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ABSTRACT

Title: ASSESSMENT OF DEPTH OF JUGULAR BULB FROM VARIOUS
MIDDLE EAR STRUCTURES AND ITS SIGNIFICANCE IN MIDDLE EAR

SURGERIES- A CADAVERIC MORPHOMETRIC STUDY

Objectives:

1. Assessing the depth and distance of the vertigaheat of the facial nerve from
the jugular bulb.
2. Assessing the depth and distance between the jugulb and posterior end of

round window niche.

M ethods:

* A one-year study was undertaken and cadavericaliesewas performed on
30 wet mount, formalin-fixed temporal bones.

» Evaluation of distance of the jugular bulb apex wesorded from posterior
end of the round window niche and vertical segno¢tite facial nerve.

* The results are gathered and assessed based multyifof approach and

depth of the jugular bulb from these structures.

Results:

* The study found that 60% of the bones were rigtedi and 66.7% had a

visible pinna.

» The external auditory canal was patent in 96.7%asfes, and the tympanic

membrane was intact in 96.7% of specimens.
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Prominent mastoid tips were observed in 76.7% eésawith 70% showing

pneumatization.

The ossicular chain was intact in all cases.

The subiculum showed ridges in 66.7% and bridge83r8%, while the
funiculus exhibited ridges in 83.3%, bridges in3P8, and was absent in

3.3%.

Descriptive measurements of the vertical segmemn fthe jugular bulb apex
and the round window niche were also recordechetdwest level, where the
facial nerve exits the middle ear cavity througle stylomastoid foramen
being only 3.47+1.04 mm was the most significantliing as here chances of
injury to the jugular bulb and facial nerve is hégh due to their close

proximity to each other.

Similarly, from the middle segment of facial ner8e59+1.07 mm, and

uppermost segments, at the level of second gensure8.46+1.28 mm.

The findings also indicate that the distance betwtde JB apex and the
posterior end of the RW niche can vary significaainong individuals, with

mean measurements ranging from approximately@misto over 16nm.

Conclusion:

In our study, we dissected and analysed 30 wet-moiammalin-fixed

temporal bone specimens to assess various anatoreiatures. The findings

emphasize the importance of understanding tempooak anatomy for surgical

planning, especially in otologic skull-base prooedu The variations observed,

particularly in the jugular bulb position, faciagémve canal, and round window niche,
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may pose significant challenges during middle eageries. The study highlights the
critical role of anatomical knowledge in avoidingtrogenic complications and
improving surgical outcomes. Additionally, the fings reinforce the need for
incorporating advanced imaging modalities, such hégh-resolution computed
tomography and magnetic resonance imaging, inmeytreoperative assessments to
better visualize anatomical anomalies. In view l# paucity of data regarding the
relationships of these anatomical structures, &urgtudies with larger sample sizes,
diverse demographic representation, and technabgidvancements will contribute

to refining surgical techniques and optimizing eatisafety and outcomes.

Keywor ds: Jugular Bulb, Facial nerve, Round window
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I ntroduction

INTRODUCTION

Middle ear surgeries consist of some of the mostex procedures known
due to the microscopic anatomy and close relatansultiple critical structures
which are not only related to the hearing mecharfigmalso surrounding it . The
procedures may be indicated due to a multitudeooition but requires extensive
training and methodical planning beforehand. Eacltgdure is unique, pertaining to
a particular individual, presenting with its owntsef challenges, possible

complications and expected outcomes.

Recent developments in neuro-otologic diagnosissamdery have indicated
the necessity for a thorough revaluation of theujag bulb's relationship and

relevance to other middle ear structures.

During the era of septic temporal bone diseasesamgery, the specialty of
otology was established, and a great deal of kniydewas acquired about these
important temporal bone venous structures. But |aojy of these structures declined
with the end of this era and advent of newer geigrs of antibiotics. It wasn't until
lately that it became clear that a re-evaluatios wayently required due to extensive

progress in lateral skull-base and neurosurgicatguures.

Internal jugular vein (1JV) is an anatomical exiensof sigmoid sinus (SS),
which is responsible for draining the majority oferous blood through
intracranial cavity. Jugular bulb (JIB) is its ialtislightly enlarged segment, oriented
towards hypotympanum base. The bony jugular fosseosnds the bulb, which is
located inferior and posterior to internal audit@gnal (IAC) near base of petrous
bone pyramid. Pneumatization is infrequent, andpamhbone separates it from IAC.

Apex is highest portion of bufb.
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I ntroduction

JB is a crucial component of cranial venous systemmnecting SS to IV
within jugular fossa and positioned posterolatgrall pars vascularis area of jugular
forament Delicate interaction between venous channels andatogical pathways
near base of skull is highlighted by JB's proxintaycranial nerves IX, X, and XI as
well as its connection to cavernous sinus via infepetrosal sinus® JB's upper
boundary is usually located beneath the hypotymmpamilacing it at a crucial point
close to several significant temporal bone anatahtbtaracteristics, encompassing

carotid artery, round window, and vertical portifrthe facial nerve’

Jugular foramen is significant for lateral skull sbasurgery, especially
concerning extracranial or intracranial diseds&urgery that does not directly
involve the JB, like neurotolodicor cardiaé surgery, depends on its accessibility.
Accurately identifying and controlling normal versodrainage channels from lateral
skull or infratemporal fossa requires this. It efishes limit for exposure in a variety
of surgical techniques aimed at the posterior fosseluding retrolabyrinthine,
translabyrinthine, and transcochléaFhe JB's exposure methods and manipulation,
which are usually restricted to skeletonization eadterization, highlight the need for
careful surgical planning and exact anatomical tstdading of need to maintain the

integrity of this intricate ared.

“High jugular bulb (HJB) is congenital variationathis demonstrated to
impact middle as well as inner ear structures.dufiteon to causing associated clinical
symptoms encompassing vertigo, conductive heamsg, lor pulsatile tinnitus, an
aberrant JB can even erode into facial nerve, malsti aqueduct, and posterior

semicircular canal™!*?
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It has been demonstrated that a hypopneumatizetbishaystem increases the
chance of developing several middle ear conditfBh¥ariabilities and variations of
these vessels have been thought to be impacteéusyas elements, encompassing
mastoid's pneumatization, as previously documerifedccording to Graham and
Aladeyelu et al® pneumatization of temporal bone was associatéll hdight and

shape of JB.

"High jugular bulb" (HJB) is the most clinicallyigrificant and prevalent
anatomic variation of the temporal bone (TB). ArdBy not arise, in which case 1JV

is produced directly from SS.

Although most HJBs are asymptomatic, some peophe erhibit the clinical
symptoms that are linked to the condition, suchvestibular dysfunction, pulsing

venous tinnitus, or hearing impairmenits®

Recent developments in neuro-otologic diagnosissamgery have shown that
the relationship and importance of JB concerniriggiotemporal bone structures need

to be thoroughly reevaluated.

The relevance of the JB and sigmoid sinus has @thmgthe modern era with
stapes, tympanoplasty, sigmoid sinus, glomus tupramgustic neuroma, and cochlear

surgery.

The goal of our study is to compile our understagdof the JB and facial
nerve in a current, thorough, and pertinent mandestorical material will only be
discussed in detail when it is pertinent to the deds of modern otology, and clinical
entities that are rarely seen in modern times ovily be mentioned briefly to ensure

the research is thorough.
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Aims & Objectives

AIMS AND OBJECTIVES

1. Assessing the depth and distance of the verticaheat of the facial

nerve from the jugular bulb.

2. Assessing the depth and distance between the juduld and

posterior end of round window niche.
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Review of literature

REVIEW OF LITERATURE

Surgical anatomy and pathology of the middle edf

The ear is a strong, precise, and reliable senganorThe ear's primary
function in social communication is combined with significance as the body's
primary warning sensor from an evolutionary persipeclt is the foundation of two
human sensory systems since it contains both thestic organ and the equilibrium
organ. Our most significant biological informati@ource, after sight, is hearing.
Immanuel Kant eloquently characterized the sigarie of hearing sense of hearing
for human social life: ‘Blindness separates pedpben things. Deafness separates

people from people’.

