CHAPTER 1

INTRODUCTION

1.1 Aim of the study

The main aim of this study was to determine thé @atd the course of the mandibular
canal of dentate Malaysian patients using the (Bean Computed Tomography (CBCT)
and SimPlant interactive software. This will thesdanormative information that might

prevent injuries to vessels and nerves during angical procedure in this area.

1.2 Statement of problem
Before any surgical procedure concerning the maadibe primary concern is to locate the

course of the mandibular canal.

Evaluating the course of the mandibular canal dutire last few decades was made using
different imaging modalities, ranging from intrabaad extraoral radiographs to computed
tomography (CT). Each imaging modalities has itsnoassociated advantages and

disadvantages (Frederiksen, 1995).

Recently, more practitioners are localizing thehpat the mandibular canal using the
CBCT images. This modality which uses only 3-5% tbé radiation dose of the
conventional computed tomography might mitigateitiigries to neurovascular bundle and

thus avoiding paralysis and hemorrhage in the nhanthcheck regions.



The inferior alveolar nerve (IAN) was located beéwel and 11 mm inferior to the surface
of mandibular ridge, but in 5% of cases, the distanere from 1 to 4 mm (Mercier, 1973).
Its injury not only gives rise to unpleasant seioset, but may also affect the ability to talk
and masticate effectively (Neugebauer et al., 2008g nerve deficit may give rise to
continuous aching in the lower face (hyperalgeseyralgia) and social suffering. Some
patients complain of strange sensations (allodymigsesthesia, paraesthesia) when
touching the area in the lower lip. In addition,n@dege of related blood vessels (e.g.,

inferior alveolar or lingual artery) may cause essiee bleeding.

Damage to these vital structures often arises febnicians’ surgical mistakes as well as
failure to identify these structures (Kim et al00B). Hence, it is essential to determine the
location and the configuration of the mandibulamataand related anatomical structures to

minimize these types of damages (Rueda et al.,)2006

Many surgical procedures in the mandibular segmesy lead to inferior alveolar nerve
injury as it is in the proximity of the roots of ehthird molar (Kipp et al., 1980).
Furthermore, several retrospective studies repodad80% to 100% incidence of
neurosensory disturbance immediately after Bildt&agital Split Osteotomy (BSSO)

(Tamas, 1987; Ylikontiola et al., 2000).

Operative injury to the vascular and nerve bundi¢hiw the mandibular canal also
represents a main risk factor during sagittal spBteotomy of the ramus leading to

impairment of the inferior alveolar nerve (Yoshigtaal., 1989).



Injection of local anesthetics into the inferiovedlar nerve is considered a potential factor

of nerve damage too (Jones and Thrash, 1992).

The repositioning and manipulation of the inferaweolar nerve during placement of
endosseous implants in the posterior mandiblesis ahother risk for nerve injury (Smiler,
1993). Intraosseous implantation was widely useddamtistry for several decades.
Although many factors affect the outcome of treattherecise presurgical evaluation of
the bony support in the jaws and precise locabrabf critical anatomic structures are

among the most crucial factors for successful cuen

1.3 Objectives of the study

The overall purpose of this research is to locattze path of the mandibular canal in
Malaysian population.

Specifically the study will focus on 6 objectives.

() Localize path for the mandibular canal in human diaes using CBCT
imaging technique and SimPlant software.

(I Compare the course of the mandibular canal on ragid left side of the
mandible.

() To determine any racial and gender differences @gmtme Malaysian
population.

(IV)  Provide normative information that would assistgg@ns in avoiding injury to
the nerve during any surgical procedure in mand#nd that may traumatize
neurovascular bundle.

(V)  Determine the mandibular canal and the mandibueanien diameter among

the Malaysian population.



(V) Indicate the frequency of the bifid mandibular dansing CBCT imaging

technique and SimPlant software among the Malaysogulation.

1.4 Research Questions
Based upon the objectives mentioned previouslyg tbsearch study aims to answer the

following questions:

() What is the path for the mandibular canal in humaandibles among the
Malaysian population?

(1 Is there any difference between the right and éifterhandibular canal metrical
measurements?

(1) Is there any difference between the races and gemueng the Malaysian
population?

(IV)  What is the information gained from this researtuat twill help surgeons and
practitioners to minimize any injury to the manddrucanal during any surgical
intervention in the mandible?

(V) What is the diameter for the mandibular canal ame mandibular foramen
among the Malaysian population?

(VI)  What is the frequency of bifid mandibular canal agpothe Malaysian

population?



1.5 Significance of the study

This study is the first local study to be carriagt on three major races of the Malaysian
population. These results may be used as a safigde guring surgical procedures in oral
implantology cases and oral and maxillofacial soygeéo prevent postoperative

complications. This is a landmark study done om Ifatients with CBCT and 3D

simulation which must be very accurate.

Studies on the comparison between right and lefadibaular canal measurements were
made and this shall provide a guide as to whetierd researchers shall include both or

one side of the mandible for their research ambagvtalaysian population.

1.6 Limitations of the study

As many number of measurements were required, ahwle size of the CBCT records

were limited to sixty patients (bilateral measuratee- 120). Even though the results of
this study were statistically relevant some maysaber the sample size used was not
sufficiently large. This study also deals mainlyttwiCBCT record transfer and the

application of the SimPlant software programs todpce accurate jaw simulation of

relevant structures.

It was therefore necessary to have vast knowleddesapertise in the anatomy of the jaw
as well as be competent in images interpretatiamrder to accurately identify the required

structures during 3D simulation.



CHAPTER 2
REVIEW OF RELATED LITERATURE

2.1 Anatomical Consideration

The mandibular canal is a canal within the mandib& houses the inferior alveolar nerve
(a.k.a. mandibular nerve), the inferior alveolategr and the inferior alveolar vein
(Tammisalo et al., 1992). The canal is seen b#dlielas it enters the mandible at the
mandibular foramen on the lingual side of the ramtsuns obliquely downward and
forward in the ramus, and then horizontally forwardhe body, where it is placed under
the alveloi and communicates with them by smallnopgs (Williams et al., 1989). On
arriving at the incisor teeth, it turns back to coumicate with the mental foramen, giving
off two small canals which run to the cavities @ning the incisor teeth (Greenstein and

Tarnow, 2006).

The canal appears as a dark ribbon of radiolucianked by two radiopaque white lines
and is usually seen inferior to the roots of thendiaular teeth on a dental panoramic

radiograph (Figure 2.1) (Nogtgt al., 1977b).

Figure: 2.1: A reconstructed panoramic image digalan a thin section to show the
bilateral course of the mandibular canals (Mardimil Gohel, 2008).



The study of Rajchel et al. (1986) employing panocaradiograph of 45 Asian adults
demonstrated that the mandibular canal, when praixionthe third molar region, is usually
a single large structure, 2.0 to 2.4 mm in diamédédrile Obradovic et al. (1993) measured
105 cadaveric mandibles and found the average tkano¢ the mandibular canal in its
horizontal part is 2.6 mm. Ikeda et al. (1996) awmwtdd similar cadaver study and reported

that the canal is approximately 3.4 mm wide.

2.2 Anatomical Variations
Different anatomical variations in the course & thandibular canal superior-inferior and
bucco-lingual were described in many studies. Bdfaahal was noticed in many research

studies.

2.2.1 Vertical position

Root apices of mandibular teeth and the inferiadboof the mandible were considered as
anatomical landmarks to evaluate and determinevéngcal position of the mandibular
canal in many studies. Thus, Heasman (1988) reghtinegt from a study of 96 plain films
of dried mandibles, in 68% of cases the mandibotaral passed along an intermediate
course between the mandibular root apices anchteear border of the mandible. Rajchel
et al. (1986) reported that proximal to the thirdlan a mean distance of 10 mm between
the mandibular canal and the inferior mandibulardbo It has also been shown the upper
border of the mandibular canal was located 3.54antm below the root apices of the first
and second molars (Littner et al., 1986). Deniale{1992) conducted their research on 22
cadavers and found the mean distance of the maaditanal to the apices of mandibular

second molar, the first molar and second premo&e\8.7, 6.9, and 4.7 mm respectively.



Sato et al. (2005) defined the presence and coafsthe mandibular canal using
macroscopic cadaveric dissection, CT and panorXmy observation. Panoramic X-ray
observation revealed that the vertical positiorthef mandibular canal was closer to the
apices of the first and the second molars than tthdhe distance of inferior border of
mandible. The mandibular canal position was measwiéhin 30% of the ratio from the
distance of inferior border of mandible to the agiof the roots (mesial root of the first
molar: 20%; distal root of the first molar: 22.6%esial root of the second molar: 27.8%
and distal root of the second molar: 47%) on pamaraX-ray observation. All classic

descriptions of the mandibular canal course meatabove refer to dentate mandibles.

Greenstein et al. (2008) revealed that the manalibednal is fairly close to the apices of
the second molar in 50% of the radiographs. In 4@ canal is away from the root apices,

and in only 10% of the radiographs the root apaggseared to penetrate the canal.

Based on eight dissected mandibles, Carter and KE®#l) initially classified the three
vertical positions of the course of the alveolarvegFigure 2.2). According to Type |, the
nerve has a course near the apices of the teetgrewh Type Il, the main trunk is low
down in the body, finally type Ill, the main trumk low down in the body of the mandible

with several smaller branches to the molar teeth.



Cross-Section

Figure: 2.2: Variations of the vertical positiontbé inferior alveolar nerve (Carter

and Keen, 1971)
In another larger study, the course of the IAN wealuated from 3612 radiographs (Nortj
et al., 1977b). The radiographs were divided iotar ftategories: 1) high mandibular canals
(within 2mm of the apices of the first and secondlars), 2) intermediate mandibular
canals, 3) low mandibular canals, and 4) otheratians - these included duplication or
division of the canal, apparent partial or compbdieence of the canal or lack of symmetry.
Of the 3612 subjects, 47% of the canals were 8B were low, and only 3% could not
be matched into the high or low canal categorié& donclusion of this study was that the
mandibular canals are usually, but not invarialbjaterally symmetrical, and that the

majority of the hemimandibles contain only one majnal.



Anderson et al.(1991) reported that the buccalda@nd superior-inferior positions of the
inferior alveolar nerve were not consistent amorandibles. The inferior alveolar nerve
frequently showed as concave curve when desceradittige posterior segment and then
progressed anteriorly. At the anterior segmentriésve ascended to the mental foramen.
He further stated that a bony canal was not alwagible and the canal itself frequently
lacked definite walls, especially in the vicinity the mental foramen. Bilateral symmetry

was commonly observed, while on the other handicagbns of the canal were rare.

Kieser et al.(2004) also studied vertical positighand intra-bony branching patterns of the
inferior alveolar nerve in 39 edentulous mandiblBlsis was possible as the researchers
undertook micro-dissections. Classification is daeeording to height of the inferior
alveolar nerve within the body of the mandible @he branching pattern of the inferior
alveolar nerve. In 30.7% (12/39) of the cases,|#i¢ was located in the superior part of
the body of the mandible, and in 69.3% (27/39hef¢ases the IAN was half-way or closer

to the inferior border of the mandible.

In another study with 107 edentulous human cadavedandibles by Kieser et al.(2005),
found that for 73% of males and 70% of femalesl#&N was located in the lower half of
the mandible. The most common branching patterergbdg was a single nerve trunk with
a series of simple branches directed at the supkoiaer of the mandible (59.6% males,
52% females). The second most common pattern vaasotha small nerve plexus in the
molar region (21.1% males, 26% females). This ststipwed that the pattern of
distribution does not significantly differ betweéme sexes, between sides of the jaw, or

with age.
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Narayana and Vasudha (2004) evaluated the posifidhe mandibular foramen and the
course of the IAN. This study concluded that theataand consequently the nerve do not
maintain a constant position in the mandible arellttation of the mandibular foramen

varies despite its bilateral symmetry.

Mandibular alveolar bone undergoes resorption waring degree when the mandibular
teeth are lost (Lavelle, 1985; Polland et al., 200he dental ridge becomes lower during
mandible atrophy, and this is why Levine et al.020measured the distance from the
edentulous alveolar crest to the superior aspedhefMC of 50 patients who had a
radiographically identifiable mandibular canal aadleast one mandibular first molar.
Results showed that the superior aspect of the M€ 1¥.4 mm inferior from the alveolar
crest. Similarly, Watanabe et al. (2009) analyzddd@ta of 79 Japanese patients (52 males
and 27 females) and found that the distance fraratheolar crest to the mandibular canal
ranged from 15.3 to 17.4 mm. It is clear that tletaghce between the mandibular canal and
the atrophic alveolar ridge is a variable dimensiod should be assessed in each particular

case.

2.2.2 Horizontal position

It was reported that the mandibular canal mightehdi¥ferent anatomic configurations in
the horizontal plane. Usually the mandibular camrakses from the lingual to the buccal
side of the mandible and in most cases the midvessyden the buccal and lingual cortical
plates of bone is at the first molar (Miller et d41990; Obradovic et al., 1995). According to
Rajchel et al.(1986), the mandibular canal, wheoxipnal to the third molar region,
courses approximately 2.0 mm from the inner lingueatex, 1.6 to 2.0 mm from the medial
aspect of the buccal plate.
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Levine et al.(2007) assessed the mandibular caralatingual course for 50 patients. The
mean buccal aspect of the canal was 4.9 mm frombtleeal cortical margin of the
mandible. They found that age and race were statiist associated with the mandibular
canal position. Older patients and white patierdsehless distance between the buccal

aspect of the canal and the buccal mandibular borde

2.3 Bifid mandibular canal (MC)

Bifid variety of the mandibular canals which areardcterized by a single mandibular
foramen and two nearly equal canals are indeed uahug-igure 2.3). In the study
employing panoramic radiographs, Nergt al. (1977b), reported that duplication or
division of the canal was found in 0.90% (33/36@Rdhe cases. In another study by Grover
and Lorton (1983) showed that 0.08% bifurcatiorthaf inferior alveolar nerve canal was
found in 5000 US Army soldiers, aged 17 to 26 yeBwsthermore, Langlais et al. (1985),
evaluated routine panoramic radiographs of 600@ipt they found 57 (0.95%) cases of
bifid inferior mandibular canals, 19 in males arliB females. Another study on 2012
panoramic radiographs reported that 0.35% of camadse bifid and all cases were
registered in women (Sanchis et al., 2003). UtiiziCBCT technology (Naitoh et al.,
2009a) reconstructed 122 2D images of various plaméhe mandibular ramus region to
the computer program using 3D visualization andsueament software. Bifid mandibular
canal in the mandibular ramus region was obsemedib?o of patients and 43% of sides.
Furthermore, they classified bifid mandibular camdb four types: retromolar, dental,

forward, and buccolingual canals.
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Figure 2.3: Bifid MC (Claeys and Wackens, 2005)

2.4 Inferior alveolar neurovascular bundle

The mandibular nerve is the third and inferior mdisision of the trigeminal nerve, or the
fifth cranial nerve. The trigeminal nerve is predoamtly a sensory nerve, innervating most
of the face. The upper branch of the trigeminaveds called the ophthalmic nerve and
innervates the forehead. The middle branch isaalie maxillary nerve and innervates the
maxilla and the midface. The lower branch is catlegl mandibular nerve and innervates
the teeth and the mandible, the lateral mucosheofitandible, and the mucosa and skin of

the cheek, lower lip and chin (Gosling, 1985).

The mandibular nerve runs from the trigeminal gemgthrough the foramen ovale down
towards the mandible (Figure 2.4). The nerve erttegsmandible through the mandibular
foramen on the medial surface of the ascending ibalat ramus. Before it enters the

bone, the mandibular nerve gives branches to tiguand to the soft tissues of the cheek.
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After passing through the mandibular foramen, teeva is called the inferior alveolar
nerve (IAN). The IAN contains mainly sensory fibrasd only a few motor fibres
distributed by the mylohyoid nerve to the mylohyaiad the anterior belly of the digastric
muscles. Within the mandibular canal, the IAN rémrsvards in company with the inferior
alveolar artery, inferior alveolar vein and lympbatessels and together they are called the
inferior alveolar neurovascular bundle (Figure ZEgmmisalo et al., 1992). The artery lies
parallel to the nerve as it traverses anterionly, its position varies with respect to being
superior to the nerve within the mandibular carkéda et al., 1996). Anterior to the
mental foramen, the mandibular canal is referredstohe incisive canal (Mardinger et al.,

2000; De Andrade et al., 2001; Mraiwa et al., 2QR&0bs et al., 2004).

Ophthalmic
Trigeminal branch (V1)

nerve

Maxillary
branch (Vo)

Superior
alveolar

Mandibular RS

branch (V3)

Lingual
nerve
Inferior
alveolar
nerve

RN

Figure 24. lllustrated diagram of the anatomy trigeminal nerve[Source: TheFree
Dictionary website <http://medical-dictionary.theddictionary.com/trigeminal+nerveXlast
accessed on 07 May 2011)
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The IAN supplies the lower molar and premolar tesill adjacent parts of the gingiva. Its
larger terminal branch emerges from the mentalnfiera as the mental nerve to innervate
the skin of the chin and the lower lip, while theadler incisive branch supplies the canine
and incisor teeth. Disturbances of the IAN and ralemerve will predominantly give

sensitivity symptoms in the soft tissue of the lolyg and chin (Aldskogius et al., 1985).

According to the report of Gowgiel (1992), the reuascular bundle from the mandibular
foramen to the mental foramen is always in contith, or in close proximity to the
lingual mandibular cortex. This researcher furtbted that vascular and nerve bundles
may be extremely close to the buccal cortex ofrtfandible in patients with broad and

thick mandibular rami.

Figure 2.5: Neurovascular bundle. [Source: Aclakitkeo Atlas of human anatomy website
<http://aclandanatomy.com/abstract/4010594> (les¢ssed on 22 June 2011)
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2.5 Injury of the inferior alveolar nerve

IAN is the most commonly injured nerve in the méneli(64.4%), followed by the lingual
nerve (28.8%) (Tay and Zuniga, 2007). The diffeemnbetween IAN injuries and other
peripheral sensory nerve injuries are predominaathpgenic and not resolved within the
first 2 months after injury (Haskell et al., 198&nta et al., 1998). The closed injuries can

also occur that often delays diagnosis and tredt(®agrel and Maghen, 2001).

The number of practitioners performing implant guyghas increased dramatically over
the last fifteen years. As confidence is gained tlead to accept increasingly challenging
cases and it is to be expected that the incidehpeoblems and complications will increase
(Worthington, 1995). It was a discerning remark,wheer, it remains a serious

complication and many had reported the incidenages from 0 to 40% of implant related
inferior alveolar nerve (IAN) injuries (Wismeijert @l., 1997; Dao and Mellor, 1998;

Bartling et al., 1999). The damage can result ftbentraumatic local anesthetic injections
or during the dental implant site osteotomy or efaent (Kraut and Chahal, 2002). This
damage is one of the most unpleasant experienoas, fild paresthesia to complete
anaesthesia and/or pain (Alhassani and AlGhamdipR0for both the patient and the
dentist. As a result, many functions such as speeating, kissing, make-up application,

shaving and drinking will be affected (Ziccardi ahskael, 2001).
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2.5.1 IAN nerve injury due to implant surgery

Damage of inferior alveolar nerve during dental lemp placement can be a serious
complication. Clinician should recognize and exelwktiological factors leading to nerve
injury. Proper presurgery planning, timely diagisoand treatment are the key to avoid
nerve sensory disturbances management. There arepéssible aetiological factors of

IAN injury during the implant placement and cansbenmarized as:

2.5.1.1 Inferior alveolar nerve injury during traum atic local anaesthesia injection
Profound local anaesthesia during the dental im@argery can drastically reduce patient
anxiety during the surgery. Local anaestheticsdm®igned to prevent sensory impulses
being transmitted from intraoral and extraoral aréa the central nervous system with
minimal effect on muscular tone (Hillerup and Jens2006). Unfortunately, the injury of
an IAN can occur during a traumatic local anaesthiegection (Malamed, 2010; Jones and
Thrash, 1992).

