed in a channel that is dividedepya extending mediolaterally and

forms crypts or alveoli.

The bone of the right and left halves of the maleditomes into contact in the
midline where they are separated by fibrous tissudorm symphysis of the mandible.
Complete bony union to form synostosis does nopéapntil the end of the first year after

birth.
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Postnatal growth of mandible:

It is defined as 20 years of growth from birthisitomprised of 3 periods:
1. Infancy - is the first postnatal year of life,

2. Childhood - from 1 to 18" or 16" year postnatal and is divided into 3 stages: Early
Phase (from 1 to 6 years), Middle Phase (from 6Qgears) and Late Phase (from

10 to 15-16 years),

3. Adolescence from 13(14" to 20" year postnatal. Puberty occurs between about 13

to 14 years in males and 12 to 13 years in females.

Both endochondral and periosteal activities areoirtgmt in mandibular growth. The
surface of the mandibular condyle is covered byilage. All other areas of the mandible are
developed by direct surface apposition. The ramhefmandible are short at birth. There is
minimal condylar development and almost no articelminence in the glenoid fossa. The
midline of the symphysis is separated into righd &eft mandibular bodies by a thin line of
fibrocartilage and connective tissue. Between foanths of age and the end of the first year,
the Symphyseal cartilage is replaced by bone. Alghogrowth is quite general during the
first year of life, appositional growth is espeljactive at the alveolar border, at the distal
and superior surfaces of the ramus, at the maratitmaindyle, and along the inferior border

of the mandible.

Translation of the mandible happens in a downwartifarward direction and grows
upward and backward direction. An important remipdetransition occurs at the junction
between the ramus and the body of the mandibleer&emajor components in the posterior

region of the mandible become progressively rekxtan a general posteriorcourse during
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growth. Thus, the condyle, coronoid process, rangasial angle, lingual and its fossa,
lingual tuberosity, posterior end of the body, édnal eminence, and the antegonial notch

successively move backwafd.

IF o |

= —l

Fig. 4: Schematic diagram showing an overview oktlgrowth directions ofthe Mandible

Timing of growth in width, length and height:

Growth occurs in a definite sequence. Growth of thandible occurs three
dimensionally. Growth in width is completed firsilbwed by growth in length and finally,

growth in height.
Growth in width

Growth in the width of the maxilla and mandiblevasll as the width of the dental
arches are expected to be completed before theswdwit growth spurt. In the case of the
mandible, both the molar and bicondylar widths shewemall increase until the end of
growth in length. The anterior width dimensionstbé mandible stabilize earlier. As the

corpus of the mandible and inferior portion of ttanus increase in width by deposition
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along the buccal surface, the buccal surface osuperior portion of the ramus is resorptive,

while the lingual and superior surfaces are deposit

Growth in length

Condylar growth and remodeling of the superior aspef the ramus are directed
posteriorly and superiorly during the initial yealisis important to note the orientation of
growth as it rapidly increases the length of thepus to create space for the rapidly
developing dentition. After the first few postnayalars, growth of the condyle and superior
ramus slows down dramatically and changes oriemtatoward a predominant superior

direction.

Growth in height

Growth in height and length of both the maxilla andndible continues throughout
the period of puberty. Growth in vertical heighttbé face lasts longer than growth in length
with the later vertical growth primarily in the ndihle. Growth of the mandible continues at
9 years and relatively becomes steady before pubEne height ofthe ramus increases by 1
to 2 mm every year and the length of the body efrttandible increases by 2 to 3 mm every
year. Among all the facial bones, the mandible enters increased growth postnatally and

also experiences the largest morphological vanatio

Changes Produced in the Mandible by Age:

At birth, the body of the bone is a mere shell, containireg sbckets of the two
incisors, the canines, and the two deciduous nte&th, imperfectly partitioned off from one
another. The mandibular canal is of larger sizeé, rams adjacent to the lower border of the

bone; the mental foramen opens below the sockeheoffirst deciduous molar tooth. The

Page 11



Review of literature

angle is obtuse (175°), and the condylar portiomeiarly in line withthe body. The coronoid

process is of comparatively larger size and prejeaperior to the level of the condyle.

In thefirst year after birth, the two segments of the bone fuse at the symghysi
from below upward; however, a sign of separatioy tma evident nearthe alveolar margin at
the beginning of the second year. The body lengtladong its entire length, but particularly
behind the mental foramen, to make room for theatadditional teeth that grow here. The
depth of the body increases as the alveolar pobmomes larger to accommodate the roots
of the teeth, and the sub-dental portion thickensltow the jaw to survive the powerful
action of the masticatory muscles; neverthelegsatheolar portion is the deeper of the two
and, consequently, the main part of the body liesva the oblique line. The mandibular
canal, after the second dentition, is situated glsive the level of the mylohyoid line; and
the mental foramen occupies the position usuat o the adult. The angle becomes less

obtuse, due to the separation of the jaws by #thtat about the fourth year, it is 140°.

In the adult, the alveolar and sub-dental portions of the boday wsually of equal
depth. The mental foramen opens midway betweenipper and lower borders of the bone,
and the mandibular canal runs nearly parallel with mylohyoid line. The ramus is almost

vertical in direction, the angle measuring from L®120°.

In old age, the bone becomes greatly reduced in size, for thgHoss of the teeth the
alveolar process is absorbed, and, consequentychiief part of the bone is below the
oblique line. The mandibular canal, with the meftamen opening from it, is close to the
alveolar border. The ramus is oblique in directittre angle measures about 140°, and the

neck of the condyle is more or less bent backward.
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Fig. 5: Age Changes of the Mandible

M asticatory M uscle I nfluence on Craniofacial Gr owth:

Bones undergo continual remodeling during postndé&élelopment to preserve a
shape that is suitable for their biomechanical .rdfasticatory muscle function is thus
regarded as a local environmental factor that eggalcraniofacial development. Excessive
attrition of the teeth was found in analyses of ieal skulls, indicating that the masticatory
muscles were used extensively. The authors atédbtliis to the strong functional demands
placed on the individual masticatory muscles, ai \as the morphological features of their
skulls. It was also observed that medieval skwdld & narrow inter-maxillary angle, a narrow
gonial angle, and wide jaws. Subjects with solidhack mandibular elevator muscles have

larger transverse head lengths, according to Hdtiese finding®*%%)

The masticatory muscles will thus affect the créat@l development provided that
the tension they apply to the facial bone strustiseabove a certain threshold, reaching what

Frost calls ‘the mild overload windoW”®.
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ANATOMY OF MANDIBLE

The mandible, the largest and strongest bone diattes serves for the housing of the
lower set of teeth. It consists of a curved, hartabportion, the body, and two perpendicular

portions, the rami, which unite with the ends & Hody nearly at right angl&$.

IF o |

INTERNAL
SURFACE

SUPERIOR
BORDER

EXTERNAL
SURFACE

INFERIOR
BORDER

= =

Fig. 6: Surfaces and Borders of the Mandibular Body

A) The Body (corpus mandible): The body is curved somewhat like a horseshoeand

has two surfaces and two borddF&g. 6)

Surfaces:

1 The external surface (Fig. 7) is marked in the median line by a faint ridge,aading
the symphysis or line of junction of the two piecésvhich the bone is composed at an early
period of life. This ridge divides below and en@ssa triangular eminence, the mental
protuberance, the base of which is depressed igahter but raised on either side to form
the mental tubercle. On either side of the symmhygist below the incisor teeth, is a
depression, the incisive fossa. Below the secomunplar tooth, on either side, midway

between the upper and lower borders of the bodyhesnental foramen, for the passage of

Page 14



Review of literature

the mental vessels and nerve. Running backwardugnardfrom each mental tubercle is a

faint ridge, the oblique line, which iscontinuauish the anterior border of the ramus.

“Masseteric vessels & nerve through mandibular notch

Mandibular head —
Capsular Lig. around neck 4= = Temporalis in coronoid process

Auriculotemporal nerve (&4

Parotid gland wrapping ol { ~—Buccinator
post. Border of ramus o\ Y ( ;~Depressor anguli oris

Masseter - ' 8
F A & e“! /.\Ientahs

[~ Mental foramen with

Stylomandibular lig. In
mental vessels & N.

angle of mandible
Depressor labi inferiors

Marginal mandibular br. of Mental protuberance

facial N. "~ Platysma

Facial artery

Facial vein

-

Fig. 7: External Surface of the Mandible

2. Theinternal surface (Fig. 8) is concave from side to side. Near the lower phthe
symphysis is a pair of laterally placed tubercltesmed the genial tubercles. Immediately

below these is the second pair of tubercles, oerfrequently a median ridge or impression.

Lateral ptervgoid muscle
Stylomandibular ligament

Medial ptervgoid muscle
Mandibular foramen

Temporalis muscle

Lingula
Sphenomandibular
| y ligament
' 7 r Superior constrictor of
‘ / pharynx

Sublingual fossa

N\ ! 90/,

X
: R =
- \ . R S
Mylohyoid line' B s
‘Mylohyoid muscle N "&’
Submandibular fossa Y
Genioglossus muscle
Geniohyoid muscle
Ant. Belly of Digastric muscle / Genial tubercle
Digastric fossa

J

=]

Fig. 8: Internal Surface of the Mandible
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In some cases, the genial tubercles are fusednodcsingle eminence, in others they
are absent and their position is indicated merglar irregularity of the surface. Above the
genial tubercles a median foramen and furrow areesimnes seen; they mark the line of
union of the halves of the bone. Extending upward backward on either side from the
lower part of the symphysis is the mylohyoid lirkbove the anterior part of this line is
a smooth triangular area against which the subéihgland rests, and below the hinder part,

an oval fossa for the submaxillary gland.

Borders:

1. The superior or alveolar border, wider behind than in front, is hollowed into
cavities, for the reception of the teeth; theseitiesy are sixteen in number,and

vary in depth and size according to the teeth wttiely contain.

2. Theinferior border is rounded, longer than the superior, and thickdrant than

behind.

B) The Ramus (ramus mandibule; perpendicular portion): The ramus is

guadrilateral in shape, and has two surfaces,dorders, and two processes.

Surfaces:

1. Thelateral surfaceis flat and marked by oblique ridges at its lowartp

2. Themedial surface presents about its center the oblique mandibulanien, forthe
entrance of the inferior alveolar vessels and neifee margin of this openingis
irregular; it presents in front a prominent ridgeirmounted by a sharp spine, the
lingula of the mandible. The mandibular canal rabhBquely downward and forward

in the ramus, and then horizontally forward in boely, where it is placed under the
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alveoli and communicates with them by small opesir@n arriving at the incisor
teeth, it turns back to communicate with the mefdegmen, giving off two small

canals which run to the cavities containing thdsioc teeth. In the posterior two-
thirds of the bone the canal is situated neareirttegnal surface of the mandible;
and in the anterior third, nearer its external acef It contains the inferior alveolar

vessels and nerves, from which branches are digtdlto the teeth.

Borders:

1. Thelower border of the ramus is thick, straight, and continuouswiite inferior
border of the body of the bone. At its junctioniwthe posterior border is the
angle of the mandible, which may be either invede@verted and is marked by

rough, oblique ridges on each side.

2. The anterior border is thin above, thicker below, and continuous wikle t

oblique line.

3. The posterior border is thick, smooth, rounded, and covered by the mhrot

gland.

4. The upper border is thin and is surmounted by two processes, thenood in
front and the condyle behind, separated by a deepcavity, the
mandibular/sigmoid notch. The sigmoid notch, sefragathe two processes, is a

deep semilunar depression, and is crossed by thsatgaic vessels and nerve.
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MANDIBULAR CANAL (MQC)

ANATOMY AND CONTENTS:

The mandibular canal (MC) is a bony structure tegjins in the mandibular foramen
on the medial face of the mandibular ramus on eadh of the mandible. Its pathway
follows the inferior and anterior direction passtoghe mandible body, describing ananterior
superior curve. It is related to the roots of tédr teeth, whose cross- sectional examination
reveals an oval, circular or piriform shaP8. It may constitute a conduit with well-defined
walls, or describe a trajectory through the trateediormed of spongy bone tisstd. It is
not a single canal but an anatomical structure mithiple branches and variations. It carries
the inferior alveolar neurovascular bundieférior alveolar artery, nerve and vein).

Inferior Alveolar Artery: (Fig. 9)

Sphenopalatine a.

Posterior septal a Pharyngeal a
Posterior lateral nasal a Artary of pterygoid canal
Infraorbital artery Masseteric a,
Orbital branches Pterygoid a
Infracrbital foramen Anterior and
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Branches lo face temporal arteries

>4

Inferior #
orbital
fisure
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Anterior superior artery

alveolar artery

Buceal a

Pal - n‘e PR
el Post. supenor
. alveolar branch

Greater & lesser
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To upper leath

Lingual branch

*- Inferior
alveolar a
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To lower teeth foramen
’_____.‘-‘h-.—‘—-..
Mylahyoid br.
Mandibular canal
Mental branch -
———

Fig. 9: Inferior Alveolar Artery
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This artery is one of the five branches of thet fiesction of the maxillary artery. The
artery descends with the inferior alveolar nerved gust before it enters the mandibular
foramen, it gives off a small branch that runs le mylohyoid groove and supplies the
mylohyoid muscle. The Mylohyoid is the muscle tf@ims the floor of the oral cavity. The
inferior alveolar artery then continues and runthimithe substance of the mandibular bone.
The artery gives off an incisor branch, which coaés to runbelow the teeth as far as the
midline, where the branch anastomoses with theryadé the opposite side. The mental
branch of the artery leaves the mandible throughntiental foramen and provides branches
to the chin, and also forms anastomoses with tlegiar labial arteries (branches of the facial
artery), and the submental arteries (also branfrtbes the facial artery)lnferior Alveolar

Nerve: (Fig. 10)

Mandibular
foramen

Masseteric
nerve
Inferior

alveolar nerve
Mental nerve

Incisive nerve

Fig. 10: Inferior Alveolar Nerve

Page 19



Review of literature

The second structure that enters the mandibulanfen is the inferior alveolar nerve,
which is a sensory branch of the mandibular divisai the trigeminal nerve (V3).The
trigeminal nerve is a large nerve that arises fibi pons and divides into three major
branches. V1 is the ophthalmic division, and leatres skull through the superior orbital
fissure. It supplies sensation to the superioraserfof the face. It also supplies sensation to
the surface of the eye and therefore provides ffleeeat limb ofthe corneal reflex. V2 is the
maxillary division, and leaves the skull througle foramen rotundam. V2 supplies sensation
below the V1 division, to the middle section of tfaee. The inferior alveolar nerve is a
sensory branch of the mandibular division of thgemminal nerve. The nerve to mylohyoid
arises just before the nerve enters into the foraniteruns within the substance of the
mandible, and as it approaches the apex of thendawolar, the nerve divides into a mental
and incisive branch. The incisive branch supplesssation to the lower teeth and the mental
branch continues in the mandibular foramen evelytlgdving the mental foramen on either
side of the midline of the chin. It then supplienhsation to a small region of skin on the

lowerlip and lower face.

Inferior Alveolar Vein:

The alveolar veins include the inferior alveolamvand the posterior alveolar vein.
Both of these veins are also considered dentakvdinhe inferior alveolar vein drains blood
from the lower teeth and jaw, and the posterioeallar artery assists it in completing this
function. The inferior alveolar vein can also drhlood to the pterygoid plexus, a network of
veins located near the cheek. The posterior alve@s, on the other hand, works to drain

blood from the molars and gums.
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The alveolar veins are located in the mandibularataThis canal is a horizontal
chamber located inside the ramus, which is the paction of the mandible. The inferior and
posterior alveolar veins are arranged in a netwbnkeins, allowing themto empty blood out
into a series of veins and muscles, including theerygoid muscles, which serve as
tributaries (drainages) for the facial vein. Thentaéforamencan be seen below the second

premolar tooth; it transmits the terminal brancbithe inferior alveolar nerve and vessels.
. ANATOMIC LOCATION OF MANDIBUAR CANAL

The knowledge regarding the location of the Manldibanal in both vertical and
horizontal planes is important. This helps in theemtation of the neurovascular bundle
which should be ascertained pre-operatively in oride avoid inadvertent injury to the
neurovascular bundle in case of different anatoounfigurations in both planesn the
literature, it is mentioned that the MC might hawdfferent anatomic configurations in the
vertical plane'*®. For example, the canal may run lower when it prdsesnteriorly or may

have a sharp decline, or drape downward in cateiaahjon.
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Table 1: List of studies performed to study the anatomy of the mandibular canal in

thevertical plane

"2
—

Sr.no Study n |Variable Results
Nortjé CJ, Farman AG, |3612 C-M 48% - High canals
Grotepass FWP°
1 49% - Low canals
2 Heasman PAZ 96 | C-M | 67.7% - Typell (Nortjeet al., 1977) -
I nter mediate cour se
3 Littner MM, Kaffe I, 46 C-M |MC was locate®.5 to 5.4 mm belowthe
Tamse A, Dicapua P? apices of bothtand 2? molars
Levine MH, GoddardAL C- Superior aspect of the MC wag.4mm
Dodson TB® Alveolar inferior from the alveolar crest
4 50 | crest
Watanabe H, Abdul MM; 79 C - |Distance from alveolar crest to M&hge
Kurabayashi T,Aoki H** Alveolar from 15.3t0 17.4 mm
S crest
Denio D, TorabinejadM, 22 | A5, A6, | 2" premolar and® molar had the close
Bakland LK A7 |distances to the MC with a mearb? mm
6 and 3.7 mm
7 | Sato |, Ueno R, KawaiT, 75 |C-IMBC- Vertical position of MC was closer to th
Yosue T M IMB- | apices of the L& 2" molars than that td
MMVD the distance of IMB.