Compared to ‘functional anatomy’, which addressesastion ‘What function
does an anatomical structure have and how doedeggn contribute to this?’,
‘Surgical anatomy’ focuses on question: ‘What canwgong in the human middle
ear? Do pathologies and their complications havearatomical or developmental
basis? What are the consequences of the middlaredomy for surgery and vice

versa?'.
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Figure 1: Middle ear cleft

Malleus, incus and stapes

Facial nerve
——— Internal auditory
canal

The majority of middle ear space is representetyimpanic cavity. However,
the tympanic cavity isn’t a distinct air-filled aimdber housed inside temporal bone;
rather, it connects backward with mastoid cavityabiecess termed tympanic antrum
and communicates anteriorly with epipharynx throwgiditory (Eustachian) tube.
Middle ear cleft is formed by adjacent pneumatiacgs of mastoid, Eustachian tube,

and tympanic cavity. These areas have a significdloence on middle ear surgeries.

Understanding 2-D anatomy (i.e., studying anatohatases) is not enough.
The surgeon must learn the intricate, three-dinmeradi interactions between the
structures in the ear by dissecting human tempbosles before performing ear
surgery. Additionally, the instruments utilizedaar surgery differ greatly from those
employed for other surgeries, and the surgeon brugiroficient in them before

conducting surgery on a live patient. Binocular mmsécope is used for all middle ear
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surgeries because of the low size. Finger movemenist be correlated with this

expanded vision through extensive training withggeral bone preparatiort.

Tympanic membrane

Tympanic membrane, also known as eardrum or merabimpani, forms
lateral boundary of tympanic cavity and is situaaédnedial end of external ear canal.
In human body, it is the only membrane with aireunding it on both sides. TM is
made up of 3 layers, with fibrous stratum (lamimappia) being major component in
middle and providing stability to membrane. Itsckmiess is around 0.1mm, and its

diameter is approximately 10mm.

Two epithelial layers cover the fibrous stratum either side. Stratified,
keratinizing epithelium, a thin extension of skining external ear canal, forms this
layer on the lateral side. This condition beconresial when cholesteatoma develops

(see below), as the disease is caused by a TMtietmgpocket or TM perforation.

Cuboidal, mucosal epithelium from medial side foreythelial layer. A
sulcus of bony ear canal anchors thicker annulued$us of the membrane, which is

made of fibrocartilage’’

The TM is anatomically separated into two part& tonsiderably “smaller
flaccid portion (pars flaccida or Shrapnell's meama) and tense portion (pars tensa).
Wide section of membrane beneath malleus' necériorfto plicae mallearis anterior
and posterior, which is surrounded by the annutuseferred to as the tense portion.
Tense portion is transparent when healthy, butisgarinflammation, or effusion can
cause a distinctive color shift. An annulus is aib$em the flaccid region that covers

incisura Rivini of lateral epitympanic wall betweprocessus brevis mallei and bony
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ear canal roof (tympanic notch). Here, TM fits difg into bony ear canal. In contrast

to pars tensa, pars flaccida does not have a ldeyer” in middle.

At “superior end of manubrium (malleus handle) hers process of malleus
(processus brevis, sometimes referred to as lgheoakss). Manubrium ends distally
in the TM's umbo and stays loosely attached tophes tensa. There is a small
outward convex curvature between the annulus amddmubrium, giving membrane

a conical appearance, with umbo of TM being moptetesed point”.

TM can be viewed as the middle ear apparatus'stioral driver from a
functional perspective. Sound pressure waves adercanal and travel to TM to
initiate hearing process. The TM vibrates in resgoto vibrations of air molecules.
The last vibration of hair cells in cochlea origem from impedance change that

middle ear produces, which converts vibrationsiinndo vibrations in cochlea fluid.

A healthy middle ear depends on the TM's acoustaracteristics. Its micro-
and macro-anatomy are directly related to the TAlbity to respond to the lowest
sound pressures while also enduring very significéamospheric) pressure
differences. Therefore, it is necessary to take® iatcount the unique physical

properties of the TM when performing surgery off it.
Tympanic cavity

Tympanic cavity, which is vital primary componeritraiddle ear cavity, is
space between inner ear and external ear canalcddsal epithelium that is cuboidal
to columnar and contains scattered goblet cellslie microscope is required for
manipulations since almost all of the significanamical structures are less than 10

mm apart. The tympanic cavity has a mean heightl28+7.2mm, width of
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7+1.2mm, and depth of 10+1.2mm, and it is "bounddsix not too clearly

demarcated walls" in each direction, much like laecu

Tympanic cavity and middle cranial fossa are dididey superior paries
tegmentalis (tegmen tympani), which forms flooroe compartment and roof of the
other. A middle ear infection could spread to ioteamial space or cause dura damage
while manipulating the tegmen tympani becauseedtdiently has a very thin bony
layer. Meninges (meningocele) or brain (meningophatocele) may herniate into
middle ear cavity due to a disturbed tegmen andtanpial dura defect, which can

cause cerebrospinal fluid to flow.

The hypotympanum, or floor of the tympanic chamlierepresented by the
inferior paries jugularis. Although bone normallykes up this floor, some air-filled
cells may also excavate it irregularly. The JB, ahhis the dome of 13V, is located
just beneath floor. Otosurgeon may unintentionalpen it, which could result in

significant and problematic venous bleeding.

Labyrinth capsule, which is lateral cochlear waithwits basal turn forming
promontory, constitutes majority of the medial parlabyrinthica. Dorso-superior to
promontory is oval window (vestibular window; fetrasvestibuli), while caudal to it
is round window (fenestra cochleae). Stapes fotdptdoses oval window, but a
membrane alone seals the round window. Opening labgrinth could cause

perilymph to leak, which could cause varying degrefevertigo and deafness.

The sinus tympani indistinctly encloses the posterborder (paries

mastoidea). Through the antrum region, its supgetion opens into mastoid.

Anterior border, known as paries caroticus, is @fion that should only be

handled carefully because opening an exposed dadtry could be fatal. However,
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since the carotid artery is typically entirely coe@ in bone and severe pathologies are
uncommon there, it is typically not visible duringddle ear surgery. The eustachian
tube opens into tympanic cavity superiorly andrkitg to carotid artery. Its bony

canal contains tensor tympani muscle, which rupesatmedial and parallel to tube.

TM and its bony frame effectively compose lateralri@s membranaceus.
Three levels of the tympanic cavity can be distished clinically: hypo-, meso-, and
epitympanum. There are no functional componentthénhypotympanum, which is
the level below TM. Its clinical and surgical imgemce stems from possibility of
opening JB here as well as middle ear diseasestdndtat mesotympanum level and
might spread to this region, making treatment emaing. A portion of middle ear
muscles or their tendons, stapes, oval and roumdlows, facial nerve, and long
processes of malleus and incus are all located esotgmpanum (level of TM).
Epitympanum, which is situated above the TM, corgaihe malleus and incus's

major upper sectiond’
Jugular bulb and its anatomical and clinical consiérations®®
Location and Structure

« Position: The JB is situated inside the jugular foramerhade of skull. 13V,

which drains blood from brain, begins at this stnoe.

« Shape and SizeEach person has a different size and shape.ftedguently

referred to as a high-riding JB because it extémasthe middle ear cavity.
Surrounding Anatomy

« Cranial Nerves: Several cranial nerves pass close to the JB,Nimgp the

accessory, vagus, and glossopharyngeal nerves.
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« Carotid Artery : The JB is closely connected with the carotidrgrteequiring
attention during surgical interventions to prevenjury to these critical

structures.

« Sigmoid Sinus The sigmoid sinus, another large vein that reraobiod

from the brain, continues into the JB.

Relations

« Superiorly: Vestibule, middle ear, external auditory canal, stpoor

semicircular canal, internal auditory canal

« Anteriorly: Lower cranial nerves, meningeal branch of ascenghmaryngeal
artery, inferior petrosal sinus, internal carotidesy, posterior meningeal

artery, cochlear aqueduct

« Posteriorly: sigmoid sinus, facial nerve, occipital bone

Figure 2: Relations of Jugular bulb

Mandibular
condyle

-Tympanic
membrane

Facial nerve
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One important venous structure is the JB, whicha fdome-shaped dilatation
that reaches into the tympanum'’s floor. It inhajoiggilar fossa on extracranial side of
jugular foramen and” connects SS and IJV. Sinceetaatomical entities represent
various anatomical properties, it is crucial to wetely identify and differentiate

between them.