Three main theories were proposed for the infealeeolar nerve injury during traumatic
local anaesthesia injection and these includesctdirauma from the injection needle
(Crean and Powis, 1999; Stacy and Hajjar, 1994nhadtema formation (Harn and Durham,
1990; Haas and Lennon, 1995) and neurotoxicityhef lbcal anaesthetic (Pogrel and

Kaban, 1993; Nickel, 1990).
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2.5.1.2 Inferior alveolar nerve injury by implant drill

The most severe types of injuries are caused byamhmlrills and implants themselves
(Worthington, 2004). Sensory IAN injuries made plant drills may be caused by direct
intraoperative (mechanical and chemical) and irdipostoperative trauma (ischemia and
thermal stimuli) (Nazarian et al., 2003). Many il drills are slightly longer, for drilling
efficiency, than their corresponding implants. lamgl drill length varies and must be
understood by the surgeon because the specifiggthlamay not reflect an additional
millimetre so called “y” dimension (Alhassani andiGhamdi, 2010). Lack of knowledge
about this may cause complications (Kraut and Ch&t®2). Damage to the IAN can
occur when the twist drill or implant encroacheansects, or lacerates the nerve (Figures

2.6 A and B).

One of the possible intraoperative complicationgiiect chemical trauma - alkalinic nerve
injuries from irrigation of the implant bed durimgyeparation with sodium hypochlorite.
This solution has not been recommended in praeticeshould be avoided (Khawaja and

Renton, 2009).

Some sensory IAN injuries evoked by partial petioraof the mandibular canal during the
drilling is caused by indirect postoperative traumaecondary ischemia of the IAN by
haemorrhage into the canal and scaring proce$&rrditan direct mechanical trauma by the
drill or implant itself (Figure 2.6 C) (Khawaja arRRlenton, 2009; Lamas Pelayo et al.,

2008).
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Thermal stimuli can evoke peri-implant bone neaaand postoperative secondary IAN
damage. Nerve tissue is thought to be more seasiithermal insult than bone and it may
lead to primary IAN injury (Figures 2.6 D and E)a(ftbunda et al., 1998). The increase in
temperature, produced by excessive drill speed ymexl necrosis, fibrosis, osteolytic
degeneration and an increase in osteoclastic gctivine thickness of the necrotic area is

directly proportional to the amount of heat gerelaturing the surgery (Tehemar, 1999).

D E

Figure: 2.6 lllustrated diagrams for inferior alleaonerve injury by implant drill Juodzbalys et

al., 2011). A = partial implant drill intrusion imthe mandibular canal can cause direct mechanical
IAN trauma - encroach, or laceration and primachémnia. B = full implant drill intrusion into the
mandibular canal can cause direct IAN transectiwh @imary ischemia. C = partial implant drill
intrusion into the mandibular canal can cause @ufitrauma due to hematoma and secondary
ischemia. D = thermal stimuli can evoke periimplaohe necrosis and postoperative secondary
IAN damage. E = thermal stimuli can evoke primaki}Idamage.
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2.5.1.3 Inferior alveolar nerve injury by dental implant

Sensory IAN injuries made by dental implant may daeised by direct intraoperative
(mechanical) and indirect postoperative traumah@sda) or periimplant infection
(Nazarian et al., 2003). Direct mechanical injugy encroach, transection, or laceration of

the nerve is related to implant intrusion into W€ (Figures 2.7 A and B).

After a direct trauma that is when the implant lizcpd through the bony canal, the nerve
ending may get retrograde degeneration in sombeotases, because the nerve running in
the canal is a terminal ending of the nerve andsike is quite small (Beirowski et al.,
2005). Whereas partial implant intrusion into MCncavoke IAN injury due to
compression and secondary ischemia of correspomsingpvascular bundle (Leckel et al.,
2009; Worthington, 2004). This is especially whemmediate implantation following tooth
extraction can sometimes cause implant intrusiaga MC. Furthermore, efforts by the
surgeon to achieve primary stability can also leadinintentional apical extension and
subsequent nerve injury. Re-measurement of the aimofu available bone after tooth
extraction is recommended especially in those cafeserve proximity since a few
millimetres of the crestal bone might be lost dgrithe extraction (Alhassani and

AlGhamdi, 2010).

Another cause of injury to the IAN is the displa@hof an implant into canal. For
example this is possible in the posterior mand#siehe cancellous bone is more abundant
with larger intratrabecular spaces than the anmtenandible (Theisen et al., 1990; Fanuscu

and Chang, 2004).
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D E 2

Figure 2.7 lllustrated diagrams for inferior alveoherve injury by dental implaniodzbalys et

al., 2011).

A = partial implant intrusion into the mandibulaanal can cause direct mechanical IAN trauma -
encroach, or laceration and primary ischemia. Bilkifnplant intrusion into the mandibular canal
can cause direct IAN transection, and/or compresaial primary ischemia. C = dental implant is
too close to the mandibular canal, it can cause ¢AMpression. D = partial implant intrusion into
the mandibular canal can cause indirect traumatdugematoma and secondary ischemia. E =
partial implant intrusion into the mandibular canah cause indirect trauma due to bone debris and
secondary ischemia. F = “cracking” of the IAN car@df by its close proximity to the preparation
of the implant bed. It can cause compression aimilgpy ischemia.
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2.5.1.4 Inferior alveolar nerve injury — The mentalnerve

Injury of the final part of the IAN — the mentalmae can occur in those cases when an
extreme degree of the alveolar process resorptimtse In such cases, the mental foramen
was found on the surface of alveolar bone and tiremder the gums (Ulm et al., 1993;

Mraiwa et al., 2003; Gershenson et al., 1986).

2.5.2 IAN nerve injury due to other surgical procedres
Other than implant surgery, sensory disturbance sgrious concern in other mandibular

surgical procedure, particularly in BSSO (Karabeutalgaropoulou and Martis, 1984).

The inferior alveolar nerve (IAN) is at significansk during this operation and the risk is
existing in all stages of surgery; including inoisj dissection, retraction, bone cuts,
mobilization and internal fixation. Nerve damagesatgical operation during BSSO is

reported from 1.3% to 18% of the cases (van Meel@seét al., 1987).

IAN injury can also follow other surgical procedsrsn the mandible. The proximity of
third molar roots to the mandibular canal endarngerlAN to an injury during extraction
of the third molar (Kipp et al., 1980), especiaillyit is impacted. Lindquist and Obeid
(1988) even reported in their study an incidencelAf injury of about 10% during

genioplasty.

The best way to prevent these damages is to hage ttiree-dimensional vision of the jaw.
This can be achieved by combining the practicalkadge of basic mandibular anatomy

and the data obtained from clinical and radiololggs@minations.
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2.6 Radiographic methods used to locate the manditar canal
The location and configuration of the mandibulanalais important in imaging diagnosis
for most surgical procedure of the mandible. Traeetpecial attention should be given to

the exact location of the mandibular canal, themmiding the neurovascular bundle.

Periapical radiographs were used for many yeaess$ess the jaws pre- and post-implant
placement (van der Stelt, 2005). Similarly panoapmojection were used for diagnostic
purposes where the canal is identifiable as a wamadiolucent ribbon bordered by
radioopaque lines (Nottjet al., 1977a)but the buccolingual location of the mandibular

canal cannot be obtained on this image.

To obtain the more precise location of the mandibaanal, the clinician may use different
tomography modalities. Tomography can be utilizegection or slice an object. This is
accomplished by the simultaneous movement of the &nd the film, which is connected
so that the movement occurs around a point of@ual. The object closest to the point or
fulcrum is seen most sharply, while the objecthast away from the point of rotation is
almost completely blurred. Tomographic methods dental procedures can be broadly
classified into three categories: conventional tgraphy, computed tomography (CT), and

Cone Beam Computed Tomography (CBCT).
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2.6.1 Periapical radiographs

Periapical radiographs have been used for manys yeaassess the jaws pre- and post-
implant placement (van der Stelt, 2005). The longecparalleling technique for taking
periapical X-ray is the technique of choice for tblowing reasons: reduction of radiation
dose; less magnification; a true relationship betwthe bone height and adjacent teeth is
demonstrated. It should be noted that for the looge paralleling technique, it should be
taken with a film-focal distance of approximately 8m (Denio et al., 1992). One of the
shortcomings of the present method is the uselwf fbince the film is highly flexible,
literally and figuratively, its processing can h&eptimal and it often leads poor image.
Furthermore, maintaining a darkroom requires spawd time as well as the additional

environmental expenses (van der Stelt, 2005).

Nevertheless, the biggest concern of periapicabgrdphs is in 28% of patients that the
mandibular canal could not be clearly identifiedtie second premolar and first molar
regions (Denio et al., 1992). In case, when X-ragrb is perpendicular to the canal, but not
the film, elongation occurs, and the canal appéatber from the alveolar crest than it
really is. Conversely, when the X-ray beam is pedieular to the film, but is not parallel

to the canal, foreshortening happens (Greensteimamow, 2006).

During the last decade, many dental practices cedlahe film with digital imaging
systems. Common reasons for making this transitioluded capable of manipulating the
images, lower exposure, greater speed of obtaimiages, and the perception of being up

to date in the eyes of patients (White et al., 200t et al., 2006).
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2.6.2. Panoramic radiography
Even until today panoramic radiography are rouyineded in the dental office for various
diagnostic purposes of the jaws and consideredtdraard and simplest diagnostic aid for

imaging of maxillofacial structures before any g

Panoramic radiograph can be the method of choi@nvehspecific region that is too large
to be seen on a periapical view. The major advastaj panoramic images are the broad
coverage of oral structures, low radiation expos@about 10% of a full-mouth

radiographs), and relatively inexpensive of the igaent. The major drawbacks of

panoramic imaging are: lower image resolution, hdgdtortion, and presence of phantom
images. These can artificially produce apparennhgéa thus may hide some of important
vital structures (White et al., 2001). For exampmlervical spine images often overlap on

the anterior mandible.

Wadu et al. (1997) employed panoramic radiographsstudy the mandibular canal
appearance and they found that in number of cdsesadio-opaque border was either
disrupted or even absent. The superior border wame mprone to disruption than the

inferior border (Figure 2.8).
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Figure: 2.8 The orthopantomograph shows the distupsuperior border of the mandibular canal (arjows
and cancellous bone which has few and thin tratee@uodzbalys and Wang, 2010).

It was further reported that the contrast enhanoeémagplication to the digital images
improved significantly the diagnostic image qualiGijbels et al., 2000), but this did not
improve the depiction of the MC (Naitoh et al., 2BD Furthermore, Naitoh et al. (2009b)
concluded that the mandibular canal border depictn digital panoramic images was
related to the bone density in the alveolar regutren assessed using the multislice CT
images. They found that the mandibular canal \esikith superior and inferior wall was
only 36.7%. Similarly, Lindh et al. (1995) reporttétht the mandibular canal of specimen
cadavers was clearly visible in 25% of panoramaiagraphs (range 12 to 86%). In an
earlier research Klinge et al. (1989) reported ttie mandibular canal of specimen

cadavers was not visible in 36.1% of panoramicag@iphs.
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According to Vazquez et al.(2008), if a safety nmargf at least 2 mm above the
mandibular canal is ascertained, panoramic radigrappears to be sufficient to evaluate
available bone height prior to insertion of posiemnandibular implants; cross-sectional

imaging techniques may not be necessary.

Panoramic radiographs can be predictably usedisoiaiization of the mental foramen and
a potential anterior looping but not suitable focdting the mandibular incisive canal. To
verify its existence for preoperative planning mags, cross-sectional imaging modalities
such as high resolution computed tomography (HR-@T3piral tomography, and CBCT
should be preferred. High resolution magnetic resoa imaging (HR-MRI) is not

preferred due to the high cost of this machine.

2.6.3 Conventional tomography

Tomography word was derived from the Greek wordrte” which means "a section”, "a
slice” or "a cutting". In conventional tomograptdifferent types of motion of the x-ray
tube and the film are employed. They are linearcutar, trispiral, elliptical, and
hypocycloidal, the simplest of the motions beingeéir. The more complex the motion is,
the sharper the image. There is always some deftdarring in tomography, the greatest

amount of blurring being at the periphery. This mdgl has now become obsolete.
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2.6.4. Computed tomography (CT)
Computerized tomography, unlike the conventiondlalagical technique, enables the 3D
evaluation of the bone without the overlappinghaf &djacent structure, as well as a precise

measurement of the bone tissue availability.

CT was introduced in imaging the maxillofacial sture in the early 1970's. It was
considerably developed after the introduction oftde implantology, when the need
increased for advanced radiologic procedures toumeat the availability or

nonavailability of bone and to identify importanhaomic structures such as the

mandibular canal.

The obtained CT data can be manipulated and recatet with a software program such
as DentaScan or SimPlant. Interpretation of thesegssed images is much easier, accurate
and may reveal most of the relevant structures asdccessory canals and foramen which

are occupied by neurovascular bundles, arterioidssanules.

CT images are produced by x-ray beams that peaepatients to varying degrees and
strike a detector. The generation of the scan isroened by the placement of the x-ray
tube relative to the detectors. The entire CT mede divided into three segments: data
acquisition, image reconstruction and image dispRgw data include all measurements
obtained from the detector array. After the ravadataveraged and each pixel is assigned a
CT number (quantified measurement of density),raage can be reconstructed. The data

that form this image is then referred as image (atdtekin et al., 2003).
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In a study done by Yang et al.(1999), employedigkpomputed tomography machine to
scan on four edentulous cadaver heads with intaectdible. They wanted to find out if

there were any statistically significant differeadgetween the 2D computed tomography
measurements and the physical measurements orédretive 3D computed tomography
measurements and the physical measurements. Téevdet then transferred to third party
software - Radredux to generate 2D and 3D image®ak measurements of the images
were made from the superior border of the infesilweolar canal to the alveolar crest. The
specimens were then dissected at correspondingdosaand physical measurements were
made. It was concluded that 2D and 3D computed gpaplny images allowed accurate

measurements for localization of the inferior aleecanal.

CT values (Hounsfield units: HU) and bone mineetslties obtained by medical CT were
used to assess the bone density of jaws. NortonGamdble (2001) measured the bone
density in the posterior mandible using SimPlarftvere (3D Diagnostix, Boston, MA,

USA) and concluded that the mean CT value was 688.6Misch, 1999).

Another attempt to improve depiction of the mantibucanal was by changing the
thickness of double-oblique computed tomographygesaNaitoh et al., 2008). A total of
38 sites in the mandibular molar region were exachinsing multislice helical CT. The
thicknesses of the double-oblique images using istiak helical CT scans were
reconstructed in 4 conditions: 0.3 mm, 0.9 mm,rirh, and 4.1 mm. In the alveolar crest
and the entire mandibular canal, highest value eaained with 0.9 mm thick images;
however, there was no significant difference betw@e8 mm and 0.9 mm thick images.
The researchers then concluded that the descripticsuperior wall of MC cannot be

improved by changing the thickness of images.
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However, the measurements obtained from computetbdoaphic images are more
consistent with direct measurements than the meamnts obtained from panoramic
radiographic images or conventional tomographicgesa(Figure 2.9 A and B). This
conclusion was made by Peker et al. (2008) afeecttimparison of efficiency of panoramic
radiographs, conventional tomograms, and computedograms for location of the
mandibular canal at 12 regions of 6 dry adult humsknlls. Furthermore, Rouas et al.
(2007) reported that the atypical mandibular cgsath as bifid MC). In most cases can be
identified using only three-dimensional imaginghteicjues. Therefore it is reported that the

bifid MC is often left unrecognized (Claeys and \kfs, 2005).
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Figure: 2.9 Computed tomographic images A. Mergedrhen (arrow) detection (top image). B. Mandibular
canal detection (arrow) (lower image) (Juodzbahd Wang, 2010).
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2.7 Studies locating the mandibular canal preoperately

The earlier study made to determine the verticahtion of the mandibular canal was
mostly based on cadaver studies (Carter and Ke®fi; ITamas, 1987; Gowgiel, 1992).
There were also radiographic studies (Noetjal., 1977b; Heasman, 1988; Fox, 1989) that
disclosed the position of the mandibular canal @hato the apices of the teeth, but could
not determine if the canal is buccal or lingualthe teeth. However, some radiographic
methods have been used to locate the mandibulat baccolingually, mostly before the
implant surgery (Rothman et al., 1988; Klinge et &4B89; Lindh and Petersson, 1989;

Jacobs et al., 1999; Yang et al., 1999; Hallikaieeal., 1992).

It has been assumed that in areas where the negrdaa bundle is in contact with either
the buccal or lingual cortex, the mandibular casatell visualized in radiographs (Miller
et al.,, 1990) and it is suggested that corticatibthe mandibular canal on the panoramic

film may serve as a predictor of the proximity loé tmandibular canal to the cortical plates.

The anatomic features of the ascent or descenteoténal, as well as its buccolingual
relationships, have been studied by Mercier (19T@mnas (1987) and Gowgiel (1992).
According to the report by Gowgiel on dissectioigh® IAN, the neurovascular bundle
from the mandibular foramen to the mental forangealways in contact with, or in close
proximity to the lingual mandibular cortex. Furtivere, the rnandibular canal ascends
slightly toward the mental foramen in the antenmandible. However, it has been shown,
that vascular and nerve bundles may also be exlyechese to the buccal cortex of the
mandible in broad and thick mandibular rami. Thedgtof Rajchel et al. (1986) on 45
Asian adults demonstrated that the mandibular camen proximal to the third-molar

region is usually a single large structure (2.0 2d mm in diameter). It courses
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approximately 2.0 mm from the inner lingual cort&6 to 2.0 mm from the medial aspect

of the buccal plate, and about 10 mm from the iofdyorder.

A study done by Lindh et al. (1992), employed vigaion of the mandibular canal by

five different radiographic techniques: periapicalliography, panoramic radiography,
hypocycloidal tomography, spiral tomography and patarized tomography. They noticed
that direct CT demonstrated the mandibular cansi bethe examined techniques, and it
also gave a high inter- and intraobserver agreema¢at This was supported by Sonic et
al.(1994) on the accuracy of periapical, panoranand computerized tomographic

radiographs in locating the mandibular canal. Ttoeyfound CT to be superior to the other

techniques in locating the mandibular canal.

Comparing the tomographic techniques with panoraadography, Tal and Moses (1991)
reported that CT-scans have again been found todse precise in measuring the distance
between the bony crest and the mandibular canapamed to panoramic radiography. In
addition, the tomographic radiographs have an mhdit advantage in presurgical planning
as they reveal the horizontal dimension, shapehefnhandible and the topography and

buccolingual location of the mandibular canal.