D

The distance from the MC to the apex|of
the £'molar tooth root was larger thémat

of 2" molar
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(*A5 - The closest distance from the apical foramen to the inside edge of bone within the
mandibular canal to determine the distance between the apical foramen and the mandibular
canal.

*A6 - The distance between the apical line and the canal line.

*A7 - The distance from the center of the mandibular canal to the root long axis.

*C-IMB -The distance between the lower border of the mandibular canal and the inferior
border of the mandible

*MVD - The vertical diameter of the mandibular canal

*C-M - The distance between the upper border of the mandibular canal to the apex of the
tooth root

*IMB-M - The distance from the inferior border of the mandible to the apex of the tooth root)
Nortjé CJ, Farman AG, Grotepass FW described the appearance of mandibular canal as
a dark ribbon of radiolucency flanked by two radigpe white lines. The radiographs were
divided into four categories: 1) High MC (withinr@m of the apicesof the first and second
molars), 2) Intermediate MC, 3) Low MC, and 4) QOthariations — these included
duplication or division of the canal, apparent jgdxr complete absence of the canal or lack

of symmetry.

Pucilo M, Lipski M, Sroczyk-Jaszcagka M, Pucilo A, Nowicka A% performed a study to

review the literature on the position of the manthib canal (MC) relative to the root apices
(RA) of neighboring teeth using cone beam comptbeabgraphy (CBCT). The researchers
found three groups based on the measuring methodke first and second groups, the
shortest distances to the canines, first premokgspnd premolars, first molars, second
molars, and third molars were 3.8 mm, 4.76 mm, @5 1.23 mm,0.64 mm, and 1.28 mm,

respectively. In the third group, the shortestatises to the second premolars, first molars,
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and second molars were 2.71 mm, 3.82 mm, and 1.4raspectively. The distance from
the MC to the root apex was generally shorter imdies and younger people, with

decreasing distances in patients over 60 yearanttidepended on the tooth type.

In literature, it is also mentioned that the MC miig have different anatomicconfigurations
in the horizontal plan€® Buccolingual orientation is an important parametkich should

be analysed prior to surgical procedures.

Usually, the MC crosses from the lingual to thedaliside of the mandible and in most cases

the midway between the buccal and lingual corfitales of bone is by the first mdfat

Fig. 11: The canal was identified and the lineasiance between the buccalaspect of the

canal and the outer buccal cortical margin oftheandible was measured
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Bone Thickness {mm)

Buccal bone

@ Lingual bone

5 :
#18 DR #18 MR #19 DR #19 MR  #20 #29

Tooth/Root

#30 MR #30 DR #31 MR #31 DR

Graph 1 Buccal and lingual bone thickness over the mandibulcanal. DR, distal root;

MR, mesial root

Table 2: Mean Distance (in mm) between the buccater cortex to the outer surfaceof

the IAC along the buccal side

Male (n=110) Female (n=122)
Region Right L eft Right L eft
2" Premolar 3.1 2.9 2.7 2.6
1% Molar 5.2 5.57 4.85 4.94
2" Molar 5.64 6.02 4.93 5.03
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Table 3: Mean Distance (in mm) between the lingualter cortex to the outersurface of

the IAC along the lingual side

Male (n=110) Female (n=122)
Region Right L eft Right L eft
2" Premolar 4.3 4.5 3.9 3.7
1% Molar 3.42 3.21 3.17 3.03
2" Molar 2.78 3.02 2.34 2.78

This shows that the lingual cortex is thicker a finst molar level, while the buccal

cortex is much thicker at the second molar levéisTprobably could be due to consistent

remodeling owing to the oral musculature attachsénthe region. The mylohyoid line that

serves to attach the mylohyoid musculature is teiat a higher position id@molar region

than £'molar region, thus explaining the greater thickrafsthe lingual cortex at the first

molar level. On the buccal surface, the attachnoérthe masseter at thé®Molar region

causes the greater thickness there.
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(1. ANATOMICAL VARIATIONSIN MANDIBULAR CANAL

Various researchers mentioned the branching ofrttegior alveolar nerve before it
enters the mandibular foramen. This branch entegslihgual surface of the mandibular
ramus before it enters the mandibular foramen goimt superior and anterior to the
mandibular foramen. It will then form its own canadich will progress to the third molar

and innervate that tooth.

Some case reports have described supplementatged)abranched canals, a bifid
canal through the ramus and the body of the mamdébbifid canal in the distal region of

the third molar area, and a duplicated mandibidaat®®.
1. BIFID MANDIBULAR CANAL (BMC)

The term bifid is derived from the Latin word meagia cleft into two parts or
branches. Bifid mandibular canals originate at tmandibular foramen and might each
contain a neurovascular bundle. The various tydebifa mandibular canals have been
classified according to anatomical location andfigomation. Smaller accessory canals might

be seen in association with normal or bifid mantiboanals.

Chavez-Lomeli ME, Mansilla Lory J, Pompa JA, Kja¢r ® described that the MC
derives from three individual nerve branches froiffiecent origins at different stages of
development. Further fusion of branches occurs,mmy canals develop around such nerve
paths. During rapid prenatal growth and bone rermugle there is a spread of
intramembranous ossification that eventually forims MC. This theory explains that the

occurrence of bifid MC is secondary to incompletsién of these three nerves.
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The bifid and trifid variations of the mandibulaamal have been reported using
different imaging modalities. Studies using pandcanmadiographs have demonstrated the
prevalence of the bifid mandibular canal at lowesatanging from 0.08% to 0.95%.
However, those using CT and CBCT images have regaricidence rates of the bifid

mandibular canal ranging from 10.2% to 65%.

THE CLASSIFICATION AND PREVALENCE OF DIFFERENT TYPES OF BMC

OBSERVED IN PANORAMIC RADIOGRAPHS

Several classifications of the mandibular canabetiog to the anatomical location

and configuration have been used in various studies

Carter RB, Keen E®® examined dissected human mandibles and descrilved tiipes of

inferior alveolar nerve arrangemefid. # 3.12 to 3.1%
Typel: The inferior alveolar nerve is a single largeisture lying in a bony canal,
Type Il: The inferior alveolar nerve is situated substdlytiower down in themandible;

Type Ill: The inferior alveolar canal is separated posthriinto two large branches,

which together could be regarded as equivalem @heeolar branch.
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12: Type 1 arrangement of the inferior alvealaerve

13: Type 2 arrangement of the inferior alvieo nerve

Fig. 14: Type 3 arrangement of the inferior alvealaerve
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Nortj¢ CJ, Farman AG, Grotepass FW described three main patterns ofduplication

(Fig. 15to 19

Type |: (most common) — duplicate canals originating from a single mauotib

foramen, usually the same size;

Typela: The lower canal is sometimes smaller;

Typelb: The upper canal is the smallest of the two canals

Typell: A short upper canal extending to the secondiad tholar areas;

Type I11: (least common) — two canals of equal size, arising from separatanfina, that

join in the molar area;

Type 1V: is a double-canal variation in which the supplatak canals arise from the

retromolar pad area and join the main canals imgtremolar areas.

Fig. 15: Type 2 ‘double canal’ with supplemental mal extending deep to thethird molar
tooth
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Fig. 16: Type 2 ‘double canal’ with supplemental canal extendingtowards a three-rooted
second permanent molar

Fig. 17: Type 1 ‘double canal’ with both canals being of an approximately similar size

Fig. 18: Type 2 ‘double canal’ with Fig. 19: Type 3 ‘double canal
short supplemental canal extending
towards the third molar
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Langlais RP, Broadus R, Glass BY developed a classification system according to

anatomical location and configuratidrig. 20 to 23

Type |I: Represents unilateral or bilateral bifid canddattextend to the mandibularthird

molar area or the immediately surrounding areab@@8of bifids);

Type Il Includes unilateral or bilateral bifid canals tthr@-join within the ramus of the

mandible (54.4% of bifids);
Typelll: Combination of types 1 and 2 (3.5% of bifids);

Type IV: Two canals, each of which originates from a sai@gamandibular foramen,join to

form one larger canal (3.5% of bifids).

Langlais RP, Broadus R, Glass EY also stated that normal canals or bifid canalsmay

have additional smaller accessory canals.
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Type 1

Unilateral Bilateral

Fig. 20: Classification of BMC according to Langlaiet al (Type I)

Type 2

Unilateral, limited to ramus Unilateral, extending into body

Fig. 21: Classification of BMC according to Langlaiet al (Type II)

Type 3 Type 4

Originating from two

Combination of types 1 and 2 mandibular foramens

Fig. 22: Classification of BMC according to Langlaiet al (Type Il IV)
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THE CLASSIFICATION AND PREVALENCE OF DIFFERENT TYPES OF BMC
OBSERVED USING CONE BEAM COMPUTED TOMOGRAPHY

A different classification of BMCs on CBCT was poged byNaitoh M, Hiraiwa Y, Aimiya
H, Ariji E. (2009)®? who distinguished four types according to the sit origin and the
direction of the bifurcated canal from the mandinwanal. These types were tharward
(Fig. 23), Dental (Fig. 25), Buccolingual (Fig. 24), and Retromolar canals (Fig. 26).
There were similarities to the system of Langlaiale(1985) but with the addition of buccal

or lingual bifurcation, which could not have bedentified by panoramic radiography.

Fig. 23: Classification of BMC according to Naitokt al (2009):The forwardcanal
included with confluence (A) or without confluend®) — (Type 3)

C D

Fig. 24: Classification of BMC according to Naitokt al (2009)Buccolingual canal
(Type 4)
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Fig. 25: Classification of BMC
according to Naitoh et al (2009):

Fig. 26: Classification of BMC

according to Naitoh et al (2009):

Dental canal (Type 2) Retromolar canal (Type 1)

For studying the types of BMC detected by CBCT, Correr GM, Iwanko D, Leonardi DP,
Ulbrich LM, Araujo MR, Deliberador TM. (2013)®® added four new categories to the
Langlais et al. (1985) classification to depict the proximity of the third molar to the nerve

bifurcation:
Class A: No involvement of the bifid mandibular canal with the third molar;

Class B: Close relationship of the third molar root to the mandibular canal bifurcation (the

bifurcation is close to the third molar root but does not touch it);

Class C: Intimate relationship between the third molar root and the mandibular canal

bifurcation (the bifurcation touches the third molar root);
Class D: Absence of third molars.

Many authors have used the Naitoh et al. classification system to determine the prevalence of

BMC in their respective populations.
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Rashsuren O, Choi JW, Han WJ, Kim ER® performed a study using Naitoh et al
classification of BMCdg-ew cases of trifid mandibular canals have beearteg. In addition,
the length, diameter, angle, of the bifid mandibalanals measured according to type were
reported. In this study, the bifid mandibular cawals classified into five types by anatomic
location and configuration as described below. @rip of the trifid canal type was added

to the classification of Naitoh et al.

Type 1 (Retromolar canal type): The retromolar canal, which bifurcates from the
mandibular canal in the mandibular ramus regioryrees forward at first, reaching the

retromolar region after the croolEi§. 27)

Type 2 (Dental canal type): The dental canal, which bifurcates from the manidibcanal in

the mandibular ramus region, courses forward, iegdhe root of the molgFig. 28)

Type 3 (Forward canal type): A. Forward canal without confluence: The forwardhaia

which bifurcates from the mandibular canal in thenaibular ramus region, courses forward
to the second molar region. B. Forward canal withfleience: The forward canal, which
bifurcates from the mandibular canal in the manidibtamus, courses anteriorly and then,

joins the main mandibular canékig. 29)

Type 4 (Buccolingual canal type): A. Lingual canal: Bifurcates from the mandibular canal
in the mandibular ramus, courses lingually and thenetrates through the lingual cortical
bone. B. Buccal canal: Bifurcates from the mandibular canal in the manibuamus,

courses bucco-inferiorly.

Type 5 (Trifid canal type): A. Two accessory canals of the retromolar canad.tyyr Two
accessory canals of one retromolar and one demmal type. C. Two accessory canals of the

dental canal type. D. Two accessory canals of aergtatiand one forward canal type. E. Two
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accessory canals of the retromolar canal type tmithmandibular foramingFig. 30 to 35)

It was observed that the retromolar canal type thasmost common (71.3%), followed by

the dental canal type (18.8%), the trifid type #)8and the forward type(4.1%).

Fig. 27: Cone-beam computed tomography (CBCT) image showatt/pe 1
(retromolar canal type)

Fig. 28: CBCT image shows canal type 2 (dental canal type)

Fig. 29: CBCT images show canal type 3 (forward ehtype A withoutconfluence, B
with confluence)
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Fig. 30: CBCT image shows canal type 5A (trifid calntype: twoaccessory canals of the

retromolar canal type)

Fig. 31: CBCT images show canal type Fig. 32: CBCT images show canal type 5B
5B (trifid canal type: two accessory (trifid canal type: two accessory canals of

canals of one retromolar type) one dental type)
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Fig. 33: CBCT image shows canaltype 5C Fig. 34: CBCT image showscanal type 5D
(trifid canal type: two accessory canals of  (trifid canal type: two accessory canals of

the dental canal type) one dental andone forward canal type)

Fig. 35: CBCT images show canal type 5E (trifid canal tygeroaccessory canals of the

retromolar canal type (A-C) with two mandibular famina (D))
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2. TRIFID MANDIBULAR CANAL (TMC)

A rare variant of the bifid mandibular canal is théd canal, accounting for less than 6% of

all bifid canals.

The first case of a TMC was reported in 2005. lisviaund incidentally, adjacent toan
impacted lower left third molar, during pre-orthodio screening (Auluck A, Pai KM ),

The authors confirmed the presence of these caisalg CT, one accessory canal showing
perforation of the lingual plate. Most of the cageshe literature were reported to explain
failures to achieve adequate local anesthetic Blottlough this problem could also result

from the central core effect of IAN.

Wadhwani P, Mathur RM, Kohli M, Sahu R. (2008§® reported a case of an unusual
variant of the mandibular canal wherein a panoraragiograph(Fig. 36) indicated the
presence of bifurcation of the mandibular canaltloa right side and trifurcation of the
mandibular canal on the left side of the mandiblee right side showed distinct radiographic
images of the canals with separate origins thatagul to join anteriorly to form a single
canal in the area below where the 47 would be émtaThe two canals appeared to be
distinct, originating from two separate foraminaeTleft side of the mandible also displayed
an apparent trifurcation of the mandibular candle Two canals appeared to be distinct,

originating from two separate foramina similartattobserved on the right sitfé.
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Fig. 36: OPG illustrating the bifid mandibular canlaon the rightside and trifurcation on

the left side

Mizbah K, Gerlach N, Maal TJ, Bergé SJ, Meijer G010)®” reported a unique case of
accessory canals in a patient with a BMC on thiet nigandible that turned outto be a TMC

when further examined using CBCHig. 37).

Fig. 37: Sagittal and coronal view of a CBCT imagaf a 30-year-old man.Arrows

show unilateral MC variation described as TMC
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Aljunid S, Al Siweedi S, Nambiar P, Chai WL, NgedC. (2016%® reported a rare case in

which one of the accessory canals in a patient withMC became impinged following

implant insertion, leading to pain and discomfdrt.

Borghesi A, Bondioni MP (20263 reported a rare case with CBCT imagEig( 38, Fig.
39) of an unexpected anatomical variant characterigednilateral triple mandibular canal

with double mandibular foramen in a young Caucagiaman?

