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ABSTRACT

Background: Olfactory fossa is a depression in the anterior cranial cavity which harbours
the olfactory nerve and bulb. The depth of olfactory fossa is directly proportional to Body
Mass Index. Hence, higher Body Mass Index individuals have deeper olfactory fossa and
are most vulnerable to Cerebrospinal fluid leaks during Skull base surgeries and
Functional endoscopic sinus surgeries.

Aim: The aim was to study the relationship between depth of the olfactory fossa and Body
Mass Index by using Multidetector Computed Tomography in North Karnataka region.
Methods: Paranasal multidetector computed tomographic scans of 820 patients were
collected in North Karnataka region, Karnataka, India by using bone window. The depth of
olfactory fossa, width, angle of olfactory fossa, thickness of lateral lamella of cribriform
plate and length of cribriform plate were estimated on both the sides in both genders. Side
symmetry and relation of morphology of olfactory fossa in both genders were calculated
by using Student ‘t” (unpaired) test. Correlation between the depth of olfactory fossa and
BMI was calculated by using Pearson’s correlation. The data was considered statistically
significant if p was less than 0.05.

Results: Type II keros was most common when compared to other types of Keros of
olfactory fossa. Statistically significant differences were observed in the depth of olfactory
fossa, angulation of olfactory fossa and length of Cribriform plate when compared between
male and female patients. Significant differences were not observed in the width of

olfactory fossa and thickness of Lateral Lamella of Cribriform Plate when compared

between males and female patients. There was a linear correlation between Body Mass

Index and Olfactory Fossa depth; as Body Mass Index increases, depth of olfactory fossa
shifts from type II to type III.

Conclusion: This would help Radiologists, Neurosurgeons and Endoscopic surgeons to




evaluate the complex ethmoidal skull base which are difficult to approach without

distortion and without damaging other structures.

Keywords: Olfactory fossa, Body Mass Index, Functional endoscopic sinus surgeries,

Cribriform plate, Ethmoidal skull base, Keros type of Olfactory fossa.
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CHAPTER 1.

INTRODUCTION

ETHMOID BONE

The cavity of cranial base is divided into anterior, middle and posterior cranial
fossa. The floor of the anterior cranial fossa consists of orbital plate of frontal bone on
each side and cribriform plate (CP) and crista galli (CG) of ethmoid bone in the middle.
The lesser wings and anterior part of the body of the sphenoid forms the posterior
boundary of anterior cranial fossa. The anterior cranial fossa lies at the higher level when
compared to middle and posterior cranial fossa.!

The Ethmoid bone is cuboidal and fragile. It helps in the formation of the roof,
medial and lateral walls of the nasal cavity and the medial boundary of the orbit. The parts
of the ethmoid bone are cribriform plate, perpendicular plate and two lateral labyrinths as

shown in figure 1.

Perpendicular plate
of ethmoid bone ~

Crista galli

Ethmoid bulla / 3‘ £ 3 — Superior nasal concha

Uncinate process = [ \ __ Ethmoidal
of ethmoid bone A\ infundibulum

Middle nasal sl I \ 34 RV Orbital plate of
A, ) ! ethmoid bone

Superior nasal meatus
Cribriform plate

Figure 1: Parts of ethmoid bone




Perpendicular plate of ethmoid bone

It is a quadrilateral bone present in the median plane as shown in figure 2. It is flat,
thin bone extends from lower surface of the cribriform plate. Then, it projects downward
to form the medial wall of nasal cavity. ! The anterior part of the perpendicular plate slopes
downward and forward and joins with the nasal spine of frontal bone and the crest which
inturn formed by the union of two nasal bones. Its posterior border articulates in the lower
part of the sphenoidal crest and in the lower part with vomer. Inferior border is grooved to
receive the septal cartilage of bone.? Anterior or posterior part of the perpendicular plate of
ethmoid bone may get pneumatized which leads to deviated nasal septal mucocele.

Pneumatization may occur in perpendicular plate of ethmoid in 18% of cases.’

Cribriform plate of the ethmoid bone

It is narrow and depressed and covers the ethmoidal notch between the two orbital
plates of frontal bone. It is sieve like bone which presents series of apertures on each side.
The numerous formania in the cribriform plate of the ethmoid bone helps in transmitting
the branches of the olfactory nerve with their arachnoid coverings. This plate has posterior
margin, upper and lower surfaces. The upper surface forms the floor of the anterior cranial
fossa and presents in the median plane a triangular raised crest, the crista galli. The
perforated plate on each side of crista galli supports the gyrus rectus of frontal lobe and the

olfactory bulb. The lower surface of crista galli forms the roof of the nasal cavity. The

posterior margin joins with the ethmoidal spine of body of sphenoid. >

A thick, short triangular process called crista galli projects from the middle of the
cribriform plate of ethmoid bone which has broad anterior border compared to its thin
curved posterior border as shown in figure 2. Its anterior border joins with the frontal bone

by two alae which then forms the foramen caecum. Its posterior border gives attachment to




the falx cerebri. Sometimes it’s sides show bulges which are related to underlying

ethmoidal air cells.'

i Crista galli
Perpendicular plate Orbital plate nsta gall

Ethmoidal labyrinth
Air cells of ethmoidal

labyrinth
(ethmoidal sinus)

Crista galli
Cribriform y
plate U o +— Olfactory

T s \ foramina

Orbital plate

Perpendicular
Middle nasal plate
concha

Superior nasal concha
Orbital plate

Middle nasal concha

—— Perpendicular plate

Ethmoid bone

Figure 2: Crista galli and perpendicular plate of ethmoid bone

The anterior ethmoidal nerve enters the cranial cavity in the gap between the
cribriform plate of ethmoid bone and orbital plate of the frontal bone. Anteriorly, a small
slit lies on either side of the crista galli. A foramen anterolateral to the slit allows the
anterior ethmoidal nerve and vessels to the nasal cavity. The posterior ethmoidal canal
opening at the posterolateral corner of the cribriform plate transmits the posterior

ethmoidal vessels and nerve.!




The Ethmoidal labyrinths

Each labyrinth is cuboidal in form. The ethmoidal labyrinths contain ethmoidal air
cells. Its lateral surface forms the part of medial wall of orbit. They are located at the
junction of the nasal cavity and the orbit.

The superior surface of the labyrinths attaches with the medial margin of the orbital
plate of frontal bone. At this junction, anterior and posterior ethmoidal canals transmit the
anterior and posterior ethmoidal vessels and nerves respectively. The anterior surface joins
with the lacrimal bone and frontal process of the maxilla and completes the anterior
ethmoidal sinuses. The posterior surface joins the sphenoidal concha and palatine bone.

The lower surface joins with the medial margin of orbital surface of body of the maxilla.

Ethmoidal sinuses

The ethmoidal air cells are present in three groups- anterior, middle and posterior
groups. Variations in the diameters of cavities are common on both the sides. There are
eleven anterior ethmoidal air cells, three middle ethmoidal air cells and six posterior
ethmoid air cells. These ethmoidal sinuses are divided in to anterior and posterior groups
clinically. In each category, the ethmoidal sinuses are divided by incomplete bony septa as

shown in figure 3. Rapid growth spurt starts from sixth year and after puberty.!

The orbital plate of frontal bone overlaps the posterior and middle
ethmoidal air cells as shown in figure 3. Nasal plate on the medial surface of labyrinth
forms the part of lateral wall of nasal cavity. It ends below as curved plate, the middle
nasal concha. Posterior part of the nasal surface above the middle nasal concha presents a

narrow oblique groove, superior meatus which is limited above superior nasal concha. The

posterior ethmoidal sinuses open in to superior meatus.?
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Ethmoid
air cells

Medial wall
of orbit

Superior
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, Cribriform plate

6> Superior nasal concha
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5 Middle nasal concha
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Figure 3: Ethmoid air cells




ETHMOIDAL SKULL BASE
Ethmoidal skull base is the orbital plate of the frontal bone. It extends from upper

attachment of lateral lamella of cribriform plate (LLCP) to the junction of the lamina

papyracea® as shown in figure 4.

Roof of ethmoid bone is the medial extension of orbital plate of frontal bone. It
joins with the lateral lamella of cribriform plate medially and ascends laterally as a dome.
The cribriform plate of ethmoid is located lower than the ethmoidal roof. Ethmoidal skull
base separates the nasal cavity from the olfactory fossa (OF). If ethmoidal roof height is
lower, intracranial complications like cerebrospinal fluid fistula and meningitis are

common postoperatively.

Figure 4: Extension of ethmoidal skull base
OF-Olfactory fossa, CG-crista galli, LL-lateral lamella, ACF-anterior cranial fossa, EAC-
ethmoidal air cells, Or-orbit, MT-Middle turbinate, NS-nasal septum, LP-lamina

papyracea.




The fovea ethmoidalis (FE) is a part of the frontal bone. It forms the ethmoidal
labyrinth roof. It splits the anterior cranial fossa from ethmoidal air cells. The fovea
ethmoidalis attaches with the LLCP on its medial side. °

Anterior skull base and ethmoid roof asymmetries are important for Endoscopic
Sinus Surgeries. If asymmetry is present, there will be variations in the ethmoid roof
height. The fovea ethmoidalis may be at different levels. The angle at which the fovea
ethmoidalis joins with the cribriform plate determines the shape of the contour of the
fovea. If joint angle increases, the shape of fovea ethmoidalis may become straight or
broken wing.

Thin LLCP, fovea ethmoidalis and low ethmoidal skull base are at risk during

FESS. Complications like direct penetration, trauma to meninges and intracerebral injuries

may occur during surgeries.* While approaching the anterior ethmoid or frontal recess or

when resecting the middle turbinate, the LLCP may be injured in these surgeries. Greater
the vertical depth of LLCP, narrower and deeper will be the olfactory fossa and lower will

be the roof of the ethmoid bone.




OLFACTORY FOSSA

Olfactory fossa (OF) is a depressed area in the anterior cranial fossa. It is bounded
inferiorly by the cribriform plate of the ethmoid bone as shown in figure 5. The cribriform
plate is wedged between the orbital plates of frontal bone and extends across the midline.
The cribriform plate is depressed between the extended parts of orbital plate of frontal
bone. It is the most vulnerable site in whole of the anterior skull base.! It harbours the
precious olfactory nerve and olfactory bulb which is at danger during Functional
Endoscopic Sinus Surgeries. The depth of olfactory fossa is measured by the length of

LLCP.S

olfactory
fossa

lamina
papyracea

cribriform
ate crista
galli

N

-

m. rectus
sup./med./inf.

Figure 5: Olfactory fossa




KEROS CLASSIFICATION OF OLFACTORY FOSSA
The relation between olfactory fossa and ethmoidal roof was classified into 3 types
by Keros (1962) which is as follows in table no 1.

Table 1: Relation between olfactory fossa and ethmoidal roof

Depth of Incidence in
Keros type Olfactory LLCP Roof of Ethmoid Egyptian
fossa population

Ethmoidal roof'is in
1-3 mm Short same plane with 26.3%
cribriform plate

Long 73.3%

Ethmoid roof lies
significantly above 0.5%
cribriform plate

In keros type I of olfactory fossa, the olfactory fossa is 1-3 mm deep and has the
short lateral lamella. Frontal bone protects the roof of ethmoid bone and ethmoidal sinuses
and making it less dangerous during surgeries. The ethmoidal roof is in same plane with
the cribriform plate of ethmoid bone. In the type II olfactory fossa, the olfactory fossa is 4—
7 mm deep, and the corresponding lateral lamella forms the portion of the medial ethmoid

roof. In the type III olfactory fossa, the olfactory fossa depth is 8—16 mm.The ethmoid roof

is present at a significant level above the cribriform plate in type III olfactory fossa’ as

shown in figure 6. The thin lateral lamella forms the important part of the ethmoid roof.
Thin LLCP is not protected by the thick frontal bone. As the height of LLCP increases,
there will be greater risk of injuries according to Keros.® Type III olfactory fossa and thin
LLCP are at risk for injuries during surgeries.® Keros has also revealed the width of
ethmoidal labyrinth and olfactory fossa at different levels and showed that there is a
gradual increase in the width of olfactory fossa in the posterior end when compared to the

anterior end.’
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Figure 6: Keros types of olfactory fossa.
Keros type I is common in females (66%), Keros type II is most common in males
(48%) and Keros type III was found more commonly in males. LLCP is shorter and
oblique in males. The roof of ethmoid was lower in females.5
Keros classification of olfactory fossa also guides the surgeons during removal of
medial wall of orbit in orbital decompression surgeries. Thus this classification helps in

improving the safety profile in these procedures.!°




OLFACTORY NERVE

The olfactory nerve arises from neurons in olfactory mucosa. Olfactory mucosa is
present in the posterior superior part of the lateral nasal wall, part of the middle concha,
the opposite part of the nasal septum, the superior concha, the sphenoethmoidal recess, the
part of perpendicular plate of the ethmoid and the part of roof of the nose that arches
between the septum and lateral wall and lower surface of the cribriform plate. Olfactory
mucosa consists of pseudostratified epithelium which contains olfactory receptor neurons,
sustentacular cells and basal cells as shown in figure 7. Groups of up to 50 unmyelinated
axons from olfactory receptor neurons surrounded by glial cells and meninges pass though
the foramina in the cribriform plate of ethmoid bone and enter the anterior cranial fossa as
shown in figure 8. Then they synapse in glomeruli with tufted cells and mitral cells in

olfactory bulbs.

Olfactory Bulb

Cribriform Plate ——

Olfactory g

Sensory
Neurons ;

Basal Cell 3~

.
Olfactory Epithelial

Receptor Cell 7‘3 3

Supporting Cell —gud

Dendrites
(of Olfactory Sensory Neurons)

Mucus

Cila—

(of Olfactory Sensory Neurons)

Figure 7: Olfactory neurons




A 23 WS

S ——

g Olfactory Bulb
. -- i" ‘ ,//' ’A' -: n l.