According to anatomical terminology, “dilatation I3V at its origin in jugular
foramen is known as superior bulb of 1JV (bulbupesior venae jugularis). Various
venous affluents flow into JB through petrosal teeice or Trolard's anterior
condylar confluent (ACC). ACC is situated in amtericondylar fossa, where
hypoglossal canal’ exits the cranium. Thus, it ésiponed antero-inferiorly to JB.
The ACC is directly related to 13V, anterior cormlyhein, “inferior petrosal sinus,
lateral condylar vein, Trolard's inferior petroqutal vein, prevertebral vein” or
plexus, and clival diploic veins (figure 6 and Due to their lack of valves, these
veins let venous flow in multiple directions. Addially, “in cases of dural
arteriovenous fistulas”, retrograde venous flow i8S is made possible by the ACC's

integration with IJV or 13V bulb through vein bridg.

Page 12



Review of literature

Figure 3.“The venous anatomy antero-medial to the initial segent of the
internal jugular vein. MR angiogram. Curved-planar axial slice viewed inferiorly.
Right side. 1. internal carotid artery; 2. antermandylar confluence; 3. internal
jugular vein; 4. sigmoid sinus; 5. venous plexusRe&ktorzik; 6. inferior petrosal
sinus; 7. inferior petrooccipital vein of Trola!;jugular bulb”®

Figure 4.“The anterior condylar confluent of Trolard. MR angiogram. Three-
dimensional volume renderings on the right sidewed supero-laterallyA) and
laterally B). The internal carotid artery was cropped outBh (L. sigmoid sinus; 2.
jugular bulb; 3. internal jugular vein; 4. anteraandylar confluent; 5. internal carotid
artery; 6. inferior petrooccipital vein of Trolard; inferior petrosal sinus; 8. bridging
veins”.®
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“High JB (HJB), JB dehiscence, hypoplasia and hylesia, and JB
diverticulum (JBD) are among JB variations. The Hi#B most prevalent and
significant anatomical variation of JB”, and iterftresults in difficulties in diagnosis,

treatment planning, and surgery.

Facial nerve and chorda tympani

Middle ear's vascular supply and innervation arevided by a variety of
nerves and smaller blood vessels. However, mosgically relevant neural
structures—chorda tympani and facial nerve—prirgatiloss middle ear and have

little to no functional contribution to ear.

Facial nerve is always near any surgical incisiomdenin middle ear and
passes through entire temporal bone. Nerve “rumsgaback wall of tympanic cavity
cranial to oval window within its bony canal (Fallan canal) immediately after
forming its second (outer) "knee-bend" (geniculurervih facialis) close to
cochleariform process in anterior part of middle. &ter there, it travels dorsally,
inferior to lateral semicircular canal (prominentanalis semicircularis lateralis),
until it reaches stylomastoid foramen, where ivvesaskull. Therefore, the surgeon
must be aware of nerve and know its precise logatibile doing middle ear surgery,
whether it is in mastoid cavity or” tympanic. Whdaing a posterior tympanotomy,
which involves drilling in mastoid beneath semiailer canal, and operating in the
vicinity of the stapes footplate, particular attentmust be given to facial nerve.
Normally, nerve passes in bony canals with bonesgng them. The most prevalent
anatomical defect of the nerve, however, is dehise®f bone canal with an exposed

nerve. Facial nerve's anatomical path via temgamoaé is comparatively stable.
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The chorda tympani's path is presented to the sargering any middle ear
procedure. Chorda tympani may need to be sacriffcatithrough) in situations of
chronic otitis media and, more specifically, chtdasoma to increase safety and
achieve complete eradication of condition (i.e.ctiorda tympani is lodged in
cholesteatoma). It's necessary to stretch and emoshorda tympani to enhance
access to middle ear and, in particular, ossiccitein during endaural approach to
stapes during otosclerosis surgery. Chorda caerbedrarily moved aside due to its
flexibility, however, it could cause taste problenifiese usually disappear rapidly
since 6 nerves on either side of mouth (nervi YN, and X) that express taste
eventually restore the entire sense once again.eMeny the chorda may sustain an
unintentional injury, especially when a portiontbé dorsal aspect of bony ear canal
is removed. Similarly, drying up nerve fibers doethe constant intense light from
surgical microscope or merely touching exposed egmwith a thick suction tube

might damage nerve's ability to functidh.
Eustachian tube

Three key roles of the middle ear tube are destrilme otolaryngology
textbooks: ventilation, clearance, and protectiaga{nst autophonia and bacterial
dissemination from nasopharynx). It is debataliieugh, if auditory tube completely
serves a purpose in middle ear ventilation. Althougere are many tubal tests
(Valsalva, Politzer maneuver, etc.) and an extenbivdy of literature regarding the
significance of tubal function in emergence of nkddear disorders, "tubal
dysfunction" with regard to middle ear aeration gmessure control has never been

established or defined with certainty.

The bidirectional gas exchange between tympanigtycand middle ear

mucosa's blood vessels may also account for tha@ingoverpressure in the middle
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ear following a prolonged period of non-openinglu# tube. Therefore, it is possible
to balance middle ear pressure without a tube. rOtheestigations did not
demonstrate that there is any gas shift from namypbx to tympanic cavity during
tube opening phases or even demonstrated thatosviadl caused the middle ear to
de-aerate instead than aerate. Therefore, alln@seaamining function of middle ear

tube yields intricate results that are challengimgnderstanc®’

Variations in Jugular Bulb Anatomy

1. Hypoplasia and Hyperplasia of the Jugular Bulb

Literature review identifies a weakness in quatitieaanalysis and objective
definition of JB hyperplasia and hypoplasia. Foaraple, there is no empirical
support for the two investigations conducted byHarg® that propose the typical
dimensions of JB to be 15mm broad and 20mm higbludiing measurements,
standard deviations, reference numbers, and ramge &ince there is no hard
evidence to back up these arguments, this omisBiomishes their applicability. The
normal JB's dimensions (anteroposterior: 0.68 cradiolateral: 0.76 cm) are also
provided by Friedmann's studyon “prevalence of JB anomalies and the resulting
inner ear dehiscence, but it excludes the maximiameter. We have a gap in our
knowledge of JB variations beyond these parametsirge, although their results
indicate that the normal JB diameter falls betw@dnand 1.5 cm, which is what we

propose, it does not account for hyperplastic @olpjastic circumstances.

Furthermore, ambiguity in current academic disceusurrounding JB
dilatation is further illustrated by use of termiel phlebectasia rather than
hyperplasia without any measurements or numeriagd. & Such explanations are

inadequate for properly detecting and categoriziy problems because of this
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imprecision. Employing no numerical measurements etablish sinusojugular

hypoplasia, Moretti (1976) reported a case of thadition.**

This sort of qualitative discussion is also presentKennedy et al.'s*
considerations on JB enlargement”, which do nowigde precise measurements or
objective standards for defining JB enlargementhWlit setting quantitative criteria
for what qualifies as enlargement, the emphassilison the clinical consequences,
size and location variations, along with their effeon otologic surgery and patient
symptoms. Although this qualitative method drawraton to the variation in JB

anatomy, it is inadequate in offering a framewakrhethodical evaluation.

People with achondroplasia have been found to laageeater incidence of
larger JBs. In individuals “suffering from Pagetisease, particularly those with
substantial skull involvement, enlargement” of thB has also been observed.
Although increased venous flow may also contribtibe this expansion, bone
remodeling is the main cause. “Arteries, arteriolasd associated venous blood
vessels were observed to increase greatly in sidenamber in cases of widespread
pagetoid bone transformation. This resulted inrgda@xpansion of JB in all temporal

bones exhibiting active bone transformation.”

Additionally, it has been shown that scleroste@siases the jugular venous
system to significantly narrow, which causes inta@l pressure as a result of bone
remodeling and severe JB constriction. Lumina ofad@ the lower part of SS were
discovered to be severely restricted. Surgery Wasvs to be potentially life-saving,
involving decompression of transverse SS and JBwel§ as “posterior and, if

necessary, anterior craniectomy for decompression.
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Although these studies offer pertinent informatiegarding the presence of
enlarged JBs in diseases such as achondroplasidPaget's disease, as well as
apparent narrowing observed in sclerosteosis,”itingortant to note that these
analyses do not precisely identify or classify whataltered dimension of JB is, even

though they describe the effects of these diseaséise JB's dimensions.