Fig. 38: Cross-sectional CBCTimages show the buowual position othe three MC

(MCmain, AMC1, AMC2).

MCmain — Main Mandibular Canal (whitavavy arrow)
AMC1 — Accessory Mandibular Cangblack arrowheads)

AMC?2 — Accessory Mandibular Cangblack curved arrows)
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Fig. 39: Pan CBCT images demonstrating the distonaésourse ofthe three MC
(MCmain, AMC1, AMC2).(a, c) The intra-mandibular course dfiICmain (circles) and
AMC2 (dots) forms an upward-facing curve. AMEoins MCmain at the level of the ®
premolar (curved arrow). (b) The intramandibular course of AMQ (asterisks)shows a
serpiginous shape in its anteriportion. AMC1 originated from MGmnainat the level of

2" premolar. Double mandibular foramen is also shoarrowheads). Large black

arrows, mental foramen
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CLASSIFICATION OF TRIFID MANDIBULAR CANAL (TMC)

Yang X, Lyu C, Zou D. (20172 used the Naitoh et al. (2009) classification tocdes the
TMCs. The researchers used narrative descriptiondistinguish TMCs as dual forward,

buccolingual, dental or retromolar canals, or alsioiation of those four variants.

Only Rashsuren O, Choi JW, Han WJ, Kim EK* have proposed a classification of TMCs.

Their five subtypes are:
A. Two accessory canals of the retromolar type;
B. Two accessory canals, one retromolar and one ¢ental
C. Two accessory canals of the dental type;
D. Two accessory canals, one dental and one forward,;

E. Two accessory retromolar canals with two mandibideamina.
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3. CORTICALIZATION OF MANDIBULAR CANAL

Visibility of the MC may vary between patients agnvkn between different areas of
the mandible. The canal is usually more readilyidied in posterior areas and the visibility
tends to decrease gradually towards the mentaintna Near the mental foramen, the MC
has been shown to be “clearly visible” on CBCT s¥ssctions in around 53% to 65% of the

cases. Similarly, clear visibility of the MC in tliest molar region may be found in 66%of

the cases.
Trabeculation Increased
n NO;‘;I]&] Dec:‘g;l Bed Not visible 54 density
(% from total ( l_'if/ ) (53%) (27%) 10
hemimandibles) . - (5%)
Corticalization of .
Mandibular Present .I\.Ot Present N .Ot Present N .Ol Present
visible visible visible
Canal
Al -
1] i IS
dmmam l‘lEEi“l F 1T 1Y
Schematic [SEEEER | SEEEEs | BN
representation 'E’“i: | ' ey
| 4
o | W | W
n 23 6 10
¥ = 30 36 TG
(% byl (79%) 21%) 67 (63%) 18 (33%) | 36 (67%) (100%)
trabeculation)

Fig. 40: Association between corticalization of mdibular canal andtrabeculation

pattern of the submandibular gland fossa (SGF) regi

In a study, performed bpe Oliveira-Santos C. et &f*, the diameter of MC was
measured on cross-sections in the first molar regichere in 18% of the cases the canal
could not be visualize¢Fig. 40). This finding must be interpreted carefully, becaosty
cross-sections were analyzed, and in one spedafiiom. Combination with other views
could have helped detect the MC. This demonstratesimportance of analyzing the

different available views when assessing mandibular anatomy 4.

Page 45



Review of literature

Additionally, bone trabeculation in SGF region,dsserved in the above-mentioned
study, seems to influence the corticalization of M@ibility of the MC in the SGF region
may be further affected by the absence of corgaibn of the MC, which correlated with

decreased bone trabeculation.

Literature search

Arwa Mousa et al (2028)” conducted a retrospective study to assess variatio
the position of the inferior alveolar canal betweameales and females as determined by
radiographic localization using CBCT. 210 CBCT scahEgyptian people (18-70 years old)
were assessed. 8 linear dimensions were measuggtdomine the location of the inferior
alveolar canal: two for the horizontal localizatioh the mandibular foramen, two for the
vertical localization of the mental foramen (supeand inferior to the mental foramen), and
four at the first molar bifurcation for the verticand horizontal localization of the inferior
alveolar canal (superior, inferior, buccal, andylial to the inferior alveolar canal) (anterior
and posterior to the mandibular foramen). Compaganalysis, stepwise logistic regression,
and receiver operating characteristic (ROC) cumalysis were used to statistically assess
the measurements. Six of the eight tested distasicesed statistically significant gender
differences. The prediction power was enhancedtté By combining these 6 indicators. In
the Egyptian population, there were considerablespecific differences in the position of

the inferior alveolar canal.

Trustiya Tudtiam et al. (201%)® conducted a study to measure the distance between
the impacted mandibular third molar (IMTM) and tinéerior alveolar canal (IAC). Using
panoramic radiographs and CBCT on 90 male and tesabjects (45 each) with bilateral

impacted mandibular third molars at a mean age7oyears, measuring the widths of the
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mandible, buccal bone, IAC, lingual bone, heighttttd IAC, the height of the alveolar
bone, and the distance from the lowest part ofMiEM to the superior border of the canal.
The Mann-Whitney U test and independent samplesttwere used in statistical analysis to
determine whether there was a gender difference. Rwvalue of 0.05, the Wilcoxon signed-
rank test and the paired t-test were used to caebar two sides. Male and female patients
had different mandibular widths, IAC widths, anddAeights. In terms of width and height,

the IAC in men had a significantly larger diametean in women.

Thiago de Oliveira Gamba et al (2012} conducted a study to evaluate sexual
dimorphism by locating the mandibular canal in ieag@f cone-beam computed tomography
(CBCT) on 160 Brazilian individuals (74 men and w6men), aged between 18 and 60
years. In the CBCT images 8 measurements were fek@rnthe CBCT images: the distances
between the mandibular foramen and the most antand posterior parts of the ramus, the
upper channel's distance from the alveolar ridggh@imandible, the upper channel's distance
from the bottom of the mandibular canal, the ch#ismiéstance from the mandibular alveolar
ridge (lingual), and the channel's distance frora thandibular alveolar ridge (buccal),
distance from the mental foramen to the top ofalveolar ridge and base of the mandible.
The binary logistic regression model was creategradict the sex and was used to test
whether there were differences in the mean val@idéiseoeight measurements that were used
amongst males and females. 4 parameters demoundstrateer sex estimation among the
evaluated variables. Except for one, none of theasmements revealed statistically
significant gender differences. Thus, forensic iyt can use the formula created in this

study for sexual dimorphism.

Jacqueline S. Angel et al (2014Y conducted a study to determine the influence of

age and sex on the relative position of the infesilweolar canal and its foramina in cone-
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beam computed tomography (CBCT). Random 165 CBCdi® welected from ages 18-80
years (110 women and 55 men). The following measants were made at each location:
the superior and inferior positions of the mentahfmen in the coronal view; the superior
and inferior positions of the mandibular foramerthia axial view; and the buccal and lingual
positions of the inferior alveolar canal at the stref the inter-radicular bone at the
mandibular first molar. The variables were analyasithg regression analysis to examine the
effects of age and sex. Overall, the findings stibw®t regardless of age or gender, the
relative location of the inferior alveolar canablaassociated foramina in adults remains fairly

constant.

Gloria Cartes et al (2018 conducted a descriptive, retrospective, crosseseait
study to analyze the Mandibular Canal Course ardPtsition of the Mental Foramen by
Panoramic X-Ray in Chilean Individuals. 442 pandraid-rays, (262 females and 180
males) were examined. Of the 262 females, 191 aged between 18 and 34 years, 71 were
aged over 35 years; of the 180 males, 145 were bgedeen 18 and 34 years, and 35 were
aged over 35 years, Vertical linear measurememésralationship between the MC and the
roots of the mandibular teeth, and the positiothef MF in relation to the inferior premolar
roots (MCR). MF typically lies below the inferioecond premolar apex in older people and
between the first and second premolar apices img@upeople. MC was in close proximity
to the third molar, and neither gender nor agedmunpact on this relationship. The analysis
of distances revealed symmetry and clear gendéerelifces, with males showing larger
values than females. Age, however, did not appedrave much of an impact on these

measurements. Different ethnic groups take diffelké@ courses.

Sura A. Rashid et al (201} evaluated the validity of the linear measurements

related to the mental and mandibular foramina eakrfpositions on digital panoramic images
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in sex determination. A total of 300(150 male,1&Maéle) Iragi subjects in the age group 20-
49 were examined. 4 linear vertical measurements performed on the radiographic image
on both the right and left sides of the mandible0j6sides, to assess the reliability of the
linear measurements used to determine sex thalased to the vertical positions of the

mandibular and mental foramina. SPSS (Statistiealk®ye for Social Sciences) samples
were used in computer-assisted statistical anaglysegh resulted in Males having almost
higher measurements than females in all of theafinmeasurements where there are
significant differences between the sexes. Measemtsn made in this study could

successfully determine the patient's sex.

Jay D. Simonton et al (2009¥ evaluated the differences in the relative locatibn
the inferior alveolar nerve (IAN) compared with tle®ts of the mandibular first molar in the
predictability of gender or age. 200 (100 male, f€fale) patients between 30-69 years of
age; A total of 14 measurements were made at thg tide mesial root apices, and the distal
root apices. Age and sex-based 2-way analysis ridn@e with the Bonferroni post hoc test
were used to analyze the data. The total widthh@fandibular bone at the mesial and distal
apices was significantly shorter in females, relgasliof age, both horizontally and vertically
from the IAN. Additionally, from the third to theéxsh decade of life, the mandibular bone's
overall width decreased in both sexes. Accordingh® study's findings, females have
significantly smaller horizontal mandibular bondsant males and the root apices are

significantly closer to the IAN in females.

Marci H. Levine et al (2006§® conducted a cross-sectional study to determine
patient factors related to the position of infe@breolar nerves (IAN) in dentate patients and
to document an IAN position that is clinically redat. mandibular axial computed

tomography was enrolled. The 3 measurements wede @miathe position of the mandibular
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first molar furcation (linear distances between khecal aspect of the IAN canal and the
outer buccal cortical margin of the mandible, alne $uperior aspect of the IAN canal and
the alveolar crest). To evaluate the correlaticetsvben the predictor and outcome variables,
bivariate statistics were computed. Multiple linegression techniques were used to
develop an adjusted model assessing the relatpmbetween the two. The results indicated
that older patients and white patients have a cledationship between the buccal aspect of

the nerve canal and the mandibular buccal border.

Avinash Kavarthapu et al (2018¥ conducted a study in the South Indian population
to evaluate the course and position of IAN in ielatto the alveolar crest, buccal cortical
bone, lingual cortical bone, and inferior bordertted mandible using CBCT. A total of 139
(106 males and 33 females) CBCT scans were assigs$ieel age group of 15-75 years. 4
Sectional images were measured using the toolsigedvin the Sirona Galaxis Galileos
Viewer Version 1.9 software from Sirona dental eys$, GmbH, Bensheim, Germany. A
two-way analysis of variance was used to analyealtita that had been obtained (ANOVA).
IAN was positioned inferiorly in males comparedfémales and displayed a wavy pattern
from posterior to anterior in relation to the allaacrest. Females displayed more bone near

the first molar region's lingual nerve.

Madhiha Khalid et al (2020f* conducted an observational study to evaluate the
radiographic location of the inferior alveolar chaad its correlation with gender and age. 70
Radiographs with the presence of the First molest &nd second premolars, and canines
were considered in the age group above 18 years.d@kta was entered into a self-made
proforma and analyzed using the SPSS 20th vergige. and gender had no statistically

significant impact on how the inferior alveolar vemappeared.
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Rachna Rath et al (2029 performed a retrospective study to determine tlative
position of the IAC at three different locationstie mandible to assess sex differences in an
eastern Indian population. A total of 120 CBCT @nthte individuals, 60 males and 60
females, with ages ranging from 18 to 60, had takéh measurements concerning the
mandibular canal were made (8 in coronal and Zial @lices) at 3 landmarks. Calculated
descriptive statistics included mean and standadiation. Mean difference and the
Unpaired Student's t-test was used to compare stadgbles between genders. Except in
two areas, males had higher mean values than feml@lean adult population of eastern
Indians, sexual dimorphism can be seen in theivelgosition of the mandibular canal and

its associated foramina.

Hooman Khorshidi et al (201#}® conducted a cross-sectional study to investigate
the anatomic location and radiographic course @miandibular canal compared to anatomic
landmarks on CBCT and to determine correlationsveen the position and the age. 242
CBCT (99 males and 143 females) were selected.ofigpare the gender differences in the
mean distance from the mandibular canal to the ibatad cortices, the location of the canal
was assessed in 4 different regions. SPSS softweaiston 15 was used to analyze the data.
To assess the relationship between gender andethtive position of the IAN canal, a
student t-test was used. In both vertical and bated dimensions, the mean bone thickness
of the female group was significantly lower tharattiof the male group. A significant

correlation existed between the anatomic courskeo€anal and gender.

Kyung-Hwan Kwon et al (2018)” conducted a study using cone beam computed
tomography to assess the path of the inferior #wecanal in the mandibular ramus. The
plane of a line connecting the mandibular forammah the mental foramen and the vertical to

the occlusal plane was set as the sagittal pla2® IGBCT (9 men and 11 women) all older
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than 19 years. To determine the closest distamre fne exterior of the cortical bone to IAC,
the mandibular foramen and mental foramen weretdocan the trabecular bone. 5
measurements were assessed. Using SPSS for dtsisartae independent t-test was run to
check the statistical significance of differencedength based on gender and both sides of
the arch. The findings were considered statisficatinificant.

Esraa A. EImekkawy et al (20269 conducted a retrospective study to assess the
role of cone beam computed tomography (CBCT) indgerdetermination through the
measurements of the location of the mental forameahe Egyptian population. 200 CBCT
(100 males and 100 females) between the ages ahd&0. Two measurements were taken
for the mental foramen of the right side, with tesults used to compare gender differences.
The student t-test was used to evaluate theirrdifies. The statistical program IBM SPSS
was used to analyze the data. Based on this studypossible to draw the conclusion that in
the studied sample of the Egyptian population,atveas sexual dimorphism in the distances
between the superior and inferior borders of tightrside's mental foramen and the lower
border of the mandible.

Messina Ebogo et al (2029 conducted a retrospective study on a population of
Cameroonian people to determine the morphometaiufes of the mandibular foramen as a
characteristic of sex. Between the ages of 13 &d.@5 cerebral CT-Scans (78 men and 27
women) were performed. In relation to gender, Sadises from the MF were measured.
Software Radiant DICOM Viewer was employed for évaluation. Using SPSS version 24
software, the intra- and inter-examiner agreemémhe results was evaluated using Cohen's
kappa test. According to the distribution law, 8Stdent's T test or the Mann-Whitney test
was used to examine the relationship between aybmaalitative variable and a quantitative
variable. According to statistics, males had highesults for all 5 measurements than

females.
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Michat Pucito et al (2021§® 300 CBCTs of patients aged between 20 and 79 years
old (167 women and 133 men) were examined. On ei©BCT images, the horizontal and
vertical distances between dental root apices &edinternal border of the MC were
measured. The Pythagorean formula was then usedltolate the actual distance. The
Mann-Whitney test was used to determine whethdermihces between men and women
were statistically significant. The Spearman rankreation coefficient was used to assess
correlations with patient age. Men measured meatantes were greater than those of

women. The measured distances and age had a pastirelation.

Malabika Shil et al (2022%? retrospective cross-sectional study was done atyae
sexual dimorphism by identifying the relative lgoat of the mandibular canal and the
mandibular and mental foramina using cone beam atedpgomography images in a sample
of south Indian inhabitants. 120 CBCT images (60esrand 60 females) with an age range
of 20-60 years. 8 measurements were performed ffteicoronal and 2 in the axial view). A
student's t-test was used to compare the varibeliseeen the genders. With the exception of
one measurement, the mean values of all the memsunts were higher in men. Version 21
of SPSS was used for the statistical analysis.pfdidictors underwent an analysis using a
linear discriminant function. To determine whichegictor can discriminate between
genders, Wilk's lambda and the F test were perfdriRer both men and women, a canonical
discriminant function coefficient was obtained at average discriminant score for all
measurements and functions. Gender could be peediby all eight predictors in a

significant way.