Figure 8: Olfactory nerve
The Laminae in Olfactory bulb contains olfactory nerve layer, glomerular layer,
external plexiform layer, mitral cell layer, internal plexiform layer and granule cell layer.
The olfactory nerve layer contains unmyelinated axons of the olfactory neurones. The
glomerular layer contains glomeruli. Glomeruli are formed when the olfactory axons
divide and synapse with tufted, periglomerular and mitral cells. The external plexiform
layer has the dendrites of mitral and tufted cells. The mitral cell layer contains the cell

bodies of mitral cells and granule cell bodies. Axons, mitral cell, granule cell bodies and

mitral cells are present in internal plexiform layer. The granule cell layer consists of

majority of granule cells.




Olfactory bulb— Medial olfactory stria

Olfactory tract

Lateral olfactory stria

Gyrus rectus

Optic
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Anterior perforated
substance
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Figure 9: Olfactory bulb and olfactory tract

The axons of mitral and tufted cells form efferent pathways from olfactory bulb.
The olfactory tract leaves the the olfactory bulb and passes in the olfactory sulcus on the
orbital surface of the frontal lobe as shown in figure 9. The granule cell layer of the bulb is
extended into the olfactory tract as scattered medium-sized multipolar neurones which
constitute the anterior olfactory nucleus. They extend from the olfactory striae and trigone
to the prepiriform cortex, the anterior perforated substance and precommissural septal
areas as shown in figure 10. Majority of axons from tufted and mitral cells relay in anterior
olfactory nucleus. The anterior olfactory nucleus axons pass along with the fibres from
olfactory bulb and then reach the olfactory striae. When olfactory tract reaches the anterior
perforated substance, it flattens out and forms the olfactory trigone as shown in figure 11.
Olfactory tract fibres diverge as medial and lateral olfactory striae from olfactory trigone
as shown in figure 11. Sometimes an intermediate stria travels from olfactory trigone to
olfactory tubercle. The lateral olfactory stria joins with gyrus semilunaris at uncus of

temporal lobe. The lateral olfactory gyrus forms the grey layer covering the lateral
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olfactory stria. The lateral olfactory gyrus and gyrus ambiens forms the prepiriform region

of cortex. The piriform cortex is formed from the prepiriform region, periamygdaloid

regions and the entorhinal area. Thin grey matter of medial olfactory gyrus covers the

medial olfactory stria. The medial stria becomes indistinct when it reaches the boundary
zone formed by the paraterminal gyrus, parolfactory gyrus and prehippocammpal
rudiment.'

Abnormalities of olfactory nerve

The abnormalities of the olfactory nerve include the complete disappearance of the
olfactory tract and olfactory bulb. It can occur unilaterally or bilaterally in majority of the
cases. Among these variations, the bilateral absence of the olfactory bulb and tract was

most common variation found in patients with Kallman syndrome.!'! & 1?
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BODY MASS INDEX

Body mass index (BMI) is an index of weight-for-height which is
commonly used to classify underweight, overweight and obesity in adults. Body mass
index is defined as the weight in kilograms divided by the square of the height in metres
(kg/m?)."3 Since 1980, the global obesity rate has nearly doubled. Now there are over 200
million obese males and nearly 300 million obese females.'* The prevalence of overweight
(BMI of 25-30) or obesity (BMI of >30) in worlds adult population is predicted to raise
from 39% in 2016 to 57.8% in 2030. '

Classification of underweight, overweight and obesity according to their BMI according to

World Health Organisation (WHO) is shown in table 2. !?

Table 2: WHO classification of underweight, overweight and obesity.

Classification of BMI Principal cut-off
points (kg/m?)

Underweight <18.50

Normal range 18.50 - 24.99

Overweight >25.00

Pre-obese 25.00 - 29.99

Obese >30.00

Obese class | 30.00 - 34.99

Obese class 11 35.00 - 39.99

Obese class 111 >40.00




Classification of underweight, overweight and obesity according to their BMI was
done according to WHO guidelines. BMI of underweight patients was less than 18.5.

Normal BMI was between 18.5 and 24.9. Greater than 25 BMI was considered as

overweight individuals and greater than 30 BMI was considered as obese individuals.'




BMI AND COMPLICATIONS

Obesity is associated with a state of chronic low-level inflammation in liver, brain,

pancreas and adipose tissue. Hence, obese individuals are at risk to develop infections of

surgical-site, urinary tract, nosocomial and skin. The complications of Type 2 diabetes
mellitus are dyslipidemia, coronary artery disease, heart failure, stroke, obstructive sleep
apnoea, asthma, non-alcoholic steatohepatitis (NASH), cirrhosis, hepatocellular
carcinoma, gall bladder disease, hypertension, osteoarthritis, dementia and Alzheimer’s
disease and impaired renal function as shown in figure 12. Obesity is also related with
reduced sperm count and increased rates of erectile dysfunction in men and reduced
fertility, poor outcomes after fertility treatment and pregnancy loss in females. Each 5

kg/m2 increase in BMI was is linearly related with cancer of the uterus, gallbladder,

kidney, cervix, thyroid and leukaemia.'®

Dementia
Stroke . Heart disease
Depression ] Diabetes

Asthma Hypertension

OSA

Kidney disease Cancer of Colon,
NAFLD Breast,
Endometrium,
Infertility Kidney
PCOS
Pregnancy loss

Arthritis
Gout

Figure 12: Complications of increase in BMI




BMI, ITH and SCSF
There are reports of body mass index correlating with depth of the olfactory fossa.
Elevated body mass index (BMI) is linked to Idiopathic intracranial hypertension (ITH)
which in turn linked to spontaneous cerebrospinal fluid (SCSF) leaks.!”
Patients with idiopathic intracranial hypertension are typically obese female
patients presenting with headache, pulsatile tinnitus and visual disturbances.'® Patients

with IIH develop expansion of bone and SCSF leaks in weak areas of cranial base like

tegmen tympani and cribriform plate of ethmoid.!” CSF leaks are very rare but their

complications are life threatening. CSF leaks can lead to ascending meningitis or brain
abscess. Patients with IIH and SCSF leaks reveal typical characteristic findings like
attenuation of skull base and arachnoid pits on CT scans which is not typically present in
CSF leaks of other etiologies.!®

So, there exists a direct relationship between BMI and CSF pressure. Hence, higher
BMI individuals are likely to have deeper olfactory fossa and are at risk of spontaneous

CSF leaks.




NEED FOR THE STUDY

During Functional Endoscopic Sinus Surgeries (FESS) for a number of diseases
like choanal atresia, mucocele, nasal polyposis, management of epistaxis and epiphora
caused by lower lacrimal ducts obstruction, most of the complications are associated to
surgical manipulation of the ethmoidal and frontal sinuses. Unless, the olfactory region

and depth of OF is known, surgeries will damage the olfactory fossa which has wide

variations in its morphology.'’

Surgical Anatomy and morphometry of olfactory region is of immense value to
Neurosurgeons for the management of sellar and parasellar tumors, optic nerve
decompression and tumours arising from epithelial olfactory cells normally situated at the
upper part of nasal cavity including the cribriform plate of ethmoid which are difficult to
access without distortion and without damaging other structures.

Obesity and elevated CSF pressure during growth and development of childhood
may ultimately affect the olfactory fossa depth (OFD) in adulthood. Spontaneous
cerebrospinal fluid leaks (SCSF) are more common among individuals having higher
BMI.*

Though olfactory fossa is important surgically, normal morphometry of olfactory
region is not described in detail in standard Anatomy books. With regard to less data
available on morphology of olfactory fossa in North Karnataka region, this study was
undertaken to establish the normal morphology of olfactory fossa. The depth and width of
the olfactory fossa, the thickness and angulation of the lateral lamella of the cribriform
plate and the length of cribriform plate on both sides in adult males and females and to find
out the correlation between depth of the olfactory fossa and BMI by using Multidetector
computed tomography (MDCT) in North Karnataka region.
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CHAPTER 2.

AIMS AND OBJECTIVES

AIM OF THE STUDY
The aim was to study the relationship between depth of the olfactory fossa and

BMI by using MDCT in North Karnataka region.

OBJECTIVES OF THE STUDY

1) To establish the normative morphometry of olfactory fossa and its variation in
right and left sides in both genders.

2) To determine the gender differences in the morphology of olfactory fossa on
right and left sides.

3) To determine the correlation between olfactory fossa depth and body mass index

(BMI).

RESEARCH HYPOTHESIS

1) There is gender difference in the morphometry of olfactory fossa.

2) There is correlation between body mass index and olfactory fossa depth.
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CHAPTER 3.

REVIEW OF LITERATURE

HISTORY

The word ‘cribriform’ was derived from the latin word ‘cribrum’ which means
sieve and ‘forma’ means figure. The term cribriform plate was first described by
Hippocrates as soft like a sponge, cartilage, which is not a bone structure, or a flesh one
and believed that it would have a role in olfaction. Later, Galen described the cribriform
plate as sieve like structure through which the waste products of brain activity were
eliminated towards the nose and out of the body.

Leonardo da Vinci also named this sieve as ‘cholatori’ which means to filter. Later
Andreas Vesalius and Mateus Realdo Columbus first identified the ethmoid bone and
described the distinct character of ethmoid bone.

From the Antiquity until the 16th century, all Anatomists thought that cribriform

plate was self standing bone separated from the ethmoid bone. But, later Gabriel Fallopius

described the ethmoid bone with high accuracy and argued that the cribriform plate is not a
separate bony ossicle but essential part of the ethmoid bone.
Giovanni Filippo Ingrassias was the first one to notice the anterior ethmoid air

cells. He also described the terms crista galli, cribriform plate and the perpendicular plate.

Theories around the cribriform plate

Carpensis argued that this sinus that cerebral fluids are eliminated through the
sphenoid sinus and not through the cribriform plate. Andreas Vesalius disproved Galen’s
theory but accepted the existence of communication between the brain ventricles and the

nasal fossa




Thomas Willis eventually disproved Vesalius’s theory by pouring milk and ink in
to the pituitary fossa of calf. This fluid emerged through jugular veins and not in to the
nose. He described the olfactory nerves that cross the cribriform plate in 1664. He named
them fascicles nervulets, little strings or filaments: manifold nerve fibers pass through
cribriform plate of ethmoid bone. But he wrongly believed that the absorption of the
cerebrospinal fluid occurred at this level.

Conrad Victor Schneider argued that the openings in the cribriform plate of the
ethmoid bone are for the olfactory nerves and that the cerebral fluids cannot cross from the

cranial cavity towards the nose. He demonstrated that only the macerated ethmoid bone

displays pores.!




DEVELOPMENT OF THE ETHMOID BONE

Development of the Ethmoid is different from other sinuses. Because, the ethmoid
sinus develops from the cartilaginous nasal capsule. Other sinuses develop from extensions
from the ethmoid via epithelial diverticulums.?

The ethmoidal cartilage contains the medial mass and lateral mass in the
intrauterine life. The medial mass (the mesethmoid) is present from the sphenoid to the tip
of the nasal process. The pair of lateral masses develope from the lateral nasal processes
(the ectethmoid) which is present lateral to the olfactory sacs. The end portion of the
medial mass persists as the cartilaginous nasal septum. Ossification of the upper portion of
medial mass becomes the perpendicular plate and crista galli.?

Three ossification centres in the cartilaginous nasal capsule gives rise to the
ethmoidal labyrinth and the perpendicular plate of ethmoid bone. One centre appears for
the perpendicular plate and one centre appears for each lateral labyrinth. The centre for

each lateral labyrinth is seen during sixteenth and twentieth week of intrauterine life.*

Development of Ethmoid Air Cells
At about three months of intrauterine life, ethmoid air cells will start developing.!

Ethmoid sinus is not formed from single cell. Instead bony septa divide in to air cell and

forms many air cells.’ At birth, there will be three to four cells. But, radiologically it’s

difficult to observe at birth till one year of age. They reach the adult size by twelve years

of age.*In adults, there will be ten to fifteen ethmoidal air cells.®




Development of Crista Galli

Although some ossification has been noticed in the fetus by the end of third
month,® most ossification of the Crista galli begins at about one-two months of age. Then,
there will be rapid ossification of the Crista galli till fourteen months of age. Then
ossification slows down up to twenty four months of age. Sometimes a separate
ossification centre occurs at the tip of the crista galli at about three months of age. "The
ossification of cribriform plate takes place partly from perpendicular plate of ethmoid and

partly from the lateral labyrinths. Complete ossification is seen at second year of age.*

Development of Cribriform Plate
Cribriform plate is not seen during fetal life. It may appear as indentation between

the olfactory nerves.® Ossification of the cribriform plate starts in attachment of the

superior and inferior turbinates then it extends till it reaches the crista galli at 2" month of

age. Ossification of the cribriform plate starts in its anterior region and then it extends

posteriorly during first post-natal month.’

Development of Perpendicular Plate
At one year, the perpendicular plate of the ethmoid bone ossifies from the median

centre. Later it merges with the lateral labyrinths in the second year.*

Development of ethmoidal labyrinths

The centre for each labyrinth appears in fourth and fifth month of foetal life. They
later extend in to the ethmoidal conchae.* During 8" week of foetal life, the cartilaginous
nasal capsule resembles the shape of ‘M’. Then the lateral wall of capsule shows curved

foldings leading to the formation of ethmoturbinals at ninth to ten week of intrauterine




life.!” Intially, there will be five to six ethmoturbinals. Only three to four persists. These
ethmoturbinals entangle to form ethmoidal labyrinths. !! Labyrinths are partially ossified at
birth.*

First ethmoturbinal develops to form agger nasi and the lateral extension of the
uncinate process. Second ethmoturbinal develops to form middle turbinate. Third
ethmoturbinal develops to form superior turbinate. Fourth and fifth ethmoturbinals develop
to form supreme turbinate. Complete growth of the ethmoid bone occurs by seven years of

life. !

Ossification of ethmoid bone

The ethmoidal bone is ossified from three centres in cartilaginous nasal capsule.
One centre appears for each labyrinth and one centre appears for the perpendicular plate.
The centres for the labyrinths appear during the fourth and fifth foetal months. Then, it
extends into the ethmoid conchae. At birth, the labyrinthsare ill-developed and partially
ossified. Remaining parts are cartilaginous. Ossification of perpendicular plate appears
during the first year. The fusion of the three components to form single bone takes place in
around second and third years of age.

The ethmoidal air cells develop as narrow pouches at about 3 months of intra-

uterine life. They are present at birth. They grow slowly and reach the adult size by the age

of 12 years.'?