A systematic classification method is required ight of these findings to
evaluate JB variations properly. “A JB diametebofm or less must be classified as
hypoplasia, as suggested in the previous studyaail diameter of at least 15 mm
should be classified as hyperplasia”. In ordermtprove diagnosis, communication,
and research in field, this proposal seeks to dloseexisting gap in the literature by
offering simple yet efficient way to classify JBpasts. Implementing classification
could standardize evaluation of JB variations, ionprg “clinical and surgical
planning precision and fostering a more thoroughdemic understanding of these

conditions”.

Figure 5.“Axial slice through the right hypoplastic juguldsulb reveals an

underdeveloped structure with a maximum diametéessf than 5 mm®
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15.32) NN

~

Figure 6.“Axial slice through the right hyperplastic juguldulb illustrates an

enlarged structure with a maximum diameter excepfifimm”.®

The left 13V's caliber was 7.28 mm, whereas thbtrldV's was 11.4 mm in the case
described above. The left JB's transverse diameier8.16 mm, while the right JB's
was 13.8 mm. Significantly, right JB and right I&/e dominant, even if both JB

values are within typical range of 5-15mm.

Figure 7.“Three-dimensional volume rendering of the riglkemporal pyramid.

Medial view. 1. internal acoustic canal; 2. higgytar bulb; 3. sigmoid sinus®
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2. Diverticula

JBD's occurrence, anatomical characterization, possible health risks have
all been examined in a number of research thatstigeged into its prevalence and

clinical implications.

In a thorough investigation employing “dry skullaMng plastic casts and CT
scans, Wadin et al.43,44,45 found JBD in 32 of &jes analyzed by CT and 17 out
of 245 in dry skulls. As evidenced by 28 casesr ttesults showed that JBD usually
extends in a medio-vertical orientation. A JBD &fided as a protrusion from dome
of high fossa, indicated by a waist-like edge imtoar of fossa, and a high fossa,

which extends up to and above level of round window

Lower prevalence was observed by Bilgen éf,avho found “17 cases with
JBD out of 1474 CT scans. In order to distinguistween posterior and anterior JBD
with respect to an axial reference line, they dbsdrJBD as a real venous anomaly,
an outpouching of JB that extends superiorly, mbdiand posteriorly within petrous

bone.”
3. High jugular bulb

It's critical to first distinguish between a JBDdaan HJB. Venography made
this disparity more evident, highlighting the néied imaging methods in correctly
diagnosing these conditions. According to Wadialéf, a HIB is a JB structure that
resembles a waist. But according to “Vachata &t ahe JBD is more accurately
described as a protrusion that resembles a fidgea result, we draw attention to the
differences between superior diverticula and a HUB”, particularly with regard to

their size in relation to the primary vessel.
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In contrast to temporal bone histology specimemgdmann et al® further
explain that temporal bone CT can be used to disish HIBs from JBD. This
approach emphasizes how crucial advanced imagintp ithe exact anatomical
classification of JB variants, enabling precisegdi@sis and guiding surgical strategy.
In contrast to temporal bone histology specimemnigdfann et al® further explain
that temporal bone CT can be used to distinguisBsHdom JBD. This approach
emphasizes how crucial advanced imaging is to xaeteanatomical classification of

JB variants, enabling precise diagnosis and guislingical strategy.

Despite not offering prevalence information, Mamjit al'’ established a
unique classification system for JBs that emphasizentinuous attempt to more
accurately classify these anatomical abnormaliti#sey suggested a 5-type
classification of JB's anatomical location basedCdn However, the lack of precise
measurements or particular prevalence data in tlagsification scheme suggests
that additional numerical evidence is required tpport any new categorization

approach.

.“Types and subtypes of the jugular bulb (JB)—tlessification of Manijila et &l.

PSC—posterior semicircular canal; IAC—internal astaucanal”.

Type Subtype Description

1 no JB

2 JB below the PSC
2A the JB is not dehiscent into the middle ear
28 the JB is dehiscent into the middle ear

3 JB between the PSC and IAC
3A the JB is not dehiscent into the middle ear
3B the JB is dehiscent into the middle ear

4 JB above the IAC
4A the JB is not dehiscent into the IAC
4B the JB is dehiscent into the IAC

5 combination of dehiscences
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Figure 5 illustrates the “high and dehiscent JB thias recorded in the case
that was described. The internal wall of the facitve canal was dehiscent toward
the right JB, and a 0.6 mm thin wall separatedoitnf mastoid air cells posteriorly and
posterolaterally. Near the sinus tympani, round@roen, and fustis, the right JB was
dehiscent anterolaterally toward the retro- andobympanum figure 8). A superior
diverticulum length of 3.11 mm posterior to the |1A@aching 1.33 mm posterior to
the 1AC's roof, was projected by the superior sitl¢he JB inferiorly to the cochlea.
In the posterior cranial fossa, it extended actbssposterior face of the temporal
pyramid and had a thin posteromedial wall. A 1.47 long and 1.58 mm thin right
styloid process was also observed on the latetal & the JB and 1JV”. Preoperative
imaging is crucial because this anatomical vanmtioas the potential to be

misdiagnosed as a glomus tumor, which makes iicelily relevant.

Page 22



Review of literature

Figure 8.“Inferior-to-superior sequenceA{H) of axial slices through the right
jugular bulb (IB), inferiorly viewed. 1. sigmoichsis; 2. JB; 3. internal carotid artery;
4. facial nerve; 5. hypotympanum; 6. fustis; 7. dbaurn of cochlea; 8. round

window; 9. sinus tympani; 10. internal acousticalar®
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At a distance of 1.17mm below PSC, the left JB hedc superiorly.
Additionally, it extended internally to round windaand the sinus tympani posterior.
Left JB's upper end extended 7.82mm posterior © flaor. Left IB's dehiscent walls
were absent.

Dura mater on posterior aspect of temporal boneictwlnterfaces with
cerebellopontine angle, is opened by surgeons gluposterior transpetrosal
procedures designed to target posterior fossa. Hnéa of operation, called
Trautmann's triangle (TT), is crucial for surgicarocedures like posterior
petrosectomy. It is defined by “JB at its inferi@rtex, sino-dural angle that forms its
superior base, and posterior semicircular canalntizaks its anterior boundary.”

With distances ranging from 6-11mm, on average Bpthe JB is close to
the posterior semicircular canal, highlighting #r&tomical relevance of TT. An HIB
that reaches or exceeds IAC leygfjure 9) poses a significant surgical variability.
Due to dimensional reduction, it may limit the doad field within TT, increasing the
chance of JB injury during surgery. This anatomicalerogeneity has a substantial
impact on surgical planning and execution, makingtharough preoperative

evaluation necessary to reduce problems and imgratient outcomes.

Figure 9.“Axial slice through the right internal acoustiaral (IAC) (arrow). A high

jugular bulb can be identified postero-lateralljthe IAC (arrowhead)”.
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Tinnitus is the most prevalent symptom of a HIB|Itiwved by vertigo, pre-
syncope, and hearing problems. It can be diffitmlmanage an HJB during middle
ear surgery. A postauricular technique has beegesigd previously because of its
wider surgical area, which lowers chance of harnthregyJB by enabling surgeon to
pass from facial recess through round window nitbehypotympanum. If a
hemorrhage happens, packing with different hemiostagents right away can help
control the bleeding. HIB isn’t a contraindicatfon middle ear surgery, hence, it is

crucial to be aware of this anatomical variatiorpbgoperative imaging”.
4. Dehiscent Jugular Bulb

A dehiscent JBfigure 8) has a thin mucosal layer covering it and lacks a
complete bony covering as it extends into middle @avity through a dehiscent
sigmoid plate. This anatomical variation is pariecly susceptible to damage after

surgery.