A study was performed by Ylikontiola et al.(2002) tompare three radiographic
techniques to locate the mandibular canal in thecdlingual direction before BSSO.
Panoramic radiographs, computerized tomography (@Rd conventional spiral
tomographic (Scanora, Soredex, Helsinki, Finlarad)iagraphs were compared for their
ability to localize the mandibular canal in the bolingual direction. The subjective

neurosesnsory deficit of the lower lip and chinbmth sides was registered preoperatively
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at 4 days, 3 weeks, and 3 months after surgerytl@dperative outcome was analyzed in
relation to the distance from the mandibular canalhe buccal cortex of the mandible.
Computed tomography gave better visualization & thandibular canal than Scanora
imaging. Cortication of the mandibular canal on pla@oramic radiograph did not serve as
a predictor of the proximity of the mandibular chtmathe cortices of the mandible. At 3-
month follow-up, there were only eight operatecesidith abnormal sensation of the lower
lip and chin. In seven of these sides, the distdrara the mandibular canal to the buccal
cortex was less than 2 mm using CT technique. é@nalusion, The buccolingual location
of the mandibular canal is visualized better witl @an with Scanora or panoramic

radiographs.

Klinge et al.(1989) radiographically examined fauandibular specimens bilaterally to
locate the mandibular canal. The following radiginia techniques were used: periapical
and panoramic radiography, hypocycloidal tomogra@nd computed tomography (CT).
The distance from the crest of the alveolar proteske superior border of the mandibular
canal was measured in millimeters on all radiogsafthe specimens were then sectioned,
and the location of the mandibular canal (as measwun contact radiographs of the
sections) was compared with measurements made eoothier radiographs. The results
showed that CT gave the most accurate positiomeftandibular canal and is therefore
probably the best method for preoperative planmfighe implant surgery involving the

area close to the mandibular canal.

Lindh et al.(1992) radiographically examined six ndibles bilaterally to visualize the
mandibular canal. Five imaging techniques were upedapical radiography, panoramic

radiography, hypocydoidal tomography, spiral tonapiny and computed tomography
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(CT). Panoramic radiographs were obtained with fleint X-ray machines. The CT-
examinations comprised direct images and standsrdnstruction based on axial slices.
The specimens were subsequently sectioned for corgdiography. The visibility of the
mandibular canal was estimated by 3 observers atiapreference points on all
radiographs and classified as clearly visible, jaeable visibility or not visible. The
contact radiographs served as the "gold stand@ta inter-observer and the intra-observer
agreement were assessed by calculating the owegedlement and the x value. Direct
coronal computed tomography, as well as spirallgabcycloidal tomography, gave better

visualisation of the mandibular canal than perialand panoramic radiography.

Wang et al.(2008) examined 30 female cases witlC3DQo ascertain the mandibular canal
before an operation. The 3D images were used tsunedhe distances between upper
points of lower teeth to the inferior border of ttemal. Then the osteotomy was designed
according to the canal position to avoid the imfedlveolar neurovascular bundle injury.
The canal protection was observed intraoperatiegly postoperatively. The mandibular
canal was protected very well in all 30 cases withany injury to the inferior alveolar
neurovascular bundle. Results indicated 3D CT c@addurately locate the mandibular
canal to guide the design of the mandibular angteatomy for patients with prominent

mandibular angle.
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2.8 Cone Beam Computed Tomography (CBCT) in dentisf

CBCT Scanners have been available for craniofatiafjing since 1999 in Europe, 2001 in
the United States, and 2005 in Australia. Althotlghimaging was created using computed
tomography (CT) and appear similar to conventiomadical multislice CT (MSCT)

images, the method of x-ray emission and captugeiie different.

CBCT imaging technique is considered as one ofntlh@y new imaging modalities and
techniques that have changed the way we approantalddiagnosis and treatment
planning, particularly when anatomy of the max#lobl complex is of paramount

importance.

The introduction of Cone Beam Computed Tomograg@B¢T) in 1998 has completely
revolutionized the imaging modalities in dentiséryd has changed the practice of oral and

maxillofacial radiology and orthodontics (Ludlowadt, 2006).

CBCT produces 3D images of the bony structure beicenned, which has applied in
various areas of dentistry such as assessmenbtbf itnpaction, paranasal sinus evaluation,
trauma evaluation, temporomandibular joint viswalon; surgical guide fabrication,

implantology, endodontics and craniofacial surgasgessments and visualization of the

anatomy of the mandibular canal.

Whether we are looking at the position of the cavithh respect to third molar, or treatment
planning for implants, viewing the mandible in #ifee dimensions helps us extract the

maximum information needed for diagnosis and treatm
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CBCT is capable of providing sub-millimeter res@uat in images of high diagnostic
quality, with short scanning time about 10-70 selsoand radiation dosages reportedly up

to 15 times lower than those of conventional CThg&carfe et al., 2006a)

According to Sukovic (2003), CBCT can be combindthvapplication-specific software
tools can provide dentomaxillofacial practitiongrish a complete solution for performing
specific diagnostic and surgical tasks, such asatianplant planning, temporomandibular
joint imaging, detection of facial fractures, lessoand diseases of soft tissue in the head

and neck as well as in reconstructive facial syrger

For most dental practitioners, the use of advanpebing has been limited because of
cost, availability and radiation dose consideratidtiowever, the introduction of CBCT for
maxillofacial region provides an opportunity forrgeons to request for multiplanar

imaging.

CBCT allows the creation in "real time" of the ineaghot only in the axial plane but also 2-
dimensional (2D) images in the coronal, sagitthlique or curved image planes a process
known as Multiplanar reformation (MPR). In additjo@BCT data are amenable to the
reformation in a volume, rather than slice, provglihree dimensional (3D) information

(Scarfe et al., 2006a).
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Figure 2.10: Cone beam computed tomography systemisg the x-ray source (to the left of the modeij
the receptor (Lam, 2007).

Fan Beam CT Cone Beam CT Cone Beam CT

Used in conventional' Spiral CT

Volume of
Tissue of
Jaw

Section

2.11B ﬁ Voxel

Figure 2.11: lllustrated diagrams for x-ray conarneemission and detection. 2.11A show the fan
beam on which spiral computed tomography (lefthbésed interrogates only a slice of tissue,

whereas the cone-beam of cone-beam computed toptgg(eght) interrogates a 3-dimensional
region within a 360° rotation. 2.11B diagram shown€-beam computed tomography reconstructs

the 3-dimensional images by generating voxel diyeetach with its own attenuation coefficient
(MacDonald-Jankowski and Orpe, 2007).
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CBCT imaging machine scanners are based on voliam&mography, using a 2D

extended digital array which provides an area dete@his is combined with a 3D x-ray

beam. The cone beam technique involves a singles@&0 in which the x-ray source and a
reciprocating area detector synchronously move ratothe patient's head which is

stabilized with a head holder. At a certain degnéervals, single projection images, known
as "basis" images, are acquired. These are sinaldateral cephalometric radiographic
images, each slightly offset from one another. Td@sies of basis projection images is
referred to as the projection data. Software prograncorporating sophisticated algorithms
including back- filtered projection are applied tllese image data to generate a 3D
volumetric data set which can be used to providegoy reconstruction images in three

orthogonal planes (axial, sagittal and coronal) if&/and Pharoah, 2009)

Although the CBCT principle has been in use for@dtmwo decades, only recently the
systems become commercially available with the ldgweent of inexpensive x-ray tubes,
high quality detector systems and powerful persoepatputers (Figure 2.10). Some of the
types of CBCT systems available now are NewTon QRTDO000 (Quantitative
Radiology, Verona, Italy), CB MercuRay (Hitachi Meal Corp., Japan), 3D Accuitomo-
XYZ Slice view Tomography (J.Morita, Kyoto, Japamd I-CAT (Xoran Technologies
and Imaging sciences International). According &b® et al.(2004), these units can be
categorized according to their x-ray detection eystMost CBCT units for maxillofacial
applications use an image intensifier tube (lIT}ge-coupled device. A system
employing a flat panel imager (FPI) was released-GAT. The FPI consists of a cesium

iodide scintillator applied to a thin film transsstmade of amorphous silicon. Images
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produced with an IIT generally result in more ndisan images from an FPI; also need to

be processed to reduce geometric distortions inh@rehe detector configuration.

The use of CBCT technology in clinical practice\pdes a number of potential advantages
for maxillofacial imaging compared with conventibr@T. Most CBCT units can be

adjusted to scan small regions for specific diagodasks. By reducing the size of the
irradiated area by collimation of the primary x-tagam to the area of interest, the radiation

dose could be minimized.

Cone Beam CT scanners use a pulsed cone-shapgdbeaan, which is captured on a
square 2 dimensional array of detectors. Insteadlatd taking the form of a set of
consecutive slices as with the conventional med@€&l scanners, the Cone Beam CT
scanner provides a volume of data. The voxels edeate isotropic (i.e. of equal height,

breadth and depth dimensions) (Figure 2.11).

The uniform nature of the voxels means; there i{gesar dimensional accuracy in the
reconstruction process of the raw data capturethéyscan, the data are easily uploaded
into 3rd party software like SimPlant imaging sadte which is DICOM compatible, and
accuracy is not lost if the image data undergopssiéoning or reorientation. Although CT
voxels surfaces can be as small as 0.625mm sdharedepth is usually in the order of 1-
2mm. However, all CBCT units provide voxel resatiranging from 0.4mm to as low as

0.076 mm (Kodak 9000C 3D) which often exceedinghighest grade multi-slice CT.
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CBCT acquires all basic images in a single rotatism such the scan time is rapid, 10-70
seconds only. Although faster scanning time usuakans fewer basis images from which
to reconstruct the volumetric data set, the moadifacts due to subject movement are
reduced. The published reports by Schulze et &4P0Mah et al.(2003), Ludlow et

al.(2006) and Cohnen et al. (2002) indicated that dverage range of effective dose of
radiation for CBCT is 36.9 - 50.3 microsievert (JSvhich is significantly reduced by up

to 98% compared with conventional fan-beam CT systéaverage range for mandible is
1.320-3324 uSv and maxilla is 1031-1420 uSv) (®tafl., 1997; Dula et al., 1996). This
reduces the effective patient dose to approximdkely of a film-based periapical survey of
the dentition (13-100 uSv) (Gibbs, 2000; Komakalkt 1992) or 4-15 times that of a single

panoramic radiograph (2.9 - 11 uSv) (Ngan et &032 Ludlow et al., 2003).

One of the characteristic of CBCT is the displaydmavhich is unique to maxillofacial
imaging. Reconstruction of CBCT data is performatively by a personal computer and
the software can be made available to the users Phovides the clinician with the
opportunity to use the chair-side image displag tiene analysis and MPR modes that are
task specific. Because the CBCT volumetric datassetotropic, the entire volume can be
reoriented so that the patient’s anatomic feataresrealigned. In addition, cursor-driven

measurement algorithms allow the clinician to da-teane dimensional assessment.

Cohnen et al.(2002) has shown that CBCT imagesezuiit in a low level of metal artifact,

particularly in secondary reconstructions desidgioediewing the teeth and jaws.
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When the periapical radiography, panoramic radijolgya tomography, or CT were
compared for their efficiency in the identificatiohthe MC, the CBCT seems to have the
most potential while reduces radiation exposuresiciamably. Angelopoulos et al. (2008)
compared CBCT reformatted panoramic images witbctliicharge-coupled device-based)
panoramic radiographs and digital panoramic radiplgs based on a storage phosphor
system. They concluded that the CBCT reformattetbpzanic images outperformed the
digital panoramic images in the identification bétmandibular canal. Due to the fact that
the CBCT images were reformatted slices of the niedhey were free of magnification,
superimposition of neighbouring structures, anceottroblems inherent to the panoramic
radiology. It has also been shown that the CBCTrhate accuracy and reproducibility of
measurements of MC when compared to direct digaHiper measurements (Kamburoglu
et al.,, 2009). Basically, the intraclass correlatimefficients for CBCT and the direct
digital calliper ranged from 0.61 to 0.93 for thestf observer and from 0.40 to 0.95 for the

second observer.

2.8.1 Accuracy of using CBCT

A study done by Kamburoglu et al.(2009), where formalin-fixed hemimandible
specimens were examined using cone-beam CT syatersectioned at 7 locations using a
Lindemann burr. A digital caliper was used to meagbe following distances on both the
anterior and posterior sides of each section: ntaali width (W); mandibular length (L);
upper distance (UD); lower distance (LD); buccadtaince (BD); and lingual distance
(LID). The same distances were measured on theesmondence cross-sectional cone-
beam CT images using third party software. Allmaliand cone-beam CT measurements
were made by 2 independent trained observers amd mgpeated after an interval of 1

week. The Bland/Altman statistical method was usedalculate intra- and inter-rater
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reliability. Intra-class correlation coefficientdCCs) from 2-way random effects model
were calculated. Agreements between cone-beam QIT dinect digital caliper were

calculated by ICC for 6 distances and 2 observers.

Intraobserver and interobserver measurements fodistance showed high agreement.
ICCs for intraobserver agreement ranged from 0.860t97 for cone-beam CT

measurements and from 0.98 to 0.99 for digitalpealimeasurements. ICCs between
observers ranged from 0.84 to 0.97 for the conerb€d measurements and from 0.78 to
0.97 for the digital caliper measurements. ICCsfure-beam CT and direct digital caliper
ranged from 0.61 to 0.93 for the first observer drmin 0.40 to 0.95 for the second

observer.

As a conclusion, accuracy of cone-beam CT measunismef various distances
surrounding the mandibular canal was comparablethtd of direct digital caliper

measurements.

Another study by Angelopoulos et al.(2008), wheesmgramic images, generated by 3
different imaging modalities used for general rHlafacial diagnosis and preimplant
assessment, were compared: (a) CBCT reformattedrgiaic images (I-CAT; Imaging
Sciences, Hatfield, PA), (b) Direct (charge-couptevice-based) panoramic radiographs
(DIMAX; Planmeca, Helsinki, Finland), and (c) daitpanoramic radiographs based on a
storage phosphor system (DENOPTIX; Gendex, ChiclhgoThree independent groups of
images were used (40 in each group) from patietamaed by one of the above imaging
modalities over a period of 6 months. In total,r&@8domly selected mandibular canals (out

of a possible 80) per imaging modality were evadaFour experienced raters evaluated
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the images of each modality in 3 sessions undedatdized conditions for clarity in the
visualization of the mandibular canal in 3 locatipmising a 4-point scale. As as result
CBCT reformatted panoramic images outperformeddigéal panoramic images in the

identification of the mandibular canal.

Another study was made by (Tantanapornkul et @072 to compare the diagnostic
accuracy of cone-beam computed tomography and otional panoramic radiography in
assessing the topographic relationship betweemtdwedibular canal and impacted third
molars. One hundred and forty two impacted mandibthird molars were evaluated to
assess tooth relationship to the mandibular carad. sensitivity and specificity of the 2
modalities in predicting neurovascular bundle expesat extraction were calculated and
compared. The sensitivity and specificity were 988d 77% for cone-beam CT, and 70%
and 63% for panoramic images, respectively. Assalteone-beam CT was significantly
superior to panoramic images in predicting neurowias bundle exposure during

extraction of impacted mandibular third molar teeth

2.8.2 Image quality of CBCT

Brooks et al.(2004) conducted research on fivenlramed cadaver heads and three living
humans head employing cone-beam CT scanner (I-Q#s)g default parameters to
evaluate identification of the mandibular canal.eThtter can be seen easily in living
human scan but was not readily visible on scamadévers. This suggests that factors such
as the age of the specimens and the effect of Hheing process must be taken in

consideration when evaluating image quality.
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Neugebauer et al. (2008) reported that panorantiogeaph and symmetrical panoramic
cephalometric radiograph (PAN&PA) was compared whisit of a cone-beam volumetric
imaging (CBCT) device. Thirteen cases were evatlbt{ePAN&PA and the same thirteen
cases evaluated via CBCT for the position of rdps tof third molar. Cone Beam

technology actually improved the localization afdhmolar for presurgical planning.

Kobayashi et al.(2004) examined five cadaver mdesdibby spiral computerized
tomography (SCT) and cone-beam computed tomographgvaluate the accuracy of
measurement of distance on the images producedompwterized tomography. The
vertical distance from a reference point to theealar ridge was measured by caliper on the
sliced mandible, and measurement error on the Gilg@® was calculated in percentages
based on the actual values and the measuremergsvahtained from the CT images.
Measurement error was determined to range fromX1b mm (0% to 6.9%) on SCT and
from 0.01 to 0.65 mm (0.1% to 5.2%) on CBCT, witleasurement errors of 2.2% and
1.4%, respectively (P < .0001). There is signifmam the difference observed with the

two modalities.

This research showed that using CBCT is a usefll flar preoperative evaluation in

comparison with SCT as it is able to collimate fledd size and thereby reducing the

exposure to ionizing X-ray radiation.
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2.9 SimPlant interactive software

SimPlant (Materialise Dental, Belgium) uses theualctCT scans and reformatted CT
images combined with computer graphics to givenapréssive preoperative planning tool
for placement of implants. The program (Figure 2d&mits the planner to vary in display
of the reformatted CT images to locate importaérimal structures and to inspect the
anatomy of the alveolar ridge. Abnormal radiolucargas can easily be identified, and
once a decision is made in favor of the implant@taent, the quality and quantity of bone
at the proposed sites can be assessed- Vertical imight and horizontal bone width can
be measured easily from point to point with thisadi@ hand, it is possible to select the
proper length and diameter of the implants as wslithe appropriate abutments. The
proposed implant can be manipulated, modified atated into their optimal position and

orientation relative to the proposed teeth. They dexel shading can be manipulated to
help to identify the inferior alveolar canal. Oviéréhis interactive image display software

is useful in routine and complicated implant treattrplanning.
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Figure 2.12 SimPlant Workstation

46



CHAPTER 3

RESEARCH MEHODOLOGY

3.1 Introduction
The present research study was designed to anakgizecally the course of the mandibular
canal for dentate patients among Malaysian populath posterior part of the mandible

using Cone Beam Computed Tomography (CBCT) and Bmbkhteractive software.

3.2 The materials of the study

Cone Beam Computed Tomography images taken usi@gTl-CBCT system at the
Division of Oral Radiology, Faculty of Dentistry,niversity of Malaya, Kuala Lumpur,
Malaysia were used. The relevant data was downtbadd saved in an external hard disc

for the purpose of this study.

Latest CBCT records taken shall be the priorityselection; starting from records in the
month of January 2010 and moving backwards in timi& adequate number of patients
were selected. Out of more than one hundred recatieved from February 2007 to

January 2010 and 60 suitable cases were useddgasttiuly.
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3.3 The subjects of the study

3.3.1 Sample of the study

The demographic characteristics of patients (n=s@®ymarized in Table 3.1. The sample
for this study included imaging of 60 patients (®ales and 30 females) comprising of
Malays, Chinese and Indian from the Division of I(Radiology, with ages ranging from

20 to 60 years (mean age, 47 years). For eachmspecihe right and left side were
considered, so the total sample size was 120. Talesummarizes the age group

distribution for the sample size.

Table 3.1 Selection of cases based on the gendezthnicity (race)

Ethnicity (race) Gender No. of patients  No. of segpecimens
(right and left)
Malay Male 10 20
Female 10 20
Chinese Male 10 20
Female 10 20
Indian Male 10 20
Female 10 20
Total 60 120

48



Table 3.2 Age group distribution of sample sizel(®&)

Frequency Percent Valid Percent Cumulative
percent
21-30 12 10.0 10.0 10.0
31-40 22 18.3 18.3 28.3
41-50 38 31.7 31.7 60.0
51-60 48 40.0 40.0 100.0
Total 120 100 100

3.3.2 The variables of the study
The outcome variables used for the purpose ofstiidy shall be gender (male and female),

race (Malays, Chinese, and Indians) and age.

3.3.3 Selection criteria of the samples
The sample were chosen and carefully selected diogpto inclusion and exclusion criteria

as follows.