Development of olfactory nerve.

During fourth week of development, five swellings called facial prominences
appear in face from the first and second pharyngeal arches. These are the frontonasal
prominence and the paired mandibular and maxillary prominences. On each side of the
frontonasal prominence, an area of thickened ectoderm called the olfactory placodes forms
around the fourth week of intrauterine life.!

The olfactory organ arises from both olfactory placode and cranial Neural Crest
cells (NC). The olfactory placode contributes to the formation of the olfactory sensory
neurons and supporting cells of the olfactory epithelium (OE). The NC contributes to the
structural components of the nose.!3!4 & 13

The olfactory placodes grows in size till sixth week when the each placode
invaginates to form the nasal pits. The olfactory placode is one of the unique placodes. It
has the capacity to give rise to glial cells and stem cells which inturn gives rise to various
cell types of the OE continuously throughout life.! Olfactory ensheathing cells along the
nonmyelinated olfactory nerves are derived from the olfactory placode. ! 1617 & 18

Majority of cells in the Olfactory Epithelium are derived from the olfactory

placode but, Neural Crest-derived cells can form all cell types of the Olfactory

Epithelium. "




REVIEW OF LITERATURE ON OLFACTORY FOSSA
DEPTH OF OLFACTORY FOSSA

The incidence of Keros type I was 23.44%, type II keros was 70.83% and type III
was 5.73%. Keros type III was less common on right side and more common on the left
side in a study done in New Delhi, India among 32 dry skulls by using a hydroxyphilic
siloxane based gel.?’

Vinay kumar revealed 87% of cases of Keros type OF, 11% cases of keros type II
OF & 2% of cases of Keros type III OF among 60 coronal CT scans in Trichy, Tamilnadu,
India. CT Scan of Mean height of ethmoidal skull base varies between 3.7 mm to 15.4 mm
with mean height of 10.05 mm at the level of anterior ethmoid artery canal. Low ethmoidal
skull base was found in 2% of females.?!

A study done by Satish Nair on 180 patients in Bangalore, Karnataka revealed
17.2% of cases of Keros type I OF, 77.2% cases of keros type II OF and 5.6% of cases of
Keros type III OF on 180 direct coronal CT scans.??

Basak et al studied CT scans of 64 children and found most common Keros type II
OF (53%) when compared to other types of OF. Keros type III was 38% and Keros type I
was 9% .23

Jang et al studied 205 predominantly adult patients CT scan and noticed that Keros

type II was most common (69.5%), followed by type I Keros (53.8%). Type III Keros was

not found in this study.?*

Anderhuber et al studied CT scans of children aged between zero and fourteen
years. Type II was most common (70.6%). Type I Keros was 14.2% and Type II was
15.2%.%°

Souza et al studied specifically 200 CT scans of adult patients and observed that

the Keros type II olfactory fossa was most common (73.3%), followed by Keros type I OF




(26.2%) and Keros type III OF (0.5%).%°

WIDTH OF OLFACTORY FOSSA

The width of OF increases before backwards steadily.The mean width of OF was
3.8 mm and 3.6 mm on right and left sides respectively below the crista galli. The width of
OF was 5.2 mm and 5.1 mm on right and left sides respectively in the posterior one third
of OF. %7

The mean width of OF was 0.44mm and 0.39mm on right and left sides
respectively in a study done in New Delhi, India among 32 dry skulls using a
hydroxyphilic siloxane based gel.*

The average width of OF was 4.57mm and 4.49mm on on right and left sides
respectively in a study done in USA on 31 human skull specimens by Daniel HC.?

The average width of OF was 0.96mm and 0.89mm on right and left sides

respectively in a study done by Savvateeva DM on 111 patients by using digital volume

tomography.?

ANGLE OF OLFACTORY FOSSA

The mean angle of OF was 130.58%nd 128.74%n right and left sides respectively
in a study done by Tony GJ.2°

The mean angle of OF was 159.42%nd 153.26%n right and left sides respectively
in a study done by Elwany.*°

Luigi maione et al observed angle of LLCP in 37 kallmann syndrome patients and
compared with the non congenital hypogonadotropic hypogonadism patients in France.

Significant wider angles of LLCP was observed in Kallmann syndrome.*!




THICKNESS OF LLCP
A study done by Keast revealed the thickness of LLCP was from 0.2 to 0.05 mm

on 226 patients in European population.*
LENGTH OF CRIBRIFORM PLATE

A study conducted by Daniel CH revealed the mean length of the cribriform plate
was 21.28mm (range 15.25- 27.73 mm, SD 3.30) in 31 Human skull specimens.?®

A study conducted by Elwany revealed the mean length of the cribriform plate was
6.85mm in by using 300 high resolution Multislice computed tomography scans.?°

A study conducted by Savvateeva DM revealed the mean length of the cribriform

plate was 21.1mm in 111 scans by using Digital volume tomography.*




CLINICAL ANATOMY OF ETHMOID BONE

Normal radiography does not reveal the fractures of ethmoid as it inclined at an
angle of 45°. Hence CT scans has an important role in detecting the skull base fractures
especially the ethmoid bone.*

Fractures of ethmoid bone

Common sites of anterior skull base fractures associated with CSF leaks include
the cribriform plate, the roof of the sphenoid sinus, and posterior wall of frontal sinus.
Because the dura is adherent to the bone in these regions of skull base.*’

Congenital defect in the cribriform plate (CP) leads to spontaneous CSF leak which
allows the extension of dura and arachnoid along the olfactory nerve fibers through the
cribriform plate.**

Le fort III fracture extends through the nasal base and continues across the ethmoid
bone in the posterior side. This fracture separates the entire mid-facial skeleton from the
cranial base.

CSF Rhinorrhoea may result from dural tear which is associated with the fracture
of the cribriform plate of the ethmoid bone or from skull fracture. It extends through the
posterior wall of the frontal sinus. Females are at risk to develop CSF leakage because
their bones are thinner. *

Dehiscence of the lamina papyracea is characterized by protrusion of orbital fat

through a gap in the anterior ethmoid cell can be mistaken as infectious or tumoral process

during endoscopic surgery.?’




Injuries of ethmoid bone during surgeries

Most of the traumatic CSF rhinorrhoea cases are the result of surgeries involving
the skull base. Injuries to Lateral lamella of CP and the posterior ethmoid roof can occur
during endoscopic sinus surgeries. Injury to the lateral lamella of the cribriform plate can
occur while reaching the anterior ethmoid or frontal recess or the middle turbinate close to
the skull base. It can occur more frequently on the patient's right side because most
surgeons are right handed individuals. There is a tendency for the angle of surgical

approach to drift medially toward the lateral lamella. These injuries can be minimised if

patient's head is turned towards the surgeon and if aligned with angle of the approach.*

The word “spontaneous” CSF rhinorrhea describes the nasal discharge of
Cerebrospinal fluid not related to trauma, malformation, surgery, tumor or previous
radiation therapy. It can be due to small osteodural interruption along the cribriform plate.
It can lead to the olfactory cleft, defects in the lateral lamella, defect at the junction of the
cribriform plate with the lateral lamella and fovea ethmoidalis (FE) and defects along the
the anterior ethmoid artery.’

Spontaneous CSF fistulas are more common at the cribriform plate of ethmoid

bone, tegmen tympani, perisella and sphenoid sinus.®
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CHAPTER 4.

MATERIALS AND METHODS

RESEARCH METHODOLOGY
Type of study: Hospital based descriptive study
Sample size estimation for morphology of olfactory fossa.'
Sample size calculation was done by using Open Epi Software version 2.3.1
At 95 % confidence level
32 % of Keros II has height asymmetry = p
At 10% relative precision
Sample size calculated was 816 = 820
Sample size required for studying the correlation between BMI and olfactory
fossa depth
Sample size calculation was done by using Medcalc Statistical Software
At 95% confidence level

80% power of study

Correlation coefficient of BMI and olfactory fossa depth: 0.31!

Z0o=1.96 C=05X1n 1+r
1+r

Zp=0.84 = 0.321
2

Total size N= ] Za+7Zf }+ 3

C

Calculated sample size: 79 + 80
Statistical analysis : Pearson’s correlation co-efficient was calculated.

p value less than 0.05 was observed as statistically significant in all parameters.




METHODS

SOURCE OF DATA
Source of data — Paranasal multidetector computed tomographic scans of 820 patients
were collected in North Karnataka region, Karnataka, India. Scans were collected after
Institutional Ethics Committee clearance. Population stratification of 820 patients was
done in 13 districts of North Karnataka region, Karnataka, India.

61 scans were collected from Raichur, 54 scans from Bidar, 34 scans from Gadag,

77 scans from Bellary, 37 scans from Yadagiri, 60 scans from Bagalkot, 68 scans from

Bijapur, 59 scans from Dharwad, 150 scans from Belgaum, 51 scans from Haveri, 44 scans

from Koppal, 45 scans from Uttar Kannada and 80 scans from Kalburgi were collected
from North Karnataka region.

Paranasal sinuses MDCT scans of 80 obese patients were collected from Bagalkot
district of north Karnataka region. All the scans were analysed for morphometry by using

RadiAnt DICOM viewer.




Inclusion criteria
* As the ethmoid bone completely ossifies around 16 years of age, normal PNS
Computed Tomographic scans of male and female patients above the age of 16

yearswere included in 820 patients in the study.

PNS CT scans of patients above the age of 16 years with BMI greater than 25 were

included in 80 patients in the study.

Exclusion criteria
CT images of male and female patients less than the age of 16 years and Computed
Tomographic images of patients with facial anomalies, nasal or paranasal trauma,
tumours or conditions involved in bone destruction and surgeries were excluded

from the study in 820 patients.

BMI less than 25 were excluded in this study in 80 patients.




METHODS
MDCT scan of paranasal air sinuses (PNS) were collected from November 2018 to

May 2021. The patients were informed and instructed during MDCT of PNS about the

procedure after the informed written consent. Axial Computed Tomographic scan images

of 3mm thickness were obtained by using bone window. After exposure, the images were
reconstructed to 0.75mm thickness. The upper boundary of infraorbital foramen was taken
as landmark in the coronal scans. This point shows the maximum depth of OF. The length
of the lateral lamella of cribriform plate (CP) determines the depth of the olfactory
fossa.The length of the LLCP was obtained when the height of CP was subtracted from the
height of medial ethmoidal roof point (MERP) on right and left sides in male and female
patients.

The depth of the olfactory fossa was measured in direct coronal scans at the level

of infraorbital foramen as shown in figure 13.

Fovea ethmoidalis
Lateral lamella

Figurel3: showing X line, Y line and Z line in coronal MDCT scan.




Line X was drawn as transverse line in the coronal scans. This X line was
extending between both upper boundry of infraorbital foramen. Then, line Y was drawn as
vertical line which extends from X line to the metting point of Fovea ethmoidalis with
LLCP. Line Z was drawn as a straight line which extends from the meeting point of the
cribriform plate with the LLCP to X line. Line Y represents the medial ethmoid roof point
(MERP) while line Z represents the height of the CP. The depth of the OF (H) was
considered as height of the roof of the ethmoid bone or height of LLCP. The depth of

olfactory fossa‘“H’’> was calculated as the result of subtraction of length of line Z from the

length of line Y in millimeters (H =Y— Z).? Olfactory fossa depth was classified according

to Keros classification.?




The width of the olfactory fossa was measured from outer margin of the crista galli

to MERP on both the sides in both the genders in direct coronal CT scan of patients The

width of OF was calculated at the level of upper boundary of infraorbital foramen in

coronal scans as shown in figure 14.

Figure 14: Measurement of width of left olfactory fossa in coronal section of MDCT
scan of the patient.




The thickness of the LLCP was calculated from the outer margin of the bone to the
inner margin of the bone at the middle of LLCP on both the sides in both the genders in

direct coronal CT scan of patients. The thickness of LLCP was calculated at the level of

infraorbital foramen in direct coronal scans as shown in figure 15.

j

Figure 15: coronal scan showing the thickness of LLCP at the centre of the

infraorbital foramen

A=line at the level of infraorbital foramen
T=thickness of LLCP




The angle of the LLCP was measured between the line drawn along LLCP and a

horizontal line drawn at the cribriform plate of the ethmoid bone. The angle was calculated

on both the sides in both the genders in direct coronal CT scan of patients. The angle of OF

was measured at the level of infraorbital foramen in direct coronal scans as shown in figure

16.

Figure 16: Coronal scan showing the angle of LLCP with cribriform plate at the

centre of infraorbital foramen.




The length of CP was calculated at two points in sagittal plane: Anterior and
Posterior. The anterior end was taken at the junction between the posterior wall of the
frontal sinus and the cribriform plate. The posterior point was taken at the junction

between the posterior edge of cribriform plate and the anterior edge of planum

sphenoidale.* The length of CP was measured in both the genders in CT scans of patients.

The length of CP was measured at the level of infraorbital foramen in direct coronal scans

as shown in figure 17.

—  1.90 cm

Figure 17: Sagittal scan showing the length of cribriform plate at the centre of

infraorbital foramen




BMI was calculated by using the following formula,
BMI= Weight (in kg)+ height (in metres).

Classification of underweight, overweight and obesity according to their BMI was

done according to WHO guidelines.’

The depth of the olfactory fossa was correlated with BMI of individuals to find out

any association existing between them.

STATISTICS

Side symmetry and relation of morphology of olfactory fossa in both genders were
calculated by using Student ‘t’ (unpaired) test.

Correlation between the depth of olfactory fossa and BMI was calculated by using

Pearson’s correlation. The data was considered statistically significant if p is less than

0.05.
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RESULTS

Comparison of the mean+SD of Medial ethmoidal roof point (MERP), CP, depth of
OF, and width of OF, and their significance in the present study on both sides in both
genders is shown in table 3, 4 and 5.
Table 3: Comparison of morphology of olfactory fossa between right and left sides in

male patients.

Males Right side Left side
_ Mean+SD Mean+SD P value
n =474 . :
(in mm) (in mm)
MERP ht 26.70+£3.17 26.74+3.26 0.9465
CP ht 21.76+2.98 22.08+2.94 0.09639
OF depth 4.94+1.99 4.66+1.86 0.003982
OF width 5.24+2.77 4.84+2.27 0.01521
Thickness of
LLCP 1.25+0.65 1.20+0.52 0.1913
Angulation of OF | 106.08+21.19 | 109.35+16.64 | 0.008368

CP length 21.40+8.84

MERP= medial ethmoidal roof point, ht=height, OF=olfactory Fossa, CP=Cribriform
plate, LLCP= lateral lamella of cribriform plate.