Fahrettin Kalabaliket et al (2019 conducted a retrospective cone-beam computed
tomography study on 300 (148 males and 152 femdlelish patients with ages ranging

from 15 to 74 years to identify the mandibular danacation at the mental foramen region.,
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At a distance of 2 mm from the mental foramen, nendibular canal was measured at 4
locations. The SPSS v.22 (SPSS Inc, IBM, USA) wsadufor the statistical analysis. The
means and standard deviations for each measurewsmet calculated using descriptive
statistics for both sides and gender. The t-tasinftependent samples was used to determine
gender differences and differences between thealadt right sides. At the location of the
mental foramen, the mandibular canal was situat¥tically closer to the inferior cortical
border and horizontally closer to the lingual amatiborder of the mandible. On both left and

right sides, 3 measurements were significantlydang males than in females.
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METHODOLOGY

SOURCE OF DATA: The present study was a retrospective study wherg26
CBCT scans of North Karnataka population basedhendemographic details of the
subjects were retrieved from the database of theafment of Oral Medicine and

Radiology KLE VK Institute of Dental Sciences.

METHOD OF COLLECTION OF DATA: The study group included 226 CBCT
scan images (113 males and 113 females) in theaage of 18-60 years fulfilling the

inclusion and exclusion criteria.

ARMAMENTARIUM

1. Dentsply Sirona Axeos CBCT machine. (Fig. 41)
2. Electronic caliper inbuilt in Sidexis 4 Galileos prant software (Fig. 44)
3. Guideline sheet depicting the parameters to be uneds

4. Scoring sheet for recording the observations.

SELECTION CRITERIA:

Inclusion criteria:

1. CBCT scans in the age group of 18-60 years.

2. CBCT scans showing full extension of the dentateditde.

3. CBCT scans with presence of premolar & first molar.

4. Mandibular CBCT scans with normal alveolar boneghtior mild bone loss

(up to 3mm).
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Exclusion criteria:

1. Radiographs revealing displaced fracture of theypadgle and ramus of the
mandible.
2. Radiographic evidence of diseases and anomaliesncpdeformities.

3. Poor quality radiographs (blurred image, motioifacts, low resolution)

METHOD: The study was conducted in the Department of Oraldidne and

Radiology of KLES Vishwanath Katti Institute of DahSciences, Belagauvi.

CBCT images were retrieved from the database ofCibpartment of Oral
Medicine and Radiology of KLES Vishwanath Kattitihgte of Dental Sciences, with
a voxel size of 0.2 mm, and a field of view of 8>8mcm and above using Dentsply
Sirona Axeos CBCT machine. A total sample of 2280TBscans (113 males and 113

females) belonging to the age group of 18-60 ye®re randomly selected.

A. Radiographic Technique

The CBCT images were acquired using a Dentsplyn@iraixeos CBCT machine with
the following protocol: a peak kilovoltage of 85kVa current of 10-12 mA, a voxel
size of 0.2 mm, and a field of view of 8 cmx8 crmdasbove. According to the
manufacturer's instructions, all images were obthiwith patients standing in an
upright position, with the head adjusted using ihechine's head support aids and
with the use of system light localizers to ensumat tthe midsagittal plane was

vertically oriented and the occlusal plane waseguly horizontal.
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Only scans that included the full extension of iendible, had no evidence of
bone fractures or pathological lesions and showebbast the premolars and first
molars were selected. Moreover, only scans wittmabralveolar bone height or mild

bone loss (<3 mm from the cementoenamel junctiarevaccepted.

The Sidexis 4 Gallileos Implant software was usadtifie reconstruction and
measurement of the included scans. The measuremergsmade on coronal, sagittal

and axial orthogonal planes of the scan after setpthe smallest slice thickness of

0.2mm.

Fig 41. Dentsply Sirona Axeos CBCT scan machine
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B. M easurements of Inferior alveolar nerve canal

The CBCT scans were arranged according to the semglyirements and were
provided for analysis without the demographic detadf the subjects. The
measurements were performed by two radiologisteetwait an interval of 10 days in
order to avoid inter-observer and intra-observersbin case of difference in the

measurement, mean value was obtained for increasrotacy.

Fig 44. Measurement tool inbuilt in the software
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The measurements were performed by the radiologistDICOM images
using the sliding electronic caliper inbuilt intbet software. The assessment of the
location of the inferior alveolar canal was guidég the same eight linear

measurements and their abbreviations on eitheroditee mandible as follows.

For horizontal localization of the mandibular foram two measurements were
made on the CBCT axial image that showed the maximidth of the mandibular
foramen. First, the distance from the most antgr@nt of the mandibular foramen to
the most anterior part of the mandibular ramus mvaeasured (Fig. 45) and recorded as

the anterior mandibular foramen (AMAF).

s
14.32 mm

Fig 45. AMAF (anterior mandibular foramen) The distance from the most anterior

point of the mandibular foramen to the most anterior part of the mandibular ramus.
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Then, the distance from the most anterior pointhef mandibular foramen to
the most posterior part of the ramus was measufegl 46) and recorded as the

posterior mandibular foramen (PMAF).

16.04 mm
+

Fig 46. Showing PMAF (posterior mandibular foramen) The distance from the most
anterior point of the mandibular foramen to the most posterior part of the ramus.

For vertical and horizontal localization of thefanor alveolar canal, four
measurements were done on the CBCT coronal cubseat the region of the first

molar bifurcation.

The first measurement was the distance from thet reagperior point of the
inferior alveolar canal to the midpoint of the allar ridge crest (Fig. 47), which was

recorded as the superior inferior alveolar caneAC3.
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Fig 47. SIAC (superior inferior alveolar canal) The distance from the most superior
point of the inferior alveolar canal to the midpoint of the alveolar ridge crest.

The second was the distance from the most infgumint of the inferior
alveolar canal to the lowest point of the inferlmrder of the mandible (Fig. 48),

termed the inferior inferior alveolar canal (I1AC).

Next was the distance from the most lingual pofrthe inferior alveolar canal
to the mandibular lingual cortical plate (Fig. 4@khich was recorded as the lingual

inferior alveolar canal (LIAC).
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\
5:20imm

Fig 48. IIAC (inferior inferior alveolar canal) The distance from the most inferior
point of theinferior alveolar canal to the lowest point of the inferior border of the
mandible.

1.34 mmE+

Fig 49. LIAC (lingual inferior alveolar canal) The distance from the most lingual

point of theinferior alveolar canal to the mandibular lingual cortical plate.
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The last measurement was the distance from the mastal point of the
inferior alveolar canal to the mandibular buccattical plate (Fig.50), defined as the

buccal inferior alveolar canal (BIAC).

+4.86/mm

Fig 50. BIAC (buccal inferior alveolar canal) The distance from the most buccal

point of theinferior alveolar canal to the mandibular buccal cortical plate.

For vertical localization of the mental foramenptmeasurements were taken

on the coronal cut on which the mental foramen thasvidest.

The first was the distance from the most super@mntpof the mental foramen
to the midpoint of the alveolar ridge crest (Fid),5recorded as the superior mental
foramen (SMEF), and the second was the distance fine most inferior point of the
mental foramen to the lowest point of the infetimrder of the mandible (Fig. 52),

termed the inferior mental foramen (IMEF).

Page 64



Methodology

17.25 mm
5105 mm

Fig 51. SMEF (superior mental foramen) the distance from the most superior point

of the mental foramen to the midpoint of the alveolar ridge crest.

+
13.70)mm

Fig 52. IMEF (inferior mental foramen) the distance from the most inferior point

of the mental foramen to the lowest point of theinferior border of the mandible.

Page 65



Methodology

124 mm

+ +2.861Min

Fig 53. SC-IC (supero-inferior Fig 54. BC-LC (bucco-lingual
dimensions of 1 AC) the distance from dimensions of 1AC) the distance from
the most superior point of the |AC to the most buccal point of the IAC to the
the most inferior point at first molar most lingual point at first molar

furcation area. furcation area.

To evaluate the dimensions of the IAC, two measergmwere taken on the
coronal cut at the point of the first molar furcatiarea, Bucco-lingually (BC-LC)

(Fig. 53) and Supero-inferiorly (SC-IC) (Fig. 54).

The IAC was marked and vertical and horizontalneziee planes were traced.

To assess reliability, 94 scans (47 of female ando# male participants,
representing 30% of the total sample) were evallatee by the first observer and
once by a second observer, who had >15 years @friexjge in oral and maxillofacial

radiology.
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Prior to image analysis, the personal data on @hs was concealed and
coded, and a master chart (consisting of each sode with its associated personal
data) was made and sealed by the technician who umasvare of the image
assessment procedures. Each observer evaluateddhe separately and the results

obtained were not discussed by the observers totanaiblinding.

STASTISTICAL ANALYSIS

The results obtained were tabulated and statibtieadalysed using STATA
statistics/ Data analysis 15.0 special editionvgarfé. The mean and standard deviation
(SD) were calculated for each parameter in botlesextraobserver and Interobserver
reliability was assessed using intraclass cormatoefficients (ICCs) with 95%
confidence intervals. The Shapiro—Wilk test wasdusecheck whether the measured
variables were normally distributed. Kruskal Waltesst was done to compare the
different variables and the significance of the shierences in the mandibular
parameters was assessed using the Mann—WhitneystU Uaivariate discriminant
function analysis (DFA) was performed to developnadel for sex determination
based on individual mandibular measurements. Tagndistic accuracy of the studied
linear measurements as sex predictors was tested ROC curves and ROC area

under the curve.
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RESULTS

This retrospective observational study was caragatlat the Oral Medicine
and Radiology Department of the KLE VK Institute D&ntal Sciences, Belagavi-
Karnataka. The source of the data was retrospe@B€T scans obtained from the
Oral Medicine & Radiology Dept. This included aabobf 226 CBCT images (113
males and 113 females) between the age group 18e@@s at the time of

examination.

CBCT scans were collected and grouped accordintpeogenders. All the
measurements were recorded in millimeters up todecimals. The values derived
were tabulated as shown in the Master Charts (Aumeexl) and subjected to
statistical analysis using STATA statistics/ Dataalgsis 15.0 special edition
software. Bilateral measurements were noted in €&BET scan and shown in a

tabular form.

Normality tests:

Shapiro Wilk test was performed to check the noityalf the data which

revealed that the data was not normally distributed
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Table 4: Descriptive measures of variables and noratity test

Variable Males Females Shapiro Wilk
Mean| Std. | Median| Range| Mean | Std. | Median| Range| W p
Dev Dev

AMAF R | 155 | 1.2 15.7 13—+ 14.7 0.6 14.9 13.1 +0.95| <0.0001
18.7 16.3

PMAF R | 185| 14 18.7 154- 16.2 1.1 15.6 14.2 +0.94| <0.0001
22.5 19.8

SIAC R | 19.8| 1.6/ 20.1 15+ 15.3 1.7 15 3.9+ 0.9 | <0.0001
21.9 19.6

IIAC_R 69 | 11 7.3 344 52 0.8 5.0 4.0 - 0.93| <0.0001
8.7 8.7

BIAC R | 6.0 | 0.6 6.0 474 6.0 0.9 6.1 3.5 0.86| <0.0001
9.1 8.2

LIACR | 1.8 | 0.3 1.9 1-| 1.6 0.3 1.7 1.3 - 0.89| <0.0001
2.8 3.2

SMEF R| 16.4| 1.7 16.8| 12.2|-13.3 1.6| 13.3| 11.1+0.94|<0.0001
18.9 18.7

IMEF R | 13.2| 0.7 13.1| 122+ 132 1.2| 13.3| 10.0+0.95| <0.0001
17.0 14.9

BCLC R| 2.7 | 0.3 2.8 22+ 2.6 0.2 2.6 2.2 -0.96| <0.0001
3.8 3.1

SCIC R| 3.2 | 0.2 3.2 274 3.5 0.5 3.6 2.0 - 0.95| <0.0001
4.2 4.7

AMAF L | 142 | 1.3| 138 | 124+ 14.1 0.8| 13.7| 12.2+0.66|<0.0001
18.6 17.9

PMAF L | 195| 13| 19.7| 13.6+ 16.7 1.2| 16.8| 12.5+0.98| 0.00302
21.5 18.5

SIAC L | 188| 13| 19.2| 1581 155 28| 14.7| 11.0+ 0.9 | <0.0001
20.8 20.7
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IIAC_L 79 | 14 8.2 49— 6.3 11 6.2 4.3 -4 0.95| <0.0001
9.9 9.9

BIAC_ L | 75 | 14 7.6 44—+ 3.8 1.2 3.8 1.2 - 0.96| <0.0001
9.9 6.4

LIAC_L | 16 | 0.3 1.6 114 16 0.4 15 0.9 - 0.92| <0.0001
2.8 2.8

SMEF_L | 16.3| 1.5 16.6| 12.6- 13.2 2.3 12.3 | 10.9 +0.93| <0.0001
18.9 19.9

IMEF_L | 145 | 0.9 146 | 119+ 13.6 1.5 13.8 8.3+ 0.79]| <0.0001
21.3 16

BCLC_ L | 26 | 0.4 2.8 04+ 24 0.2 2.4 2.0 - 0.88| <0.0001
3.2 3.1

SCIC_ L | 34 | 04 3.5 224 3.6 0.3 3.7 2.8 - 0.90| <0.0001
3.9 3.9

parametric tests were performed.

The p-value for the test was found to be less thdb, hence the non-

The mean values of the parameters AMAF_R, PMAF_IRCSR, IIAC_R,

LIAC_R, SMEF_R, BCLC_R, AMAF L, PMAF L, SIAC_L, AC_L, BIAC_L,

LIAC_L, SMEF_L, IMEF_L, BCLC_L were higher in malethan in females.

Whereas the parameters BIAC_R, SCIC_R, and SCICeleviound to be higher in

females than in males and the mean of IMEF_R wasdoto be equal in both

genders. Additionally, all of the linear measuretsehave shown statistically

significant differences between males and females.
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Kruskal Wallis test
Table 5: Comparison of parameters

Variable v P value
AMAF_R 46.2 0.0001
PMAF_R 105.7 0.0001
SIAC_R 144.9 0.0001
IIAC_R 102.7 0.0001
BIAC_R 4.9 0.0271
LIAC_R 13.2 0.0003
SMEF_R 10.3.3 0.0001
IMEF_R 0.8 0.3679
BCLC R 23.4 0.0001
SCIC_R 44.2 0.0001
AMAF L 0.01 0.918
PMAF_L 134.6 0.0001
SIAC_L 68.5 0.0001
IAC_L 55.4 0.0001
BIAC L 156.1 0.0001
LIAC L 1.3 0.2609
SMEF L 92.3 0.0001
IMEF_L 25.6 0.0001
BCLC L 32.2 0.0001
SCIC L 17.1 0.0001

Kruskal Wallis test was done to compare the difierariables and it was found that

BIAC_R, IMEF_R, AMAF_L, and LIAC_L were statistidglinsignificant.
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Comparison of Pair-wise parameters by gender

Table 6: Mann-Whitney U test (Female to male)

Variable z P value
AMAF_R -6.8 0.000
PMAF_R -10.3 0.000
SIAC_R -12.0 0.000
IIAC_R -10.1 0.000
BIAC_R 2.2 0.027
LIAC_R -3.6 0.0003
SMEF_R -10.2 0.000
IMEF_R 0.9 0.367
BCLC_R -4.8 0.000
SCIC_R 6.7 0.000
AMAF_L -0.1 0.918
PMAF_L -11.6 0.000
SIAC_L -8.3 0.000
IIAC_L 7.4 0.000
BIAC L -12.5 0.000
LIAC_L -1.1 0.260
SMEF_L -9.6 0.000
IMEF_L 5.1 0.000
BCLC L -5.7 0.000
SCIC_L 4.1 0.000
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The Mann-Whitney U test was used to compare tharpeters between males and
females. The results showed a statistically sigaift difference in the total of 17
parameters between males and females (p < 0.00d4)panameters, IMEF_R,

AMAF_L, and LIAC_L revealed statistically insigniant results with a p-value>

0.05.

Table 7: Significant multivariate Effects for gende (Wilks’ lambda)

Test of functions | Wilks’ Lamda df Sig.