Inclusion criteria:
i. Males or females from racial groups, Malays, Chenasd Indians.
il. Patients aged between twenty (20) and eighty (6) permanent dentition.
iii. Patients with systemic health problems or are nadigicompromised.

iv. Patients who had not undergone any radiotherapy.
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Exclusion criteria:

Vi.

Vil.

viii.

individuals with mixed racial origin.

patients with history of severe trauma or fractfrehe mandible.

patients with existing pathological disorder at wile such as cyst, tumor,
osteomyelitis, fibrous dysplacia etc.

Patients with genetic disorder or congenital abraditias.

Post-surgical cases such as orthognathic surgegitak split osteotomy,
apicectomy and placement of endosseous oral ingplant

Any other cases which we feel shall not be suitaklech as syndromic
conditions.

The reformatted CBCT images which appear distootedlurred with artifacts
due to (1) presence of metal within the jaw orhe€®) those resulting from
patient motion, and (3) due to improperly angleddIBscan.

Very osteoporotic demineralized mandible which nsaki difficult to
distinguish the canal and the medullary bone.

Severely atrophied mandible.
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3.4 Methodology

3.4.1 Methods

The selected samples from the CBCT data were storad external hard disk. They were
then transferred to a workstation for further pssieg. The images were reformatted using
SimPlant software version 13 from Materialise Ifbe SimPlant software allows viewing

of axial, cross-sectional, Panoramic and 3D vizad#ilbn of the jaw on the same screen.

The SimPlant workstation is most outstanding fa three dimensional renderings. This
workstation is capable of displaying an entire woduof data from a large number of
angles. It therefore allows the operator to defime picture elements that make up the
osseous structures. In the 3D visualization, thegan be turned in space, rotated or spun

360 degrees and viewed from any angle.

The vital structures such as inferior alveolar eezan be colored and displayed through the

bone as if the bone were transparent (Figure 3.1).

For this research, the anatomy of the whole maadilals assessed first in the axial, coronal
and panoramic views. Then the mandibular canal exasnined and verified in all three

planes.

The SimPlant software tool allow the marking to de@ne in any of the axial, cross
sectional, Panoramic or 3D views and it will be @itaineously displayed in all four views
on the screen. As such, this fully integrated piagmnool allows identification of the canals
with unparallel precision and at the same time joiew 3D digital visualization of the jaw

and canals.
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3.4.2 Measurements

The measurements of the mandibular canal lengtke dene in coronal view of the jaw at
every 1cm interval from the mental foramen backwattie position of the mandibular
canal was measured at five different locations @ &8t8) (Figure 3.2).

The outcome variables for this study were the dilieear distance between:

1- a)The buccal aspect of the IAN canal and thesrobuccal cortical margin of the
mandible, and the b) lingual aspect of IAN canall &me lingual cortical margin of the

mandible.

2- ¢) The superior aspect of the IAN canal andviiteal horizontal line (CL) touching the

highest buccal point of alveolar crest .d) Therioieaspect of IAN canal perpendicularly

to the inferior point of the lower border of the milible.

CL

Figure 3.1 lllustrated diagram for the measuremattke coronal view of the jaw
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Figure 3.2 lllustrating locations of the measuretae every 10 mm interval starting from the disispect of
mental foramen backwards (D1-D5).

The mandibular canal and the mandibular foramemelier for each location mentioned
earlier were also measured (Figure 3.2). Numbebifotd mandibular canal cases was

recorded for each side.

Table 3.3 Landmarks and the base lines record

D1 The location of the mandibular canal at theadliaspect of mental foramen.

D2 The location of the mandibular canal at 10 mnayaftom D1 distally.

D3 The location of the mandibular canal at 10 mmayafvtom D2 distally.

D4 The location of the mandibular canal at 10 mnayaftom D3 distally.

D5 The location of the mandibular canal at 10 mnayaftom D4 distally.

B The distance from the buccal aspect of the maralitctanal and the outer buccal cortical
margin of the mandible.

L The distance from the lingual aspect of IAN camalthe lingual cortical margin of the
mandible.

I The distance from the inferior aspect of IAN daperpendicularly to the inferior point of the
lower border of the mandible.

S The distance from the superior aspect of the ¢Ahal to the horizontal line (L) touching the
highest buccal point of alveolar crest.

MCd The diameter of the mandibular canal lengthsuszment.

ManFd The diameter of the mandibular foramen lemgglasurement.

CL Virtual horizontal line touching the highest lsat point of the alveolar crest.
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3.4.3 Reliability of the measurement

Since the research consist of huge number of detdjuantitative data, the intraexaminer
reliability and reproducibility of the measuremeatgained were evaluated. A total number
of twelve patients’ records which is actually 20% tbe sample size were randomly

selected (two patients from each race and gendempyrand all the data were measured
again after three weeks using same methods dedgbgiously.

The consistency of data was analyzed and the Ccbnalpha coefficient was calculated

for all the measured data.

3.5 Data analysis
All calculations and measurements were processad @SS statistical software version
12. The measured values for right and left manddp@der, race and age were computed

using appropriate statistical analysis. Figurestu®marizes the methodology of this study.
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CHAPTER 4
RESULTS AND DATA ANALYSIS
4.1 Introduction
This study analyzes the path and course of the ialad canal of dentate patient at 5
locations starting from mental foramen backward @mm interval. It also measures the
mandibular canal and mandibular foremen diametad, indicates the frequency of bifid

mandibular canal among Malaysian population.

This chapter discusses the results of the studg. artalysis and its interpretation for MC
course were organized from D1-D5 (Figure 4.1). &ch D location there were 4 aspects
considered which are the measurements observedalbyctingually, inferiorly and
superiorly respectively (with exception of the measnents at D5S location).

Subsequently the following comparisons were made:

1) Exploration of the mandibular canal course
1.1 Comparison of the right and left sides.

1.2 Comparison between ethnicity (race)
1.3Comparison between gender.

1.4 Comparison by age groups.

1.5Comparison by ethnicity and gender
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2) Determination of the mandibular canal diameter
2.1 Comparison between ethnicity (race)

2.2 Comparison between gender.

2.3Comparison by age groups.

2.4 Comparison by ethnicity and gender

3) Determination of the mandibular foramen diameter
3.1 Comparison between ethnicity (race)
3.2Comparison between gender.

3.3Comparison by age groups.

3.4 Comparison by ethnicity and gender

4) Determination of the bifid mandibular canal
4.1 Comparison between ethnicity (race)

4.2 Comparison between gender.
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D4 D5

Figure 4.1: Mandibular canal position at each tiecaconsidered in this study (D1-D5) - coronalwief
CBCT image improved with SimPlant software.
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4.2 Comparison of D locations on the right and lefsides

In this study there were 60 patients’ records. figjet and left were measured and analyzed
for each location from D1 till D5. The measuremenit used was millimeters in all length
values of this study. The interest was in detemgra significant mean difference between
the right and left side of the jaw for each aspmextsidered in this study along the path of

the mandibular canal.

Table 4.1 summarizes the descriptive statisticstiierright and left side of all locations
(D1-D5) which involved mean, SD, Mean of score afént, t-statistics, df value and P
value. Four aspects of each location is considardte statistical test (except D5S) and
their P-values was more than 0.05 so there isgrafgant difference in the location of the

mandibular canal for the right and left side fae thtal sample (n=120).

Paired sample t-test was used to compare two piguleneans in the case of the two
samples that are correlated like in ‘before-afteidies, or when the samples are the
matched pairs or the case is a control study. l#dl data was assessed to check if it was

normally distributed or not (using the histogram).
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Table 4.1 Comparison of length measurements fdbslbcations on the right and left sides

D1 Length measurements (mm) Mean of score t-statistics(df)| P value
Right mean (SD)| Left mean (SD different(95% CI)

D1B 3.88(1.08) 3.90(0.93) -0.01(-0.25,0.22) 1.150(59) 0.255
D1L 4.42(1.33) | 4.24(1.17) 0.17(-0.13,0.48) -0.120(59) 0.905
D1l 9.44(1.82) | 9.29(1.56) 0.14(-0.16,0.46) 0.931(59) 0.356
D1S 14.86(3.48) |  14.85(3.83) 0.01(-0.53,0.55) 0.037(59) 0.971
D2

D2B 5.58(1.31) ‘ 5.60(1.08) -0.27(-0.28,0.23) -0.206(59) 0.837
D2L 3.42(1.32) 3.26(1.07) 0.16(-0.13,0.46) 1.08(59) 0.283
D2l 8.39(1.68) | 8.08(1.69) 0.309(-0.01,0.62) 1.931(59) 0.05¢
D2S 13.69(3.75) |  14.18(3.95) -0.48(-1.16,0.18) -1.446(59) 0.154
D3

D3B 6.74(1.35) | 6.67(1.33) 0.069(-0.22,0.36) 0.468(59) 0.642
D3L 3.38(1.39) |  3.12(1.26) 0.257(-0.09,0.60) 1.480(59) 0.144
D3l 8.21(2.02) |  7.74(1.86) 0.469(0.06,0.87) 2.335(59) 0.053
D3S 12.82(4.14) |  13.16(4.04) -0.33(-1.29,0.62) -0.705(59) 0.484
D4

D4B 5.64(1.69) | 5.73(1.57) -0.089(-0.41,0.23) -0.554 0.581
DAL 3.09(1.488) | 3.07(1.45) 0.016(-0.36,0.39) 0.86 0.932
D4l 9.90(2.53) |  9.40(2.54) 0.500(-0.08,1.08) 1.710 0.092
D4S 14.17(4.13) |  14.28(3.93) -0.108(-1.14,0.93) 0.210 0.835
D5

D5B 4.19(1.67) | 4.29(1.53) -0.09(-0.46,0.26) -0.535 0.594
D5L 2.18(1.47) | 2.06(1.33) 0.120(-0.20,0.44) 0.733 0.466
D5I 15.35(4.25) |  15.08(4.13) 0.27(-0.75,1.2) 0.530 0.911]
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4.3 Descriptive summary of D1

Table 4.2 Descriptive statistics of D1 length meaments

Mean | SD N Median | Minimum | Maximum| Skewness Kurtosis K%uea
(mm)
D1B | 3.89 1.00 120 3.83 1.69 7.60 0.50 0.76 0.712
Di1L | 4.33 1.25 120, 4.28 1.75 7.96 0.244 -0.011 0.986
D1l 9.37 1.69 120, 9.16 4.23 14.34 0.180 0.23 0.569
D1S | 14.85| 3.64 120 15.32 2.11 23.79 -0.794 1.529| 099.

Table 4.2 summarizes the D1 length value for faeats considered in this study, which
are the buccal, lingual, inferior, and superior sugaments respectively. The values
included in the table was number, minimum, maximungan, SD,Median, skewness,

kurtosis and K-S test value. There were 480 measents to be made for D1, as there
were four aspects at this position and both sideghe jaw were measured (120

hemimandibles) in this study.

Skewness describes asymmetry from the normal loligioin in a set of statistical data and
it can come in the form of "negative skewness" positive skewness", depending on
whether data points are skewed to the left (negatkew) or to the right (positive skew) of
the average data.

Based on the skewness and kurtosis values thesdiatidy symmetrical. The Kolmogorov-
Smirnov tests of normality for each aspect showsala in Table (4.2) and all values were
more than 0.05, so the four aspects value can bsidered approximately normally

distributed.
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4.3.1 Comparison of D1 length between ethnicity (R&)

Table 4.3 Comparison of D1 mean measurements Iojoéth(race)

D1 Mean Measurements (SD) Total Mean F-statistics | P value
Malays Chinese Indians (SD) (df)
(n=40) (n=40) (n=40) N=120
D1B 4.15(1.01) 4.09(0.96) 3.43(0.88) | 3.89(1.00) 7.14(2) 0.001
DiL | 4.38(1.29) | 4.39(1.10)] 4.20(1.38) | 4.33 (1.25) 0.29(2) 0.749
D1l | 9.12(1.84) | 9.82(1.34)| 9.15(1.79) | 9.37(1.69) 2.21(2) 0.114
D1S | 14.86(3.92) | 14.56(3.51)] 15.14(3.56)| 14.85(3.64) 0.25(2) 0.779

" One-way ANOVA

Table 4.3 summarizes the D1 measurements meatiseftinree races Malays, Chinese and

Indians. Four aspects were considered which ardubeal, lingual, inferior and superior

measurements.

In its simplest form ANOVA gives a statistical testwhether the means of the races are all

equal. Therefore One-way ANOVA was conducted taciaue that there was a difference in

the location of D1B between the races (p=0.001xtHhoc Bonferroni’'s procedure was

performed and the findings indicated that there watifference in the location of D1B

between Malays and Indians races (P=0.003) andeleet@hinese and Indians (P=0.007).
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4.3.2 Descriptive summary of D1 location by gender

Table 4.4 Comparison of D1 mean measurements betmates and females

Male (n=60) Female (n=60) | Mean difference t-statistics(df) P

Mean(SD) Mean(SD) (95% CI) value
D1B 4.05(1.01) 3.73(0.97) 0.32(-0.40,0.68) 1.75(118 0.081
DiL 4.42(1.40) 4.23(1.10) 0.19(-0.26,0.64) 0.83(118 0.405
D1l 10.09(1.65) 8.64(1.40) 1.45(0.89,2.00) 5.17§118 0.00
D1S 16.48(2.75) 13.23(3.72) 3.25(2.06,4.43) 5.48(11 0.00

Table 4.4 summarizes the D1 measurements for depdcts among gender. Generally the
mean for the males is significantly greater thanrtitean for the females. In D1B the mean
for the male is 0.32 mm larger compared to the nieathe females. In D1L the mean for
the male is 0.19 mm larger compared to the meathtofemales. While in D1l the mean
for the male is 1.45 mm larger compared to the nfeathe females. In D1S the mean for

the male is 3.25 mm larger compared to the meathéfemales.

A two tailed independent samples t-tast=(0.05) was used to compare the means among
gender and it was found that there was a strorigrdiice in length measurements between
the two gender (p=0.00) at D1l and D1S while nonidicant difference were found

between D1B and D1L (p>0.05).
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4.3.3 Comparison of D1 value by ethnicity and gende
4.3.3.1 Descriptive summary of D1 by gender among &fays

Table 4.5 Comparison of D1 mean measurements betgereder among Malays

Male (n=20) Female (n=20) Mean difference | t-statistics(df) P

Mean(SD) Mean(SD) (95% CI) value
D1B 4.16(0.99) 4.15(1.06) 0.01(-0.64,0.67) 0.048(38 0.962
DiL 4.79(1.28) 3.98(1.19) 0.80(0.01,1.60) 2.05(38) 0.047
D1l 10.30(1.35) 7.95(1.49) 2.34(1.42,3.26) 5.18(38) 0.000
D1S 17.33(2.37) 12.38(3.60) 4.95(2.99,6.90) 5.1p(38 0.000

Table 4.5 summarizes the D1 length means measuterf@mnMalay males and Malay

females. According to the histogram the data amematty distributed so a two tailed

independent samples t-test=0.05) was used to compare the means between mdle a

female among Malays. According to SPSS output, rdsult showed there was no

significant difference in the location of D1B be®regender among Malays (p=0.962),

whereas there were differences in the location ©f,DD1l, and D1S between gender

among Malays with P values 0.047, 0.00, and 0.8peaetively.

The mean for the Malay males was greater than gennfor Malay females in all aspects

as shown in the"2,,4 3 column in the above table.
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4.3.3.2 Descriptive summary of D1 by gender amonghithese

Table 4.6 Comparison of D1 mean measurements betgereder among Chinese

Male (n=20) Female (n=20) | Mean difference | t-statistics(df) | P value
Mean(SD) Mean(SD) (95% CI)
D1B 4.34(1.10) 3.84(0.74) 0.50(-0.10,1.10 1.68(38) 0.100
DiL 4.38(1.21) 4.41(1.02) -0.022(-0.74,0.69) 0.@®(3 0.951
D1l 10.18(1.55) 9.47(1.02) 0.71(-0.13,1.55 1.70(38 0.096
D1S 15.76(2.84) 13.36(3.77) 2.40(0.26,4.54) 2.2y(38 0.029

Table 4.6 summarizes the D1 length mean for Chimesées and Chinese females.

Independent T-test results indicated that there neadifference in the locations of D1B,

D1L and D1l between gender among Chinese - p=0.}8).951 and p=0.096

respectively, whereas there were differences irdbation of D1S between gender among

Chinese (p=0.029).

The mean for the Chinese males is greater tham#an for Chinese females in all aspects

as shown in the"®,,q 3%column in the above table.
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4.3.3.3 Descriptive summary of D1 by gender amongdlians

Table 4.7 Comparison of D1 mean measurements betgereder among Indians

Male (n=20) Female (n=20) | Mean difference | t-statistics(df) P value
Mean(SD) Mean(SD) (95% CI)
D1B 3.65(0.85) 3.20(0.87) 0.44(-0.11,0.99) 1.60(38) 0.117
DiL 4.10(1.64) 4.31(1.08) -0.20(-1.10,0.68) -0.88( 0.644
D1l 9.80(2.02) 8.51(1.26) 1.29(0.21,2.37 2.43(38) 0.020
D1S 16.34(2.90) 13.94(3.81) 2.40(0.22,4.57 2.23(38) 0.031

Table 4.7 summarizes the D1 length mean for Indmales and Indian females.
Independent samples t-test £0.05) results indicated that there was no diffeeein the

locations of D1B and D1L between gender among hwlia p=0.117 and p=0644
respectively, whereas there was a difference indbation of D1l and D1S, p=0.020 and

P=0.03 respectively.

The mean for the Indian males is greater than thamfor Indian females in all aspects

except for D1L where the mean of Indians male 20 @nm less than the mean for Indian

females.
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4.3.4 Comparison of D1 value with age groups

Table 4.8 Comparison of D1 mean measurements betageegroups

Aspect Length measurements Mean (SD) F- P value
Statistics
21-30 years | 31-40 years | 41-50 years | 51-60 years
(n=12) (n=22) (n=38) (n=48)
D1B 4.08(0.68) 4.19(0.89) 3.90(0.88) | 3.70(1.17) || 1.37(3) 0.254
DiL 3.71(2.02) 4.13(1.05) 4.24(1.15) | 4.64(1.13) | | 2.23(3) 0.088
D1l 10.08(2.24) 9.61(1.61) 8.95(1.50) | 9.41(1.68) | | 1.68(3) 0.174
D1S 17.09(2.21) 17.16(2.30) 14.12(3.85) | 13.82(3.63) | 7.17(3) 0.000

The comparison of D1 length mean between age grisupismmarized in Table 4.8, where

mean, SD, number, F-statistics and P value weladad.

To test the difference between these 4 age grdbps;way ANOVA was used as the

inferential statistical method. These inferentidhtistical techniques require some
assumption that needs to be met before conductioly gechniques to test the difference
between different age groups of participants. Tdesumption is the normality of D1

aspects data. Exploring data can help to determhether the statistical techniques that the
researcher is considering for data analysis areopppte or not. SPSS statistical software
provides a variety of visual and numerical sumnsaoé the data, either for all cases or
separately for groups of cases. The exploration imaigate to use nonparametric tests. In

this study, graphical and numerical methods weredu® check the assumptions of

normality of the data.

According to SPSS results, there were statistid&rdnce in the location of D1S among
age groups (p=0.000). Further post-hoc Bonferropitscedure indicates that there was a
difference in the location of D1S between age gr@a-30 years and age group 51-60

years at p= 0.021 and between age group 31-40 weakgl1-50 years at p = 0.007 and
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between age group 31-40 years and age group 5le@fs yat p = 0.001. While no

significant differences were statistically foundiwother measurements.