Comparison of morphology of olfactory fossa was done between right and left
sides in 474 male patients. In male patients, the mean OF depth was 4.94+1.99mm on right
side and 4.66+1.86mm on left side. The mean OF width was 5.24+2.77mm on right side
and 4.8442.27mm on left side. The mean thickness of LLCP was 1.254+0.65mm on right

side and 1.20+0.52mm on left side. The mean angulation of OF was 106.08+21.19%n right

side and 109.35+16.64%n left side. The mean CP length in male patients was 21.40+8.84

mm. Statistically significant differences were observed in the mean of OF depth, width of
OF and angle of LLCP when compared between two the sides in male patients.
Statistically significant differences were not found in mean of MERP height, CP heightand

thickness of LLCP among male patients as shown in Table 3.




Table 4: Comparison of morphology of olfactory fossa between right and left sides in

female patients.

Right side Left side

Females n=346 Mean+SD Mean+SD Pvalue

(in mm) (in mm)
MERP ht 25.3243.15 25.3243.02 0.999

CP ht 20.76+2.91 21.024+2.69 0.2227

OF depth 4.55+1.96 4.29+1.88 0.07539

OF width 4.93+1.31 4.68+1.38 0.01478
Thickness of LLCP 1.21£0.59 1.24+0.54 0.4856
Angulation of OF | 110.53+18.82 | 110.21£19.23 0.8250

CP Length 19.97+£5.55

MERP= medial ethmoidal roof point, ht=height, OF=olfactory Fossa, CP=Cribriform
plate, LLCP= lateral lamella of cribriform plate.

Comparison of morphology of olfactory fossa was done between right and left
sides in 346 female patients. In female patients, the mean OF depth was 4.55+1.96mm on
right side and 4.29+1.88mm on left side. The mean OF width was 4.93+1.31mm on right
side and 4.68+1.38mm on left side. The mean thickness of LLCP was 1.21£0.59mm on

right side and 1.24+0.54mm on left side. The mean angulation of OF was 110.53+18.82%n

right side and 110.21+19.23%n left side. The mean CP length in female patients was

19.97£5.55mm. Statistically significant difference was observed in the mean of width of
OF when compared between two sides in female patients. Statistically significant
differences were not found in mean of MERP height, CP height, OF depth, angle of LLCP

and thickness of LLCP as shown in Table 4.




Table 5: Comparison of morphology of olfactory fossa on both the sides in male and female

patients.

n=820

Males (n=474)

Females (n=346)

Mean+SD
(in mm)

Mean+SD
(in mm)

Pvalue

MERP ht

26.70£3.17

25.3243.15

0.0000001

26.74+3.26

25.3243.02

0.0000001

CPht

21.76+2.98

20.76+2.91

0.000001952

22.08+2.94

21.02+2.69

0.000000163

OFdepth

4.94+1,99

4.55+1.96

0.005406

4.66+1.86

4.29+1.88

0.005222

OF width

5.24+2.77

4.93+1.31

0.05397

4.84+2.27

4.68+1.38

0.2450

Thickness of
LLCP

1.25+0.65

1.21+0.59

0.3660

1.24+0.54

1.24+0.54

0.9999999

Angulation of
OF

106.084+21.19

110.534+18.82

0.001924

unl=~Hienll =R fenll i==Rl enll =2 lenll <=2l el 1=~

109.35+16.64

110.21£19.23

0.4941

CP Length

21.40+8.84

19.97+£5.55

0.008171

MERP= medial ethmoidal roof point, ht=height, OF=olfactory fossa, CP=Cribriform plate,

LLCP= lateral lamella of cribriform plate, R= right side, L= left side

Comparison of morphology of olfactory fossa was done on both the sides between
474 male and 346 female patients. Statistically significant differences were observed in the
mean of MERP height, CP height, OF depth when compared between two sides in male
and female patients. Statistical significant differences were not found in mean of OF width
and thickness of LLCP. The mean angulation of OF was significant on right side when
compared between males and females. Whereas on left side, the mean angulation of OF
was not significant when compared between males and females. The mean CP length was

significant when compared between males and female patients as shown in Table 5.




Table 6: Comparison of morphology of olfactory fossa between male and female
patients.

Males Females
n =820 Mean£SD Mean+SD P value
(in mm) (in mm)
MERP ht 26.72+3.21 25.32+3.08 0.0000001

CP ht 21.92+2.96 20.89+2.80 0.0000001
OFdepth 4.80+1.92 4.42+1.92 0.00007879

OF width 5.04+2.52 4.80+1.34 0.01751
Thickness of

LLCP 1.22+0.58 1.224+0.56 0.9999999
Angulation of OF | 107.71£18.91 | 110.37£19.025 0.005096
CP Length 21.40+8.84 19.97+5.55 0.0001109

CP=Cribriform plate MERP= medial ethmoidal roof point, LLCP= lateral lamella
of cribriform plate.

Comparison of morphology of olfactory fossa was done between 474 male and 346
female patients. The mean OF depth was 4.80+1.92mm in male patients and 4.42+1.92mm
in female patients. The mean OF width was 5.04+2.52mm in male patients and
4.80+1.34mm in female patients. The mean thickness of LLCP was 1.22+0.58mm in male

patients and 1.22+0.56mm in female patients. The mean angulation of OF was

107.71x18.91%n male patients and 110.37+19.025° in female patients. The mean CP

length was 21.40+8.84mm in male patients and 19.97+5.55 in female patients. Statistically
significant differences were observed in the mean of MERP height, CP height, OF depth,
angulation of OF and CP length when compared between male and female patients.
Statistical significant differences were not found in mean of OF width and thickness of

LLCP when compared between males and females as shown in Table 6.




Comparison of morphology of olfactory fossa between male and female patients is shown

in chart 1.
Chart 1. Comparison of morphology of olfactory fossa between male and female

patients.

CP Length
Angulation of OF
Thickness of LLCP
OF width
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Table 7: Comparison of morphology of olfactory fossa between right and left sides in

patients.

Right side Left side
n =820 Mean+SD Mean+SD P value
(in mm) (in mm)
MERP ht 26.01+£3.16 26.03+3.14 0.89
CP ht 21.26+2.94 21.55+2.81 0.04
OFdepth 4.74£1.97 4.47+1.87 0.004
OF width 5.08+2.04 4.76+1.82 0.00082
Thickness of
LLCP 1.23+0.62 1.24+0.54 0.72
Angulation of OF 108.3+20 109.78+17.93 0.11
CP Length 20.68 +7.19

CP=Cribriform plate MERP= medial ethmoidal roof point, LLCP= lateral lamella

of cribriform plate.

Comparison of morphology of olfactory fossa was done between right and left
sides in 820 patients. The mean OF depth was 4.74+1.97mm on right side and
4.47£1.87mm on left side. The mean OF width was 5.0842.04mm on right side and

4.76+1.82mm on left side. The mean thickness of LLCP was 1.23+0.62mm on right side

and 1.24+0.54mm on left side. The mean angulation of OF was 108.3+20%n right side and

109.78+17.93%n left side. The mean CP length was 20.68 +7.19mm. Statistically
significant differences were observed in the mean of CP height, OF depth and OF width
when compared between right and left sides. Statistically significant differences were not
found in mean of MERP height, thickness of LLCP and angulation of OF when compared

between right and left sides as shown in Table 7.




Comparison of morphology of olfactory fossa between right and left sides in patients is
shown in chart 2.
Chart 2: Comparison of morphology of olfactory fossa between right and left sides in

patients.
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TABLE 8: Comparison of keros types of olfactory fossa on both the sides in male and

female patients in present study.

Keros Males n=474 Females n=346

Types Right side Left side Right side Left side
Cases % Cases % Cases % Cases %
Keros 1 142 29.95 174 | 36.70 117 | 33.81 164 47.39
Keros 11 290 61.18 282 | 59.49 | 213 | 61.56 159 45.95
Keros 111 42 8.86 18 3.79 16 4.62 23 6.64

Comparison of keros types of olfactory fossa was done on both the sides in 474
male and 346 female patients in the present study. Among male patients, type I keros of
OF was found in 29.95% of cases on right side and 36.7% on left side. Type Il keros of OF
was found in 61.18% of cases on right side and 59.49% on left side. Type III keros of OF

was found in 8.86% of cases on right side and 3.79% on left side. Among female patients,

type I keros of OF was found in 33.81% of cases on right side and 47.39% on left side.

Type II keros of OF was found 61.56% of cases on right side and 45.95% on left side.
Type III keros of OF was found in 4.62% of cases on right side and 6.64% on left side.
Type II keros of OF depth was common in both sides of male patients. In females, type II
keros of OF depth was common on right side and type I keros of OF depth was common

on left side as shown in table .




Comparison of keros types of olfactory fossa on both the sides in male patients in present

study is shown in chart 3.

Chart 3: Comparison of percentage of keros types of olfactory fossa on both the sides

in male patients in present study.
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Comparison of keros types of olfactory fossa on both the sides in female patients in present

study is shown in chart 4.

Chart 4: Comparison of percentage of keros types of olfactory fossa on both the sides

in female patients in present study.
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Table 9: Comparison of symmetry of olfactory fossa in male and female patients in

present study.

Male (n=474) Female (n=346)
Cases % Cases %

Symmetry 333 70.25 217 61.71

Asymmetry 141 29.74 129 37.28

Comparison of symmetry of olfactory fossa was done in male and female patients

in present study. Symmetry of OF was seen in 70.25 % of cases in 474 male patients and

61.71 % of cases in 346 female patients as shown in table 9.




Comparison of symmetry of olfactory fossa in male and female patients in present study is

shown in chart 5.
Chart 5: Comparison of percentage of symmetry of olfactory fossa in male and

female patients in present study.
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Table 10: Comparison of keros types of olfactory fossa on both the sides in male and

female patients in present study. (80 BMI cases)

Keros Males n=40 Females n=40
Types Right side Left side Right side Left
Cases % Cases % Cases % Cases
Keros I 8 20 8 20 4 10 8
Keros 11 16 40 16 40 28 70 12
Keros III 16 40 16 40 8 20 20

Comparison of keros types of olfactory fossa on both the sides in 40 male and 40
female patients (BMI cases) in the present study. Among male patients, type I keros of OF
was found in 20% of cases on right side and 20% on left side. Type Il keros of OF was
found in 40% of cases on right side and 40% on left side. Type III keros of OF was found
in 40% of cases on right side and 40% on left side. Among female patients, type I keros of
OF was found in 10% of cases on right side and 20% on left side. Type II keros of OF was
found 70% of cases on right side and 30% on left side. Type III keros of OF was found in
20% of cases on right side and 50% on left side. Keros type II and type III of OF was most

common on both the sides in 40 male patients. Keros type II of OF was most common on

right side and type III keros of OF was most common on left side in 40 female patients as

shown in table 10.




Comparison of percentage of keros types of olfactory fossa on both the sides in male

patients in present study is shown in chart 6.

Chart 6: Comparison of percentage of keros types of olfactory fossa on both the sides

in male patients in present study.
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Comparison of percentage of keros types of olfactory fossa on both the sides in female

patients in present study is shown in chart 7.

Chart 7: Comparison of percentage of keros types of olfactory fossa on both the sides

in female patients in present study.
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Table 11: Correlation between the BMI and depth of olfactory fossa by pearson’s

correlation in male and female patients in 80 BMI cases (present study).

RIGHT LEFT
80 BMI CASES OLFACTORY OLFACTORY
FOSSA FOSSA

Pearson Correlation ® 0.246 0.229

P value 0.028 0.04

i Significance Significance
8 (p<0.05) (p<0.05)

N 80 80

Correlation between the BMI and depth of olfactory fossa was done by pearson’s

correlation among 80 BMI cases in the present study. When we compare the BMI cases

with depth of OF, R value was 0.315 on right side of OF and 0.239 on left side of OF.

Statistically significant positive correlation was found between both the sides of OF depth

and BMI as shown in table 11.




CHART 8: Correlation between BMI and OF depth.
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There was positive correlation between BMI and OF depth. So, BMI is

directly proportional to the depth of OF as shown in chart 8.
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DISCUSSION

Various factors likethin LLCP, asymmetry of ethmoidal fovea, types of OF depth and
course of anterior ethmoidal artery are at risk areas in anterior skull base surgeries and FESS as
they lead to iatrogenic injuries. These injuries lead to complications like meningitis, intracranial
hypotension from CSF leak, meningocele and menigoencephalocele. Therefore pre-operative
assessment of OF is necessary to decrease these complications.

In our present study there were 474 male patients and 346 female patients. The
morphometry of OF was observed and measured in MDCT scans of patients. Then the depth of OF

was correlated with BMI.

Table 12: Keros types of Olfactory fossa among various studies.

Keros I Keros II Keros III
(%) (%) (%)
Present study India 36.96 56.91 5.97

Pawar A' India 18.5 74.5 7
Original keros® Germany 26.3 73.3 0.5
Shama AM® Egypt 56.5 40.5 3.0

Kalpanoglu et al* Turkey 13.4 76.1 10.5

Solares et al ° USA 83.1 15.0 2.0
Souza et al® Brazil 26.3 73.3 0.5
Paber et al’ Philippine 81.08 17.7 0.5
Bista et al ® Nepal 86.0 12.0 2.0

Author Country

Keros type II of OF (56.91%) was most common in our present study carried out in north

Karnataka region of Karnataka, India, which was similar to the studies carried out in Maharashtra,

India (74.5%)', Germany (73.3%)?, Turkey (76.1%)* and Brazil (73.3%)°. Keros type I of OF was

most common in Egypt (56.5%)*, USA (83.1%)’, Philippine (81.08%)’ and Nepal (86%)* as shown

in table 12.