1 0.1375 1 <0.0001

Page 74



Results

Table 8: Significant univariate Effects for gendefMANOVA univariate test]

Variable W p-value
AMAF_R 0.9 <0.0001
PMAF_R 0.6 <0.0001
SIAC_R 0.4 <0.0001
IIAC_R 0.6 <0.0001
BIAC_R 1.0 0.8962
LIAC_R 1.0 0.6005
SMEF_R 0.5 <0.0001
IMEF_R 1.0 0.7864
BCLC_R 0.9 <0.0001
SCIC_R 0.9 <0.0001
AMAF_L 1.0 0.3914
PMAF_L 0.4 <0.0001
SIAC_L 0.6 <0.0001
IIAC L 0.7 <0.0001
BIAC L 0.3 <0.0001
LIAC_L 1.0 0.1866
SMEF_L 0.6 <0.0001
IMEF_L 0.9 <0.0001
BCLC L 0.9 <0.0001
SCIC_L 0.9 0.0001
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Screening tests were conducted to determine whetales should be
included in a logistic regression model for sexdifferentiation, and accordingly, 15

linear mandibular measurements were included itz model.

Out of 20 parameters, 15 parameters were signifig@able 8), thus

discriminant analysis was conducted to measure dbeuracy among these

parameters.
Discriminant analysis:

Table 9: Standardized canonical discriminant functon coefficients

Variable Function 1 (Overall) | Function 1 (Left side), Function 1 (Right side
AMAF_R -0.04 -0.11
PMAF_R -0.16 -0.19
SIAC_R -0.27 -0.66
IIAC_R -0.19 -0.38
SMEF_R -0.10 -0.17
BCLC_R -0.02 -0.05
SCIC_R -0.08 -0.13
PMAF_L -0.14 -0.28

SIAC_L -0.18 -0.24

IIAC_L 0.02 -0.06

BIAC_L -0.49 -0.66
SMEF_L -0.29 -0.42

IMEF_L -0.37 -0.32
BCLC_L 0.13 0.10

SCIC_L 0.33 0.33
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Overall Equation (right + left) for the mandible:

(-0.04)*AMAF R + (-0.16)*PMAF_R + (-0.27)* SIAC_R 4-0.19)* IAC_R + (-

0.10)*SMEF_R + (-0.02)*BCLC_R + (-0.08)*SCIC_R +0(14)*PMAF_L + (-

0.18)* SIAC_L +0.02* IIAC_L + (-0.49*BIAC_ L + (-®R9)*SMEF_L + (-

0.37)*IMEF_L + 0.13*BCLC_L + 0.33*SCIC_L

The equation for the right side of the mandible:

(-0.11)*AMAF_R + (-0.19)*PMAF_R + (-0.66)* SIAC_R £-0.38)* IIAC_R + (-

0.17)*SMEF_R + (-0.05)*BCLC_R + (-0.13)*SCIC_R

The equation for the left side of the mandible

(-0.28)*PMAF_L + (-0.24)* SIAC_L +(-0.06)* IIAC_L +(-0.66)*BIAC_L + (-

0.42)*SMEF_L + (-0.32)*IMEF_L + 0.10*BCLC_L + 0.38BCIC_L

A negative logit indicates a male anatomic mandibd&ndmark, while a positive

logit indicates a female landmark.

Accuracy test:
Table 10: Accuracy test for gender

Accuracy
Overall Left Right
Sex True False True False True False
Positive | negative | Positive | negative | Positive | negative
(%) (%) (%) (%) (%) (%)
Male 94.69 5.31 92.92 7.08 89.38 10.62
Female 98.23 1.77 96.46 3.54 92.92 7.0§
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The accuracy was 94.69% among males and 98.23%ngnfemales.

Identification could not be established in 5.31%nafles and 1.77% of females.

Receiver Operator Characteristic Curve (ROC Curve):

The diagnostic accuracy of the studied linear mreasants as sex predictors
was tested using Receiver Operator CharacterRtQ) curves and Area Under the

Curve (AUC).

The test offers a graphical representation of thdet of between sensitivity
(Se) and specificity (Sp) in a test. The generaicstire of a ROC curve is simple. The
curve is confined in a unit square. The left-lowerner (Se = 0, Sp = 1) corresponds
to the highest possible test cut-off value. As ¢heoff value decreases, the test Se
increases and Sp decreases, moving on the cunvetfi® left-lower corner up and to
the right to ultimately reach the right-upper caroéthe square where Se = 1 and Sp
= 0, corresponding to the lowest possible. The ameder the curve (AUC) is
indicative of the reliability of the test. An AUQ 6.5 would mean a worthless test on

the other hand an AUC of 1 depicts a perfect test.

As seen in the below 3 graphs, SCIC_R and SCIC rkesuwere seen to be
lying closer to the left upper corner of the graphus, having the highest area under
the ROC curve with 0.756 and 0.6593, respectivdiictv are closer to 1. Therefore,
SCIC_R and SCIC_L have the highest sensitivityegndgr as compared to the other

parameters.
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Receiver operating characteristic (ROC) analysis with ROC area for included predictors by gender
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Graph 4: Receiver Operator Characteristic Curve with area for included
predictors for both genders (overall parameters)
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Graph 5: Receiver Operator Characteristic Curve with area for included predictors
for both genders (right side parameters).
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Receiver operating characteristic (ROC) analysis with ROC area for included predictors by gender
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Graph 6: Receiver Operator Characteristic Curve with area for included predictors
for both genders (left side parameters).

Error analysis:

Inter-Observer and Intra-Observer reliability wascalated on 94 scans out of
the total sample size of 226 scans. The subjeasechfor analysis were 30% of the
total sample size and were chosen by random sagn@iatistical analysis was done
using the Interclass Correlation Coefficient (IC®) indicate the measure of
agreement of both observers for inter-observeabéity and agreement of the same

observer (Observer 1) for intra-observer reliapilit
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Table 11: Kappa’s Cohen values, ICC

Variable Intra-examiner | Inter-examiner
AMAF_R 0.9231 0.9231
PMAF_R 0.923 0.9384
SIAC_R 0.9077 0.9077
IIAC_R 0.9383 0.9383
BIAC_R 0.9384 0.9384
LIAC_R 0.9538 0.9846
SMEF_R 0.9538 0.9538
IMEF_R 0.9384 0.9384
BCLC_R 0.9380 0.9535
SCIC_R 0.9537 0.9536
AMAF_L 0.938 0.938
PMAF_L 0.9538 0.9538
SIAC_L 0.9535 0.9534
IHIAC_L 0.9533 0.9533
BIAC_L 0.9384 0.9384
LIAC L 0.9384 0.9383
SMEF_L 0.9381 0.9536
IMEF_L 0.9385 0.9385
BCLC L 0.9385 0.9385
SCIC L 0.9224 0.9225

Results
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Intraobserver reliability was indicated by intresdacorrelation coefficients
(ICCs) with 95% confidence intervals (Cls) gmafalues and Interobserver reliability

as indicated by intraclass correlation coefficief€Cs) with 95% confidence

intervals (Cls) andP values.

Very strong levels of intraobserver and interobsemgreement were found
(with ICCs ranging from 0.90 to 0.96), indicatinigyln reliability and reproducibility

for all evaluated measurements (Table 11).
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DISCUSSION

Forensic odontology has been utilizing differendumus techniques over
decades for human identification purposes. In cadesass disasters and crime
scenes when skeletal remains are found determthmgex of an individual is very
important while constructing a biological profilé the victim, as all other biological
parameters are dependent on gender. Sexual difieie one method of facilitating
human identification. Numerous research has begredaout over a period of time to
determine the sex of unknown subjects. Howeverethe a need to analyze the
specific traits of the population because theyediffi terms of morphologic patterns

when compared to people from other ethnicity armbgggphic location.

Osseous structures such as the human pelvis, thmifta of the skull, and
bones aid in identifying a person's gender morélyeds has been stated that the
accuracy rate for sex determination is 100% froskeleton, 98% from the pelvis and
the cranium, 95% from the pelvis alone or from pledvis and the long bones, 90%-
95% from the skull and the long bones, and 80%-9%&m the long bones

alone“49)

The two main ways Dentistry contributes to humaentdication are post-
mortem dental profiling in the absence of antemmntecords and the identification of
human remains in accordance with pre-existing deatards*”. Post-mortem dental
profiling provides a solution when comparing anteimm and post-mortem
information fails to reveal common features, thetearortem information is
unavailable, or the condition of the remains préwvadentification. Age, ancestry,
sex, socioeconomic status, and occasionally ocmupatiet, habits, and diseases can

be recognized as characteristié®. Because of its stable relationship with the

Page 83



Discussion

mandibular base, the mental and mandibular forarhaee been used as a point of

reference in morphometric analyses of this Héfe

Forensic dentistry has often relied on time-consigmmnethods similar to
those deployed by dental investigators for humantification and sex determination
is considered a reliable method and facilitates dmndentification. Much research
has been undertaken over the years to determineetkeof unknown individuals
(0.5152) However, there is a need to investigate the riiitie characteristics of a
community, because this varies in relation to morpétric tendencies when

compared to communities across the globe.

The IAN canal, an internal mandibular anatomic faadk, shows significant
morphological differences across individuals ansl x@en shown to vary according to
age and sex. The authors of the current study eeceuraged by the distinctiveness
of this anatomic marker to evaluate its locatiomtighout its course and to correlate
its association with its position, diameter, and fferson's sex in a sample of the
North Karnataka populatioi**® It is a well-known fact that a discriminant fuiact
model devised for a particular population cannotgbeeralized and applied to any
other population as sexual differences vary sigaiftly among populations of
different geographic locations. Keeping this in cih was crucial to develop a
population-specific discriminant function models faccurate sex estimation in the

North Karnataka population.

CBCT has revolutionized the field of dentistry wite accuracy, due to 3D
imaging and has been widely used in forensic ingaton ®. It produces excellent
images and enables accurate 1:1 anatomic 3-D reogotisns of the

dentomaxillofacial complex. The anatomic features distorted and magnified in
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other conventional radiography modalities, varyiigm 3.4% for periapical

radiographs to even more than 14% with panorandiogaaphs®?.

Additionally, the conventional techniques for detering the position of the
roots and IAN only permit a 2-D position and do podvide data in the mandibular
buccolingual axi$®®>***") Before the advent of CBCT, the only method foragting
the same information was through cadaver rese€afciihe lacunae with this method
was the small sample size which was unable to erthernormal distribution of data.
Additionally, it was difficult to assess gender aade disparities with the small
sample size availablé®”. Information that was previously unattainable hjeo
technologies could be gathered and studied in fgignt quantities in CBCT as it

offers a trustworthy new source of anatomical kremlge®®.

In the current study, a total of 20 linear paramseteiere assessed, 10
parameters from either side of the mandible andiriéar measurements exhibited
statistically significant differences between sexesile IMEF_R, AMAF_L, and
LIAC_L have shown statistically insignificant resulwith a p-value > 0.05. Similar
findings were obtained in a study of the Brazil@opulation byde Oliveira Gamba
et al., who discovered that only BIAC showed a stat@ljcinsignificant difference

between males and females in comparison to the séven measurements.

Gopal and Sundaram discovered that AMAF, PMAF, IIAC, SIAC, and
BIAC exhibited statistically significant variancbetween sexes in their investigation
of an Indian population, although the differenced.IAC, SMEF, and IMEF were

inconsequential.

Similarly, Uppal et al. discovered that only three parameters (SMEF, SIAC

and IIAC) differed significantly among males andmgdes. Yet another study,
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conducted byAngel et al. among American volunteers, was the only studyich
most of the measured distances revealed no signtfidifference between males and
females; in fact, only AMAF and SIAC revealed evegar-statistically significant
differences with some minor effects. Different guewof the population were studied,
and differences in genetics, diets, lifestyle aratlitions resulted in variations in

anatomic trait$®: 6% 61 62,63)

Male subjects had IACs with considerably higherrage diameters than
female participants. This is comparable to theieadtudy byLiu et al, which
involved Chinese participants. The consistencyheke findings could be explained

by the comparable racial composition of the indiwils in the two investigatio&”.

A stepwise logistic regression model was formed doynbining the 15
significant variables of either side of the maneit#sulting in the predictive accuracy
of 95% in males and 98% in females. In a study ootetl byArwa Mousa et al
IMEF, SIAC, IIAC, LIAC, AMAF, and PMAF values wericluded in the stepwise
logistic regression model, which was executed usiagable parameter selection.
When these 6 variables were combined, a concordianes of 84% was obtained.
Similarly, De Oliveira Gamba et al andGopal and Sundaram (59) included just 5
variables—the AMAF, PMAF, SIAC, IIAC, and BIAC im¢ models created by them
and a concordance index of 86.1% was found in thdys which is remarkably

comparable to our findings.

As a result, it is evident that the predicted aacyrfor sex determination
found in the current study is high in comparisonthe prior studies in various
populations. It offers a quick and highly accurtgehnique using CBCT scans and

hence can help specialists in human forensic ifiestion. Additionally, it provides
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the option of applying a formula that determinespearson's sex based on

measurements of their mandibular anatomical commuisne

Limitation

1. Age estimation can be analyzed by utilizing the saadiographic localization
parameters of the IAN canal and could be addresstdow-up studies.

2. The study includes samples in the age group ofQy8s6of age, hence this
study model might not be applicable to the yourgge group due to age-
related variations.

3. The study criteria may not apply to patients witicessive alveolar bone loss
either due to severe periodontitis or tooth losghe molar and premolar

regions.

Suggestions

1. The study sample can be subdivided into variousgageps to include infants
as well as elderly patients.

2. Additional parameters may be included in improvihg predictive accuracy
of the gender.

3. The same mandibular parameters could be used éoestgnation also.
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Summary & Conclusion

SUMMARY AND CONCLUSION

The present study was undertaken to assess the reliability of the morphometric
evaluation of the Inferior alveolar nerve cana using 3-Dimensional Cone Beam
Computed Tomography scans in determining the gender of an individual. A total of
20 linear dimensions pertaining to the position and dimensions of the IAN canal were
compared between males and females and it was observed that 15 parameters were
significant determinants of sex with statisticaly significant differences (P< 0.05)
between the genders. The mean values of the parameters assessed were higher in
males except for BIAC R, SCIC_R, and SCIC_L which were found to be higher in

females. Whereas, IMEF_R was found to be equal in both genders.

The growth and development of the mandible tend to stabilize in adulthood
therefore a sample between the age group of 18-60 years was chosen for this study.
The overall predictive accuracy for the entire study group was 94.69% for males and
98.23% for females which indicates that the IAN canal can be successfully used for

gender determination.

In case where a fragmented, damaged or fleshed mandible is recovered,
radiographic evaluation can be employed to study the IAN canal and determine the
gender of the individual by surpassing the strenuous process of soft tissue removal.
CBCT is a modern diagnostic modality that helps in rapid and precise measurements
of the IAN canal thus increasing its accuracy and reliability in gender determination.
In conclusion, the present study proves that the position and dimensions of the IAN
canal can be precisely used for gender determination with high accuracy and the
discriminant analysis model employed for the study group can be of valuable help in

identifying the unknown.
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ANNEXURE-II
MASTER CHART — METRIC PARAMETERS IN THE MALE POPULATION ON TH E RIGHT SIDE
* All the measurements are made in millimeters.