4.4 Descriptive summary of D2

Table 4.9 Descriptive statistics of D2 length meaments

Mean | Std. N Median | Minimum | Maximum| Skewness | Kurtosis | KS

(mm) | Deviation value
D2B | 5.59 1.20 120 5.46 2.45 8.83 0.362 0.218 0.712
D2L | 3.35 1.20 120 3.20 0.62 6.15 0.051 -0.578 0.986
D2l 8.24 1.69 120 8.23 5.05 12.98 0.148 -0.452 D.56
D2S | 13.94| 3.85 120 14.25 1.92 22.47 -0.596 0.844 0990.

Table 4.9 summarizes the D2 length value for 4 @spmonsidered in this study, which are
the buccal, lingual, inferior, and superior meamerts respectively. There were 480
measurements to be made for D2, as there wereafpgcts at this position and both sides

of the jaw were measured (120 hemimandibles) mghidy.

Based on the skewness and kurtosis values thesdiaiidy symmetrical. The Kolmogorov-

Smirnov tests of normality for each aspect showatlias were more than 0.05 and

therefore can be considered approximately nornuadiyibuted.
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4.4.1 Comparison of D2 length between ethnicity (R&)

Table 4.10 Comparison of D2 mean measurementshioyoity (race)

D2 Mean Measurements (SD) Total Mean | F-statistics | P value
Malays Chinese Indians (SD) N=120 | (df)
(n=40) (n=40) (n=40)
D2B 5.62(1.08) 6.01(1.13) 5.14(1.24) | 5.59(1.20) 5.56(2) 0.005
D2L 3.34(1.13) 3.63(1.17) 3.06(1.25) | 3.35(1.20) 2.28(2) 0.106
D2I 8.11(1.73) 8.90(1.51) 7.71(1.63) | 8.24(1.69) 5.46(2) 0.005
D2S 13.75(4.36) 13.54(3.98) 14.52(3.12)| 13.94(3.85) 0.704(2) 0.497

Table 4.10 summarizes the D2 measurements meatisefdhree races - Malays, Chinese
and Indians. Four aspects were considered whichtrerebuccal, lingual, inferior and

superior measurements.

One-Way ANOVA test indicated that there was a digant difference in the location of
D2B and D2I between the races - p=0.005 and p=0@§3ectively. Post-hoc Bonferroni’s

procedure indicated that there was a differencehe measurements of D2B between

Chinese and Indians races (p=0.003) and there wd@iffesmence in the location of D2l

between Chinese and Indian races (p=0.005).
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4.4.2 Descriptive summary of D2 location by gender

Table 4.11 Comparison of D2 mean measurements batmeales and females

Male (n=60) Female (n=60) | Mean difference t-statistics(df) | P value
Mean(SD) Mean(SD) (95% ClI)
D2B 5.67(1.21) 5.51(1.19) 0.157(-0.27,0.59)  0.7181 | 0.474
D2L 3.38(1.30) 3.31(1.10) 0.06(-0.37,0.50) 0.28(118 | 0.774
D2l 8.96(1.63) 7.52(1.43) 1.43(0.88,1.99) 5.13(118) | 0.00
D2S 15.64(3.01) 12.23(3.86) 3.41(2.16,4.66) 5.3911 | 0.00

Table 4.11 summarizes the D2 measurements forotlneaspects among the gender. The
mean for the male in D2B is 0.15 mm larger compaoettie mean for the females. In D2L
the mean for the male is 0.06 mm larger comparetieganean for the females. While in
D2l the mean for the male is 1.43 mm larger congbaoethe mean for the females and
lastly in D2S the mean for the male is 3.41 mmdargompared to the mean for the

females.

The independent T-test indicated that there werstrang differences in the length
measurements of D21 and D2S between the two gge@i00 and p=0.00 respectively.
While no significant difference were found in tlegth measurements of D2B and D2L

between the two gender, P=0.474 and P= 0.774 rexgplgc
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4.4.3 Comparison of D2 value by ethnicity and gende
4.4.3.1 Descriptive summary of D2 by gender among &fays

Table 4.12 Comparison of D2 mean measurements batgender among Malays

Male (n=20) Female (n=20) Mean difference | t-statistics(df) P
Mean(SD) Mean(SD) (95% CI) value
D2B 5.64(1.07) 5.60(1.13) 0.037 0.107(38) 0.915
(-0.66,0.74)
D2L 3.56(1.25) 3.13(0.99) 0.425 1.190(38) 0.241
(-0.298,1.149)
D2I 9.31(1.36) 6.91(1.13) 2.40(1.59,3.20) 6.048(38) | 0.000
D2S 16.39(2.73) 11.12(4.12) 5.27(3.03,7.51) 4.7Y(38 0.000

Table 4.12 summarizes the D2 length mean for Malesles and Malay females.
Independent T-test results indicated that theremeasignificant difference in the locations
of D2B and D2L between the gender among Malays,. $Eand P=0.24 respectively,
whereas there were a strong significant differencdbe measurements of D2I, and D2S

with P values 0.00 and 0.00 respectively.

The mean for the Malay males is greater than thennier Malay females in all aspects as

shown in the 2nd and 3rd column in the above table.
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4.4.3.2 Descriptive summary of D2 by gender amonghithese

Table 4.13 Comparison of D2 mean measurements batgender among Chinese

Male (n=20) Female (n=20) | Mean difference t-statistics(df) P

Mean(SD) Mean(SD) (95% CI) value
D2B 6.06(1.12) 5.95(1.17) 0.109(-0.62,0.84) 0.382(3 0.765
D2L 3.87(1.22) 3.39(1.10) 0.486(-0.261,1.234) 1(38) 0.196
D2l 9.40(1.54) 8.40(1.34) 1.00(0.076,1.93) 2.19(38) 0.035
D2S 14.89(3.81) 12.20(3.77) 2.69(0.266,5.12) 2813 0.031

Table 4.13 summarizes the D2 length mean for Chinesles and Chinese females.

Independent T-test results indicated that there neaslifference in the locations of D2B

and D1L between gender among Chinese, p=0.765=0d $6 respectively, whereas there

were significant differences in the location of RId D2S between gender among Chinese

p=0.035 and p=0.031 respectively.

The mean for the Chinese males is greater thamtren for the Chinese females in all

aspects as shown in the 2nd and 3rd column inlibeeatable.
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4.4.3.3 Descriptive summary of D2 by gender amongdlians

Table 4.14 Comparison of D2 mean measurements batgender among Indians

Male (n=20) Female (n=20) | Mean difference t-statistics(df) P

Mean(SD) Mean(SD) (95% CI) value
D2B 5.31(1.36) 4.98(1.11) 0.828(0.47,1.12) 0.82B(38 | 0.413
D2L 2.70(1.19) 3.42(1.23) -0.721(-1.49,0.056) -13B) 0.068
D2l 8.17(1.75) 7.25(1.40) 0.91(-0.10,1.93) -1.8(38 0.077
D2S 15.65(2.21) 13.38(3.52) 2.26(0.381,4.148 2334 0.020

Table 4.14 summarizes the D2 length mean for Indiseles and Indian females.
Independent T-test results indicated that thereandifference in the measurements of D2S
between gender among Indians (p=0.020), wherea® tivere no differences in the
measurements of D2B, D2L and D2l between gendengrimaians P=0.413, P=0.068 and

P=0.077 respectively.

The mean for the Indian males is greater than thanmfor Indian females in all aspects
except for D2L where was the mean of Indians n&l@.72 mm lesser than the mean for

Indian females.
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4.4.3 Comparison of D2 value with age groups

Table 4.15 Comparison of D2 mean measurements batage groups

Aspect Length measurements Mean (SD) F- P value
Statistics
21-30 years | 31-40 years | 41-50 years| 51-60 years
(n=12) (n=22) (n=38) (n=48)
D2B 6.19(1.32) 5.59(1.13) 5.48(1.09) 5.53(1.27) 1.16(3) 0.328
D2L 2.36(1.22) 3.59(1.30) 3.33(1.18) 3.49(1.07) 3.42(3) 0.020
D2l 7.38(1.76) 8.99(1.80) 7.94(1.38) 8.35(1.73) 3.06(3) 0.031
D2S 16.18(1.44) 15.42(2.59) 12.98(4.50) 13.46(3.84) | 3.70(3) 0.014

The comparison of D2 length mean between age grisupsnmarized in Table 4.15. One-
Way ANOVA statistical test was conducted for easpext and P value was listed in the
last column above.

According to SPSS output, the result showed thess no statistical difference in the
locations of D2B among age groups (p=0.328), wieethare were statistical differences

among age groups in D2L, D21, and D2S with P-valu@2, 0.031 and 0.014 respectively.

Further Post-hoc Bonferroni’'s procedure indicateat tthere were differences in the
measurements of D2L between age group 21-30 yearsage group 31-40 years at p =
0.024; between age group 21-30 years and age b years at p = 0.020 and there
was a difference in the measurements of D2I| betvagengroup 21-30 years and age group

31-40 years at p = 0.046.

The test of homogeneity for D2S indicated that st Dunnett test should be conducted
to examine the difference between the age grougst amowed that there was a difference
in the location of D2S between age group 21-30s/@ad between age group 31-40 years
at p = 0.002. And also there was a difference énldication D2S between age group 21-30

years and between age group 41-50 years at p 2.0.00
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4.5 Descriptive summary of D3

Table 4.16 Descriptive statistics of D3 length meaments

Mean | Std. N Median | Minimum | Maximum| Skewness Kurtogis KS

(mm) | Deviation value
D3B | 6.71 1.34 120 6.55 2.58 10.01 0.22 0.12 0.316
D3L | 3.25 1.32 120 3.18 0.77 6.81 0.29 -0.40 0.762
D3l 7.96 1.93 120 7.80 2.91 12.48 -0.01 -0.08 0.937
D3S | 12.99| 4.08 120 13.46 1.35 22.37 -0.34 -0.27 43.3

Table 4.16 summarizes the D3 length value for thasgects considered in this study,
which are the buccal, lingual, inferior, and supemeasurements respectively. There were
480 measurements to be made for D3, as there wareagpects at this position and both
sides of the jaw were measured (120 hemimandibMgnber, minimum, maximum,

mean, SD, median, skewness, kurtosis and K-S &dis¢ were included for each aspect.

Based on the skewness and kurtosis values thasifialy symmetrical, the Kolmogorov-
Smirnov tests of normality for each aspects issshim Table 4.16 and the values are more
than 0.05. Therefore the four aspects measuremmansbe considered as normally

distributed.
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4.5.1 Comparison of D3 length between ethnicity (R&)

Table 4.17 Comparison of D3 mean measurementshioyoity (race)

D3 Mean Measurements (SD) Total Mean | F-statistics | P value
Malays Chinese Indians (SD) N=120 | (df)
(n=40) (n=40) (n=40)
D3B 6.84(1.22) 7.07(1.38) 6.22(1.28 6.71(1.34) 4.57(2) 0.012
D3L 3.39 (1.26) 3.57 (1.23) 2.78 (1.38 3.25(1.32) 4.06(2) 0.020
D3l 7.70(1.83) 8.81(1.55) 7.35(2.03 7.96(1.93) 6.81(2) 0.002
D3S 12.34(4.41) 12.92(4.18) 13.7(3.59 12.99(4.08) 1.140(2) 0.323

Table 4.17 summarizes the number, mean, SD, To&dnyVF-statistics, df value and P
value for D3 among the three races - Malays, Clirmsd Indians. Four aspects were

considered which are the buccal, lingual, infednd superior measurements.

One-Way ANOVA test indicated that there were sigaifit differences in the location of

D3B, D3L, and D3I with P values 0.012, 0.020, ar@DQ respectively.

Post-hoc Bonferroni’s procedure indicated thateheas a difference in the measurements
of D3B between the Chinese and Indian races (p3).0At D3L there was also a
difference between the Chinese and Indian race8.Q@3). At D3I there was a difference
in the length measurements between the Chineselratidns (p=0.002) and between

Malays and Chinese (p = 0.024).
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4.5.2 Descriptive summary of D3 location by gender

Table 4.18 Comparison of D3 mean measurements batmeales and females

Male (n=60) Female (n=60) | Mean difference t-statistics(df) P

Mean(SD) Mean(SD) (95% CI) value
D1B 6.88(1.44) 6.53(1.21) 0.35(-0.12,0.83) 1.46(118 0.146
D3L 3.36(1.50) 3.14(1.12) 0.22(-0.25,0.70) 0.92(118 0.356
D3I 8.46(1.93) 7.45(1.81) 1.00(0.32,1.68) 2.94(118) | 0.004
D3S 14.11(3.89) 11.88(3.98) 2.23(0.81,3.65) 3.18(11 0.002

Table 4.18 summarizes the D3 measurements for depdcts among gender. Mean, SD,
Mean difference, t-statistics, df value and P valeee included of each aspect. The mean
for the male in D3B is 0.35 mm larger comparedh®s mean for the females. In D3L the
mean for the male is 0.22 mm larger compared tontean for the females. In D3I the
mean for the male is 1.00 mm larger compared tartban for the females and lastly in

D3S the mean for the male is 2.23 mm larger contpréhe mean for the females.

The independent T-test indicated that there wastrang difference in the length

measurements of D3I and D3S between the two geRd€r004 and P=0.002 respectively.
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4.5.3 Comparison of D3 value by ethnicity and gende
4.5.4.1 Descriptive summary of D3 by gender among &fays

Table 4.19 Comparison of D3 mean measurements batgender among Malays

Male (n=20) Female (n=20) | Mean difference | t-statistics(df) P value
Mean(SD) Mean(SD) (95% CI)
D3B 7.24(0.91) 6.44(1.38) 0.79(0.04,1.55) 2.14(38) 0.038
D3L 3.60(1.42) 3.19(1.08) 0.41(-0.39,1.22) 1.03(38) 0.310
D3l 8.98(1.24) 6.42(1.37) 2.55(1.71,3.39) 6.15(38) 0.000
D3S 14.09(3.57) 10.59(4.54) 3.49(0.87,6.11) 2.70(38 0.010

Table 4.19 summarizes the D3 length mean for Malsles and Malay females.

Independent T-test results were utilized to compmveen the gender among Malays.

According to SPSS output, the result showed thene wifference in the locations of D3B,

D3l and D3S between gender among Malays with P egald.038, 0.000 and 0.01

respectively. However there was no difference enrtteasurements of D3L between gender

among Malays (p=0.310).

The mean for the Malay males is greater than thennier Malay females in all aspects as

shown in the ¥ ,,4 3%column in the above table.
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4.5.3.2 Descriptive summary of D3 by gender amonghithese

Table 4.20 Comparison of D3 mean measurements batgender among Chinese

Male (n=20) Female (n=20) | Mean difference t-statistics(df) | P value
Mean(SD) Mean(SD) (95% CI)
D3B 7.08(1.53) 7.05(1.25) 0.02(-0.86,0.92) 0.06(38) 0.947
D3L 3.90(1.42) 3.24(0.92) 0.65(-0.11,1.42) 1.73(38) 0.091
D3l 9.07(1.66) 8.56(1.63) 0.51(-0.54,1.57) 0.98(38) 0.331
D3S 13.46(4.52) 12.38(3.84) 1.07(-1.61,3.76) 0.81(3 0.423

Table 4.20 summarizes the D3 length mean for Ceinesles and Chinese females.

It was necessary to determine if there is a sigaifi difference in the means between the
gender in the Chinese. Independent samples tete8tq5) was used to compare the means.

According to SPSS output, the result showed themewo differences in all the aspects of

the measurements between gender among Chinesevas shthe last column.

The mean for the Chinese males is greater tham#an for Chinese females in all aspects

as shown in the"2,,4 3 column in the above table.
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4.5.3.3 Descriptive summary of D3 by gender amongdlians

Table 4.21 Comparison of D3 mean measurements batgender among Indians

Male (n=20) Female (n=20) | Mean difference | t-statistics(df) P value
Mean(SD) Mean(SD) (95% CI)
D3B 6.34(1.67) 6.10(0.75) 0.24(-0.59,1.07 0.58(38) 0.562
D3L 2.58(1.41) 2.98(1.36) -0.39(-1.28,0.49 -0.8])(3 0.374
D3l 7.33(2.28) 7.38(1.80) -0.04(-1.36,1.27 -0.8j)(3 0.944
D3S 14.78(3.58) 12.65(3.35) 2.13(-0.09,4.35 1.8%4(3 0.060

Table 4.21 summarizes the D3 length mean for Indiates and Indian females. It was

necessary to determine if there was significant rmeéiéference between gender among

Indians. Independent samples t-testq.05) was used to compare the means and the result

showed there was no difference in the locationlaspects between gender among Indians

as shown in the last column.

The mean for the Indians males is greater thanréan for Indian females in all aspects,

except for D3L and D3I where the mean of Indianemal 0.39 and 0.04 lesser than the

mean for Indian females.
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4.5.3 Comparison of D3 value with age groups

Table 4.22 Comparison of D3 mean measurements batage groups

Length measurements Mean (SD) F- P value
Statistics
21-30 years| 31-40 years 41-50 years 51-60 years
(n=12) (n=22) (n=38) (n=48)
D3B 7.29(1.39) | 7.16(1.08) 6.34(1.37) 6.64(1.33) 2.67(3) 0.050
D3L 1.94(0.99) | 3.73(1.71) 3.32(1.16) | 3.30(1.14) | | 5.47(3) 0.001
D3l 5.85(1.41) | 8.60(1.72) 7.93(1.91) | 8.21(1.84) | | 6.66(3) 0.000
D3S 15.15(1.97)] 12.98(3.43) 12.33(4.82) | 12.98(4.01)| | 1.46(3) 0.227

The comparison of D3 length mean between age grisupismmarized in Table 4.22 where
number, mean, SD, Total Mean, F-statistics, df @and P value were included. One-Way

ANOVA statistical test is conducted for each aspext P value is listed in the last column.

There was a statistical difference in the locatiohD3L and D3l among age groups,
P=0.001 and P=0.000 respectively. Post-hoc Boniésrprocedure indicates that there is a
difference in the location of D3L between age gr@i-30 years and age group 31-40
years, 41-50 years, and 51-60 years at P= 0.000,0%7 and P=0.007 respectively.

Post-hoc Bonferroni's procedure for D3I indicatddhtt there were differences in the
location of D3I between age group 21-30 years ayel group 31-40 years, 41-50 years,

and 51-60 years at p= 0.000, 0.004 and 0.001 ragekc
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4.6 Descriptive summary of D4

Table 4.23 Descriptive statistics of D4 length meaments

Mean | Std. N Median | Minimum | Maximum| Skewnes$ Kurtogis Ks

(mm) | Deviation Value
D4B | 5.68 1.63 120 5.69 2.42 9.15 0.146 -0.510 0.832
D4L | 3.08 1.46 120 2.98 .48 7.03 0.423 -0.464 0.329
D4l 9.65 2.54 120 9.76 2.09 15.60 -0.203 0.377 .62
D4S | 14.22| 4.02 120 14.32 3.78 24.90 -0.020 0.106 890.

Table 4.23 summarizes the D4 length value for 4etspconsidered in this study, which
are the buccal, lingual, inferior, and superior sugaments respectively. There were 480
measurements to be made for D4, as there wereafacts at this position and both sides
of the jaw were measured (120 hemimandibles). Nuywbmimum, maximum, mean, SD,
median, skewness, kurtosis and K-S test valuelfaspects were included as shown in the

above table.