According to Atilla et af® 27 out of 142 HJBs were also dehiscent; 74% of
these cases “occurred on right side, 26% on |aft, 2% were bilateral. Wang et“4l.
found a strong relationship between HJIBs and ahrathal dehiscence, pointing out
that latter is frequently related to a thinner ¢arccanal wall.” An HIB may
consequently have a general bone deficit, whichaigeasonable expectation.
Preoperative imaging is essential since over 55%h@flBs (12 out of 22) in patients
with Crouzon's disease “were either protruding ehiscent, posing a high risk of

puncture during myringotomy.”
5. Jugular Bulb Variations across Age and Demograph Groups

The physical position of the HIB varied clearlyddhnicity, according to one

study by Low et at’ According to their findings, the HIB was often manedially
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placed in Chinese participants and more lateralbated in Caucasian subjects. A
significant finding of this study was that ethrmycihad a significant impact “on
whether a HIB was likely to be medial or laterattezhlea, but it did not appear to
have an impact on JB height or placement in saggtane. This has clinical
significance since positional variation of JB mag/ important for risk assessment
and surgical planning, particularly when it comes grocedures involving the
temporal bone and its associated structures. Fuomthre, 62% of the JBs were found
to reside medially to the cochlea in an analysidagfanese temporal bones by Yagi et
al®®. Considering the genetic similarity between Chinasd Japanese populations,

this finding is in line with that of Low et 2l
JB's height and size are age-related, accordirgr@r research

A study by Wang et af: revealed age-related variations in incidence and
characteristics of HIB. They discovered that ageigof people aged 35-45 had the
highest prevalence rate of HIBs (17.6%). Even thdbgre was a propensity toward
its decline with age, it was still relatively commamong people over 65, at 12.8% (p
= 0.039). A significant lateral difference in JBzesiwas also observed in the
investigation as the patient's age increased. &telB's size declined significantly
from 47.4mm to 42.5mm, while “right JB, which had greater prevalenceHiBs
and was larger” than the left, did not exhibit tb@me size decline. These data
demonstrate that lateral disparities should bentdkéo account in addition to age

when doing a clinical examination of the JB.

Additionally, Rauch et al observed that the JB varied with age. In particula
HJBs were detected in 6% of cases (2 of 32) irep&tiunder 6 years old, which is

substantially lower than much greater “prevalerate of 63% (47 of 75) in older age
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groups (p < 0.01). This significant difference sesfg that during early childhood,

prevalence rates for HIBs rise quickly and steadditii age”.

JB anomalies affect 10-15% of patients, accordingFtiedmann et &
During the first decade of life, these abnormaditsge uncommon (less than 2%), but
they gradually become more common during the néxteérs, settling at about 10%
beyond the age of 50. Significantly, HIB cases hasen observed in children as
young as 5yrs old, indicating that while most JBedts develop over the first 50
years of life, some are either congenital or aeguearly in life. Although reason is
unknown, the incidence of these abnormalities fiamtly increases between the
ages of 31 and 50. It also significantly “doublasginlg adolescence (ages 11-20),
perhaps due to pubertal development. Few JBAs acpired later in life, as
evidenced by the incidence stabilizing after age Bfis pattern indicates that JB
anomalies are predominantly acquired during gromitase of JB, as” evidenced by
another developmental investigation that shows id& &rises at age 2, expands

throughout first 40yrs, and then stabilizes in size
Congenital anomalies of the middle ear

Middle ear congenital defects affect one in 300Q0 newborns. The fact
that they are distinguished by their deviation frboth regular function and normal
anatomical development makes them relevant foricadinand surgical settings.
Unilateral or bilateral, middle ear abnormalitiesxdoe generically categorized into 3
degrees (mild, moderate, severe) or minor (onlplving middle ear) and major (also
including tympanic membrane and external ear). Kedmanagement is difficult,
particularly for abnormalities linked to syndromnissch as Franceschetti (Treacher—
Collins), Goldenhar, and Klippel-Feil]. The otolsgmust work closely with various

specialists, including pediatrics, radiology, néogy, genetics, and orthopedics.
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Minor middle ear abnormalities involve reductiontive distance between the middle
ear's anatomical structures and fixed ossiclea,arange in size or shape of tympanic
cavity. Rarely normal and rarely absent, the ossi@re frequently involved with
significant malformations. Middle ear abnormalitiesuch as a movable stapes
footplate or dysplasia/aplasia of round or oval dew, can involve inner ear
windows. Additional abnormalities includes an apnatized mastoid, a missing
antrum, abnormal artery and vein courses, and cemig or displacement of facial

nerve.

Cholesteatoma

Cholesteatoma is a frequent and renowned ear éomditat may have its
origins in the TM. An abnormal development of skio middle ear area behind
plane of eardrum is identified as a cholesteatddistologically, cholesteatoma is
only a squamous keratinizing cell development, tike TM or lining of external ear
canal. This "skin" has spread to a mucosal areeh 88 the lining of tympanic or
mastoid cavities, and its granulating undersurfaegimatrix, can break down bone.

These are two characteristics that set this skamtdmm normal skin.

Since the absence of fibrous layer and annuluscistiaal weakness of TM,
many cholesteatoma cases begin with a TM retradtidlaccid section (prospective
cholesteatoma). Normally, any keratin generatethbykeratinizing cells in the outer
ear canal and on the TM is transferred outwardtfefal migration). However, this
self-cleaning mechanism might fail in retractionckets. Keratin debris builds up
(pre-cholesteatoma) if it is no longer carried bedohe retraction's rim. All nearby
structures are destroyed as a result of the forbeigply reaction caused by these
inflammatory aggregates in the perimatrix (manifesholesteatoma). A

"cholesteatoma sac" is created when the retragiimkets enlarge and move deeper
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into the tympanic cavity. Due to the continuoussgree and the perimatrix tissue's
destructive activity, “cholesteatoma sac may dgsstouctures it comes into contact

with.

Retraction may occur in tense portion of TM, withet majority of
cholesteatoma growth occurring into mastoid andyampanic cleft, in addition to

development in area of Shrapnell's membrane (epiyrc cholesteatoma)”.

The majority of cholesteatoma cases (99%) are skeggncholesteatomas,
which are derived from TM (after a “TM retractiom a defect). The embryonic
epidermal crest is the source of primary cholesteat a congenital dermoid cyst that
forms behind an intact TM. Due to its extensioroimiddle ear cleft and ossicular
chain's destruction”, primary cholesteatoma usuapypears as hearing impairment

within the first few years of development.

The fact that cholesteatomas never heal on their lmyt instead progressively
spread and destroy adjacent structures is one efr thndesirable features.
Cholesteatoma can, therefore, go beyond the tempore and into the middle or
inner ears in addition to the TM. Despite its narokolesteatoma is a "benign"
disease—it isn’'t a tumor and doesn’t spread—bubabsge of its destructive nature, it

can cause serious morbidity and even death ifrtreat is not received!
Mastoid surgery

Since surgery is heavily impacted by intricate sppamteractions between the
many components, understanding the relationshipseesm the anatomical structures
is equally important for middle ear surgery as ustnding their morphology.
Otosurgeons must be able to freely rotate a 3D imaagimage of temporal bone

to perform ear surgery. Situation is exacerbateéabythat patient is lying flat on his
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back during surgery (the x-axis of the imaginargtynie is rotated by 90°), and his
head is turned to the side that is not being opdran (the z-axis is rotated by roughly
45°). Furthermore, the perspective is always stgftsince the surgeon frequently
shifts his point of view and "moves around" earhwiicroscope while performing
ear surgery. The projection of anatomical struguw@ries in accordance with
variations in the angle of view. For example, wiveorking and observing via ear
canal, anterior boundary of vestibular organ anchdowindow niche are obscured by
the malleus and incus. However, the ossicles hilbekview of the geniculate ganglia
and cochlea during a transmastoid approach. Phatigun patients with deformed
ears or those who have had middle ear surgerypmuyaand therefore, topographic
relations of middle ear structures can significadviate from what is regarded as a

"normal" middle ear.