Sr.no | Gender | AMaF R| PMaF R| SIAC R| IIAC R|BIAC R |LIAC R |SMeF R |IMeF R |BC-LC R |SC-IC R
1 Males 13.10 17.55 16.89 3.36 5.76 2.05 15.57 13.81 2.20 422
2 Males 18.71 19.56 17.80 5.81 7.32 1.30 15.00 14.02 2.60 2.90
3 Males 13.69 16.71 21.19 4,57 4.69 1.18 17.40 13.18 2.60 3.10
4 Males 14.40 16.70 17.90 5.79 5.40 1.88 15.30 13.60 2.60 3.40
5 Males 16.45 16.85 16.98 6.00 5.00 1.70 13.96 14.26 2.44 3.50
6 Males 17.22 19.06 18.26 6.34 6.74 1.40 13.82 14.13 2.64 3.03
7 Males 17.13 18.72 18.23 6.31 5.74 1.60 14.68 13.82 2.50 2.90
8 Males 14.24 18.71 18.28 7.07 5.68 1.50 13.89 14.02 2.63 2.82
9 Males 14.94 15.43 15.76 5.31 6.89 1.04 12.95 13.07 2.51 3.81

10 Males 13.00 16.10 15.00 7.70 7.32 1.08 12.18 14.32 2.27 2.90
11 Males 16.65 19.87 15.72 8.77 494 2.81 15.98 13.18 3.05 3.60
12 Males 14.28 17.66 18.38 7.53 9.06 1.00 13.66 13.22 2.63 3.13
13 Males 14.80 17.93 21.84 6.45 5.88 1.80 17.24 17.04 2.20 2.66
14 Males 15.24 19.66 20.69 8.27 4.98 1.05 18.55 13.09 2.25 2.83
15 Males 15.46 20.11 17.48 5.84 6.90 2.00 15.55 12.38 2.94 3.80
16 Males 15.89 17.77 17.85 5.01 5.75 1.81 14.67 13.78 2.47 3.50
17 Males 16.07 16.45 19.83 5.38 472 2.45 16.21 13.26 3.20 3.66
18 Males 16.05 22.46 19.71 6.93 5.75 1.50 16.99 12.93 2.82 3.22
19 Males 13.20 17.57 19.01 7.18 5.87 1.77 15.94 13.47 2.77 3.26
20 Males 18.65 19.55 19.09 7.28 5.32 1.79 16.01 13.44 2.79 3.25
21 Males 13.71 16.74 19.17 7.38 5.78 1.80 16.09 13.41 2.81 3.25
22 Males 14.43 17.73 19.26 7.48 6.03 1.82 16.17 13.39 2.82 3.25
23 Males 16.47 16.86 19.34 7.57 6.02 1.83 16.25 13.36 2.84 3.25
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24 Males 17.23 19.08 19.42 7.67 6.02 1.85 16.33 13.33 2.86 3.25
25 Males 17.14 18.76 1951 1.77 6.02 1.86 16.40 1331 2.88 3.24
26 Males 14.71 18.26 19.59 7.87 6.02 1.88 16.48 13.28 2.90 3.24
27 Males 14.96 15.47 19.68 7.97 6.02 1.90 16.56 13.25 2.92 3.24
28 Males 13.30 16.12 19.76 7.07 6.02 1.91 16.64 13.22 2.94 3.24
29 Males 16.67 19.89 19.84 5.31 6.02 1.93 16.71 13.20 2.96 3.24
30 Males 14.37 17.68 19.93 7.70 6.02 1.94 16.79 13.17 2.98 3.23
31 Males 14.81 17.95 20.01 8.77 6.02 1.96 16.87 13.14 3.00 3.23
32 Males 15.25 19.65 20.09 7.53 6.02 1.98 16.95 13.12 2.82 3.23
33 Males 15.47 20.13 20.18 6.45 6.02 1.99 17.02 13.09 2.77 3.23
34 Males 15.90 17.79 20.26 8.27 6.02 1.45 17.10 13.06 2.79 3.23
35 Males 16.09 16.47 20.34 5.84 6.02 1.50 17.18 13.03 281 3.22
36 Males 16.06 22.47 20.43 5.01 6.02 1.77 17.26 13.01 2.82 3.22
37 Males 15.71 1851 20.51 5.38 6.02 1.79 17.33 12.98 2.84 3.22
38 Males 15.70 18.55 20.60 6.93 6.02 1.80 1741 12.95 2.86 3.22
39 Males 15.70 18.59 20.68 7.18 6.02 1.82 17.49 12.92 2.88 321
40 Males 15.70 18.62 20.76 71.28 6.02 1.83 17.57 12.90 2.90 321
41 Males 15.69 18.66 20.85 7.38 6.02 1.85 17.64 12.87 2.92 321
42 Males 15.69 18.70 20.93 7.48 6.02 1.86 17.72 12.84 2.94 321
43 Males 15.68 18.73 21.01 7.57 6.02 1.88 17.80 12.82 2.96 3.21
44 Males 15.68 18.77 21.10 7.67 6.02 1.45 17.88 12.79 2.98 3.20
45 Males 15.68 18.81 21.18 1.22 6.02 191 17.95 12.76 3.00 3.20
46 Males 15.67 18.84 21.27 1.24 6.02 1.93 18.03 12.73 3.28 3.20
47 Males 15.67 18.88 21.35 1.27 6.02 1.94 18.11 12.71 3.30 3.20
48 Males 15.66 18.92 21.43 7.30 6.02 1.96 18.19 12.68 3.32 3.20
49 Males 15.66 18.95 21.52 1.32 6.02 1.98 18.27 12.65 3.34 3.19
50 Males 13.10 17.55 16.89 3.36 5.76 1.99 15.57 1381 2.20 4.22
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51 Males 18.71 19.56 17.80 5.81 7.32 1.30 15.00 14.02 2.60 2.90
52 Males 13.69 16.71 21.19 4.57 4.69 1.18 17.40 13.18 2.60 3.10
53 Males 14.70 16.40 17.90 5.79 5.40 1.88 15.30 13.60 2.60 3.40
54 Males 16.45 16.85 16.98 6.00 5.00 1.70 13.96 14.26 244 3.50
55 Males 17.22 19.06 18.26 6.34 6.74 1.40 13.82 14.13 2.64 3.03
56 Males 17.13 18.72 18.23 6.31 5.74 1.60 14.68 13.82 2.50 2.90
57 Males 14.24 18.17 18.28 7.07 5.68 1.50 13.89 14.02 2.63 2.82
58 Males 14.94 15.43 15.76 5.31 6.89 1.04 12.95 13.07 2.51 3.81
59 Males 13.00 16.10 15.00 7.70 7.32 1.08 12.18 14.32 2.27 2.90
60 Males 16.65 19.87 15.72 8.77 4.94 2.81 15.98 13.18 3.05 3.60
61 Males 14.28 17.66 18.38 7.53 9.06 1.00 13.66 13.22 2.63 3.13
62 Males 14.80 17.93 21.84 6.45 5.88 1.80 17.24 17.04 2.20 2.66
63 Males 15.24 19.66 20.69 8.27 4.98 1.05 18.55 13.09 2.25 2.83
64 Males 15.46 20.11 17.48 5.84 6.90 2.00 1555 12.38 2.94 3.80
65 Males 15.89 17.77 17.85 5.01 5.75 1.81 14.67 13.78 247 3.50
66 Males 16.07 16.45 19.83 5.38 4.72 245 16.21 13.26 3.20 3.66
67 Males 16.05 22.46 19.71 6.93 5.75 1.50 16.99 12.93 2.82 3.22
68 Males 13.20 17.57 19.01 7.18 6.03 177 15.94 13.47 2.77 3.26
69 Males 18.65 19.55 19.09 71.28 6.03 1.79 16.01 13.44 2.79 3.25
70 Males 13.71 16.74 19.17 7.38 6.03 1.80 16.09 13.41 2.81 3.25
71 Males 14.43 16.73 19.26 7.48 6.03 1.82 16.17 13.39 2.82 3.25
72 Males 16.47 16.86 19.34 7.57 6.02 1.83 16.25 13.36 2.84 3.25
73 Males 17.23 19.08 19.42 7.67 6.02 1.85 16.33 13.33 2.86 3.25
74 Males 17.14 18.76 19.51 7.77 6.02 1.86 16.40 13.31 2.88 3.24
75 Males 14.71 18.26 19.59 7.87 6.02 1.88 16.48 13.28 2.90 3.24
76 Males 14.96 15.47 19.68 7.97 6.02 1.90 16.56 13.25 2.92 3.24
77 Males 13.30 16.12 19.76 6.31 6.02 1.91 16.64 13.22 2.94 3.24
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78 Males 16.67 19.89 19.84 7.07 6.02 1.93 16.71 13.20 2.96 3.24
79 Males 14.37 17.68 19.93 5.31 6.02 1.94 16.79 13.17 2.98 3.23
80 Males 14.81 17.95 20.01 7.70 6.02 1.96 16.87 13.14 3.00 3.23
81 Males 15.25 19.65 20.09 8.77 6.02 1.98 16.95 13.12 2.60 3.23
82 Males 15.47 20.13 20.18 7.53 6.02 1.99 17.02 13.09 2.60 3.23
83 Males 15.90 17.79 20.26 6.45 6.02 1.85 17.10 13.06 244 3.23
84 Males 16.09 16.47 20.34 8.27 6.02 1.86 17.18 13.03 2.64 3.22
85 Males 16.06 22.47 20.43 5.84 6.02 1.88 17.26 13.01 2.50 3.22
86 Males 15.71 18.51 20.51 5.01 6.02 1.90 17.33 12.98 2.63 3.22
87 Males 15.70 18.55 20.60 5.38 6.02 191 17.41 12.95 2.51 3.22
88 Males 15.70 18.59 20.68 6.93 6.02 1.93 17.49 12.92 2.27 321
89 Males 15.70 18.62 20.76 7.18 6.02 1.94 17.57 12.90 3.05 3.21
90 Males 15.69 18.66 20.85 7.28 6.02 1.96 17.64 12.87 2.63 3.21
91 Males 15.69 18.70 20.93 7.38 6.02 1.98 17.72 12.84 2.20 321
92 Males 15.68 18.73 21.01 7.48 6.02 1.99 17.80 12.82 2.25 321
93 Males 15.68 18.77 21.10 7.57 6.02 1.45 17.88 12.79 2.94 3.20
94 Males 15.68 18.81 21.18 712 6.02 1.50 17.95 12.76 247 3.20
95 Males 15.67 18.84 21.27 7.15 6.02 177 18.03 12.73 3.80 3.20
96 Males 15.67 18.88 21.35 7.17 6.02 1.79 18.11 12.71 2.82 3.20
97 Males 15.66 18.92 21.43 7.19 6.02 1.80 18.19 12.68 2.77 3.20
98 Males 15.66 18.95 21.52 1.22 6.02 1.82 18.27 12.65 2.77 3.19
99 Males 15.66 18.99 21.60 7.24 6.02 1.83 18.34 12.62 2.79 3.19
100 Males 15.65 19.03 21.68 1.27 6.02 1.85 18.42 12.60 281 3.19
101 Males 15.65 19.06 21.77 7.29 6.02 1.86 18.50 12.57 2.82 3.19
102 Males 15.64 19.10 21.85 7.31 6.02 1.88 18.58 12.54 2.84 3.18
103 Males 15.64 19.14 21.94 7.34 6.02 1.45 18.65 12.52 251 3.18
104 Males 15.64 19.17 20.76 7.36 6.02 1.91 18.73 12.49 2.27 3.18
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105 Males 15.63 19.21 20.85 7.38 6.02 1.93 18.81 12.46 3.05 3.18
106 Males 15.63 19.25 20.93 7.41 6.02 1.94 18.89 12.43 2.63 3.18
107 Males 15.62 19.28 21.01 7.43 6.02 1.96 18.96 12.41 2.20 3.17
108 Males 15.62 19.32 21.10 7.46 6.01 1.98 13.90 12.38 2.25 3.17
109 Males 15.62 19.36 21.18 7.48 6.01 1.99 13.11 12.35 2.94 3.17
110 Males 15.61 19.39 21.27 7.50 6.01 1.82 13.19 12.32 2.47 3.17
111 Males 15.61 19.43 21.35 7.53 6.01 1.83 13.27 12.30 2.55 3.17
112 Males 15.60 19.47 21.43 7.55 6.01 1.85 13.35 12.27 2.56 3.16
113 Males 15.60 19.50 21.66 7.57 6.01 1.86 12.63 12.24 2.56 3.16
MASTER CHART — METRIC PARAMETERS IN THE MALE POPULATION ONTH E LEFT SIDE
* All the measurements are made in millimeters.,

Sr. BC- SC-

no | Gender| AMaF L |PMaF L |SIAC L |[IIAC L BIAC L LIAC L SMeF L IMeF L LC L IC L