Vinay kumar revealed 87% of cases of Keros type OF, 11% cases of keros type 11
OF & 2% of cases of Keros type III OF among 60 coronal CT scans in Trichy, Tamilnadu,
India. CT Scan of Mean height of ethmoidal skull base varies between 3.7 mm to 15.4 mm
with mean height of 10.05 mm at the level of anterior ethmoid artery canal. Low ethmoidal
skull base was found in 2% of females.’

A study done by Satish Nair on 180 patients in Bangalore, Karnataka revealed 17.2% cases
of type I keros, 77.2% cases of type 11 Keros & 5.6% cases of type III keros of OF."

Tony J et al studied the incidence of Keros type I was 23.44%, type 1l was 70.83% and
type III was 5.73%. Type III was common on the left side in a study done in New Delhi, India in
among 32 dry human skulls using a hydroxyphilic siloxane based gel."!

Basak et al studied CT scans of 64 children and found most common Keros type 11
OF (53%) when compared to other types of OF. Keros type III was 38% and Keros type I
was 9% .!2

Jang et al studied 205 predominantly adult patients CT scan and noticed that Keros

type II was most common (69.5%), followed by type I Keros (53.8%). Type III Keros was

not found in this study.!?

Anderhuber et al studied CT scans of children aged between zero and fourteen
years. Type Il was most common (70.6%). Type I Keros was 14.2% and Type II was
15.2%."

Souza et al studied specifically 200 CT scans of adult patients and observed that
the Keros type II olfactory fossa was most common (73.3%), followed by Keros type I OF

(26.2%) and Keros type III OF (0.5%).°




Table 13: Comparison of width of Olfactory fossa on both sides among various
studies.

Right side Left side Mean(in
Mean(in mm) mm)
Present study 5.08 4.76
Tony GJ'! 0.44 0.39
Daniel HC!? 4.57 4.49
Savvateeva DM!? 0.96 0.89

Width of olfactory fossa

The average width of OF was 0.44mm on right side and 0.39mm on left side in a

study done in New Delhi, India among 32 dry skulls using a hydroxyphilic siloxane based

gel as shown in table 13."

The average width of OF was 4.57mm on right side and 4.49mm on left side in a
study done in USA on 31 human skull specimens by Daniel HC as shown in table 13.!?

The average width of OF was 0.96mm on right side and 0.89mm on left side in a
study done by Savvateeva DM on 111 patients by using digital volume tomography as
shown in table 13.13

The width of olfactory fossa increases from frontal to the occipital end evenly. The
mean width of OF was 3.8 mm on right side and 3.6 mm on left side below the crista galli.
The width of OF was 5.2 mm on the right side and 5.1 mm on the left side in the posterior

one third of OF. '




Table 14: Comparison of angle of Olfactory fossa on both sides among various studies.

Angle of olfactory Right side Left side
fossa Mean(®) Mean(®)
Present study 108.30 109.78
Tony GJ'! 130.58 128.74
Elwany' 159.42 153.26

The mean angle of OF was 130.58%nd 128.74%n right and left sides respectively
in a study done byTony GJ!! as shown in table 14.

The mean angle of OF was 159.42%nd 153.26%n right and left sides respectively

in a study done byElwany!’® as shown in table 14.

Luigi maione et al observed angle of LLCP in 37 kallmann syndrome patients and
compared with the non congenital hypogonadotropic hypogonadism patients in France.

Significant wider angles of LLCP was observed in Kallmann syndrome.'®




Table 15: Comparison of thickness of LLCP among various studies.

Thickness of
LLCP
Present study 1.22
Keast A" 0.2-0.05

Mean(mm)

The mean thickness of LLCP was 1.22mm in our present study. Keast A showed that the

mean thickness of LLCP was ranging from 0.2-0.05mm'’as shown in table 15.




Table 16: Comparison of length of Cribriform Plate among various studies.

Length of CP Mean(mm)
Present study 20.66
Daniel HC" 21.28
Elwany'’ 6.85
Savvateeva'’ 21.1

The mean length of CP was 20.66mm in our present study. The mean length of CP was

21.28mm, 6.85mm and 21.1mm in the studies carried out by Daniel HC'? Elwany'® and Savvateeva

DM respectively'? as shown in table 16.




Table 17: Comparison of BMI with depth of olfactory fossa among other studies.

BMI CASES

RIGHT SIDE
OLFACTORY FOSSA

LEFT SIDE
OLFACTORY FOSSA

80 BMI CASES
PRESENT STUDY
(> 25 bmi)

Pearson Correlation

0.246

0.229

P VALUE

0.028

0.04

93 CASES
CHRISTOPHER J. ITO'

Pearson Correlation

0.313

0.319

P VALUE

0.002

0.002

Statistically significant positive correlation was found between both the sides of OF depth

and BMI in our present study which was similar to study conducted by Christopher J Ito in 93

cases'® as shown in table 17.
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CHAPTER 7.

SUMMARY AND CONCLUSION

SUMMARY

In the present study,

* Type II keros was most common when compared to other types of Keros depth of OF.

« Statistically significant differences were observed in the depth of OF, angulation of OF
and CP length when compared between male and female patients.

+ Significant differences were not observed in the width of OF and thickness of LLCP
when compared between males and female patients.

* There was a linear correlation between BMI and OF depth as BMI increases, depth of OF

shifts from type II to type III.

Conclusion:

This would help radiologists and endoscopic surgeons to approach these

complicated regions of ethmoidal skull base which are difficult to access without distortion

and without damaging other structures.

Research hypothesis that there is gender difference in the morphometry of olfactory fossa
and there is correlation between body mass index and depth of olfactory fossa has been

proved.




CLINICAL IMPLICATIONS

* Variations in FE, depth of OF, LLCP and course of anterior ethmoid artery are vulnerable

during endoscopic sinus surgeries. It will also help Neurosurgeons for the management of

Sellar and parasellar tumours, Optic nerve decompression, tumours arising from sensory
epithelial olfactory cells which are difficult to access without distortion and without

damaging other structure.

FUTURE PERSPECTIVES
To generalize the findings to Indian population, we need to conduct multicentric

descriptive study.
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CONSENT FORM

INFORMATION FOR PARTICIPANTS OF THE STUDY

Title of the project:

MULTIDETECTOR COMPUTED TOMOGRAPHIC MORPHOLOGY OF
OLFACTORY FOSSA AND ITS CORRELATION WITH BODY MASS INDEX IN
NORTH KARNATAKA REGION

1. Name, Designation, Address, Phone No. and Email ID of the Investigator:

ANANDAGOUDA NAIKANUR ,

Lecturer, department of anatomy,

S. Nijalingappa medical college & HSK hospital,
Navanagar,

Bagalkot -587102

Phone: 9986272484

Email: goudas.naikanur@gmail.com

2. Name of Guide with designation, Department, Phone No. and Email ID:

DR. B. M. BANNUR

Professor & HOD

Department of anatomy

Shri B. M. Patil medical college, vijayapura
Phone: 7829082800

Email: bmbannur@gmail.com

Name of Co-guide with designation, Department, Phone No. and Email ID:
DR. SANJEEV. I .KOLAGI
Professor & HOD
Department of anatomy
S Nijalingappa medical college, bagalkot
Phone: 9731798355
Email: drsanjeevkolagi@yahoo.co.in

. Purpose/ Objectives of this project /study:

PURPOSE

With regard to less data available on morphology of olfactory fossa in North
Karnataka region, this study is undertaken to establish variations in the morphology of
olfactory fossa on both sides in males and females and to find out the correlation
between depth of the olfactory fossa and Body Mass lindex by using Multidetector
Computed Tomography. This would help radiologists and endoscopic surgeons to
assess these vulnerable regions of ethmoidal skull base that are difficult to access
without distortion and without damaging other structures.
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OBJECTIVES

1) To establish the normative morphometry of olfactory fossa and its variations in right
and left sides in both sexes.

2) To determine the sexual differences in the morphology of olfactory fossa on right and
left sides.

3) To determine the correlation between olfactory fossa depth and body mass index (BMI).

4. Procedure/Methods of the study:

While taking the MDCT of paranasal sinuses, the patient will be informed and instructed about
the procedure after the informed written consent. Axial CT images of 3mm thickness will be taken
from Siemens - Somatom by using bone window. After exposure, the images will be reconstructed
to 0.75mm thickness.

Comparative calculation of the thickness and angulation of the lateral lamella of the cribriform
plate, depth and width of olfactory fossa at the level of infraorbital foramen, length of cribriform
plate of both the sides in both sexes will be done by using RadiAnt DICOM Viewer. Olfactory
fossa depth will be classified according to Keros classification i.e, type I — (0-3mm), type 1I-(4-
7mm), type III- (8-16mm)

Side symmetry and relation of morphology of olfactory fossa in both sexes will be
calculated by using Student ‘t’ (unpaired) test. Correlation between the depth of olfactory
fossa and BMI will be calculated by using student ‘t’ (paired) test. The data will be
considered statistically significant if p is less than 0.05.

5. Expected duration of the subject participation: 10 minutes

6 .Expected benefits from the research to the participant: The results of the present study
will help us to understand the correlation between the depth of the olfactory fossa & BMI,
which in-turn will help in management of skull base surgeries & endoscopic surgeries. This
will also help in preventing the Spontaneous CSF leaks in higher BMI individuals.

7. Any risks expected from the study to the participant: None

8. Maintenance of confidentiality of records:

The study records will be kept confidential. patient personal identity will not be revealed in any
publication or release of results. Study record will be kept indefinitely for analysis.

9. Provision of free treatment for research related injury:

Although the study procedure itself carries minimal risk, treatment of any unforeseeable event
will be provided free of cost by the Institute to you.

10. Compensation of the participants for disability or death resulting from such injury:
Compensation for any unforeseeable research-related injury or death resulting from such injury will
be duly given to you through hospital insurance policy number 68040236170200000011

. Freedom to withdraw from the study at any time during the study period without the loss of
benefits that the participant would otherwise be entitled:

It is entirely your decision to participate in the study. If you want to discontinue from the study,
you are free to leave without stating any reason. Your withdrawal would in no way result in SNMC
withholding goodwill or normal medical care.




12. Possible current and future uses of the biological material and of the data to be generated
from the research and if the material is likely to be used for secondary purposes or would be
shared with others, this should be mentioned

All the data and materials obtained from you will be used only for research purposes. It will not be
used for secondary purposes nor will it be shared with others.

13. Address and telephone number of the Investigator and Co-Investigator/Guide:

ANANDAGOUDA NAIKANUR,

Lecturer, department of anatomy,

S. Nijalingappa medical college & HSK hospital,
Navanagar,

Bagalkot -587102

Phone: 9986272484

Email: goudas.naikanur@gmail.com

14.Contact details of Chairman of the IEC, SNMC for appeal against violation of rights.

Dr. S.L. Hoti,
Scientist G/ Director Grade Scientist
National Institute of Traditional Medicine - ICMR,
Belgaum- 590010
Phone No. 0831-2477477
Fax. 0831-2475479
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CONSENT FORM
INFORMATION FOR PARTICIPANTS OF THE STUDY

B. V. V. Sangha’s
S. NIJALINGAPPA MEDICAL COLLEGE & HSK HOSPITAL & RESEARCH
CENTRE
BAGALKOT-587102
PROFORMA
NAME OF THE PATIENT: DATE:
AGE: IP/ OP NO:
SEX:
ADDRESS & CONTACT NUMBER:

DIAGNOSIS:

RESEARCH INFORMED CONSENT FORM

I have explained (Subject/Patient’s/relevant guardian), the

purpose of research, the procedures required and the possible risk and benefits to the best of my

ability.

Investigator Date

Confirm that (PG guide/ Chief Researcher)
has explained to me the purpose of research, the study procedure that I will undergo, and the
possible risk and discomforts as well as benefits that I may experience. Therefore, I agree to give
consent to participate as a subject in this research project MULTIDETECTOR COMPUTED
TOMOGRAPHIC MORPHOLOGY OF OLFACTORY FOSSA AND ITS CORRELATION WITH
BODY MASS INDEX IN NORTH KARNATAKA REGION.

Subject /Parent /Guardian

Witness to signature




INFORMED CONSENT FORM

Study Title: MULTIDETECTOR COMPUTED TOMOGRAPHIC MORPHOLOGY
OF OLFACTORY FOSSA AND ITS CORRELATION WITH BODY MASS INDEX
IN NORTH KARNATAK REGION

Study Number:

Subject’s Full Name : Human Anatomy

Date of Birth/Age : 26-03-1985

Address : Department of Anatomy, S N Medical college, Bagalkot

1))

2)
3)
4)

5)

I confirm that I have read the information in this form (or if has been read to me). I
was free to ask any questions and they have been answered.

I have read and under stood this consent form and information provided to me.

I have been explained above the nature of the study.

I have been explained about duration of participation with number of participants.

I have been explained about procedures to be followed and about investigations, if
any to be performed. I have been explained that I don’t have to pay or bear the cost
of procedure/investigations.

My rights and responsibilities have been explained to me by the investigators.

I have been adequately explained risks and discomforts associated with my
participation in the study.

I have been explained about benefits of my participation in the study to myself,
community and to medical profession.

If despite following the instructions I am physically harmed because of any
substances or any procedures as stipulated in the study plan my treatment will be
carried out free of cost at investigational site and the sponsor will bear all the
expenses, If they are not covered by insurance agency or by Government program
or any third party. I have had my questions, answered to my satisfaction

I have been explained about available alternative treatments.

I understand that my participation in the study is voluntary and I am free to
withdraw at any time, without giving any reason and without my medical care or
legal rights being affected.

I hereby give permission to the investigators to release information obtained from
me as result of participation in the study to the sponsors, representatives of
sponsors, regulatory authorities, Government agencies & ethics committee. |
understand that they may inspect my original records.

However, I understand that my identity will not be revealed in any information
released to third parties or published.




I agree not to restrict the use of any data or results that arise from the study
provided such a use is only for scientific purpose (S).

I am exercising my free power of choice, hereby give my consent to be included as
participant in the present study.

I agree to co-operate with investigator and I will inform him/her immediately. If I
suffer unusual symptoms.

I am aware that if [ have any questions during the study, I should contact at one of
the address listed.

By signing this consent form [ attest that this document has been clearly explained
to me and understood by me.