A cholesteatoma's mass may occasionally extend timtomastoid cavity.
Retraction pocket may extend from antrum to supsalathine region, then laterally
up to cortical bone level and posteriorly to simusa angle, depending on where it
originated. The entire mastoid, down to the tim ba filled with and destroyed by
cholesteatomas. The cholesteatoma extension meseftine, need to be removed
backward with a mastoidectomy. To do this, trangaleand transmastoidal
techniques are typically used in combination, \tlith external meatus's posterior wall
acting as a barrier between them. This "intact lcamadl" or "canal wall up" approach
works best when mastoid cavity is relatively lasgel exhibits good pneumatization
with healthy mucosa. However, a "canal wall dowréthhed is frequently used if
mastoid is extremely narrow, has scant pneumatizatr almost no cells, and
mastoid cavity cannot be adequately ventilated (ttwechronically irritated or

completely damaged mucosa). Here, the external usisatposterior wall is
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completely removed, creating a "radical cavity'ttineludes the mastoid and external
auditory canal. Optimal overview of pathologies flammatory processes or
cholesteatoma) that may now be generally and demsig eliminated, even in
obscure areas like the sinus tympani, is a prinb@ryefit of posterior wall removal.
Shadow of posterior wall is where residual cholsstmas that form from remaining
epithelial cells are most commonly observed in tam@dl up technique. Additionally,
there is no one-size-fits-all approach to middle eargery, and cholesteatoma
treatment must always be customized. Thus, in cted¢oma surgery, both the canal

wall up and canal wall down techniques have a rdle.
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MATERIALS AND METHODS

Source of Data:cadaveric temporal bones
Study Design:analytical study

Study Period: 1 YEAR

Sample Size30

Sampling technique:N/A

Inclusion Criteria:

1) Formalin fixed, wet mount specimens of temporaldson
Exclusion Criteria:

2) Temporal bones with fractures
3) Damaged and diseased temporal bones

4) Temporal bones of paediatric age group
6. Study protocol: Consort flow chart for RCTs:N/A

Data processing and analysis/statistical analysiased on the prevalence rate,

the minimal sample size formula is

z,2P(1-P)
n= o

Here, P denotes prevalence rate and d represerdsnfage likely difference in

prevalence.
z o is denotes level of significance.

For 5% level of significance @&=1.96.
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Reference:Comert E, Kilic C, Comert A. Jugular bulb anatofoy lateral skull base

approaches. Journal of Craniofacial Surgery. 204i81C29(7):1969-73°

The parameter considered in the calculation is ridte of JB located in
mastoid cavity and under FN is more than 80% With 8% and d = 20% of P =

16%, sample size is 24.
The sample size will be increased to 30 to impmwesistency in the research.

7. Data collection procedure:The left and right temporal bones of humans were
harvested for this investigation. The temporal basae mounted on a temporal holder
to the surgical position. Under microscopic guidarsuperior and inferior tympano-
meatal incision was taken, and tympano-meatal fitap raised exposing the middle
ear cavity. Mastoid cavity was drilled using dafid burr. Cavity was entered through
McEwen’s triangle. Intact wall mastoidectomy wasidmn the sample. Photographic
data collection with digital software assessmentdefpth of the JB from the

aforementioned structures was done.

Statistical analysis: Data had been collected utilizing a structured gumofa. Data
was entered into an MS Excel spreadsheet and sudrsidy) analyzed. Qualitative
data was articulated as proportions. Quantitatata évas represented using the Mean
and Standard Deviation. The relationship betweguodlitative variables was assessed

employing Chi-square test or Fisher's exact test.
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RESULTS

Table 1: Distribution according to laterality of bone

Frequency| Percent

Left 12 40.0
Laterality Right 18 60.0
Total 30 100.0”

We included total 30 formalin fixed, wet mount sipeens of temporal bones.

Majority of the bones were of right side i.e. 60f6 aemaining 40% were left-sided.

Graph 1: Distribution according to laterality of bone

m Left = Right
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Table 2: Distribution according to presence of pina

Frequency Percent

Absent 10 33.3
PINNA Present 20 66.7
Total 30 100.0

Presence of pinna was observed in 20 bones, L.8%66

“Table 3: Distribution according to status of EAC

Frequency Percent

Atretic 1 3.3
EAC Patent 29 96.7
Total 30 100.0”

Distribution based on status of EAC was patentSitb@nes (96.7%) and atretic in one

bone (3.3%).

Graph 2: Distribution according to status of EAC

= Atretic = Patent
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“Table 4: Distribution according to status of tympanic membrane

Frequency| Percent

Intact 29 96.7
Tympanic
ymp Not intact 1 3.3
membrane status
Total 30 100.0"

Distribution according to status of tympanic menmerahowed that it is intact in 29

cases i.e. 96.7% and non-intact in one case B&0.3.

Table 5: Distribution according to mastoid tip appearance

Frequency| Percent

Not prominent 7 23.3
Mastoid )
_ Prominent 23 76.7
tip
Total 30 100.0

Distribution according to mastoid tip appearanceadedit asprominent in 23 cases

i.e. 76.7%. It was not prominent in 7 cases i.e3%3

Graph 3: Distribution according to mastoid tip appearance
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Table 6: Distribution according to pneumatisation

Frequency Percent
Diploic 8 26.7
Pneumatized 21 70.0
Pneumatizatior|
Sclerotic 1 3.3
Total 30 100.0

Distribution according to pneumatisation showed thwas pneumatised in 21 cases

i.e. 70%, diploic in 8 cases i.e. 26.7% and scieiiatone case i.e. 3.3%.

Graph 4: Distribution according to pneumatisation
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Table 7: Distribution according to ossicular chain
Frequency Percent
OSSICULAR CHAIN INTACT 30 100.0

Distribution according to ossicular chain reveatgdct in all 30 cases.
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Table 8: Distribution according to subiculum

Results

Frequency Percent
Bridge 10 33.3
Subiculum Ridge 20 66.7
Total 30 100.0

Distribution according to subiculum showed ridge0 cases i.e. 66.7% and bridges

in 10 cases i.e. 33.3%.

Graph 5: Distribution according to subiculum
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Table 9: Distribution according to status of funicuus

Frequency| Percent
Absent 1 3.3
Bridge 4 13.3
Funiculus
Ridge 25 83.3
Total 30 100.0

bridges in 4 cases i.e. 13.3%.

Distribution according to status of funiculus showelges in 25 cases i.e. 83.3% and
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Graph 6: Distribution according to status of funicuus
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Table 10: Descriptive statistics of the variables
N Mean S.td'. Std. Range | Minimum | Maximum”
Deviation | Error
Distance of
vertical segmen
from jugular 30 3.47 1.04 0.19 5.9 1.8 7.7
bulb apex
(lowest)
Distance of
vertical segmen
from jugular 30 5.59 1.07 0.20 5.7 3.5 9.2
bulb apex
(Middle)
Distance of
vertical segmen
from jugular 30 8.46 1.28 0.23 5.9 5.2 11.1
bulb apex
(Uppermost)
Distance from
posteriorendof | 2 59 1.32 024 | 6.0 5.4 11.4
round window
niche
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» Distance from apex of JB to lowest vertical segnudriicial nerve, located at
exit from stylomastoid foramen, was measured ag£3.94 mm.

» Distance from mid-point of vertical segment of &aierve to apex of JB was
5.59+1.07 mm.

» Distance from apex of JB to uppermost vertical segnof facial nerve at
level of second genu was 8.46+1.28 mm.

» Distance of posterior end of round window nicherfrdB apex was

7.59+1.32 mm.

Graph 7: Descriptive statistics of the variables

M Std. Deviation M Mean

1.32
Distance from posterior end of round window niche
7.59

Distance of vertical segment from jugular bulb apex 1.28

Upper 8.46
Distance of vertical segment from jugular bulb apex 1.07

Middle 5.59
Distance of vertical segment from jugular bulb apex 1.04

Lower 3.47

0 1 2 3 4 5 6 7 8 9

Distance
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Table 11: Comparative analysis of variables with snilar studies

Distance of vertical segment| Site of measurement Mean Std. Deviation
from jugular bulb apex (mm)

Lowest 3.47 1.04

Our study Mid-point 5.59 1.07
Uppermost 8.46 1.28
Lowest 5.19 2.01

Aristegui M. et al (2019) Mid-point N/A N/A
Uppermost N/A N/A

Jugular bulb distance from

Mean Distance

Standard Deviation (mm)

round window niche (mm)
lowest 5.4 +1.32 mm
Our study
highest 11.4 ~+1.32mm
lowest 3.22 +0.97 mm
Eirik Juelkeet al. (2023)
highest 10.34 +1.41 mm
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DISCUSSION

Through this dissertation, we analysed 30 wet-mdantmalin-fixed temporal
bone specimens to assess various anatomical feafline distribution of bones by
laterality indicated a greater prevalence of rigiied bones (60%) relative to left-
sided bones (40%). The reason for this predominaacebe attributed to random

sampling depending upon the availability of tempbrmme samples.