1 Males 13.38 17.21 16.70 5.15 576 1.17 14.96 14.10 1.95 3.03

2 Males 18.59 20.35 19.17 6.74 5.47 2.25 16.62 14.82 2.93 3.12

3 Males 13.10 17.04 20.70 4.86 4.69 1.18 16.38 13.07 3.00 3.70

4 Males 17.40 13.55 18.56 6.15 527 2.38 14.20 14.74 1.90 3.20

5 Males 16.43 16.83 16.95 6.10 5.10 1.60 13.95 14.25 0.43 3.40

6 Males 18.02 21.49 18.21 6.52 6.33 1.65 15.16 14.37 3.00 3.20

7 Males 13.90 20.50 16.81 6.61 5.85 2.38 13.35 14.88 2.78 3.25

8 Males 14.82 18.67 17.39 6.76 5.84 2.21 13.49 14.69 2.29 3.35

9 Males 12.40 16.52 15.77 5.32 6.88 1.05 12.93 13.08 2.50 3.80

10 | Males 13.90 17.90 15.75 8.81 7.32 1.57 12.90 16.00 2.90 3.32

11 | Maes 18.09 19.78 16.46 8.63 5.88 2.77 15.52 13.91 2.63 3.63

12 | Maes 15.55 18.68 20.78 6.58 9.10 1.15 17.22 13.47 2.84 3.30

13 | Males 14.62 20.56 19.80 8.15 6.94 1.44 17.42 15.02 2.52 2.78
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14 | Males 13.70 20.22 18.97 8.80 441 1.55 17.91 13.21 2.83 2.88
15 | Males 16.00 18.55 17.66 8.00 8.10 2.10 15.77 12.38 2.56 3.00
16 | Males 15.87 17.84 1941 4.88 6.63 1.16 12.57 1491 2.15 2.20
17 | Males 16.51 17.89 19.83 5.38 4.72 245 16.21 13.26 3.20 3.66
18 | Males 13.56 18.99 18.09 1.27 6.19 1.22 18.16 11.96 2.09 3.30
19 | Males 13.80 18.74 18.69 7.50 6.80 1.69 16.17 14.46 2.69 3.01
20 | Males 14.04 18.80 18.74 7.58 6.87 1.68 16.27 14.47 2.72 3.12
21 | Males 13.98 18.86 18.80 7.67 6.94 1.67 16.36 14.48 2.74 3.14
22 | Males 13.43 18.92 18.85 7.75 7.01 1.67 16.46 14.49 2.76 3.21
23 | Males 13.78 18.98 18.91 7.83 7.08 1.66 16.56 14.50 2.79 3.10
24 | Males 13.76 19.04 18.96 7.92 7.14 1.66 16.65 14.51 281 3.24
25 | Males 13.76 19.11 19.02 8.00 7.21 1.65 16.75 14.52 2.83 3.21
26 | Males 13.75 19.17 19.07 8.08 7.28 1.65 16.84 14.53 2.86 3.24
27 | Males 13.75 19.23 19.13 8.17 7.35 1.64 16.94 14.54 2.88 3.65
28 | Males 13.75 19.29 19.18 8.25 742 1.64 17.04 14.55 2.90 3.24
29 | Males 13.75 19.35 19.24 8.33 7.49 1.63 17.13 14.56 2.93 3.17
30 | Males 13.75 19.42 19.29 8.42 7.56 1.62 17.23 14.57 2.95 3.38
31 | Males 13.74 19.48 19.35 8.50 7.63 1.62 17.32 14.58 2.97 3.40
32 | Males 13.74 19.54 19.40 8.58 7.70 1.61 17.42 14.59 3.00 343
33 | Males 13.74 19.60 19.46 8.67 1.77 1.61 17.51 14.60 2.05 3.46
34 | Males 13.74 19.66 19.51 8.75 7.84 1.60 17.61 14.61 2.67 3.48
35 | Males 13.74 19.72 19.57 8.84 7.91 1.60 17.71 14.62 231 3.51
36 | Males 13.73 19.79 19.62 8.92 7.98 1.59 17.80 14.63 2.56 3.54
37 | Males 13.73 19.85 19.68 9.00 8.05 1.59 17.90 14.64 2.34 3.57
38 | Males 13.73 19.91 19.73 9.09 8.12 1.58 17.99 14.65 240 3.59
39 | Males 13.73 19.97 19.79 9.17 8.19 1.57 14.20 14.66 2.35 3.62
40 | Males 13.73 20.03 19.84 9.25 8.26 1.57 13.95 14.67 231 3.65
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41 | Males 13.72 20.09 19.90 9.34 8.32 1.56 15.16 14.68 2.27 3.68
42 | Males 13.72 20.16 19.95 9.42 8.39 1.56 13.35 14.69 2.22 3.70
43 | Males 13.72 20.22 20.01 9.50 8.46 1.55 13.49 14.70 2.18 3.73
44 | Males 13.72 20.28 20.06 9.59 8.53 1.55 12.93 14.71 214 3.76
45 | Males 13.72 20.34 20.12 9.67 8.60 1.54 12.90 14.72 2.10 3.78
46 | Males 13.71 20.40 20.17 9.75 8.67 1.54 15.52 14.73 2.05 381
47 | Males 13.71 20.46 20.23 9.84 8.74 1.53 17.22 14.74 201 3.84
48 | Males 13.71 20.53 20.28 9.92 8.81 1.52 17.42 14.75 1.97 3.87
49 | Males 13.71 20.59 20.34 9.00 8.88 1.52 17.91 14.76 1.92 3.89
50 | Males 13.38 17.21 16.70 5.15 5.76 1.17 15.77 14.10 1.95 3.03
51 | Males 18.59 20.35 19.17 6.74 5.47 2.25 16.62 14.82 2.93 3.12
52 | Males 13.10 17.04 20.70 4.86 4.69 1.18 16.38 13.07 3.00 3.70
53 | Males 14.60 17.55 18.56 6.15 5.27 2.38 15.33 14.74 1.90 3.20
54 | Males 16.43 16.83 16.95 6.10 5.10 1.60 15.27 14.25 0.43 3.40
55 | Males 18.02 21.49 18.21 6.52 6.33 1.65 15.21 14.37 3.00 3.20
56 | Males 13.90 20.50 16.81 6.61 5.85 2.38 15.15 14.88 2.78 3.25
57 | Males 14.67 18.82 17.39 6.76 5.84 221 15.09 14.69 2.29 3.35
58 | Males 12.40 16.52 15.77 5.32 6.88 1.05 12.93 13.08 2.50 3.80
59 | Males 13.90 17.90 15.75 8.81 7.32 1.57 12.90 16.00 2.90 3.32
60 | Males 18.09 19.78 16.46 8.63 5.88 2.77 15.52 13.91 2.63 3.63
61 | Males 15.55 18.68 20.78 6.58 9.10 1.15 17.22 13.47 2.84 3.30
62 | Males 14.62 20.56 19.80 8.15 6.94 1.44 17.42 15.02 2.52 2.25
63 | Males 13.70 20.22 18.97 8.80 441 1.55 17.91 13.21 2.83 2.88
64 | Males 16.00 18.55 17.66 8.00 8.10 2.10 15.77 12.38 2.56 3.00
65 | Males 15.87 17.84 19.41 4.88 6.63 1.16 12.57 21.28 2.15 2.20
66 | Males 16.51 18.88 19.83 5.38 4.72 245 16.21 13.26 3.20 3.66
67 | Males 15.99 18.99 18.09 1.27 6.19 1.22 18.16 11.96 2.09 3.30
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68 | Males 13.56 18.74 18.69 7.50 6.80 1.69 16.17 14.46 2.69 3.01
69 | Males 13.80 18.80 18.74 7.58 6.87 1.68 16.27 14.47 2.72 3.01
70 | Males 14.04 18.86 18.80 71.67 6.94 1.67 16.36 14.48 2.74 3.12
71 | Males 13.98 18.92 18.85 71.75 7.01 1.67 16.46 14.49 2.76 3.14
72 | Males 13.43 18.98 18.91 7.83 7.08 1.66 16.56 14.50 2.79 321
73 | Males 13.78 19.04 18.96 1.92 7.14 1.66 16.65 1451 281 3.10
74 | Males 13.76 1911 19.02 8.00 7.21 1.65 16.75 14.52 2.83 3.24
75 | Males 13.76 19.17 19.07 8.08 7.28 1.65 16.84 14.53 2.86 3.21
76 | Males 13.75 19.23 19.13 8.17 7.35 1.64 16.94 14.54 2.88 3.24
77 | Males 13.75 19.29 19.18 8.25 7.42 1.64 17.04 14.55 2.90 3.65
78 | Males 13.75 19.35 19.24 8.33 7.49 1.63 17.13 14.56 2.93 3.24
79 | Males 13.75 19.42 19.29 8.42 7.56 1.62 17.23 14.57 2.95 3.17
80 | Males 13.75 19.48 19.35 8.50 7.63 1.62 17.32 14.58 2.97 3.38
81 | Males 13.74 19.54 19.40 8.58 7.70 1.61 17.42 14.59 3.00 3.40
82 | Males 13.74 19.60 19.46 8.67 1.77 1.61 1751 14.60 2.90 343
83 | Males 13.74 19.66 1951 8.75 7.84 1.60 17.61 14.61 2.63 3.46
84 | Males 13.74 19.72 19.57 8.84 791 1.60 17.71 14.62 2.84 3.48
85 | Males 13.74 19.79 19.62 8.92 7.98 1.59 17.80 14.63 2.52 351
86 | Males 13.73 19.85 19.68 9.00 8.05 1.59 17.90 14.64 2.83 3.54
87 | Males 13.73 19.91 19.73 9.09 8.12 1.58 17.99 14.65 2.56 3.57
88 | Males 13.73 19.97 19.79 9.17 8.19 1.57 15.77 14.66 2.15 3.59
89 | Males 13.73 20.03 19.84 9.25 8.26 1.57 16.62 14.67 3.20 3.62
90 | Males 13.73 20.09 19.90 9.34 8.32 1.56 16.38 14.68 2.09 3.65
91 | Males 13.72 20.16 19.95 9.42 8.39 1.56 15.33 14.69 2.69 3.68
92 | Males 13.72 20.22 20.23 9.50 8.46 1.55 15.27 14.70 2.72 3.70
93 | Males 13.72 20.28 20.28 9.59 8.53 1.55 15.21 14.71 2.74 3.73
94 | Males 13.72 20.34 20.34 9.67 8.60 1.54 15.15 14.72 2.76 3.76
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95 | Males 13.72 20.40 16.70 9.75 8.67 1.54 15.09 14.73 2.79 3.78
96 | Males 13.71 20.46 19.17 9.84 8.74 1.53 18.86 14.74 281 381
97 | Males 13.71 20.53 20.70 9.92 8.81 1.52 18.95 14.75 2.83 3.84
98 | Males 13.71 20.59 18.56 9.84 8.88 1.52 17.13 14.76 2.86 3.87
99 | Males 13.71 20.65 16.95 9.92 8.95 1.51 17.23 14.77 2.88 3.89
100 | Males 13.56 20.71 18.21 9.00 9.02 1.51 17.32 14.78 2.90 3.62
101 | Males 13.80 20.77 16.81 5.15 9.09 1.50 17.42 14.79 2.93 3.65
102 | Males 14.04 20.83 17.39 6.74 9.16 1.50 1751 14.80 2.95 3.68
103 | Males 13.98 20.90 15.77 4.86 9.23 1.49 17.61 14.81 2.97 3.70
104 | Males 13.43 20.96 15.75 6.15 9.30 1.49 17.71 14.82 3.00 3.73
105 | Males 13.78 21.02 16.46 6.10 9.37 1.48 17.80 14.83 2.79 3.76
106 | Males 13.76 21.08 20.78 6.52 9.44 1.48 17.90 14.84 281 3.78
107 | Males 13.76 21.14 19.80 6.61 9.51 1.47 17.99 14.85 2.83 3.81
108 | Males 13.75 21.20 18.97 6.76 9.57 1.46 15.77 14.86 2.86 3.84
109 | Males 13.75 21.27 17.66 5.32 9.64 1.46 16.62 14.87 2.88 3.87
110 | Males 13.75 21.33 1941 8.81 9.71 1.45 16.38 14.88 2.90 3.89
111 | Males 13.75 21.39 19.83 8.63 9.78 1.45 17.14 14.89 2.93 3.92
112 | Males 13.75 21.45 18.09 6.58 9.85 1.44 17.15 14.90 2.95 3.95
113 | Males 13.74 21.51 18.69 8.15 9.92 1.44 17.16 14.91 2.97 3.98
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MASTER CHART — METRIC PARAMETERS IN THE FEMALE POPULATION ON

* All the measurements are made in millimeters.

THE RIGHT SIDE

Annexures

BC- ScC-

Sr.no | Gender | AMaF R| PMaF R| SIAC R| IIAC R |BIAC R |LIAC R |SMeF R |IMeF R | LC R | IC R
1 Female 14.29 16.27 | 1490 | 5.0 5.08 1.88 1190 | 1190 | 270 | 470
2 Female 13.37 1850 | 1955 | 7.5 6.51 1.45 1868 | 1004 | 277 | 283
3 Female 14.25 1833 | 1485 | 7.26 3.94 1.91 1431 | 1217 | 236 | 3.44
4 Female 13.93 19.76 | 1705 | 7.66 4,04 1.74 1737 | 1164 | 227 | 240
5 Female 13.75 1633 | 1355 | 556 6.00 1.72 1165 | 1346 | 244 | 285
6 Female 14.85 16.22 | 1466 | 7.24 5.13 1.70 1363 | 1238 | 280 | 2.00
7 Female 16.30 1780 | 1765 | 556 8.15 1.69 1270 | 1300 | 273 | 3.90
8 Female 14.15 1421 | 1414 | 4.02 5.94 1.67 1126 | 1277 | 230 | 3.28
9 Female 14.00 1562 | 1749 | 4.82 3.50 1.66 1397 | 1215 | 300 | 3.15
10 Female 15.25 1650 | 1549 | 6.71 5.95 1.64 1611 | 1045 | 230 | 3.87
11 Female 13.12 1490 | 1579 | 4.38 5.48 1.62 1284 | 1211 | 232 | 2.38
12 Female 16.20 1790 | 1765 | 556 8.15 1.61 1270 | 1300 | 273 | 3.90
13 Female 15.10 1727 | 1640 | 5.32 5.16 1.59 1380 | 1220 | 222 | 307
14 Female 15.20 16,70 | 1500 | 7.38 5,58 1.58 1318 | 1349 | 241 | 332
15 Female 15.30 1640 | 1852 | 6.07 4.90 1.40 1529 | 1229 | 225 | 260
16 Female 15.40 16,70 | 1678 | 550 5.89 1.91 1390 | 1278 | 235 | 3.01
17 Female 15.10 16.15 | 1455 | 5.43 5.93 1.91 1311 | 1285 | 265 | 3.70
18 Female 14.25 1722 | 1536 | 5.36 5.97 1.90 1319 | 1293 | 241 | 350
19 Female 14.29 1735 | 1511 | 5.30 6.00 1.89 1327 | 1300 | 310 | 3.0
20 Female 14.90 16.14 | 1521 | 5.23 6.04 1.88 1335 | 1307 | 267 | 321
21 Female 13.45 16.82 | 1445 | 5.16 6.08 1.87 1399 | 1314 | 259 | 3.14
22 Female 13.88 1564 | 1459 | 5.09 6.12 1.86 1380 | 1322 | 278 | 3.23
23 Female 14.33 1591 | 1439 | 5.02 6.16 1.85 1327 | 1329 | 244 | 388
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24 Female 14.21 18.13 15.75 4.95 6.20 1.84 13.89 13.36 2.50 3.71
25 Female 15.10 18.15 15.98 4.88 6.24 1.83 13.45 13.43 2.35 3.87
26 Female 14.70 15.57 1521 4.81 6.28 1.82 14.60 1351 2.55 3.46
27 Female 14.71 15.56 15.16 4.74 6.32 1.81 13.68 13.58 2.55 3.48
28 Female 14.72 15.54 15.12 4.68 6.36 1.81 13.67 13.65 2.56 3.49
29 Female 14.73 15.52 15.07 4.61 6.40 1.80 13.65 13.72 2.56 3.50
30 Female 14.74 15.50 15.03 4.54 6.44 1.79 13.64 13.80 2.56 3.52
31 Female 14.76 15.49 14.98 4.47 6.48 1.78 13.63 13.87 2.57 3.53
32 Female 14.77 15.47 14.94 4.40 6.52 1.77 13.62 13.94 2.57 3.55
33 Female 14.78 15.45 14.89 4.33 6.56 1.76 13.60 14.01 2.57 3.56
34 Female 14.79 1543 14.85 4.26 6.60 1.75 13.59 14.08 2.57 3.57
35 Female 14.80 1542 14.80 4.19 6.64 1.74 13.58 14.16 2.58 3.59
36 Female 14.81 15.40 14.76 4.12 6.68 1.73 13.57 14.23 2.58 3.60
37 Female 14.82 15.38 14.71 4.06 6.72 1.72 13.55 14.30 2.58 3.62
38 Female 14.83 15.37 14.66 5.36 6.76 1.72 13.54 14.37 2.59 3.63
39 Female 14.84 15.35 14.62 5.30 6.80 1.71 13.53 14.45 2.59 3.64
40 Female 14.86 15.33 14.57 5.23 6.84 1.70 13.52 14.52 2.59 3.66
41 Female 14.87 1531 14.53 5.16 6.88 1.69 13.50 14.59 2.59 3.67
42 Female 14.88 15.30 14.48 5.09 6.92 1.68 13.49 14.66 2.60 3.69
43 Female 14.89 15.28 14.44 5.02 6.96 1.67 13.48 14.74 2.60 3.70
44 Female 14.90 15.26 14.39 4.95 7.00 1.66 13.47 14.81 2.60 3.71
45 Female 14.91 15.25 14.35 4.88 6.04 1.65 13.46 14.88 2.61 3.73
46 Female 14.92 15.23 14.30 4.81 6.08 1.64 13.44 14.95 2.61 3.74
47 Female 14.29 16.27 13.90 4.74 5.08 1.80 13.43 11.90 2.70 4.70
48 Female 13.37 18.50 19.55 4.68 6.51 2.55 18.68 10.04 2.77 2.83
49 Female 14.25 18.33 14.85 1.26 3.94 2.20 1431 12.17 2.36 3.44
50 Female 13.93 19.76 17.05 8.66 4.04 3.25 17.37 11.64 2.27 240
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51 Female 13.75 16.33 13.55 5.56 6.00 2.66 11.65 13.46 244 2.85
52 Female 14.85 16.22 14.66 1.24 5.13 1.44 13.63 12.38 2.90 2.00
53 Female 16.20 17.10 17.65 5.56 8.15 1.50 12.70 13.00 2.73 3.90
54 Female 14.15 14.21 14.14 4.02 5.94 1.30 11.26 12.77 2.30 3.28
55 Female 14.00 15.62 17.49 4.82 3.50 2.35 13.97 12.15 3.00 3.15
56 Female 15.25 17.23 15.49 6.71 5.95 2.25 16.11 10.45 2.30 3.87
57 Female 13.12 16.60 15.79 4.38 5.48 1.78 12.84 1211 2.32 2.38
58 Female 16.20 18.10 17.65 5.56 6.15 1.50 12.70 13.00 2.73 3.90
59 Female 15.10 17.23 16.40 5.32 5.16 2.25 13.80 12.20 2.22 3.07
60 Female 15.20 17.84 15.00 7.38 5.58 2.58 13.18 13.49 241 3.32
61 Female 15.30 1741 18.52 6.07 4.90 1.40 15.29 12.29 2.25 2.60
62 Female 15.40 17.98 16.78 5.50 5.89 1.91 13.37 12.78 2.35 3.01
63 Female 15.10 16.15 14.55 5.43 5.93 1.91 13.29 12.85 2.65 3.70
64 Female 14.25 17.22 15.36 5.36 5.97 1.90 13.22 12.93 241 3.50
65 Female 14.29 17.35 1511 5.30 6.00 1.89 13.15 13.00 3.10 3.10
66 Female 14.90 16.14 1521 5.23 6.04 1.88 13.07 13.07 2.67 321
67 Female 13.45 16.82 13.45 5.16 6.08 1.87 13.00 13.14 2.59 3.14
68 Female 13.88 15.64 13.59 5.09 6.12 1.86 12.92 13.22 2.78 3.23
69 Female 14.33 15.91 3.99 5.02 6.16 1.85 12.85 13.29 244 3.88
70 Female 14.21 18.13 15.75 5.36 6.20 1.84 12.78 13.36 2.50 3.71
71 Female 15.10 18.15 15.98 5.30 6.24 1.83 12.70 13.43 2.35 3.87
72 Female 14.70 15.57 14.90 5.23 6.28 1.82 12.63 13.51 2.55 3.46
73 Female 14.71 15.56 19.55 5.16 6.32 1.81 12.55 13.58 2.55 3.48
74 Female 14.72 15.54 14.85 5.09 6.36 1.81 12.48 13.65 2.56 3.49
75 Female 14.73 15.52 17.05 5.02 6.40 1.80 12.41 13.72 2.56 3.50
76 Female 14.74 15.50 13.55 4.95 6.44 1.79 12.33 13.80 2.56 3.52
77 Female 14.76 15.49 14.66 4.88 6.48 1.78 12.26 13.87 2.57 3.53
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78 Female 14.77 1547 17.65 4.81 6.52 1.77 12.18 13.94 2.57 3.55
79 Female 14.78 15.45 14.14 4.74 6.56 1.76 1211 14.01 2.57 3.56
80 Female 14.79 1543 17.49 4.68 6.60 1.75 12.04 14.08 2.57 3.57
81 Female 14.80 15.42 15.49 4.19 6.64 1.74 11.96 14.16 2.58 3.59
82 Female 14.81 15.40 15.79 4.12 6.68 1.73 11.89 14.23 2.58 3.60
83 Female 14.82 15.38 17.65 4.06 6.72 1.72 1181 14.30 2.58 3.62
84 Female 14.83 15.37 16.40 5.36 6.76 1.72 11.74 14.37 2.59 3.63
85 Female 14.84 15.35 15.00 5.30 3.94 1.71 11.67 14.45 2.59 3.64
86 Female 14.86 15.33 18.52 5.23 4.04 1.70 11.59 14.52 2.59 3.66
87 Female 14.87 1531 16.78 5.16 6.00 1.69 11.52 14.59 2.59 3.67
88 Female 14.88 15.30 14.55 5.09 5.13 1.68 11.44 14.66 2.60 3.69
89 Female 14.89 15.28 15.36 5.02 8.15 1.67 11.37 14.74 2.60 3.70
90 Female 14.90 15.26 1511 5.36 5.94 1.66 11.30 14.81 2.60 3.71
91 Female 14.91 15.25 1521 5.12 3.50 1.65 11.22 14.88 2.61 3.73
92 Female 14.92 15.23 14.45 5.09 5.95 1.64 11.15 14.95 2.61 3.74
93 Female 14.93 15.21 14.59 5.07 5.48 1.63 11.07 14.81 2.61 3.76
94 Female 14.94 15.19 14.39 5.04 6.15 1.62 13.18 14.88 2.61 3.77
95 Female 14.96 15.18 15.75 5.02 5.16 1.62 11.22 14.95 2.62 3.78
96 Female 14.97 15.16 15.98 5.00 5.58 1.61 11.15 11.90 2.62 3.80
97 Female 14.98 15.14 15.21 4.97 4.90 1.60 11.90 10.04 2.62 3.81
98 Female 14.99 15.12 15.16 4.95 5.89 1.59 18.68 12.17 2.63 3.83
99 Female 15.00 1511 15.12 4.92 5.93 1.58 14.31 11.64 2.63 3.84
100 Female 15.01 15.09 15.07 4.90 5.97 1.57 17.37 13.46 2.63 3.85
101 Female 15.02 15.07 15.03 4.87 6.00 1.56 11.65 12.38 2.64 3.87
102 Female 15.03 15.06 14.98 4.85 6.04 1.55 13.63 13.00 2.64 3.88
103 Female 15.05 16.70 14.94 4.82 6.08 1.54 12.70 12.77 2.64 3.90
104 Female 15.06 16.02 14.89 4.80 6.12 1.53 11.26 12.15 2.64 391
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105 Female 15.07 16.45 14.85 4.77 6.19 1.52 13.97 10.45 2.65 3.92
106 Female 15.08 16.98 14.80 475 6.25 1.52 16.11 12.11 2.65 3.94
107 Female 15.09 16.38 14.76 472 6.30 1.51 12.84 13.00 2.65 3.95
108 Female 15.10 15.98 14.71 4,70 6.36 1.50 12.70 12.20 2.66 3.97
109 Female 15.11 16.93 14.66 4.68 6.41 1.49 13.80 13.49 2.66 3.98
110 Female 15.12 16.49 14.79 4.65 6.24 1.48 14.46 11.51 2.66 3.99
111 Female 15.13 16.57 14.78 4.62 6.27 1.47 14.60 11.37 2.66 401
112 Female 15.15 16.65 14.76 4.60 6.30 1.46 14.73 11.23 2.67 4.02
113 Femae 15.16 16.73 14.74 4,57 6.33 1.45 14.87 11.08 2.67 4.04
MASTER CHART — METRIC PARAMETERS IN THE FEMALE POPULATION ON THE LEFT SIDE
* All the measurements are made in millimeters.,