Based on the skewness and kurtosis values thasitaialy symmetrical, the Kolmogorov-

Smirnov tests of normality for each aspect showedable 4.23 and all values were more

than 0.05, so the four aspect values can be coesid@proximately normally distributed.
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4.6.1 Comparison of D4 length between ethnicity (R&)

Table 4.24 Comparison of D4 mean measurementshioyoity (race)

D4 Mean Measurements (SD) Total Mean | F-statistics | P value
Malays Chinese Indians (SD) N=120 | (df)
(n=40) (n=40) (n=40)
D4B 5.92(1.60) 6.30(1.56) 4.83(1.38) | 5.68(1.63) 9.98(2) 0.000
D4L 3.18 (1.64) 3.38 (1.32) 2.67(1.34) | 3.08 (1.46) 2.57(2) 0.081
D4l 9.24(2.77) 10.59(2.04)  9.13(2.54) 9.65(2.54) 4.31(2) 0.016
D4s 13.49(4.34) 15.04(3.91)| 14.13(3.73)| 14.22(4.02) 1.52(2) 0.223

Table 4.24 summarizes the D4 measurements mearisefdhree races Malays, Chinese
and Indians. Four aspects were considered whichtrerebuccal, lingual, inferior and

superior measurements.

One-Way ANOVA test indicated that there was a déifee in the location of D4B
between the races (p=0.000). Post-hoc Bonferrgmidsedure indicated that there was a
difference in the location of D4B between Malaysl dndians (p=0.005) and between

Chinese and Indians (p=0.000).

Post-hoc Bonferroni’'s procedure was conducted fér &nd it indicated that there was a

difference in the location of D4l between Malaysl &hinese races (p=0.049) and between

Chinese and Indians (p=0.028).
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4.6.2 Descriptive summary of D4 location by gender

Table 4.25 Comparison of D4 mean measurements batmeales and females

Male (n=60) Female (n=60) | Mean difference t-statistics(df) P

Mean(SD) Mean(SD) (95% CI) value
D4B 6.09(1.69) 5.28(1.47) 0.80(0.23,1.38) 2.78(118) | 0.006
D4L 3.26(1.65) 2.90(1.23) 0.36(-0.16,0.89) 1.36(118 0.174
D4l 9.86(2.46) 9.45(2.62) 0.40(-0.51,1.32) 0.86(118 0.388
D4s 14.61(4.18) 13.84(3.84) 0.76(-0.68,2.22) 1.08)1 0.297

Table 4.25 summarizes the D4 measurements for #spdcts among gender. The mean for
the male in D4B is 0.80 mm larger compared to tleamfor the females. In DAL the mean
for the male is 0.36 mm larger compared to the nfearthe females. While in D4l the
mean for the male is 1.40 mm larger compared tontkan for the females. In D4S the

mean for the male is 0.76 mm larger compared tortban for the females.

The interest was in determining if there was amyificant mean difference between the
two gender at D4. A two tailed independent sampkest was conducted to compare the
means. Results showed that there was a signiftifietence among gender in the length

measurements of D4B only (p=0.006).
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4.6.3 Comparison of D4 value by ethnicity and gende
4.6.3.1 Descriptive summary of D4 by gender among &fays

Table 4.26 Comparison of D4 mean measurements batgender among Malays

Male (n=20) Female (n=20) | Mean difference | t-statistics(df) | P value
Mean(SD) Mean(SD) (95% CI)
D4B 6.64(1.20) 5.20(1.65) 1.44(0.52,2.37) 3.161(38) 0.003
D4L 3.40(2.00) 2.96(1.20) 0.44(-0.61,1.50) 0.845(38) 0.403
D4l 10.45(2.01) 8.03(2.94) 2.42(0.81,4.03) 3.041(38) 0.004
D4s 13.93(4.02) 13.05(4.69) 0.88(-1.91,3.68) 0.637(38) 0.528

Table 4.26 summarizes the D4 length mean for Malegles and Malay females.

Independent T-test results indicated that there wasignificant difference in the

measurements of D4B and D4l between the gender giitahays, p=0.003 and p=0.004

respectively.

The mean for the Malay males is greater than thennher the Malay females in all aspects

as shown in the 2nd and 3rd column in the aboJe.tab
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4.6.3.2 Descriptive summary of D4 by gender amonghithese

Table 4.27 Comparison of D4 mean measurements batgender among Chinese

Male (n=20) Female (n=20) Mean difference t-statistics(df) | P value
Mean(SD) Mean(SD) (95% ClI)
D4B 6.37(1.89) 6.23(1.20) 0.13(-0.88,1.15) 0.271(38) 0.788
D4L 3.59(1.46) 3.18(1.16) 0.41(-0.43,1.25) 0.979(38) 0.334
D4l 10.49(1.93) 10.69(2.20) -0.19 (-1.52,1.13) | -0.295(38) 0.769
D4s 14.84(4.07) 15.24(3.83) -0.39(-2.93,2.14) | -0.316(38) 0.754

Table 4.27 summarizes the D4 length mean for Chingsles and Chinese females. It was
necessary to determine if there was a significam&mdifference between the two gender

among Chinese. Independent samples t-te€2.05) was utilized and the results indicated

that there was no difference in the measuremeri@lafith all aspects.

The mean for the Chinese male is greater than #ennfor the Chinese females in D4B

and D4L, whereas the mean for the Chinese femaeeaer than the mean for the Chinese

males in D41 and D4S as shown in thé @hd & column in the above table.

4.6.3.3 Descriptive summary of D4 by gender amongdlians

Table 4.28 Comparison of D4 mean measurements batgender among Indians

Male (n=20) Female (n=20) | Mean difference (95%| t-statistics(df) P

Mean(SD) Mean(SD) Cl) value
D4B 5.25(1.65) 4.41 (0.89) 0.83(-0.01,1.69) 1.989(38) 0.054
D4L 2.79(1.40) 2.55(1.31) 0.24(-0.62,1.11) 0.562(38) 0.577
D4l 8.62(2.94) 9.64(2.02) -1.02(-2.64,0.59) -1.280(38) 0.208
D4S 15.05(4.57) 13.22(2.43) 1.82(-0.52,4.16) 1.574(38) 0.124

Table 4.28 summarizes the D4 length mean measutenienindian males and Indian

females. Independent samples t-test)(05) was used to compare the means and the SPSS
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results indicated that there was no differencéhenlocation of D4 for all aspects between

the gender among Indians.

The mean for the Indians males is greater thamien for Indian females in all aspects
except for D4l where the mean of Indian males28 Tam lesser than the mean for Indian

females.

4.6.4 Comparison of D4 value with age groups

Table 4.29 Comparison of D4 mean measurements batage groups

Aspect Length measurements Mean (SD) F-Statistics | P value
(df)
21-30 years 31-40 years  41-50 years 51-60 years
(n=12) (n=22) (n=38) (n=48)
D4B 5.78 (1.53) 6.71(1.14) 5.63(1.51) 5.23(1.75) | 4.549(3) 0.005
DAL 2.72 (1.29) 3.56(1.79) 2.93(1.36) 3.07(1.40) | 1.158(3) 0.329
DAl 7.18(1.53) 9.58(2.24) 9.82(2.93) 10.17(2.21) | 4.973(3) 0.003
D4S 14.66(2.60) 12.94(3.60) 13.23(4.28) 15.48(8.98| 3.319(3) 0.022

The comparison of D4 length mean measurements batage groups iS summarized in
Table 4.29. One-Way ANOVA statistical test was ametdd for each aspect and P value is

listed in the last column.

There was no statistical difference in the measargs of D4L among age groups
(p=0.329) whereas statistical difference existia test three aspects (D4B, D41 and D4S)
with P values 0.005, 0.003 and 0.022 respectilyther Post-hoc Bonferroni’s procedure
indicates that there was a difference in the measents of D4B between age group 31-40

years and age group 51-60 years at the level &f(@£0.002).
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Post-hoc Bonferroni’s procedure indicated thateheere differences in the location of
D4l between age group 21-30 years and age grow03fears at p= 0.040 and between
age group 21-30 years and age group 41-50 ye&s0a008 , and lastly between age group
21-30 years and age group 51-60 years at P= O.b0ther Post-hoc Turkey HSD
procedure indicated that there was a differenceh@ measurements of D4S between age

group 41-50 years and age group 51-60 years atQ#50

4.7 Descriptive summary of D5

Table 4.30 Descriptive statistics of D5 length meaments

Mean | Std. N Median | Minimum | Maximum| Skewness | Kurtosis | Ks

(mm) | Deviation Value
D5B | 4.24 | 1.59 120 4.02 1.09 8.83 0.381 -0.064 | 0.600
D5L | 2.12 | 1.40 120 1.74 0.00 6.54 1.011 0.820 0.021
D5l 15.21 | 4.18 120 14.99 3.49 25.99 0.157 0.291 0.479

Table 4.30 summarizes the D5 length values foretlagpects considered in this study,
which are the buccal, lingual, and inferior measwepts respectively. There were 360
measurements to be made for D5, as there weredbpeets at this position and both sides
of the jaw were measured (120 hemimandibles). Basdatie skewness and kurtosis values
for D5B and D5I they showed that the mean valugifem was fairly symmetrical, and the
data can be considered as normally distributed. Koémogorov-Smirnov tests of
normality for each aspect shown above in Table 438 all the values were more than
0.05 except for D5L. However, abnormality in distriion was confirmed by Kolmogorov-
Smirnov statistical test for D5L which led us toeuson-parametric to compare means

among different groups.
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4.7.1 Comparison of D5 length between ethnicity (R&)

Table 4.31 Comparison of D5 mean measurementshioyoity (race)

D5 Mean Measurements (SD) Total Mean | F-statistics | P value
Malays Chinese Indians (SD) N=120 | (df)
(n=40) (n=40) (n=40)
D5B 4.12(0.94) 5.14(1.71) 3.47(1.58) 4.24(1.59) 13.379(2) | 0.000
D5L 2.23 (1.52) 2.03 (1.17) 2.10(1.49) 2.12 (1.40) 0.205(2) 0.990*
D5I 14.49(4.11) | 16.05(3.56) | 15.10(4.73)| | 15.21(4.18) | 1.427(2) 0.244

* Non parametric test

Table 4.31 summarizes the D4 measurements mearisefdhree races Malays, Chinese
and Indians. Three aspects were considered whiehther buccal, lingual, and inferior

measurements.

One-Way ANOVA test indicated that there was a défee in the location of D5B

between the races (p=0.000). Further Post-hoc Bamiés procedure indicated that there
was a difference in the measurements of D5B betWwésdays and Chinese (p=0.006), and
there was a difference in the measurements of DBBvden Chinese and Indians

(p=0.000).
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4.7.2 Descriptive summary of D5 location by gender

Table 4.32 Comparison of D5 mean measurements batmeales and females

Male (n=60) Female (n=60) Mean difference t-statistics(df) P

Mean(SD) Mean(SD) (95% CI) value
D5B 4.07(1.48) 4.41(1.69) -0.33(-0.91,0.23) -1.160(118) 0.248
D5L 2.34(1.60) 1.91(1.13) 0.42(-0.07,0.93) 1.691(118) 0.324*
D5I 15.03(4.25) 15.40(4.12) -0.37(-1.89,1.14) -0.488(118) 0.626

* Non Parametric test

Table 4.32 summarizes the D5 measurements for #spé&cts among gender. The mean for

the male in D5B is 0.33 mm less compared to thennfi@athe females. In D5L the mean

for the male is 0.42 mm larger compared to the nfeathe females. While in D5I the

mean for the male is 0.37 mm less compared to #anrfor the females.

The interest was in determining if there was agyisicant difference in the mean between

these two gender and Independent samples t-tesuseasto compare the means for D5B

and D5I. Non Parametric Kruskal-Wallis Test wadiz¢d to compare the means for D5L.

Results showed no statistical significant differefetween the two gender for all aspects

at D5 location.
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4.7.3 Comparison of D5 value by ethnicity and gende
4.7.3.1 Descriptive summary of D5 by gender among &fays

Table 4.33 Comparison of D5 mean measurements batgender among Malays

Male (n=20) Female (n=20) | Mean difference t-statistics(df) P

Mean(SD) Mean(SD) (95% CI) value
D5B 4.44(0.93) 3.80(0.86) 0.63(0.06,1.21) 2.244(38) 0.031
D5L 2.26(1.83) 2.20(1.20) 0.05(-0.93,1.05) 0.122(38) 0.525*
D5l 15.03(4.13) 13.95(4.12) 1.07(-1.57,3.71) 0.821(38) 0.417

* Non Parametric test

Table 4.33 summarizes the D5 length mean for theaymales and the Malay females.

Independent T-test results indicated that thereandifference in the measurements of D5B

between gender among Malays (p=0.031), whereas thwexs no difference in the

measurements of D5L and D5I with P values 0.9040a804 respectively.

The mean for the Malay males is greater than thennfer the Malay females in all aspects

as shown in the"® and & column in the above table.
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4.7.3.2 Descriptive summary of D5 by gender amonghithese

Table 4.34 Comparison of D5 mean measurements batgender among Chinese

Male (n=20) Female Mean difference | t-statistics(df) P value
Mean(SD) (n=20) (95% Cl)
Mean(SD)
D5B 4.43(1.50) 5.84(1.63) -1.40(-2.41,-0.39) | -2.827(38) 0.007
D5L 2.53(1.28) 1.53(0.81) 1.00(-0.31,1.69) | 2.963(38) 0.008*
D5l 15.80(3.100) 16.30(4.04) | -0.49 (-21.80,1.80)| -0.438(38) 0.664

* Non Parametric test

Table 4.34 summarizes the D5 length mean for Chimaales and Chinese females.
Independent T-test results indicated that there measlifference in the measurements of
D5I between gender among Chinese (p=0.664), whaigagicant differences were found

in D5B and D5l with P values 0.007 and 0.008 respely.

Non parametric test was utilized to compare abnbynastributed means for D5L. Such
abnormality in distribution assumptions was conédrby Kolmogorov-Smirnov statistical
test which led us to use non-parametric t-test (M@miteny U test) to compare means of
female and male groups among Chinese. Results shthed there was a significant

difference in D5L measurements between gender afGbingese.

The mean for the Chinese males is greater tharmin for Chinese females in D5L

aspects only whereas means of other measurementsgneater for Chinese females as

shown in the ® and & column in the above table.
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4.7.3.3 Descriptive summary of D5 by gender amongdlians

Table 4.35 Comparison of D5 mean measurements batgender among Indians

Male (n=20) Female (n=20) | Mean difference (95%| t-statistics(df) P

Mean(SD) Mean(SD) Cl) value
D5B 3.35(1.68) 3.59 (1.51) -0.24(-0.01,1.69) -0.480(38) 0.634
D5L 2.21(1.70) 1.99(1.29) 0.22(-0.62,1.11) 0.464(38) 0.968*
D5I 14.25(5.32) 15.94(4.02) -1.69(-2.64,0.59) -1.135(38) 0.263

* Non Parametric test

Table 4.35 summarizes the D5 length mean for Indi@eles and Indian females.

Independent T-test results was conducted for DSBR&I and results indicated that there

was no significant difference between gender ambmians (p=0.634 and P=0.263)

respectively, whereas non parametric test was aaduor D5L and also no significant

difference was found between gender among Indians.

The mean for the Indian males is greater than teamfior the Indian females in D5L only

whereas in D5B and D5I, the mean of Indian malés24 mm and 1.69 mm less than the

mean for Indian females.
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4.7.4 Comparison of D5 value with age groups

Table 4.36 Comparison of D5 mean measurements batage groups

Aspect Length measurements Mean (SD) F-Statistics | P value
(df)
21-30 years 31-40 years | 41-50 years | 51-60 years
(n=12) (n=22) (n=38) (n=48)
D5B 3.84 (1.96) 4.57(1.42) 4.16 (1.80) 4.27(1.40) | | 0.596(3) 0.919
D5L 2.23 (1.20) 2.83(1.89) 1.92(1.07) 1.93(1.34) | | 2.544(3) 0.256*
D5l 11.80(3.69) | 14.26(3.33) 15.76(4.24) | 16.07(4.18) || 4.269(3) 0.007

* Non parametric test

The comparison of D5 length mean measurements batage groups is summarized in
Table 4.36. Statistical test was conducted for emgect and P value was listed in the last

column.

There was a statistical difference in the measunésnaf D51 among age groups (p=0.007).
Post-hoc Bonferroni’s procedure indicates thatdhsas a significant difference in the
measurements of D5I between age group 21-30 yewtsage group 41-50 years at p=
0.021, and there was a difference in the measuresntd D5I between age group 21-30

years and age group 51-60 years at p= 0.008.
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4.8 Descriptive summary of the mandibular canal dimeter

Table 4.37 Descriptive statistics of the mandibekamal diameter measurements

Mean Std. N Median Minimum Maximu | Skewness Kurtosis| KS
(mm) Deviatio m value
n

D1IMCd | 2.25 0.47 120 2.23 1.06 3.45 0.095 -0.31 0.86
D2MCd | 2.01 0.42 120( 1.96 1.26 3.19 0.57 -0.18 0.27
D3MCd | 2.10 0.37 120( 2.08 1.35 3.24 0.22 -0.14 0.79
D4MCd | 2.18 0.42 120( 2.13 1.14 3.83 0.68 1.35 0.57
D5MCd | 2.25 0.43 120( 2.20 1.34 3.91 0.92 2.27 0.33
MCd 2.16 0.30 120| 2.14 1.54 2.98 0.30 -0.24 0.76
average

Table 4.37 summarizes the MC diameter value fa focations considered in this study
(D1-D5). There were 120 measurements for eachitotc&0 on the left side and 60 on the

right side) as the total was 600 measurements.

Based on the skewness and kurtosis values thasifialy symmetrical, the Kolmogorov-
Smirnov tests of normality for each location shovabdve in (Table 4.37), and all values
were more than 0.05, so the five locations valuas be considered approximately

normally distributed.

Paired sample t-test was used to compare statigiitarence between right and left side
MC diameter average measurements. Results showethtre is significant difference of
0.16 mm between the 2 sides, which is of no vallieically. Figure 4.2A shows

mandibular canal diameter measurement taken frasrstady sample.
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4.8.1 Comparison of the mandibular canal diameter étween ethnicity (Race)

Table 4.38 Comparison of the MC diameter mean nreasents by ethnicity (race)

Mean Measurements (SD) Total Mean F-statistics | P value*

Malays Chinese Indians (SD) N=120 | (df)

(n=40) (n=40) (n=40)
D1MCd 2.30(0.45) 2.19(0.41) 2.28(0.55) | 2.25(0.47) 0.62(2) 0.5¢
D2MCd 2.00(0.05) 1.98(0.06) 2.04(0.07) | 2.01(0.42) 0.22(2) 0.79
D3MCd 2.10(0.05) 2.04(0.06) 2.16(0.05) | 2.10(0.37) 1.09(2) 0.33
D4MCd 2.27(0.07) 2.12(0.06) 2.14(0.05)| | 2.18(0.42) 1.41(2) 0.24
D5MCd 2.33(0.53) 2.27(0.28) 2.16(0.43)| | 2.25(0.43) 1.69(2) 0.18
MCd 2.20(0.28) 2.12(0.29) 2.16(0.33)| | 2.16(0.30) 0.69(2) 0.5C

" One-way ANOVA

Table 4.38 summarizes the MC means measurementeedhree races Malays, Chinese
and Indians. Five positions were considered (D1-D5)
One-Way ANOVA test indicated that there was noeadéhce in the mean diameter of MC

among the races (p>0.05).