Signature  (or Thumb  impression) of the  Subject/Legally  Acceptable
Representative:

Signatory’s Name Date

Signature of the Investigator Date

Study Investigator’s Name: Anandagouda V Naikanur

Signature of the Witness Date

Name of the Witness




§.«.«.2A. AAWAzZA
Jixd°AUAYAS 2EEZAAQAAIAA 2AACA«zAS®AIAA 2AAVAAU JZi.) i.PE D AavEae
aA AA+EA£AzsAfA PEAAzA=
£A2AFAUAgA “"AUA®PEZAI

CEAI«A « “sAUA

Multidetector computed tomographic morphology of olfactory
fossa and its correlation with body mass index in north
karnataka region

AA+EZAAzsA£A M!'AUE ¥AvAx

CEAAPA=2AA AASES:

gEAAVAIAA °E AgAA: aAAIAA AAI/°AUA

«%A A:

aEEzZAAQAAIAA UAAL®PAGtUAKAA:

CEAAPA: A2AAAIAA:

.n AIBAf£i B:

«zsAFA AégALYA, “A'sA 2AAVAAU CYAAIAA AégAZEYAAfAAR £AFAR
"SAUEAIAASAIEAA FAFEARACUE «2Aj A"AVZE.

YAx2AAAR AA+EAAzsAPAgAA 2EEzASQAAIAA avAxUAUAEAAR 2AAVAAU
2AIA»WAIAAFAAR  “sA«uAdzA°e YAwaePEAiAAe, PAFAagAfii 2AAVAAU
YAz=PAIFEAIAA®e, +EEPAStAPA §%APEAIAA°e, YAz AAUVA GzEYA+APAIV
SUAPEAKAATRA  SUET «2Aj'zZAgAA. °AUALE  £AFAUE  2AAFA2AjPE
aAiArPE£AnOgAAVAUgE.




£AFAR 2EEzA3QAAIAA 2AiA»w 2AAVAAU avAe AAUAx2AzA §UED
«2Aj A"AVzE. £A£AR 2AiA»w AAUAz2APAIV M| agAAVEUAEE.

fAEAA N¢ 2AAVAAD F ¥sA2AAS «pAAIAA CxAJ2AIArPELArzEYALE. F
¥sA2AAGEA YAewAIAAEAAR 'éAPAj'gAAVEUAFE.

A» AQé gEAAVAIAA/gEAAVAIAA
LAASACGPAgA A»

YAx2AAAR AA+EAAzsAPAgAA
DEAAZAUEQA £AAIAAPAEALGA

CEAIA « sAUA
9986272484




AAEAAzSAEA M ! AUE ¥AvAze

CzsA3AIAALA Btaez: Multidetector Computed Tomographic morphology
of olfactory fossa and its correlation with body mass index
in north karnataka region

CzsABAIAAEA ROS3s:
AROHT FPEE BID :
2R / Sy,
D0z

QYN :

1) D 8 Ce3BO Sreb3oba LOFES (epmd ST N¢ wy'gAAVAUGE) 20 mord
3)Re30=13eS .  AA+EAAZSALEUE AA“sAZAYAIO ¥Aze+ERUALALAAR AAPEAAZA«®ezE PEA%A®A
CaAPA+A PEANOZAYgE.

2) Doxd &B® MAUE YAvAae2AfAAR CxAd2AIArPEAAArZEYAS .

3) £AFAUE egoba AAYALLS 2AIA»WAIAAEAAR HgA~AVzE

4) £AEAUE F CzsAGAIAAEAZA®e Totip 338 Rosdadeodrt werabma ezBabab, «2Aj'zAVgE
5) ODTOTIBT FAVFIPIINY Wi DB SASAY wri, £ALAUE «2Aj'ZAYGE Ba0dbedmes /

BABNY SYBD, VoD ToBITLedY wTTe BeTBTIesNY o FAFAUE «2A['ZAVgE
6) BABTTD ﬁﬁq BRND DD ama&garﬁ%’ﬁ& 33 «2Aj'zAYgE

7) 69(3?503.)3(;5 RiRi TodRHW,IB TowoRIT DR DA d@oddﬁ%’d& £AFAUE ToBR),
«2Aj'zAYgE

8) IIt, SBwwead DI B;Bdead FSoh) IF DodpWIBah BjaleensnY 2t £A£AUE
«2Aj'zAYgE

9) RRIINYY, DHTODAZTe T Arehde B;03 HariemeNZde Qﬂcﬁéoijdd adeeode)
TRBDT0B YT APINNR 9B AoR)TE So0NEITINNY SoTeaddoten 530( W33 ojoag(

100




VARPACUPA] CzsASAIAAEA PEAAZA®ZAE ue33eoN QeBuondRdm ) @o0dressd o
DRDENYRY, OBV, OYNW 2¥eoBTHTT e B, BT ITeED penyo BT
cireeyde cweORe sddbod. EzAgh SUETEAY 3y 33rvay &% 3drt GvAUjZAVgE.

10) 0 dha Sadyerad 833 wrf oD «2Aj'zAYgE

11) 05,0bIT I3, ety RyIZady F,00se0BDNDIYTD, Tord LFFrB30BFeS D)
arogcie ZTEIBRY, BT DA I, &,83,3e0d) 8T8 VBT So[RIS BB, MW S0emacd
DedZ3e areddie FSHahBUBde boB@ahen Ford SSTNHBeS.

12)  @90deeRdd, AooZB wRZ0NW, TZEd HBANW DD ;383 Ih3ah F3ANY
B 0HIBY el RIZAD BO@R@N 0B BEW Wob3ahh, VDAE BBy T B
B8 BABDTO DS DB . VTD IF B DTNV, BOLZVVBMTOW T
OPEBBR0BTES .

Bemdde, I MHDH3IFY SwdIe I3 ABDREWT vFme BBLIT WreFde Sreddodbd
WHTONBBTUTMDYDY D0 Foxd WFFToBB 0BT .

13) ®o3® u%%ob@( 28N eﬁzjasabdaod emd@ QAR VYT BeEI DD OTI0BINY
WYBDRY B33 eVGeBBY N S7oB) GYAAIEAAV, A®A Sod 1 'sAGAC AAZA¢Ae,

£AEAA £ALAR EZENAAIAAAVED 3333 @Z%Oi)ﬁdﬁg DodRW,BBTeN FedDIZRY W I wd
~ergAAVEUEFE
Foh BT 00T FBZT TR 0T ) e D) eﬁmdma% VBENYRY, ODBIITT T
38ed C2AJUE 39=b3eas.
O OHIBY Jod aeITe BFNYD, BeodFY, Tod Bl BeBUE IWeRTPoB3Y
TV0BBEIED QoD I 39D

8 ID,300 IDRIDY T et Bwewd 8 BB O IIM JFTN ISOTUNT
DB IV FEVUNT 0w ToDd B)BeSODBe .

AR / BIRRRWGDN eEe0Ee BAIRNY S (¥BD BWTWD HILBD) :

VOGS BID

Qg drieesnt —-—- Rl
CzsASAIAALA vAHPACUPA] 8T0: _ DEAAZAUEQA ) ook, 3eT?

3 S D903

BID




BLDE (DEEMED TO BE UNIVERSITY)
Annexure -1

GIARISM VERIFICATION CERTIFICATE
1. Name of the Student: Mr. Anandagouda V Naikanur Reg No: 17PHDOOL

2. Title of the Thesis: MULTIDETECTOR COMPUTED TOMOGRAFPHIC
MORPHOLOGY OF OLFACTORY FOSSA AND ITS CORRELATION WITH BODY
MASS INDEX IN NORTH KARNATAKA REGION .

3, Department: ANATOMY

4. Namo of the Guide & Designation: Dr,B M Bannur, Professor

& Name of the Co Guide & Designation: Dr Sanjeey | Kolagi , Professor KHOD
The above thesls was verified for similarity detection. The report is as follows:
Software used: OURIGINAL Date: 14.11.2022 .

Simikarity Index (%): Three Percent (3%) Total word Count: 11731

I'he report is attached for the review by the Student and Guide.

The plagiarism report of the above thesis has been reviewed by the undersigned,
The slmilarity index is below accepted nerms.

The similarity Index is above accepted norms, because of following reasons:

oo o I e thesis may be

considered for submission to the University, The software report is attached.

l{ ; -~
{ A Ty g IO
Signature of the Guide Signature of Co-Guide S’ignzi'un' of Student

Name¢ &mcl)lrlon Name & Designation
o9t Of Anatop::,, : BT &-FICH
A\ - 'J,‘;f\,el:irll 5

s

n'l .
~0ilepe

: I,'}"criﬁ'rzgtﬁpmic)
ot Diienacion

B.LO.E Deemadto be Universey
Shri 8. M. Pasi Medical College
Vijayapur

Mt o~
LA
~




Ethical clearance certificates

PRSI
TN

BLDE (DEEMED TO BE UNIVERSITY)
[Declared as Deemed-to-be-University wh 3of UGC Act, 1936 vide Government of India Notification No.F.9-37/2007-U.3(A))
I'he Constituent Collepe
SHRL B. M. PATIL MEDICAL COLLEGE, HOSPITAL & RESEARCH CENTRE, VUAYAPURA

BLDE (DU)NIEC/336/2018-19 21-12-2012

INSTITUTIONAL ETHICAL CLEARANCE CERTIFICATE

The ethical Committee of this University met on21st December 2018 at 11 am.to
scrutinizes the Synopsis/ Research Projects of Post Graduate Student / Under Graduate
Student Faculty members of this University / College from ethical clearance point of view.

After scrutiny, the following originall corrected and revised version Synopsys of the

thesis/ research projects has been accorded ethical clearance.

Title. “MULTIDETECTOR COMPUTED TOMOGRAPHIC MORPHOLOGY OF OLFACTORY FOSSA AND ITS
CORRELATION WITH BODY MASS INDEX IN NORTH KARNATAKA REGION”

Name of the Faculty member /PhD/PG/UG student. Mr.Anandagouda V Naikanur

Name of the Guide; DR. B. M. BANNUR Professor & HOD Department of Anatomy

(
S\&W\/V\
/
Dr. Sharada Metgud Dr.G.V.Kulkarni

Member Secretary

Chair person
IEC, BLDE (DU), |IEC, BLDE (DU),
VIJAYAPURA

VIJAYAPURA 1 |
o MEMBER SECRETAR)n .
; s+ utional Ethics Commi .c
Note:-Kindly send Quarterly progress report to the Member Secretary :;lls‘tll)tgt‘lgccmed s e
Vijar =t Aa-S86103 arnataka

Following documents were placed before ethical committee for Scrutinization.

 Copy of Synopsis/Research Projects
e Copy of inform consent form
Any other relevant documents

i Smt. Bangaramma Sajjan Campus, B. M. Patil Road (Sholapur Road), Vijayapura - 386103, Karnataka, India.
BLDE (DU): Phone: 4918352-262770, Fax: +918352-263303 , Website: www.bldeuniversity.ac.in, B-mail:officc@ bldeuniversity.a
College: Phone: +918352-262770, Fax: +918352-263019. E-mail: bmpme.principal@bldeuniveristy.ac.in

c.in




B.V.V. Sangha’s
S. Nijalingappa Medical College & Hanagal Shri Kumareshwar Hospital & Research Centre
Navanagar, Bagalkot-587102, Karnataka State, India.
(Recognized by Medical Council of India and Affiliated to Rajiv Gandhi University of Health
Sciences, Karnataka.)
SNMC-INSTITUTIONAL ETHICS COMMITTEE ON HUMAN SUBJECTS RESEARCH
#08354-235340 Fax: 08354-235360 Website: www.snmcbgk.in
Email: jechsrsnmebgk@gmail.com

Office of the Institutional Ethics Committee

The Ethical Committee of SNMC reviewed the following documents:

L. Research Protocol entitled Genetic and Molecular Profiling of Multi detector Computed
Tomographic Morphology Of Olfactory Fossa And Its Correlation With Body Mass Index In
North Karnataka Region

. Information sheet for participants of the study (Consent Form —I) and (Consent Form —II) of
Multi detector Computed Tomographic Morphology Of Olfactory Fossa And Its Correlation
With Body Mass Index In North Karnataka Region

NOTE: It is to be noted that neither PI nor any of the proposed study team members were
present during the decision-making procedures of the Ethics Committee, and members who are

independent of the Investigator, have voted/ provided opinion on the trial.

Discussion points:
After reviewing the documents submitted by the Principal Investigator, the Committee has

decided to grant approval for conducting the above mentioned study.

You are requested to report to the Ethics Committee the Following:

1. Progress of the study at the end of 4 months.
2. Provide a report to the Ethics Committee on completion of the study.

The Ethics Committee of SNMC follows procedures that are in compliance with the
requirements of ICH (International Conference on Harmonization) related to GCP (Good Clinical
Practice), schedule Y and all other applicable Indian regulations.

If you have any Questions concerning the above, please feel free to contact the undersigned.

Thanks & Regards, W

M
(Dr. Viﬁ%ahantesh SN)
Member Secretary p22

Member Secretary,
IEC

v
S.N. Medical College
BAGALYST




Paper presentation certificates

IABSCON 2020

9" ANNUAL INTERNATIONAL CONFERENCE of INDIAN ACADEMY OF BIOMEDICAL SCIENCES

9 e

DEVARTMENT OF BIOCHEMISTRY

D. ¥ PATIL MEDICAL COLLEGE, X AAPUR (MA

A

D Y PANL (UU(ATION SO(I[ TY

Kolhapur-Heace AAC w

CERTIFICATE

Type of Conferance-Mults speciality

This is to certify that
oimans _Anandagouda Naikanur Third Prize
has Participated as Delegate / Delivered an“Oral / Restes presentation in the 9" Annual International Conference of

Indian Academy of Biomedical Sciences
He / She is granted 4 CPD credit points by Maharashtra Medical Council

- (- it ‘!L,
= ol o -','/ ’ ﬁ
mmwn-u- Prof. Abbas All Mehadi Prof. Bipin M. Tiwale Dr LK Sharma or

Secretary B Organtring Secratary Organiring Chetrman o
(MMC/MAD Q18982018 (el S MAD 000N/ JG1Y)




BHARATH INSTITUTE OF HICHER EDUCATION AND RESEARCH
SREE BALAJI MEDICAL COLLEGE & HOSPITAL

DEPARTMENT OF ANATOMY

NATIONAL E-CONFERENCE IN ANATOMY
IMPLICATIONS OF ANATOMY IN FORENSIC MEDICINE

This certificate is awarded to Prof/Mr. /Ms. /Dr. ANANDAGOUDA NAIKANUR

in recognition and appreciation of E- Poster presented on the Topic

Clinical relevance and morphology of olfactory fossa in north karnataka region

in the ForAnSync — 2021 scientific event, held on 16" & 17 July 2021,
at Sree Balaji Medical College & Hospital, Chennai- 44.