The presence of pinna was observed in 66.7% ofpeeimens, which is a
significant finding as the external pinna playsrac@l role in sound localization.
External auditory canal (EAC) was patent in 96.7¢tcases, with only one case
showing atresia (3.3%). The prevalence of congeBieC atresia is reported to be 1
in 10,000-20,000 live births, equating to 0.005%9101% of the population(Lambert
PR et al,1996§%. This indicates that a patent EAC is present\iar99.99% of
individuals, making cases of atresia relativelyerarherefore, observing a patent EAC
in 96.7% of specimens, with 3.3% exhibiting atres& higher than the general
population prevalence. This discrepancy may be wudactors such as sample
selection or regional variations. For instancedistsi focusing on specific populations

or clinical settings might report different prevade rates.

Similarly, the tympanic membrane was found intact96.7% of cases,
reflecting the normal anatomical status of the terapbones included in this study.
Previous studies examining temporal bones oftenrtep high prevalence of intact
tympanic membranes. For instance, “a histopatho#bganalysis of 144 human
temporal bones with chronic otitis media found thd6 bones (81%) had intact
tympanic membranes, while 28 bones (19%) had pddrmembranes”( da Costa
SSet al,1992.§°. These findings align with the previous observgticeflecting the

normal anatomical status of the temporal bonesided in the study.
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The mastoid tip appearance was prominent in 76.7%ases, while 23.3%
showed non-prominent mastoid tips. Given the lichitdata on mastoid tip
prominence specifically, further research is neeiedstablish prevalence rates and

clinical implications.

The degree of mastoid pneumatization is known ty \zanong individuals
and may be influenced by genetic and environmdatabrs. The present study found
that 70% of the bones exhibited pneumatization)ev®6.7% were diploic and 3.3%
were sclerotic. These findings are consistent witbr anatomical research indicating
that well-pneumatized mastoids are more common(Hinet al.,2014§°. A study by
Igbal 1Z et al. done in Igbal 1Zet al in 2018 also showedpneumatisation of the
mastoid was cellular in 60.3 per cent of all cGse393) which corroborates with the

finding of our study.

The ossicular chain was intact in all specimenghlighting the rarity of
ossicular chain anomalies in the general popul8lee.subiculum exhibited a ridge in
66.7% of cases and a bridge in 33.3% of casesn#asistudy using “endoscopic
evaluation of middle ear anatomical variations 0% Zautopsy cases found that the
subiculum presented as a ridge in 64.7% of ears, lasdge in 2% of ears, and was
absent in 33.3% of ears34hin B.et al ,2018 §* this difference in findings may be
attributed to different demographics and therefarerphology of the temporal bones

with non-quantified effect of environmental and geanfactors.

Similarly, the funiculus showed a ridge in 83.3%cases, a bridge in 13.3%,
and was absent in only one case (3.3%). Sahat &°* study found “the ponticulus
as a ridge in 76.4% of cases, as a bridge in 12&8%,absent in 11.3%”", thereby
correlating with the observed values in our stullyese variations are significant as

they can have implications in middle ear surgeri@sth varied approaches
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necessitated and present difficulty in comprehendive anatomy of each temporal

bone.

The descriptive statistics revealed that the memtarte of the vertical
segment from the JB apex varied along differergligwvith lower, middle, and upper
segments measuring 3.47+1.04 mm, 5.59£1.07 mmBat6k1.28 mm, respectively.
One study examining 100 temporal bones by Aristelgui et al Anatomical
Variations of the Intrapetrous Portion of the Fablarve,201%howed similar results

as our study.

The mean distance of JB apex from posterior engwid window niche was
7.59+1.32 mm. Another study “utilizing 3D surfaceodels of temporal bones
reported that the mean distance from the RW to JBe ranged between
3.22+0.97mm and 10.34 1.41mm, depending on the JB's position”(Eirik Juetke
al,2023f°. These measurements provide valuable anatomidal ttiat can aid in
surgical planning and improve understanding of temap bone anatomy. Also,
findings indicate that the distance between theagBx and the posterior end of the
RW niche can vary significantly among individuadsth mean measurements ranging

from approximately 2.7mm to over 10nm.
Correlation with Surgical Approaches

Understanding the anatomical variations of the f#8jal nerve, and round
window is crucial for optimizing surgical approashéo the middle ear and

minimizing potential complications.
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Jugular Bulb

The descriptive statistics from this study show tn@an distance of vertical
segment from JB apex varied significantly alongfedént levels, with the upper
segment of vertical segment of facial nerve, aelledf second genu, measuring
highest (8.46+1.28 mm). This measurement is pdatiu relevant in surgical
approaches involving the mesotympanum and hypotyompa where a high-riding
jugular bulb (HRJB) can increase the risk of haehmage and limit surgical access.
Proximity of JB to round window niche (7.59+1.32 infurther emphasizes the
importance of preoperative imaging to identify HR3Rd avoid complications,
particularly during cochlear implantation, posteritympanoplasty approach and
facial recess approaches, modified radial mastdee and stapedectomy

procedures.

Facial Nerve

The anatomical integrity of the ossicular chairalhspecimens, coupled with
the observed variations in the subiculum and fuoguhighlights the potential risk of
facial nerve injury while performing middle ear geries. Dehiscence of facial nerve
canal is a common anatomical variation that canpicate surgical interventions.
Employment of high-resolution imaging and intragi®e nerve monitoring to
prevent postoperative facial nerve dysfunctiontipalarly in cases where JB is
displaced is extremely necessary to prevent injarperve during dissection at any
point, when carried out in close proximity of therve. (Friedmann et al., 2012;

Yamasoba et al., 2014, Park et al., 2020).

Round Window
Round window niche's mean distance of 7.59+1.32 fmam the JB apex is

consistent with previous anatomical studies. Thlationship is critical for cochlear
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implantation as improper electrode placement campcomise hearing outcomes. The
presence of adjacent vascular and neural strucheesssitates meticulous surgical
planning and technique to minimize complicationstiWide variations seen in the
position of round window niche and positioning ahdow. A preoperative analysis
of radiological studies is of utmost importance fidanning of approaches to the
middle ear and predicting possible complicationsctvimay have a profound impact
on the day-to-day life of an individual. (Friednmaat al., 2012; Yamasoba et al.,

2014; Park et al., 2020).

Clinical Implications

Present study findings underscore the importanesdérstanding anatomical
variations in the temporal bone for surgical plagniPreoperative high-resolution
imaging, like CT or MRI, combined with intraoperatinerve monitoring and careful
dissection techniques, can significantly reducerigieof complications.

The JB starts to develop around 2 years of age wgthnatomy and course
changing well into adulthood. One of the criticafgical approaches in middle ear
surgery is posterior tympanotomy or facial recgge@ach, which provides access to
middle ear cavity through mastoid process, Thishwmetis particularly useful in
cochlear implantation and cholesteatoma surgenéfgring a pathway to round
window and oval window niches while avoiding facmrve. Variations observed in
this study, such as ridges and bridges in the slibit and funiculus, emphasize the
need for meticulous dissection. Identification efcial recess and round window
niche, along with awareness of any HRJB, is crué@l minimizing surgical

complications and improving outcomes.
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CONCLUSION

In our study, we dissected and analysed 30 wet-moiammalin-fixed
temporal bone specimens to assess various anatoreatures. The findings
emphasize the importance of understanding tempooak anatomy for surgical
planning, especially in otologic skull-base prooedu The variations observed,
particularly in the jugular bulb position, faciaénve canal, and round window niche,
may pose significant challenges during middle emgeyies. In our study we have
dissected 30 temporal bones, in which we found, tim&an distance of the vertical
segment from the apex of the jugular bulb, the nfagus of our study, which is a
highly variable vascular structure, varied alonffedéent levels; with lowest, middle,
and uppermost segments measu@j7+1.04 mm 5.59+1.07 mm, and 8.46+1.28
mm, respectivelyThe values attained at the lowest segment are sucgily the
most important and one should be vary of the proxiral relationship of the
jugular bulb and facial nerve at this point As for the round window niche, mean
distance from the jugular bulb apex was obseredoket 7.59+1.32 mm. Recognizing
these anatomical differences can help surgeonstddidpred surgical approaches,

such as posterior tympanotomy, and improve patiatdomes.