4.8.2 Descriptive summary of the mandibular canal idmeter by gender

Table 4.39 Comparison of the mandibular canal diameean measurements between males and females

Male (n=60) Female (n=60) Mean difference | t-statistics(df) P

Mean(SD) Mean(SD) (95% CI) value
DiMCd 2.37(0.39) 2.13(0.52) 0.23(0.07-0.40) 2.838)11 0.005
D2MCd 2.20(0.44) 1.81(0.29) 0.38(0.24-0.25) 5.58)11 0.00
D3MCd 2.24(0.33) 1.96(0.34) 0.28(0.15-0.40) 4.5@)11 0.00
D4MCd 2.36(0.41) 1.99(0.35) 0.36(0.22-0.50) 5.238)11 0.00
D5MCd 2.34(0.49) 2.16(0.33) 0.17(0.02-0.32) 2.28)11 0.02
MCd average 2.37(0.39) 2.13(0.52) 0.29(0.18-0.38) .93@18) 0.00

Table 4.39 summarizes the mandibular canal dianmeeasurements for the 5 locations
among gender. The mean for the male in all locatiwas significantly larger compared to

the mean for the females.
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The statistical test for all positions indicatedittlthere were a strong difference in the

diameter of the mandibular canal measurements leette two gender (p=<0.05).

4.8.3 Comparison of the MC diameter value by ethnity and gender

Table 4.40 Comparison of the MC mean measurememgkn gender among races

Malays Male (n=20) Female (n=20) Mean difference | t-statistics(df) | P value
Mean(SD) Mean(SD) (95% CI)
DiMCd 2.42(0.41) 2.17(0.45) 0.25(-0.02,0.53) 1.83(3 0.07
D2MCd 2.06(0.36) 1.94(0.27) 0.12(-0.08,0.33) 1.33(3 0.22
D3MCd 2.24(0.33) 1.96(0.29) 0.28(0.08,0.48) 2.86(38 0.007
D4MCd 2.42(0.53) 2.12(0.39) 0.30(0.00,0.60) 2.02(38 0.049
D5MCd 2.43(0.62) 2.23(0.40) 0.20(-0.13,0.53) 1.3)(3 0.23
MCd average 2.31(0.33) 2.08(0.18) 0.23(0.06,0.40)] .75(38) 0.019
Chinese Male (n=20) Female (n=20) Mean difference | t-statistics(df) | P value
Mean(SD) Mean(SD) (95% CI)
Di1MCd 2.38(0.29) 2.00(0.43) 0.38(0.14,0.61) 3.25 000Q.
D2MCd 2.30(0.36) 1.66(0.23) 0.63(0.44,0.82) 6.60 000.
D3MCd 2.25(0.37) 1.83(0.33) 0.42(0.19,0.65) 3.77 000Q.
D4MCd 2.36(0.36) 1.88(0.25) 0.47(0.27,0.67) 4.80 000.
D5MCd 2.29(0.32) 2.24(0.24) 0.04(-0.13.0.22) 0.52 .6068
MCd average 2.32(0.22) 1.92(0.20) 0.39(0.25,0.53)| .745 0.000
Indians Male (n=20) Female (n=20) Mean difference | t-statistics(df) | P value
Mean(SD) Mean(SD) (95% CI)
Di1MCd 2.32(0.46) 2.24(0.65) 0.08(-0.27,0.44) 0.8)(3 0.643
D2MCd 2.24(0.56) 1.84(0.32) 0.39(0.10,0.69) 2.7)1(38 0.691
D3MCd 2.23(0.32) 2.09(0.37) 0.13(-0.08,0.36) 1.35@3 0.217
D4MCd 2.30(0.31) 1.98(0.37) 0.31(0.10,0.53) 2.95(38 0.005
D5MCd 2.30(0.50) 2.02(0.30) 0.28(0.01,0.54) 2.15(38 0.038
MCd average 2.28(0.35) 2.03(0.25) 0.24(0.04,0.44), .48(38) 0.17

Table 4.40 summarizes the mandibular canal dianmeean for the three races among
gender. Independent T-test results indicated thettet was no difference in mandibular
diameter measurements between gender among Maldy%,a>2 and D5 with P value

0.07, 0.22, and 0.23 respectively. While significdifferences were found between gender
among Malays at D3 and D4 with P values 0.007 aBd®respectively. The mean for the
Malay males was greater than the mean for Malayafesnin all positions as shown in the

2" 43%column in the above table.
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While among Chinese, there was no difference indiaeneter of the mandibular canal at
D5MCd between gender (p=0.606), whereas there stevag significant differences in the
MC diameter for the other positions (D1MCd-D4MCdhe MC diameter mean for the
Chinese males is greater than the mean for Chieesales in all positions as shown in the

2" 43%column in the above table.

Furthermore, results among Indians showed thatethess no difference in the MC
diameter at D1IMCd, D2MCd and D3MCd; whereas theeeewsignificant differences in
the MC diameter measurements at D4MCd and D5MCH Ritvalues 0.005 and 0.038
respectively. The mandibular canal mean measuranfentthe Indian males are greater

than the mean for Indian females in all positions.
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4.8.4 Comparison of the MC diameter with age groups

Table 4.41 Comparison of the MC mean measuremetigken age groups

Aspect Length measurements Mean (SD) F- P value
Statistics

21-30 31-40 41-50 51-60

(n=12) (n=22) (n=38) (n=48)
DIMCd || 2.24(0.50) 2.28(0.32) 2.18(0.50) 2.30(0.51) || 0.40 0.71
D2MCd | [ 2.38(0.65) 1.99(0.40) 1.95(0.38) 1.97(0.35) | | 3.73 0.12
D3MCd || 2.28(0.38) 2.12(0.33) 2.16(0.41) 2.00(0.32) | | 2.49 0.06
D4MCd | | 2.26(0.31) 2.27(0.39) 2.14(0.50) 2.14(0.39) | | 0.68 0.5¢
D5MCd | [ 2.30(0.55) 2.29(0.37) 2.21(0.36) 2.26(0.47) || 0.25 0.85
MCd 2.29(0.40) 2.19(0.24) 2.13(0.30) 2.13(0.29) || 1.10 0.35
average

* Kruskal-Wallis test used

The comparison of the mandibular canal diametemnbedween age groups is summarized
in Table 4.41. One-Way ANOVA statistical test wasducted for each position (except
D2MCd) and P value was listed in the last colummudkal-Wallis test was used for

D2MCd since One-Way ANOVA assumption was not met.

4.9 Descriptive summary of the mandibular foramen thmeter

Table 4.42 Descriptive statistics of the mandibfdaamen diameter measurements

Mean Std. N Median | Minimu | Maxim | Skewne | Kurtosi | KS
(mm) Deviation m um Sss S value
ManFd | 2.55 0.43 120 2.50 1.62 3.69 0.49 -0.16 0.555

Table 4.42 summarizes the mandibular foramen dienvetlue for 120 sides (60 on the left
side and 60 on the right side). Paired samplettww@s used to indicate any significant
difference between right and left mandibular forandeameter. Results showed a P value
of 0.58, so no significant difference was foundwestn the two sides. Based on the
skewness and kurtosis values the data was apprtetymeymmetrical, the Kolmogorov-

Smirnov tests of normality for mandibular forameaandeter (Table 4.43), and the value
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was more than 0.05, so it can be considered asafigrutistributed. Figure 4.2B shows

mandibular foramen diameter measurement taken tinasrstudy sample.

4.9.1 Comparison of the mandibular foramen diametebetween ethnicity (Race)

Table 4.43 Comparison of the mandibular foramemedigr mean measurements by ethnicity (race)

Mean Measurements (SD) Total Mean F-statistics | P value
Malays Chinese Indians (SD) N=120 | (df)
(n=40) (n=40) (n=40)
ManFd 2.71(0.43) 2.50(0.40) 2.43(0.44) | 2.55(0.43) 4.83(2) 0.c1c

Table 4.43 summarizes the mandibular foramen diamméan measurements for the three
races Malays, Chinese and Indians. One-Way ANOVW& irdicated that there were a
significant differences in the diameter of the mbothr foramen (p=0.001). Further post-
hoc Bonferroni’s procedure indicated that there walfference in the mandibular foramen

diameter between Malays and Indians (p=0.01).

4.9.2 Descriptive summary of the mandibular foramerdiameter by gender

Table 4.44 Comparison of the mandibular foramemedigr mean measurements between males and females

Male (n=60) Female (n=60) Mean difference | t-statistics(df) P
Mean(SD) Mean(SD) (95% CI) value
ManFd 2.63(0.39) 2.46(0.46) 0.17(0.01,0.32) 2.18j11 0.032

Table 4.44 summarizes the mandibular foramen diammeasurements among gender.

The mean for the male is 0.17 mm larger comparédeanean for the females.

Independent T-test indicated that there were saamt difference in the diameter of

mandibular foramen measurements between the twibeg¢p=0.032).
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4.9.3 Comparison of the mandibular foramen diameteralue by ethnicity and gender

Table 4.45 Comparison of the MF diameter mean mreagnts between gender among races

Malays Male (n=20) Female (n=20)| Mean difference | t-statistics(df) | P value
Mean(SD) Mean(SD) (95% CI)

ManFd 2.61(0.42) 2.82(0.42) -0.21(-0.48,0.08)  -1362 0.11

Chinese Male (n=20 Female (n=2) | Mean difference | t-statistics(df) | P value
Mean(SD) Mean(SD) (95% CI)

ManFd 2.57(0.38) 2.42(0.41) 0.14(-0.10,0.40 1.88(3 0.24

Indians Male (n=20) Female (n=20)| Mean difference | t-statistics(df) | P value
Mean(SD) Mean(SD) (95% ClI)

ManFd 2.72(0.37) 2.14(0.29) 0.58(0.36,0.79) 5.45(38 0.00

Table 4.45 summarizes the mandibular foramen dimmeé¢an for the Malay males and the
Malay females. Independent samples T-test resulisated that there was no difference in
mandibular foramen diameter measurements betwestegamong Malays. The mean for

the Malay males was 0.21 mm less than the meaMébay females as shown in th&?2

and3™ column in the above table.

Among Chinese, independent samples T-test resudisated that there was no difference
in the diameter of mandibular foramen among gemd&hinese (p=0.24). The mandibular

foramen diameter mean for the Chinese males is thi¥ greater than the mean for

Chinese females as shown in tH&44,33 column in the above table.

While among Indians, independent Samples T-tesiteemdicated that there was a strong
statistical difference in the mandibular forameandeter between the two gender among
Indians. The mandibular foramen mean measurementthé Indian males is 0.58 mm

greater than the mean for Indian females.
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4.9.4 Comparison of the mandibular foramen diameteralue with age groups

Table 4.46 Comparison of the mandibular foramemdigr mean measurements between age groups

Aspect Length measurements Mean (SD) F- P value
Statistics
21-30 31-40 41-50 51-60
(n=12) (n=22) (n=38) (n=48)
ManFd 2.58(0.34) 2.75(0.45) 2.53(0.39) | 2.46(0.46) || 2.30 0.081

The comparison of the mandibular foramen diametearmbetween age groups was

summarized in Table 4.46. One-Way ANOVA statistitedt showed that there was no

statistical difference in the diameter of mandibdé@amen among age groups.

2.0Bmm

*

2 38mm

Figure 4.2: A: Mandibular canal diameter measurém8n mandibular foramen diameter measurement —
coronal view of CBCT image improved with SimPlaoftaare.
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4.10 Bifid mandibular canal

Table 4.47 Frequency and Percentage of the bifidlda the sample studied

Ethnicity(race) Gender N Frequency of bifid canal erdent of bifid canal
Malays Male 20 10 50
Female 20 8 40
Chinese Male 20 0 0
Female 20 0 0
Indians Male 20 7 35
Female 20 2 10
Total 120 27 22.50

Table 4.47 shows that Malays have the greater pgxge of seen bifid mandibular canal
among the races (n=18), followed by Indians (n¥#)ile no bifid canal was seen in the
Chinese sample of this study. Figure 4.5 showsl bifandibular canals taken from this

study sample.

Sex: Male Sex: Female

40 40

Count
Count

20 20

T T
normal Bifid normal Bifid

Bifid Bifid

Figure 4.3: Bifid mandibular canal frequencies amngander
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4.10.1 Association between the bifid mandibular cais with ethnicity (Race)

Table 4.48 Frequency and Percentage of the bifidlamong races

Figure 4.4: Bifid mandibular canal frequencies ambfalays and Indians

Ethnicity(race) N Normal MC freq (%) Bifid MC fre®g)
Malays 40 22(55) 18(45)
Chinese 40 40(100) 0(0)

Indians 40 31(77.50) 9(22.50)

Due to unmet assumption of Chi-square, statistic&@tValue was not valid to be

interpreted. Thus the results will be represenestdptively.

A shown above in (Table 4.48), Malays are more @rti have bifid mandibular canal

followed by Indians and no case of bifid MC wasrsamong Chinese.
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4.10.2 Comparison of the bifid mandibular canal betveen gender

Table 4.49 Comparison of the bifid canal among gend

Ethnicity(race) N Normal MC | Bifid MC freq(%) X2 stat | P value
freq (%) a(df)

Male 60 43(71.7) 17(28.3) 2.34(1 0.126

Female 60 50(83.3) 10(16.7)

Total 120 | 93(77.50) 27(22.50)

Chi-square test were utilized to check for any eisgion between gender and number of

bifid mandibular canal and there was no significdifference found between the two

gender in Malaysian population (p>0.05) as showlashcolumn (Table 4.49).

Figure 4.5: Bifid mandibular canal (White arrowpanoramic view of CBCT image improved with SimPlant
software.
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CHAPTER 5

DISCUSSION

5.1 Rational for choice of the study topic

The current study was designed to clearly deterrtfiegpath of the mandibular canal, the
mandibular canal diameter, the mandibular foram@medter and the frequency of bifid

mandibular canal in Malaysian population using appate application of CBCT and

SimPlant software.

The presence and contents of the neurovasculardsumctre clearly identified in studies
done by Deng et al.(2008), using High-Resolutionghaic Resonance Imaging (HR-
MRI). As such the function and importance of thgseictures became evident and their
correlation to the majority of the pre-surgical grabt-surgical complications that occurred

in the mandibular region was better understood.

The choice of this topic was based on four reasbinstly, a perusal of data and records
revealed that no such studies had previously bese dh a Malaysian population and
therefore the present study would act as a piltaya@own primary data on the mandibular
canal pathway among Malay, Chinese and Indiansti®@ernworldwide who are treating

people of Malaysian origin can then use this data.
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Secondly, the number of practitioners performingplant surgery has increased
dramatically over the last fifteen years. As coefide is gained they tend to accept
increasingly challenging cases and it is to be etguethat the incidence of problems and

complications will increase (Worthington, 1995)

Thirdly, studies showed that IAN is the most comiyionjured nerve in the mandible

(64.4%), followed by the lingual nerve (28.8%) (Taxyd Zuniga, 2007).

Lastly, the use of CBCT as the imaging technique alzosen as it is non-invasive, emits
low radiation and has been successfully appliedewveral areas of dentistry such as oral
surgery, endodontics, oral medicine, periodontolaoggtorative dentistry and orthodontics
(Rigolone et al., 2003; Nakagawa et al., 2002; Hiamet al., 2005; Ogawa et al., 2005;

Maki et al., 2003; Hatcher et al., 2003; Sato gt2404; Tsiklakis et al., 2004).

Though intra-oral radiographs have remained thet mogular in dental clinics for a long
time and have been used in some studies (Denib, €i982), the technique is limited by
the fact that images are produced only in 2D. Furttore, such images if taken on patients
could be elongated or shortened thus compoundi@gttual size of the specimen under
study. In addition, superimposition of structuresild occur. On the other hand, CBCT
produced 3D images with no geometrical distortiorces the image is at a ratio of I:1,
implying that the image produced is the same sizéha object. Furthermore, there is good

resolution and problems of superimposition canliveigated.
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CT has also been used to improve depiction of thadibular canal (Naitoh et al., 2008;

Yang et al., 1999) .However, compared to CBCT, Gligment has been found to be very
bulky, emitted high radiation and scatter, andcarige expensive. The use of CBCT in oral
and maxillofacial surgery has been well documemiedtated earlier. However, a paucity
of data exists on its use to determine the mandilzdnal metrical path analyses hence it's

the choice for the present study.

5.2 Specimen selection

A total of sixty (60) suitable patients records &eelected based on gender, ethnicity and
age groups. Males or females from racial groups|aija Chinese and Indians aged
between twenty (20) and sixty (60) with permaneenmtdion were included since most
patient seeking implant treatment in this age pkridlso patients with systemic health
problems or are medically compromised and not ltgauimdergone any radiotherapy were

also included.

While samples with mixed racial origin, with histoof severe trauma or fracture of the
mandible, existing pathological disorder at margliblith genetic disorder or congenital
abnormalities, samples with post surgical casef sgcorthognathic surgery, or samples
with severely atrophied mandible were excluded frima sample collection. The exclusion
criteria in this study were very strict to get aleal sample size that provides excellent

results and that is why it took long period for peo sample selection.
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5.3 Technique

5.3.1 The imaging system

CBCT was chosen as the imaging technique of chsilcee it has been documented to
provide excellent 3-dimensional images at redueeliation, scan time and cost in clinical
studies (Scarfe et al., 2006b; Yajima et al., 2égler et al., 2002; A. Schramm and J.
Du” kerb, 2005). In addition CBCT was shown in sartieical studies to be more accurate
and provided higher resolution compared to CT (@ott al., 2007). It is comparable to
direct digital caliper measurements of variousatises surrounding the mandibular canal
(Kamburoglu et al., 2009) and was found to be bédidor linear evaluation measurements

of structures closely associated with dental angilioéacial imaging (Lascala et al., 2004).

SimPlant software tools allow the marking to be elam any of the axial, cross sectional,
panoramic and 3D view. It also permitted scrollittgough the entire volume with

simultaneous viewing of axial, coronal and sagitadtions.

5.3.2 Landmarks, Base line and Measurements

The mandibular canal was used as landmark for measunts in most of the cadaveric and
radiographic studies. However, cadavers are predegsecimen and fixed in formalin and
because of this the nerve (being soft tissuesiosepto deformation and therefore becomes
an inexact landmark. In contrast radiographic ssidithe presence of cortical lining
forming the wall of the mandibular canal act asedr for their visualization (Rothman et
al.,, 1988). Cone-Beam computed tomography allowprecise demonstration of the
mandibular canal in relation to the alveolar crasferior border and bucco-lingual

directions of the mandible.
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We adapted the diameter of the canal to be 2.50muour metrical studies of the position
of the canal and this was set as default in théP&int software program. This was done as

this was the diameter reported by Rajchel et &. study in 1986.

5.3.3 Reliable landmarks for mandibular canal posibn

The CBCT images selected in this study were aknakith Frankfort plane parallel to the
floor. The interactive SimPlant software was usedptoduce dynamic high resolution
cross-sectional and 3-D images, which allowed tisealization of the mandibular canal

from any viewpoint on the computer screen.

The SimPlant software allows access to a measutdao@a for linear measurements of the
mandibular canal. The main concern in this studyg s&lecting appropriate landmarks and

base lines to allow optimum standardization andaeycibility.

The buccal line, lingual line, inferior line andpswior line were introduced and selected as
base lines in the present study. The preliminandiss showed good standardization and
reproducibility of the base lines and measureméditie. data analyzed for reliability of the

measurements showed Cronbach alpha coefficient(a81, and the value of measurement
errors, s(i) were 0.05 mm or less for all compadada, which strongly suggested the

present method of obtaining data is considereeél&gte and accurate.