Dr, W.M.S. JOHNSON, mo., Pho, Dr, J.Thanka, m.o.one, Dr. Gonesan Murugaperumal, MD,,
Donn Vien Principal Prof. & HOD. Anatomy
Organizing Chairman Organiz ce Chairman SBMC




Publications



728  Indian Journal of Forensic Medicine & Toxicology, October-December 2021, Vol. 15, No. 4

Original Article

Morphometry and Sexual Dimorphism of Olfactory Fossa
in Relation To Crista Galli in North Karnataka Region — A
Multidetector Computed Tomographic Study

Anandagouda V Naikanur' Balappa M Bannur?, Sanjeev I Kolagi®, Naseema Begum®

"Ph.D Scholar *Professor, Department of Anatomy, Shri B M Patil Medical College, Vijayapura, *Professor and
Head, *Associate Professor, Department of. Anatomy, S Nijalingappa Medical College, Bagalkot

Abstract

Background: The aim of this study was to establish the morphometry and sexual dimorphism of olfactory
fossa and its correlation with the types of crista galli in North Karnataka region.

Method: Two hundred and twenty Multidetector computed tomographic (MDCT) scans were collected
from North Karnataka region and analyzed by using RadiAnt DICOM Viewer. The depth and width of
olfactory fossa, their side symmetry, types of crista galli and correlation between the depth of olfactory
fossa with types of base of crista galli were calculated in both genders. Statistical analysis was done by using
Student unpaired‘t’ test.

Conclusion: Keros type II of olfactory fossa was most common in the present study. There was significant
difference (p<0.05) in olfactory fossa depth when compared between right (mean=4.64mm) and left sides
(mean=4.07mm) in females. There was no statistically significant difference found between the genderand
the sides of depth and width of olfactory fossa. There was no statistically significant correlation found
between the types of olfactory fossa and types of crista galli The morphometry of olfactory fossa and crista
galli would help neurosurgeons to assess these vulnerable regions of ethmoidal skull base in surgeries.

Key-words: Cribriform plate, Crista galli, Keros classification, Olfactory fossa.

Introduction The olfactory fossa is a depression in the anterior

The Ethmoid bone lies in the anterior cranial fossa cranial fossa whose floor is formed by the cribriform

at the base of the cranial cavity. The cribriform plate plate. It is the most vulnerable site in the whole anterior

median perpendicular plate and two lateral labyrinths skull base. It is medially bounded by crista galli and
are the parts of the ethmoid bone. The orbital plate of the

frontal bone and its roof joins with lateral lamellae of the
cribriform plate (LLCP). {1 of the LLCP which is the thinnest area of the ethmoidal

skull base. Thin LLCP and low ethmoidal skull base are

the potential sites of injuries during endoscopic sinus

laterally by lateral lamella of the cribriform plate. 'The
depth of the olfactory fossa is determined by the height

Corresponding Author:
Dr. Sanjeev I Kolagi
MBBS, DLO,MD (Anatomy), fossa in to three types. Type I (1 to 3 mm), type II (4 to
Professor and Head,Department of Anatomy, 7mm) and type I1I (8 to16 mm). 14!

S. Nijalingappa Medical College,
Bagalkot, Karnataka- 587102, India. Keros has also described the width and depth of

surgeries. *!Keros has classified the depth of olfactory

E-mail: sanjeevkolagi@gmail.com olfactory fossa at different points and noted that type
Phone no: 9731798355. III Olfactory fossa exposes thin LLCP to injuries during
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surgeries. (2!

The width of olfactory fossa increases evenly from
rostral to the occipital end. Measured below the wing of
crista galli, the mean width is 3.8 mm on right side and
3.6 mm on left side. In the posterior one third, it is 5.2
mm on the right side and 5.1 mm on the left side at the
rostral end. %)

The Crista galli (CG) is a triangular median process
projecting upwards from the centre of the cribriform
plate. It has a thin and slightly curved posterior border
and a much thicker and shorter anterior border. It is a
compact bone, but can also be pneumatized in some
individuals.[®IThicker the crista galli, smaller the volume
of olfactory fossa. Hajiioannou has classified the base
position of crista galli into 3 types,

Type I= the base of the crista galli is located at the
level of the cribriform plate.

Type II= less than 50% of the height of the crista
galli is located below the level of the cribriform plate.

Type III= more than 50% of the height of the crista
galli is located below the level of the cribriform plate.[”]

Aim

The aim of this study was to establish the
morphometry and sexual dimorphism of olfactory fossa
and its correlation with the types of crista galli in North

Karnataka region.
Objectives

a) To determine the gender differences in depth and
width of olfactory fossa on both the sides.

b) To determine the dimensions of pneumatisation
of crista galli and Hajiioannou types of crista galli in
both the genders.

¢) To determine the correlation between olfactory
fossa depth and Hajiioannou’s classification of base of
crista galli in both the genders.

Materials and Method

A prospective hospital based radiological study was
done on two hundred and twenty Multidetector Computed
Tomographic (MDCT) scans of the patients ofall the
districts of North Karnataka region of Karnataka state,
India, after institutional ethics committee clearance. The
study was carried out from April 2018 to September
2019.

Normal Paranasal MDCT scans of patients above
the age of 16 years belonging to both genders were
included in the study.

MDCT scans of Patients below the age of 16 years
and MDCT scans of patients with nasal or paranasal
trauma, congenital abnormalities of face, tumours or
conditions involving bone destruction and surgeries were
excluded from the study. While taking the MDCT of
paranasal sinuses, patients were informed and instructed
about the procedure before obtaining informed written
consent. Axial MDCT images of 3mm thickness were
taken from CT scanner (Siemens Somatom) by using
bone window.

Direct coronal scan showing the maximum depth of
the olfactory fossa at the centre of infraorbital foramen
was taken as reference point. Depth of the olfactory
fossa was determined by the length of the lateral lamella
of cribriform plate (CP). The height of CP point was
subtracted from the height of medial ethmoidal roof
point (MERP) to measure the length of the LLCP on

both sides in both genders. Figure 1 shows Line A

which represents a direct horizontal line connecting the
middle of the inferior orbital foramina on both sides.
Line B represents direct vertical line connecting line A
and to the site of communication of fovea ethmoidalis
and the lateral lamella of the cribriform plate of the
ethmoid bone (LLCP). Line C was drawn as a direct
vertical line connecting line A to the most lateral bony
boundary of the cribriform plate of the ethmoid bone at
its communication with the lateral lamella which will
be CP height. The height of the ethmoid roof (h) was
considered as the depth of the olfactory fossa. “h” was
calculated as the result of subtraction of length of line C
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(“c”) from the length of line B (“b”) in millimeters (h =b-c). “h” will be representing the direct vertical height of the

lateral lamella of the cribriform plate of the ethmoid bone.

FIGURE 1: Showing coronal section of Multidetector computed tomographic scan of the patient at the level
of infraorbital foramen.

A(77.5mm) -Line joining two infraorbital foramen, Olfactory fossa depth was classified according to

Keros classification i.e, type I (0 to 3 mm), type II (4
to 7 mm), type III (8 to 16 mm)on both sides in males
and females. The side symmetry of the types of depth of

B (32.9mm) -Line joining medial ethmoidal roof

point to line A and

C (24mm) -Line joining cribriform plate to line A. olfactory fossa was then compared in both genders as

shown in figure 2.

FIGURE 2: Types of depth of olfactory fossa in coronal section of MDCT scan on both the sides in the
present study.
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A- Line joining two infraorbital foramen,
B- Line joining medial ethmoidal roof point to line A and

C- line joining cribriform plate to line A.

The width of the olfactory fossa was measured from fovea ethmoidalis (fe) to the lateral margin of the crista galli

at the level of centre of infraorbital foramina as shown in figure 3.

FIGURE 3: Measurement of width of left olfactory fossa in coronal section of MDCT scan of the patient.

The dimensions of the pneumatization of crista galli like anteroposterior and lateral to lateral diameter and types
of base of crista galli according to Hajiioannous’s classification (figure 4 & 5) were noted in both coronal and sagittal
section of MDCT scans.

FIGURE 4: Sagittal section of MDCT scan of the patient with type I crista galli.
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FIGURE S: Sagittal section of MDCT scan of the patient with type II crista galli.
Results and Discussion

With regard to less data available in North Karnataka region, the present study was carried out to find out any

correlation between the Keros types of olfactory fossa and types of crista galli.

Comparison of the mean+SD of MERP, CP, depth of OF, and width of OF, and their significance in the present

study on both sides in both genders is shown in table 1,2 and 3.

Table 1: Comparison of MERP, Cribriform plate (CP), depth of OF, and width of OF and theirsignificance
on both sides in males in the present study.

Right side Left side + T . §
Mean£SD+ Mean=SD P* value Significance 95% CI

MERP! ht ** 27.34+3 .39 27.23+£3.36

CP ht 22.4+3.12 22.79+£3.02 3 -1.13-0.35

OF depth 4.85+2.04 4.47£1.79 5 -0.08-0.84

OF width 5.15+1.91 4.86+1.67 0.19 NS -0.14-0.72

* (n)=number, ' (SD)=standard deviation, * (p)=significance, § (CI)=class interval, ! (MERP)= medial ethmoidal

roof point, ** (ht)=height and ' (NS)=not significant
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Table 2: Comparison of MERP, Cribriform plate (CP), depth of OF and width of OF and their significance
on both sides in females in the present study

Right side Left side

Females n*=89 MeanzSD+ Mean=SD

P} value Significance 95% CI§

MERP ht ** 25.43+3.29 25.3+£2.99 ; NS 1%

20.83+3.14 21.28+2.78 ; -1.32-042

OF depth 4.64+2.09 4.07£1.77 J 0.002-1.14

OF width 4.84+1.43 : -0.13-0.77

* (n)=number, * (SD)=standard deviation, * (p)=significance, ¥ (CI)=class interval, ' (MERP)= medial ethmoidal
roof point, ** (ht)=height, ** (NS)=not significant and * (S)= significant.

Table 3: Comparison of MERP, Cribriform plate (CP), depth of OF and width of OF and their significance
on both sides in males and females in the present study

Males (n=131) Females (n=89)

MeanSD+ MeanSD Pivalue Significance 95% CI§

27344339 25.43+3.29 0.000 H 1.009-2.824
MERP]| ht **

27.23+3.36 25.3+2.99 0.000 1.054-2.797

22.4+3.12 20.83+£3.14 0.000 0.725-2.42

22.79+£3.02 21.28+2.78 0.000 0:72-2.3

4.85+2.04 4.64+2.09 0.46 NS -0.35-0.76
OF depth

4.47£1.79 4.07£1.77 0.09 NS -0.07-0.88

5.15£1.91 5.16+1.6 0.96 NS 0.49-0.47
OF width

4.86+1.67 4.84+1.43 0.92 NS -0.4-0.44

* (n)=number, * (SD)=standard deviation, * (p)=significance, ¥ (CT)=class interval, {(MERP)= medial ethmoidal
roof point, ** (ht)=height, ¥ (S)= significant and #¥ (NS)=not significant
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Among 220 MDCT scans, the mean MERP height
was 26.57mm on the right side and 26.45mm on the left
side. The cribriform plate height was 21.77mm on the
right side and 21.28mm on the left side. The depth of the
olfactory fossa was 4.76mm on the right side and 4.31
mm on the left side. The width of the olfactory fossa was
5.15mm on the right side and 4.85 mm on the left side.

Among 131 males, keros type I OF was found in 25
cases (19.08%) on the right side and 31 cases (23.66%)
on the left side. Keros type IT OF was found in 86 cases
(65.64%) on the right side and 91 cases (69.46%) on
the left side. Keros type III OF was found in 20 cases
(15.26%) on the right side and 9 cases (6.87%) on the
left side.

Among 89 females, keros type I OF was found in 23
cases (25.84%) on the right side and 31 cases (34.83%)
on the left side. Keros type II OF was found in 54 cases
(60.67%) on the right side and Slcases (57.3%) on
the left side. Keros type III OF was found in 12 cases
(13.48%) on the right side and 7 cases (7.86%) on the
left side.

Keros type II of olfactory fossa was most common
in the present study. There was significant difference
(p<0.05) in olfactory fossa depth when compared between
right (mean=4.64mm) and left sides (mean=4.07mm) in

females. There was no statistically significant difference
found between the gender and the sides of depth and
width of olfactory fossa.

In the present study, symmetry of Olfactory Fossa
depth was found in 94 cases (71.75%) in male patients
and 54 cases (60.67%) in female patients. Asymmetry of
Olfactory Fossa depth was found in 37 cases (28.24%) in
male patients and 35 cases (39.32%) in female patients.
There was no statistically significant difference found in
the symmetry and asymmetry of olfactory fossa depth
between the genders in the present study.

In the present study, type I Crista galli was found in
84 cases (64.12%) in male patients and 57 cases (64.02%)
in female patients. Type II Crista galili was found in 47
cases (35.87%) in male patients and 32 cases (35.95%)
in female patients. Type III Crista galli was not found
in male and female patients. There was no statistically
significant difference found between types of crista galli
between the genders in the present study.

There was no correlation between the keros types
of olfactory fossa and types of crista galli in the present
study. Comparison of cases of keros type of olfactory

fossa present in all types of crista galli in the present

study on right side and left side in males and females is
shown in chart 1and chart 2 respectively.