Sr. | Gender BC- SC-

no AMaF L |[PMaF L |[SIAC L [IAC L BIAC L UIAC L SMeF L IMeF L LC L IC L

1 | Femae 13.74 15.89 18.74 8.48 6.34 2.57 19.98 8.25 2.66 3.17

2 Female 13.74 17.72 18.13 7.61 6.44 2.38 18.25 10.31 2.75 3.14

3 | Femde 13.74 18.00 17.02 5.31 4,75 2.06 15.52 10.60 2.88 2.95

4 Female 13.74 16.60 18.66 5.16 575 1.94 14.29 13.55 2.95 3.00

5 Female 13.73 15.62 19.73 4,95 531 1.47 11.38 13.78 2.46 2.75

6 | Femae 13.73 15.56 19.79 5.03 5.07 1.65 11.72 13.40 2.51 2.79

7 | Femae 13.73 15.50 19.84 5.03 5.07 1.65 12.06 13.01 2.56 2.84

8 | Femae 13.73 14.56 19.90 4,32 5.06 2.00 10.88 13.29 2.63 2.75

9 | Femae 13.73 18.15 19.95 5.29 4.50 1.40 13.47 12.95 2.69 3.29

10 | Female 13.72 14.26 20.23 7.38 3.77 2.81 15.87 9.80 2.87 2.77

11 | Female 13.72 16.53 20.28 9.84 4.49 211 11.65 10.82 2.31 2.82

12 | Female 13.72 17.06 20.34 9.92 3.92 1.88 13.48 12.43 3.07 3.20

13 | Female 13.72 14.69 16.70 9.00 3.72 1.86 11.01 12.76 2.69 3.48

14 | Female 13.72 14.50 19.17 5.15 4,10 1.82 14.70 13.62 2.36 3.51

Page 113



Annexures

15 | Femae 13.71 14.30 20.70 6.74 3.48 1.81 11.26 13.25 2.59 3.54
16 | Female 13.71 1411 18.56 4.86 4.72 1.91 13.25 10.80 2.55 3.57
17 | Female 13.71 13.92 16.95 6.15 3.47 1.80 11.15 12.92 2.56 3.59
18 | Female 13.71 13.72 18.21 6.10 331 1.78 10.85 13.02 2.55 3.62
19 | Femae 14.65 17.53 16.81 6.52 3.16 1.76 19.98 13.12 254 3.65
20 | Femae 14.75 16.50 17.39 6.61 3.00 1.75 18.25 13.23 2.53 3.68
21 | Femae 14.84 16.13 15.77 6.76 2.85 1.73 15.52 13.33 252 3.70
22 | Femae 14.93 16.23 14.57 5.32 2.69 1.71 14.29 13.43 2.51 3.73
23 | Femae 13.56 17.75 14.47 8.81 2.54 1.69 11.38 13.54 2.50 3.76
24 | Femae 13.80 15.55 14.37 8.63 2.38 1.67 11.72 13.64 2.49 3.78
25 | Femae 14.04 16.23 14.26 6.58 2.23 1.65 12.06 13.74 248 3.81
26 | Femae 13.98 16.57 14.16 8.15 2.07 1.64 10.88 13.85 247 3.84
27 | Femae 13.43 16.70 14.05 7.80 1.92 1.62 13.47 13.95 245 3.87
28 | Femae 13.78 16.54 13.95 5.15 177 1.60 15.87 14.05 244 3.89
29 | Femae 13.76 15.87 20.34 6.74 1.61 1.58 11.65 14.16 243 3.62
30 | Femae 13.76 17.84 16.70 4.86 1.46 1.56 13.48 14.26 242 3.65
31 | Femae 13.75 17.07 19.17 6.15 1.30 1.54 12.69 14.36 241 3.68
32 | Femae 13.75 17.16 20.70 6.10 1.15 1.52 12.63 14.47 240 3.70
33 | Femae 13.75 17.26 18.56 6.52 531 1.51 12.57 14.57 2.39 3.73
34 | Femae 13.75 17.36 16.95 6.61 5.07 1.49 12.50 14.67 2.38 3.76
35 | Female 13.75 17.45 18.21 6.76 5.07 1.47 12.44 14.78 2.37 3.78
36 | Female 13.74 17.55 16.81 5.32 5.06 1.45 12.38 14.88 2.35 3.81
37 | Femae 13.74 17.64 18.39 8.81 4.50 1.43 12.32 14.98 2.34 3.84
38 | Femae 13.74 17.74 18.59 8.63 3.77 141 12.26 15.09 2.33 3.87
39 | Femae 13.74 17.83 18.79 6.58 4.49 1.40 12.20 15.19 2.32 3.89
40 | Female 13.74 17.93 18.99 711 3.92 1.38 12.13 15.29 231 3.92
41 | Female 13.73 18.03 19.18 7.16 3.72 1.36 12.07 15.40 2.30 3.95
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42 | Female 13.73 18.12 19.38 7.21 4.10 1.34 12.01 15.50 2.29 3.98
43 | Female 13.73 18.22 19.58 8.14 3.48 1.32 11.95 15.60 2.28 3.17
44 | Female 13.73 18.31 19.78 7.79 4.72 1.30 11.89 15.71 2.27 3.14
45 | Female 13.73 18.41 19.98 7.45 3.47 1.29 11.83 15.81 2.25 3.48
46 | Female 13.72 1851 20.17 5.55 331 1.27 11.76 1591 2.24 351
47 | Female 13.72 15.89 1741 8.48 4.50 2.57 19.98 8.25 2.66 3.54
48 | Female 13.72 17.72 18.13 5.15 3.77 2.38 18.25 10.31 2.75 3.57
49 | Female 13.72 18.00 17.02 6.74 4.49 2.06 15.52 10.60 2.88 3.59
50 | Female 13.72 16.60 18.66 6.86 3.92 1.94 14.29 13.55 2.95 3.62
51 | Female 13.71 15.62 14.77 6.15 3.72 1.47 11.38 13.78 2.46 3.65
52 | Femae 13.71 15.56 14.93 6.10 5.07 1.65 11.72 13.40 2.51 3.68
53 | Femae 13.71 15.50 14.93 6.52 5.07 1.65 12.06 13.01 2.56 3.70
54 | Femae 13.71 14.56 15.01 6.61 5.06 2.00 10.88 13.29 2.63 3.73
55 | Femae 12.17 18.15 15.58 6.76 4.50 1.40 13.47 12.95 2.69 3.76
56 | Femae 14.78 17.86 14.88 5.32 3.77 281 15.87 9.80 2.87 3.78
57 | Femae 12.42 12.53 15.75 8.81 4.49 211 11.65 10.82 231 3.81
58 | Femae 17.90 16.80 14.31 8.63 3.92 1.88 13.48 12.43 3.07 3.84
59 | Femae 14.09 14.69 14.01 6.58 3.72 1.86 12.57 12.76 2.69 3.87
60 | Femae 14.18 14.50 17.93 6.28 4.10 1.82 12.50 13.62 2.36 3.89
61 | Femae 14.28 14.30 14.62 6.61 3.48 1.81 12.44 13.25 2.59 3.62
62 | Femae 14.37 18.51 17.76 6.58 4.72 1.91 12.38 10.80 2.55 3.65
63 | Femae 14.46 15.89 15.10 6.55 347 1.80 12.32 12.92 2.56 3.68
64 | Femae 14.56 17.72 14.99 6.52 331 1.78 12.26 13.02 2.55 3.70
65 | Femae 14.65 18.00 14.89 6.49 3.16 1.76 12.20 13.12 2.54 3.73
66 | Femae 14.75 16.60 14.78 6.46 3.00 1.75 12.13 13.23 2.53 3.76
67 | Femae 14.84 15.62 14.68 6.42 2.85 1.73 12.07 13.33 252 3.78
68 | Femae 14.93 15.56 14.57 6.39 2.69 1.71 12.01 13.43 251 3.81
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69 | Femae 15.03 15.50 14.47 6.36 2.54 1.69 11.95 13.54 2.50 3.84
70 | Femae 15.12 16.80 14.37 6.33 2.38 1.67 11.89 13.64 249 3.87
71 | Femae 15.22 18.15 14.26 6.30 2.23 1.65 11.83 13.74 248 3.89
72 | Femae 1531 17.86 14.16 6.27 2.07 1.64 11.76 13.85 247 3.92
73 | Femae 15.40 15.90 14.05 6.24 1.92 1.62 19.98 13.95 245 3.95
74 | Femae 15.50 16.80 13.95 6.21 177 1.60 18.25 14.05 244 3.98
75 | Femae 15.59 16.92 13.85 6.18 1.61 1.58 15.52 14.16 243 3.17
76 | Female 15.69 16.97 13.74 6.15 1.46 1.56 14.29 14.26 242 3.14
77 | Femae 15.78 17.02 13.64 6.12 1.30 1.54 12.57 14.36 241 3.48
78 | Female 15.87 17.07 13.53 6.08 5.31 1.52 12.50 14.47 2.40 3.51
79 | Femae 15.97 17.12 13.43 6.05 5.07 1.51 12.44 14.57 2.39 3.54
80 | Femae 16.06 1717 13.33 6.02 5.07 1.49 12.38 14.67 2.38 3.57
81 | Femae 16.16 17.22 13.22 5.99 5.06 1.47 12.32 14.78 2.37 3.59
82 | Femae 16.25 17.28 13.12 5.96 4.50 1.45 12.26 14.88 2.35 3.62
83 | Femae 16.34 17.33 13.01 5.93 3.77 1.43 12.20 14.98 2.34 3.65
84 | Femae 13.56 17.38 12.91 5.90 4.49 141 12.13 14.82 2.33 3.68
85 | Femae 13.80 17.43 12.80 5.87 3.92 1.40 12.07 13.07 2.32 3.70
86 | Femae 14.04 17.48 12.70 5.84 3.72 1.38 12.01 14.74 231 3.73
87 | Femae 13.98 17.53 12.60 5.81 4.10 1.36 11.95 14.25 2.30 3.76
88 | Female 13.43 17.58 12.49 5.77 3.48 1.34 11.89 14.37 2.29 3.78
89 | Female 13.78 17.63 12.39 5.74 4.72 1.32 11.83 14.88 2.28 3.81
90 | Female 13.76 17.68 12.28 5.71 347 1.30 11.76 14.69 2.27 3.84
91 | Femae 13.76 17.73 12.18 5.68 331 1.29 19.98 13.08 2.25 3.87
92 | Femae 13.75 17.78 12.08 5.65 2.38 1.27 18.25 16.00 2.24 3.89
93 | Femae 13.75 17.83 11.97 5.62 2.23 1.25 15.52 13.91 2.23 3.62
94 | Femae 13.75 17.88 11.87 5.59 2.07 1.23 14.29 13.47 2.22 3.65
95 | Femae 13.75 17.93 11.76 5.56 5.31 1.21 12.57 15.02 221 3.68

Page 116



Annexures

96 | Femae 13.75 17.53 11.66 5.53 5.07 1.19 12.50 13.21 2.20 3.70
97 | Femae 13.74 16.50 11.55 5.50 5.07 1.18 12.44 14.16 2.19 3.73
98 | Femae 13.74 16.13 11.45 5.46 5.06 1.16 12.38 14.26 2.18 3.76
99 | Femae 13.74 16.23 11.35 543 4.50 1.14 12.32 14.36 217 3.78
100 | Female 13.74 17.75 11.24 5.03 3.77 1.12 12.26 14.47 2.15 3.81
101 | Female 13.74 15.55 11.14 5.03 4.49 1.10 12.20 14.57 214 3.84
102 | Female 13.73 16.23 11.03 4.32 3.92 1.08 12.13 14.67 2.13 3.87
103 | Female 13.73 16.57 13.53 5.29 3.72 1.07 12.07 14.78 212 3.89
104 | Female 13.73 16.70 13.43 7.38 4.10 1.05 12.01 14.88 211 3.92
105 | Female 13.73 16.54 13.33 5.43 3.48 1.03 11.95 14.98 2.10 3.95
106 | Female 13.73 15.87 13.22 5.42 4.72 1.01 11.89 14.82 2.09 3.98
107 | Female 13.72 17.84 13.12 5.40 347 0.99 11.83 13.07 2.08 3.17
108 | Female 13.72 16.62 13.01 5.39 331 0.97 11.76 14.74 2.07 3.14
109 | Female 13.72 16.62 12.91 5.38 3.65 0.95 19.98 14.25 2.05 2.88
110 | Female 13.72 16.22 12.89 5.38 4.05 0.94 12.50 14.45 2.04 3.48
111 | Female 13.71 16.14 12.95 5.37 4.07 0.92 12.42 14.45 2.03 3.46
112 | Female 13.71 16.07 13.01 5.35 4.08 0.90 12.33 14.46 2.02 3.44
113 | Female 13.71 16.00 13.08 5.34 4.09 0.88 12.25 14.46 201 3.42

Page 117