The study highlights the critical role of anatontig@mowledge in avoiding
iatrogenic complications and improving surgicalommhes. Additionally, the findings
reinforce the need for incorporating advanced imggmodalities, such as high-
resolution computed tomography and magnetic resmnamaging, in routine
preoperative assessments to better visualize arab@nomalies. In view of the
paucity of data regarding the relationships of ¢hesmatomical structures, further

studies with larger sample sizes, diverse demograplepresentation, and
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technological advancements will contribute to rnefgn surgical techniques and

optimizing patient safety and outcomes.

This study underscores that dissection of temgdmwak is integral and plays a
very important role in the development of surgiskills, techniques and confidence

of a budding otologic and skull-base surgeon.
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SUMMARY

In this study we aim to provide comprehensive amital data on temporal
bones through dissection of 30 wet-mount specimdmighlighting the
variations in mastoid pneumatization, ossicularirctstatus, subiculum, and
funiculus, jugular bulb and facial nerve. As theddie ear is an irregular
cavity with no clear demarcation between its wallel boundaries. It is
important to note that the middle ear is an exttgramall cavity with critical
structure in sub-centimetre distance of each other.

The study found that 60% of the bones were rigites and 66.7% had a
visible pinna.

The external auditory canal was patent in 96.7%asfes, and the tympanic
membrane was intact in 96.7% of specimens.

Prominent mastoid tips were observed in 76.7% eésawith 70% showing
pneumatization.

The ossicular chain was intact in all cases.

The subiculum showed ridges in 66.7% and bridge83r8%, while the
funiculus exhibited ridges in 83.3%, bridges in3E8, and was absent in
3.3%.

Descriptive measurements of the vertical segmemh fithe jugular bulb apex
and the round window niche were also recordechetdwest level, where the
facial nerve exits the middle ear cavity througle stylomastoid foramen
being only 3.47+1.04 mm was the most significandiing as here chances of
injury to the jugular bulb and facial nerve is hegh due to their close
proximity to each other. Therefore, the surgeorukhde extremely careful

while dissecting in this area.
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e Similarly, from the middle segment of facial ner859+1.07 mm, and
uppermost segments, at the level of second gensure8.46+1.28 mm.

* The findings also indicate that the distance betwt#e JB apex and the
posterior end of the RW niche can vary significarmtinong individuals, with
mean measurements ranging from approximately@msto over 16nm.

* These findings provide important anatomical datactologic and skull-base
surgeons and enhance our understanding of tempmma¢ morphology,
anatomical relations of various structures andishight upon the variations
within the temporal bone of the various structuaesl landmarks contained
within it .

* Normally, the floor of the middle ear cavity corsisf bone tissue, but it may
also be irregularly excavated by some pneumatigdid. cRight under the
floor, the JB (fossa of 13V) lingers and can bediveatently opened by the
otologic and skull-base surgeons, possibly leading the heavy and
troublesome venous bleeding.

* The facial nerve runs through the whole of the terapbone and is always
close to any surgical approach to the middle elaerdfore, during middle ear
surgery, whether in tympanic or mastoid cavitiegsgeon must be cognizant
of the nerve along with its exact location and-éistion to the jugular bulb.

* Anatomical variations, such as an obscured rounadeww niche or close
proximity to the jugular bulb, may complicate swaji access, particularly
during surgeries like modified radical mastoidecyoposterior tympanotomy,
facial and extended facial recess approaches atedal skull-base procedures,

either to remove pathology or during cochlear imgd#on.
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Annexures

ANNEXURE — I - CONSENT WAIVER FORM

‘“ASSESSMENT OF DEPTH OF JUGULAR BULB FROM VARIOUS
MIDDLE EAR STRUCTURES AND ITS SIGNIFICANCE IN MIDDL E EAR

SURGERIES- A CADAVERIC MORPHOMETRIC STUDY”

Name of Student/Principal Investigator: Dr

Name of Guide/Co Investigators: Dr

Objective:

» Assessing the depth and distance of the vertigahsat of the facial nerve from
the jugular bulb.
» Assessing the depth and distance between the jugulb and posterior end of

round window niche.

Introduction and Need for the Study: Advances in neuro-otologic diagnosis and
surgery has pointed to the need for a completesesament of the relationship and

significance of the jugular bulb and facial nemmehe temporal bone.

The purpose of this dissertation is to bring togeth a comprehensive, up-to-
date, and relevant manner knowledge of the juduid in relation to various middle

ear structures and their clinical relevance in srieg.

The anatomy of the bulb and relevant structuredissussed and selected
temporal bone sections presented to illustratevirging locations of the jugular
bulb. 'Considerations in differential diagnosis presented and examples of surgical
procedures are discussed wherein an anatomic ieariadf jugular bulb was

encountered and the methods of management aréedatathese instances.
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Advances in neuro-otologic diagnosis and surgesy/ganted to the need for
a complete reassessment of the relationship amdfisance of the jugular bulb in

relation to various structures in the temporal bone

The specialty of otology was borne in the age ptiseemporal bone disease
and surgery, and during this period much knowledgs gained concerning these
major venous structures of the temporal bone. Hewewith the demise of this era,
interest waned in these structures, and not usty vecently has it become evident

that a reassessment is urgently required.

In this day of stapes, tympanoplasty, sigmoid simlemus tumor, acoustic
neuroma and cochlear surgery, the jugular bulb sigohoid sinus have taken on a

new and fresh significance.

It is the purpose of this dissertation to bring etbgr in an up-to-date
comprehensive and relevant manner our knowledgthefjugular bulb and facial
nerve. Information from the past will be relateddietail only where it has relevance
to the needs of contemporary otology, and clinerdities rarely encountered today

will only be touched upon for completeness of ttuel.

CONSENT WAIVER STATEMENT

Since it is a cadaveric study and does not poserighkyto subjects, consent

waiver has been obtained from institutional etlci@msmittee.
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ANNEXURE — Il - PROFORMA

“‘“ASSESSMENT OF DEPTH OF JUGULAR BULB FROM VARIOUS IMDLE
EAR STRUCTURES AND ITS SIGNIFICANCE IN MIDDLE EAR \SRGERIES-

A CADAVERIC MORPHOMETRIC STUDY”

l. DATE:

Il. SPECIMEN
NUMBER:

Ill. | CHILD/ADULT:
AGE(IF

KNOWN):

V. SIDE: RIGHT (R) / LEFT (L

V. EXTERNAL PINNA REGION P /

EAR: PRESENT/ABSENT:
REGION

PREAURICULAR
ANOMALIES: CANAL: P /

(PRESENT/ABSENT

POSTAURICULAR P /
ANOMALIES:

(PRESENT/ABSENT

EXTERNAL
AUDITORY
(PATENT/ATRETIC)

TYMPANIC | / N
MEMBRANE:
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MASTOID MASTOID TIP: A. PROMINENT
REGION:
PNEUMATIZATION: B. NOT- PROMINENT
A.PNEUMATIC
B.SCLEROTIC
C.DIPLOIC
D.MIXED
MIDDLE |[EAR | OSSICULAR CHAIN STATUS A.INTACT
CAVITY: SUBICULUM: B.NOT INTACT
FINNICULUS: A. RIDGE.
DISTANCE OF VERICAL B. BRIDGE.
SEGMENT OF FACIA. NERVE
C. ABSENT.
FROM JUGULAR BULB APEX
DISTANCE OF ROUNLD RIDGE.
WINDOW NICHE FROM A. BRIDGE.
JUGULAR BULB
C. ABSENT
APEX :
REMARKS:
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ANNEXURE — Il - PHOTOGRAPHS

PHOTO 1: SAMPLE COLLECTION METHOD AND PICTURES TAKE N

FROM MICROSCOPE

EXPOSED
POSTERIOR JUGULAR
END OF BULB APEX
ROUND
WINDOW VERTICAL
NICHE PORTION OF
FACIAL NERVE

PHOTO 2: POSTERIOR TYMPANOTOMY/FACIAL RECESS

FACIAL
RECESS
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PHOTO 3: MEASUREMENT METHOD AFTER FINAL DISSECTION

POSTERIOR
END OF
ROUND

WINDOW
NICHE

EXPOSED
JUGULAR
BULB APEX

VERTICAL
PORTION OF
FACIAL NERVE
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PHOTO 5: DISSECTION INSTRUMENT SET-UP
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ANNEXURE — IV - MASTER CHART
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