Gl mCGH

CHART 1 - Percentage of cases of keros types of olfactory fossa present in various types of crista galli in
both genders on right side in the present study.

x axis = keros types LI and III

Y axis= number of cases of Keros types LII and III of OF in seen in CG types LII and III
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mCG| mCG I

CHART 2 - Percentage of cases of keros types of olfactory fossa present in various types of crista galli in
both genders on left side in the present study.

x axis = keros types LII and III
Y axis= number of cases of Keros types III and III of OF in seen in CG types LII and IIL

There was statistically significant difference in olfactory fossa depth when compared between right and left sides
in females as shown in table no 2 and chart 3. In males, there was no such difference as shown in table 1. Keros type
IT olfactory fossa was predominant (64%) among the cases and keros type III olfactory fossa was rare (10%) in the
present study as shown in table no 4.

30

# Right side
® Left side

MERP ht(NS)  CPht(NS)  OF depth (S) OF width (NS)
FEMALES
(n=89)

CHART 3- Comparison of MERP, CP, depth of OF and width of OF and their significance on both sides in
females in the present study

n=number, CP= cribriform plate, MERP= medial ethmoidal roof point, , NS=not significant and S= significant.
x axissMERP,CP,OF
Y axis= number of cases
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Comparison of keros types of depth of olfactory fossa in the present study and in various studies is shown in

table 4.

Table 4: Keros classification of Olfactory fossa among different studies.

Author

Country

Keros I (%) Keros I (%) Keros I1I (%)

Present study

India

24.99 64.08 10.00

Original keros 4

Germany

26.3 733 0.5

Shama AM 2

Egypt

56.5 40.5 3.0

Kalpanoglu et al 8

Turkey

13.4 76.1 10.5

Solares et al 9

USA

83.1 15.0 2.0

Souzaetal 10

Brazil

0.5

Paberetal 11

Philippine

0.5

Bista et al 4 Nepal

2.0

Among 220 patients, the mean width of the olfactory
fossa was 5.15 mm on right side and 4.85mm on left side
in the present study. There was no significant difference
in the width of olfactory fossa between the sides in the
present study. The study done by Daniel h. Coelho et
al revealed that the mean width of OF was 4.57mm on
the right side and 4.49mm on the left side by Digital

photography (12!

In the present study, type I crista galli was found
in 64.07% of cases, type II CG was found in 35.91% of
cases and type III CG was not found. In the study done
by Hajiioannou, type I crista galli was found in 28.3% of
cases, type II CG was found in 63.6% of cases and type
TIT CG was found in 8.1% of cases.

In the present study, the width, height and length
of pneumatized Crista galli was 3.95mm, 9.3mm and
7.02mm respectively. In the study done by Gorazd
Poje, "l the width and length of pneumatized Crista galli
was 5.1mm and 8.75mm respectively. In the study done
by Ranko Mladina,[) the width, height and length of
pneumatized Crista galli was 3.75mm, 10.35mm and
7.8mm respectively.

Strengths and limitations of the study:

With regard to less data available in North
Karnataka region, this study will help neurosurgeons
and endoscopic surgeons to assess olfactory fossa during
various skull base and endoscopic sinus surgeries.

This study was carried out only inNorth Karnataka
region and there were limited number of patients during
the study period. Only adult patients were included in
this study.

Conclusion

The dangerous keros type III olfactory fossa was
rare in the present study when compared to the most
common keros type II olfactory fossa. There was
statistically significant difference in olfactory fossa
depth when compared between right and left sides
in females. In males, there was no such difference.
The width of olfactory fossa was not significant when
compared between two sides in males and females.
There was no statistically significant correlation found
between the keros types of olfactory fossa and types of
crista galli. The knowledge regarding the keros types of
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depth of olfactory fossa, width of olfactory fossa and  [5]

Sami M, Gang W. Surgery of skull base:
interdisciplinary  approach. 1st ed. Berlin
(Germany): Springer; 1989.p. 14-5.

Mladina R, Antunovic R, Cingi C, Muluk NB,
Skitarelic N and Malic M. An anatomical study
of pneumatized crista galli. Neurosurg Rev 2017,
40(4):671-8.

Poje G, Mladina R, Skitarelic N and Kavanagh
MM. Radiological and clinical aspects of the sinus
crista galli. Rom J Rhinol 2014; 4(13):31-6.

types of crista galli will help the neurosurgeons to assess
these vulnerable regions of ethmoidal skull base that are

difficult to access during skull base surgeries.
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Keywords: ABSTRACT
Angle, Lateral Lamellae of The morphometry and sexual dimorphism of lateral lamella of cribriform
lc)lnn?gf;;z nl:’la_,[t;,icske:;:l plate of the ethmoid bone provides assessement during various surgical
: procedures. This was prospective hospital based radiological study. Six
hundred and forty four (644) Multidetector computed tomographic scans
were collected from North Karnataka region and analyzed by using
RadiAnt DICOM Viewer. The aim of this study was to determine the
morphometry of the lateral lamella of cribriform plate of ethmoid bone. The
thickness and angulation of lateral lamella of cribriform plate of olfactory
fossa were calculated on both the sides in both genders. Statistical analysis
was done by using Student unpaired‘t’ test. There was statistically
significant difference in the angle of lateral lamella of cribriform plate when
compared between right side (mean=106.25°) and left side (mean=109.38°)
in males. There was no such difference among females. Statistically
significant difference was observed in the angle of lateral lamella of
cribriform plate in male patients (mean=106.25") when compared to female
patients (mean=109.61°). The thickness of lateral lamella of cribriform
plate was not significant when compared between two sides in males and
females. Hence, these variations in the morphometry of the lateral lamella
of cribriform plate of ethmoid bone will be of importance for the surgeons
in Functional endoscopic sinus surgeries and anterior skull base surgeries.
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1. INTRODUCTION

The lateral lamella of the cribriform plate (LLCP) is a part of the ethmoid bone in the anterior skull base. The
LLCP joins laterally with the orbital plate of the frontal bone which protects the olfactory fossa [1]. LLCP
forms the lateral boundary of the olfactory fossa. The lateral lamella of the cribriform plate i3 significantly
shorter and less oblique in men than in women. The length of the lateral lamella was greater anteriorly than
posteriorly in both sexes [2]. The two most common sites of skull-base injury associated with endoscopic
sinus surgery are the lateral lamella of the cribriform plate and the posterior ethmoid roof near the anterior
medial sphenoid wall [3]. The thin LLCP [4] offers less resistance to perforation which can lead to
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complications like direct penetration, trauma to dura matter, intracranial and intracerebral injuries during
surgeries [5]. Hence, the morphometry of LLCP provides assessement during various surgical procedures like
medial orbital wall decompression [6].

Very long and acutely angled lateral lamella predisposes patients to iatrogenic injury during surgeries. The
angle of the LLCP was wider in many diseases like Kallmann syndrome. The angle of LLCP varies
significantly in males and females according to the positions of the skull base [7]. Types of olfactory fossa
with lesser angles are expected to be safer when compared to other types of olfactory fossa with greater angles
during surgical procedures [8]. The level of the ethmoidal roof is affected by the angle of the LLCP which
plays an important role in surgeries of anterior skull base [9].

Successful outcome of Endoscopic sinus surgeries with minimal complications can be achieved with prior
knowledge of the endoscopic anatomy of anterior skull base and anatomical variations. Hence Radiological
investigations and image-guided systems becomes an important tool which help the surgeons to perform safe
and successful surgeries [10].

With regard to less data available in North Karnataka region, this study was undertaken to determine the

morphometry of olfactory fossa in both genders which would help the neurosurgeons and endoscopic
surgeons to assess the LLCP during various skull base and endoscopic sinus surgeries. The aim of this study
was to establish the morphometry and sexual dimorphism of Lateral lamellae of cribriform plate in North
Karnataka region. The objectives of our study was

(@)  To determine the sexual dimorphism of thickness of LLCP on both sides.

(b)  To determine the sexual dimorphism of angle of LLCP on both sides.

2. Materials and Method

Six hundred and forty four Multidetector Computed Tomographic (MDCT) scans of the patients from all the
districts of North Karnataka region of Karnataka state, India were collected after institutional ethics
committee clearance. This prospective hospital based radiological study was carried out from April 2018 to
April 2021. Normal Paranasal MDCT scans of patients above the age of 16 years belonging to both genders
were included in the study. MDCT scans of Patients below the age of 16 years and MDCT scans of patients
with nasal or paranasal trauma, congenital abnormalities of face, tumours or conditions involving bone
destruction and surgeries were excluded from the study. While taking the MDCT of paranasal sinuses, patients
were informed and instructed about the procedure before obtaining informed written consent. Axial MDCT
images of 3mm thickness were taken from CT scanner (Siemens Somatom) by using bone window:

The thickness of LLCP was measured in both the sides in both genders in direct coronal scan showing the
maximum depth of the olfactory fossa at the centre of infraorbital foramen as shown in figure 1.
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Figure 1: coronal scan showing the thickness of LLCP at the centre of the infraorbital foramen.
A=line at the level of infraorbital foramen

T=thickness of LLCP.

The angle at which LLCP joins the cribriform plate was measured in the direct coronal scan showing the
maximum depth of the olfactory fossa at the centre of infraorbital foramen as shown in figure 2.

Figure 2: Coronal scan showing the angle of LLCP with cribriform plate at the centre of infraorbital
foramen.
A=line at the level of infraorbital foramen. Yellow lines showing the measurement of angle of LLCP with
cribriform plate of ethmoid bone on right and left sides.

Comparative calculation of the thickness and angulation of LLCP was done on both the sides in both genders
by using RadiAnt DICOM Viewer. Comparison of the thickness and angulation of LLCP on both the sides in
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both genders will be calculated by using Student ‘t’ (unpaired) test. The data will be considered statistically
significant if p is less than 0.05.

3. Results

The present study was carried out to determine the morphometry of the LLCP as there were less data in the
North Karnataka region. The angle of LLCP on both the sides in males and females in our study are shown
in table 1 and 2 respectively.

Table 1: Comparison of thickness and angulation of LLCP in both sides in males in MDCT scans in our

present study.

Males Right side Left side i
(n*=395) (Meihn:tSDT) (Mean+SDt) P value Sipiiempe

Thickness 1.26+0.66mm 1.234+0.52mm 0.47 Not significant
Angle 106.25°+20.35° 109.38°+16.81° 0.018 Significant

*(n)=number,}(SD)=standard deviation and }(p)=significance value.

Table 2: Comparison of thickness and angulation of LLCP in both sides in females in MDCT scans in our
present study.

Females Right side Left side
n*=249 MeantSDt MeanSDt
Thickness 1.21+0.56mm 1.22+0.53mm 0.8379 Not significant
Angle 109.61°+19.50° 109.99°+18.63° 0.8241 Not significant

P% value Significance

*(n)=number, $(SD)=standard deviation and }(p)=significance value

Comparison of mean angle of LLCP and its p value of both the sides in both genders in our present study are
shown in table 3 and 4.

Table 3: Comparison of thickness and angulation of LLCP in both sides in both genders in MDCT scans in

our present study.
Males Females
(n*=395) (n*=249) Pivalue Significance
Mean+SD¥} MeantSD}
Thidness Right Side 1.26:0.66mm | 1.21£0.56mm | 0.3219 Not s%gn%ﬁcant
Left Side 1.23+0.52mm | 1.22+0.53mm | 0.8136 Not significant

Right Side 106.25°+20.35° | 109.61°+19.50° T2 Significant

n*=644

Angle

Left Side 109.38°:16.81° | 109.99:18.63° | %67 | Not significant

*(nFnJﬁigeAr;M'!‘(SDFstandard deviation, f(p)=significance value

Table 4: Comparison of thickness and angulation of LLCP in both genders in MDCT scans in our present
study.

Males Females
(n*=395) (n*=249) P*value | Significance
MeanzSDt MeantSD+
Thickness | 1.21+0.56mm | 1.22+0.53mm | 0.8379 | Not significant

n*=644




ISSN: 03875547
Volume 45, Issue 01, February, 2022

l Angle I109.61't19.50° 109.99'118.63”1 0.8241 INot significant
*(n)=number, T(SB)=5tandard devi;lii-l')n, I(p)=significance value.

4. Discussion

This morphometry of the LLCP will help the neurosurgeons and endoscopic surgeons to assess during various
surgeries. Statistically significant difference (p=0.018) was observed in the angle of LLCP between two sides
(right side angle=106.25" & left side angle=109.38") in male patients when compared to female patients. In
females, there was no statistical difference in the angle of LLCP between both the sides as shown in table 2.

Significant difference (p=0.03) in the angle of LLCP was also observed on the right side (mean angle in male
patients=106.25° and mean angle in female patients =109.61°) when compared between males and female
patients as shown in table 3.

Highly significant wider angles of LLCP in Kallmann syndrome was observed when compared to non
congenital hypogonadotropic hypogonadism patients among 37 Kallmann syndrome patients in France [11].
Significant difference was observed between lateral lamella angulation in men and women in a study done in
300 patients in Egypt [2].

Patients with Keros type III olfactory fossa having an angle of LLCP with 107 are safer when compared with
keros type I and type IT olfactory fossa with 116° and 131° respectively on 141 patients [8].

The angle of the lateral lamella was 63.1 £17.8" anteriorly and 39.1 £17.9° posteriorly (p < 0.05) [7].

No significant difference was observed in the angulation of the LLCP on left and right sides (p > 0.05) [12].
The thickness of LLCP on both the sides in males and in females is shown in table 1 and 2 respectively.
Comparison of mean thickness of LLCP and its p value of both the sides in both genders are shown in table
3 and 4. There were no significant differences observed in the thickness of LLCP between both the sides and
in between the genders.

The thickness of LLCP can vary from 0.2 to 0.05 mm [13].

This study will help neurosurgeons and endoscopic surgeons to assess LLCP during various skull base and
endoscopic sinus surgeries as there were less data in North Karnataka region.

Only adult patients were included in the present study. This study was carried out only in patients of North
Karnataka region during the study period.

5. Conclusion

The thin LLCP offers less resistance to perforation which can lead to complications during various surgical
procedures. Statistically significant difference (p=0.018) was observed in the angle of LLCP between two
sides (angle=106.25" on right side & angle =109.38° on left side) in male patients. In females, there was no
such difference. Significant difference (p=0.03) in the angle of LLCP was also observed on the right side
(angle= 106.25° in male patients and angle = 109.61° in female patients) when compared between males and
female patients.

The thickness of LLCP was not significant when compared between two sides in males and females. Hence,
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the morphometry of LLCP provides assessement in skull base surgeries.
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