The superior aspect for D5 was excluded from thislys because there was no superior
alveolar crest (only ramus) and there was no waglebérmining the superior margin as

done in other locations.
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5.4 Comparison of data between right and left jaw

One of the objectives of this research is to sttiaty significance of data collected from

right and left side of the mandible and to deteemivhether it is suitable to use data from
both side of the jaw in conducting clinical reséss The mean values obtained for right
and left sides of all D’s (D1-D5) were identicaldatine P-values of the pair-samples T-test

showed a value of more than 0.05 (Table 4.1).

This result strongly concludes that the measurethemight are similar to the measures on
the left side of the jaw as also stated by Levinal.e(2007), Narayana and Vasudha (2004)
and Kieser et al. (2005). Recording the measuremertioth sides of the jaw in clinical
studies may then produce cluster sampling as vgetiuplication of the data, which then

becomes unnecessary in metrical analyses. Onésdiderefore sufficient in future studies.

5.5 Position of the mandibular canal

In this study the position of the mandibular caaalall D’'s (D1-D5) location were
measured at four aspects which are the buccaljdingnferior and superior measurements
respectively (except D5S), and statistical comparisere done based on race, gender, race

versus gender and age groups.

5.5.1 Apicocoronal position of the mandibular canal

Many studies were done to measure and locate maladibanal position using different
imaging techniques ranging from periapical radipgsato CBCT technique (Table 5.1).
One of the interesting clinical and radiographiedst among US population was done by

Levine et al. (2007) using the CT imaging techniqUieey reported tha the mandibular
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canal was 17.4 + 3.00 mm from the superior cortmaifaces of the mandible at the

mandibular first molar.

In this study the superior measurement of the jposdf the mandibular canal was 14.85 +
3.64 mm at D1, 13.94 + 3.85 mm at D2, 12.99 + 4108 at D3 and 14.22 + 1.52 mm at
D4, while the inferior measurement of the canal @8¥ + 1.69 mm at D1, 8.24 + 1.69

mm at D2, 7.96 £ 1.93 mm at D3, 9.65 + 2.54 at bd 85.21 + 4.18 mm at D5.

Ensuing a study on the vertical position of the dilnlar canal, statistical comparisons
were done based on race and gender. Accordingéoc@mparison, it was found that there
was no significant difference in the location oftleanal at D1 position superiorly.
However, when we advance posteriorly in the mawedibére was an obvious variation of
the position of the canal amongst the races edpedram the inferior border of the
mandibular canal to the mandibular base until D¥lere subsequently no significant
difference were found among races; therefore ¢ingshould be aware of these variations
in the position of the canal 1cm posterior to thental foramen. While measurement from
superior border of the canal to the crestal bong amost the same throughout (p>0.05)

among the three races (Appendix 1-B).

From the above, the canal became closer to theanf@andibular border the more distal it
travels from mental foramen reaching closest at ID8ation. While the superior
measurement was least at D3 indicating the carame closer to the crestal bone of the
alveolus.We also noticed that the canal maintain approxilpatenstant position in axial

view but changes occured in the bone (Figure 5.1).
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Furthermore, it is interesting to mention that thmimum superior measurement was at
D3 which is the site most likely to be involvedancidental damage to mandibular canal

during root canal therapy as similarly indicateddmnio et al.(1992).

Therefore, prior to any surgical intervention atnaidular canal region, it is very important
to hypothesize the position of the mandibular casaht least 8 mm from the inferior
mandibular border. However the standard deviatibthese measurements are large and
surgeons therefore must consider that a largeti@rian the mandibular canal position is
possible as reported by Narayana and Vasudha (200djs, it is very important to
individually assess the position of the canal atase by case basis in order to avoid any

possible surgical complications.
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Table 5.1 Comparison of studies locating the mariditcanal vertically

Authors N Materials & Location of MC
Methods
(Heasman, 1988) 96 -Plain films 68% MC passed along an intermediate coursg
-Dried mandibles between the mandibular root apices and the
IBM.
(Rajchel et al., 1986) 45 -Cadavers Mean distance of 10 mm between the MC and
-Cross-sectional the IMB, proximally to the third molar region.
(Littner et al., 1986) 46 -paralleling techniquéJpper border of the MC to root apices of 6:
radiography 3.5mm
Upper border of the MC to root apices of 7:
5.4mm
(Denio et al., 1992) 22 -Cadavers MC to the apices of 7 : 3.7 mm
-Sectioning MC to the first molar : 6.90 mm
MC to premolars : 4.7 mm
(Sato et al., 2005) 39 - Macroscopic vertical position of MC was closer to the apicgs
cadaveric dissection | of the first and the second molars than that to|the
- CT or panoramic | distance of the IBM
X-ray observation
(Carter and Keen, 1971) 8 - Dissection Classified the three vertical positions of the
80 - Unilateral course of the IAN. According to Type I, the
radiographs nerve has a course near the apices of the teeth,
where in Type Il, the main trunk is low down jn
the body, finally type IlI, the main trunk is low
down in the body of the mandible with several
smaller branches to the molar teeth.

(Nortjé et al., 1977b) 3612 - Panoramic Categorized finding into: 1) 47% of cases high

radiograph MC (within 2mm of the apices of the 6 & 7), 2)
3% intermediate MC, 3) 49% of cases low MC,
and 4) other variations.

(Kieser et al., 2004) 39 micro-dissections In 30.@the cases, the IAN was located|in
the superior part of the body of the mandihle,
and in 69.3% of the cases the IAN was half-way
or closer to the inferior border of the mandible.

(Levine et al., 2007) 50 - Axial computed | superior aspect of the MC was 17.4 mm inferior

tomography from the alveolar crest
- SimPlant software
(Watanabe et al., 2009)] 79 cross-sectional CT Distance from alveolar crest to the MC ranged
images from 15.3to 17.4 mm
Present study (2011) 120 -CBCT D1/S: 14.85+ 3.64 mm D1I:9.37+ 1.69mm
- SimPlant software | D2/S: 13.94+ 3.85 mm D2l : 8.24+ 1.69mm
D3/S: 12.99+ 3.08 mm D3l : 7.96+ 1.93mm
D4/S: 14.22+ 4.02 mm D4l : 9.65+ 2.54mm
D5/S: - D51 : 15.21+ 4méh
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Another interesting finding of this study when caripg mandibular canal position among
gender was that male mandibular canal was morenabithan females and in general
females had lesser measurements than males at PJgnD D3, while no significant

difference were found for the other positions amgegder.

5.5.2 Buccolingual position of mandibular canal

This study is considered to be a benchmark studthénbuccolingual location of the
mandibular canalThe data obtained from this study measures thdrbgs of the bone
buccal and lingual to the mandibular canal in 3edént locations along the course of the
canal.

According to Levine et al. (2007) mentioned eayltee mandibular canal was 4.90 + 1.3
mm from the buccal cortical surfaces of the mareddil the mandibular first molar (Table

5.2).

In this study statistical comparison for buccoliabposition of the mandibular canal were
conducted based on race, gender, race versus gamtiage group. A variety of significant
differences were observed among the three raceshentivo gender according to their
measurements (Appendix 1-C). The obtained mearihimosition of mandibular canal
were 3.89 + 1.00 mm (buccal) and 4.33 + 1.25 mng(al), 5.59 + 1.20 mm (buccal) and
3.35 £ 1.20 mm (lingual), 6.71 + 1.34 mm (buccalj 8.25 + 1.32 mm (lingual), 5.68 +
1.63 mm (buccal) and 3.08 £ 1.46 mm (lingual), 428.59 mm (buccal) and 2.12 + 1.40

mm (lingual) at D1,D2,D3,D4 and D5 respectively.
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From the above findings, it was noted that the Bukangth increased until D3 after which

it is reduced while lingual length reduced all ttvay from D1 to D5. As such the
mandibular canal deviates more lingually the mastatithe canal travels, with its lowest
reading lingually at D4 (30 mm from the mental foen) (2.12 = 1.4 mm) (Figures 5.1 and
5.2). Thus, prior to any surgical interventionlastarea, this research demonstrated that the
buccal aspect of the mandibular canal has more bterial than on the lingual aspect. As
mentioned earlier because the standard deviatidgheomeasurement in this study is large
so surgeons must consider that the variation innteadibular canal position to be quite
evident and it is crucial to individually assess fosition of the mandibular canal bucco-

lingually on a case-by-case basis.

It is interesting to mention that Chinese (7.07.381mm) had the largest buccal bone mean
measurement among the three races, followed byyd#&84 + 1.22 mm), and the lowest
value was obtained from Indians (3.43 + 0.88 mmgaiA Chinese too had the largest
lingual bone measurement among the three race8 #1310 mm), followed by Malays
(4.38 £ 1.29 mm), and the lowest value was not@ewng the Indians samples (2.10 +

1.49 mm).

Another interesting finding from this study on timeasurement among the races was that

the buccal measurement was statistically diffefpri0.05) while lingually measurement

were almost the same with no much statistical ifiee except at D3L location (p=0.02).
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One of the objectives of this research is to stivygender differences of mandibular canal

position and it was found that there was no stegikstlifference of the position of the canal

between the two gender, except for D4B (p=0.006Wwds also noted that males have

bigger buccolingual measurements than femaled loctions except at D5.

These findings are similar to that published bys€reet al.(2005) as they showed that the

pattern of distribution of the mandibular canal slo®t significantly differ between the

sexes, between the sides of the jaw, or with age.

Table 5.2 Comparison of studies locating the mariditcanal horizontally

Authors N Materials & Location of MC
Methods
(Rajchel et al., 1986), 45 -Cadavers MC when proximal to the third molar regiop,
-Cross-sectional courses approximately 2.0 mm from the inner
lingual cortex, 1.6 to 2.0 mm from the medial
aspect of the buccal plate.
(Levine et al., 2007) 50 - Axial computed | The mean buccal aspect of the MC was 4.9 mm
tomography from the buccal cortical margin of the mandible
- SimPlant software
Present study (2011) 120 - CBCT D1/B: 3.89+1.00 mm D1L :4.33 + 1.25mm
- SimPlant software | D2/B: 5.59+1.20 mm D2L : 3.35 % 1.20mm
D3/B: 6.71+1.34 mm D3L: 3.25+ 1.32mm
D4/B: 5.68+1.63 mm D4L : 3.08+ 1.46mm
D5/B: 4.24+1.59 mm DS5L:2.12+ 1.40mm
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Buccal

Lingual margin at the
cervix of the teeth

Lingual margin at the

MC position

A

Buccal margin at the I"'-.
cervix of the teeth

Buccal margin at the
MC position

Figure 5.1 lllustrated diagram of the mandibularatgath — axial view

De D3 D4

L

Figure 5.2 lllustrated diagram of the mandibularatgpath — coronal view
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Buccal

Figure 5.3 lllustrated diagram of the mandibularaigpath among race — axial view
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Indians

Figure 5.4 lllustrated diagram of the mandibularaigpath among race — coronal view
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5.6 Age group
One of the objectives of this research is to stilndysignificance of data collected from 4
age groups (Figure 5.5) to determine whether suitable to use data from one age group

in conducting clinical procedure on other age group

The present research showed that there is almsgh#dicant difference among age groups
and the superior measurement decreased as we advangge because of bone resorption

with age, while the inferior measurement increased/e advanced in age.

Another interesting finding is that the measurememar the mental foramen (D1) and the
mandibular foramen (D5) do not change significamilth age. However we found that at
other positions D2, D3 and D4 the buccal and lihgoneasurements varied with different

age groups.

Levine et al. (2007) reported that older patieatsaverage, have less distance between the
buccal aspect of the canal and the buccal mandibolaer. This finding is similar to our
finding, thus to minimize the risk of IAN injury,ga of the patient should be considered

when planning mandibular surgical procedure.

However, this was refuted by Kieser et al.(2005pwtated that there was no difference of

the mandibular canal position due to age.
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Buccal

Figure 5.5 lllustrated diagram of the mandibularaigpath among age groups — axial view
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Figure 5.6 lllustrated diagram of the mandibularaigpath among age groups — coronal view
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5.7 Diameter of the mandibular canal
One of the objectives of this research is to det@nmandibular canal diameter in
Malaysian population so MC diameter was measuredefich location (D1-D5) and

average diameter mean for all locations were cated|(Table 4.37).

A number of previous research studies measuredviiediameter (Table 5.3) and the
minimum diameter recorded was 2.00 mm and the maxirwas 3.40 mm. In this study
the average mean was 2.16 + 0.30 mm with the mimrdiameter at D2 location (2.01 +

0.42 mm) and a the maximum diameter at D1 (2.2%Z éhm) and D5 (2.25 + 0.43 mm).

The MC diameter for the right side and left sidetioé mandible were measured and
statistical test results showed that there wagrafgiant difference of 0.16 mm between the

two sides (p=0.006), which is of no value clinigall

One of the interesting findings of this study isittltomparison of MC diameter among
races showed no significant difference for all tawas considered whereas, significant
difference were observed among gender. The meanmfaes in all locations was
significantly larger compared to the mean for thméles.

The final finding concerning the MC diameter insttstudy was that the canal diameter

generally maintains the same diameter and doeshamige as we advanced in age.

Table 5.3 Comparison of the MC diameter among differesearch studies.

Authors No. of specimens MCd length Locations

(Rajchel et al., 1986) 45 2.00 — 2.4 mm 'Y olar

(Obradovic et al., 1993)] 105 2.6 mm Average diamiete
mandibular canal region

(Ikeda et al., 1996) 6 3.4 mm Average diameter in
mandibular canal region

Present study (2011) 120 2.16 mm Average diameter i
mandibular canal region
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5.8 Diameter of the mandibular foramen
One of the objectives of this research was to deter the mandibular foramen diameter in

Malaysian population and this was measured to bmga diameter of 2.55 + 0.43 mm.

The MF diameter for the right side and left sidetloé mandible were measured and
statistical test results showed that no significhfierence was found between the two sides

(p=0.241).

Comparison of the MF diameter among races indicdtatithere was a difference in the
mandibular foramen diameter between Malay and mde&ces (p=0.01). Furthermore
comparison of the MF diameter among gender indicateat there were significant
difference in the diameter of the mandibular forameeasurement (p=0.032) with males

showing larger values.

One of the interesting findings of this study iattthe MF diameter generally maintains the

same diameter and does not change as MalaysiaaaaVin age. This finding is similar

to MC diameter with age group mentioned earlier.
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5.9 Bifid Canal

Many studies (Table 5.4) were done on the mandiboémal region and researchers
reported that bifid canals are rare radiologicatlings and some considered it as atypical
mandibular canal. This can be clearly identifiedingsthree-dimensional imaging

techniques (Rouas et al., 2007).

Table 5.4 Comparison of the bifid mandibular caaurrence in different studies

Authors No. of specimens| Percentage of Radiological examination method
bifid canals

(Nortjé et al., 1977b) 3612 0.9 Panoramic radiographs

(Grover and Lorton, 5000 0.08 Panoramic radiographs

1983)

(Langlais et al., 1985) 6000 0.95 Panoramic radiplys

(Sanchis et al., 2003) 2012 0.35 Panoramic radpdgra

(Naitoh et al., 2009a) 122 65 CBCT

Present study (2011) 120 22.50 CBCT

It is interesting to mention that Malays have thieager percentage of bifid mandibular
canals among the races (n=18), followed by Ind{as®), while no bifid canal was seen in

Chinese sample of this study (Table 4.52).

No significant difference was found between thedgeramong Malaysian population for

the frequency of bifid mandibular canal cases.
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CHAPTER 6

CONCLUSION, IMPLICATIONS AND SUGGESTIONS

6.1 Introduction

This study investigated the metrical path way @& thandibular canal among Malaysian
population at every 10 mm starting from the mefaehmen backward. There was also an
attempt to determine the MC diameter at each looaiMF diameter and frequency of bifid
canal. The following are the summary of findingsplications of the study as well as

recommendations for further studies.

6.2 Summary of the findings
The research was specifically focused to studybjgctives and the results obtained were

as follows:

(1) The mandibular canal was identified as a majorchigal in all the samples with

100% superb visibility.

(i) The inferior border of the mandible showed highatglity as a landmark for

mandibular incisive canal position.

(i)  The mean apicocoronal position of the mandibularatavas 10.08 mm from

the inferior border of the mandible and 14.00 momfithe alveolar crestal bone.
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(iv)

(v)

(vi)

(Vi)

(viii)

(ix)

Mandibular canal curving downward towards the iieimandibular border

untill D3 and then it curves upwards.

The mean buccolingual position of the mandibularatavas 5.22 mm away
from the buccal cortical plate and 3.65 mm awaynftbe lingual cortical plate.
The mandibular canal curves toward the lingual dite more distally we

measure the MC away from mental foramen.

The mean mandibular canal diameter was 2.16 + mB0in the Malaysian

population.

The mean mandibular foramen diameter was 2.55 3 @ in the Malaysian

population.

Bifid mandibular canal was identified using CBCThaology with prevalence

of 22.50% in the Malaysian population.

The data from the right side of the jaw were appnaely similar to the data

from the left side of the jaw for all measured stwies in this study.

CBCT proved a reliable means of analyzing mandibwanal position,

determining MC and MF diameter and distinguishimg bifid canal.
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6.3 Implications of the study

The research clearly showed variations in the osivf the mandibular canal and it
should not be assumed that there is a fixed paos#itownhich it is safe for surgical
intervention. Thus, it is highly recommended tha surgeons familiarize themselves
with the anatomic variation at the mandibular caregion prior to any surgical
intervention in order to avoid hemorrhage or neeingsry disturbances, as well as to
safeguard themselves from unexpected medicolegahplocations. Computed
Tomography or cone beam computed tomography (CBGTyecommended for

preoperative planning to overcome the shortfallseobed in other radiography.

6.4 Recommendations for further research

Many studies have attempted to measure or estithatemount of radiation doses
delivered to radiosensitive organs in the maxilbedharea, such as salivary gland thus,
the risk of the ionizing radiation involved withdiagraphic techniques has been widely
investigated. The CBCT has a very short exposune {{L0-70) seconds and radiation

dosage is 15 times less than the conventional @f.sc

Deng et al. (2008) have recommended the use of Ragolution Magnetic Resonance
Imaging (HR-MRYI) to investigate the neurovasculatian of the anterior jaw bone and
surrounding soft tissue. It is similarly recommethdesing HR-MRI or ultrasound to

visualize the canal in the Malaysian populatione3énimaging modalities do not use

ionizing radiation and are considered non-invasive.
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6.5 Closure

As a healthcare provider, it is our ethical dutypmmvide a harmless treatment to our
patients. We have to anticipate and recognize &wavascularization of the mandible to
avoid or minimize any complications. Great care hiiesconsidered as these vasculatures
are more complex and more variable than previotlshyight. Constant development of

modern imaging modalities has improved tremendooghdiagnostic capabilities.
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CHAPTER 7

DEVELOPMENT OF THE MANDIBULAR CANAL SIMULATION SOFT WARE

A fast interactive application to know the locatiminthe mandibular canal according to this

study has been developed and uploaded onlimgp:/mcsim.mandibularcanal.com

temporarily access password: UMMCSIM123).

This application can be considered as a fast neferéo get the results of this study. The
buccal, lingual, inferior and superior measurementtie mandibular canal location at each

position selected in this study was included ingb#ware (Figure 7.1).

Practioners can get the values with axial and @dromage for the MC in general among
the Malaysian population, and also they can spdoifyiew the results according to age,

gender, race and race versus gender for eachqrofil-D5).

Mandibular canal diameter was also included instbféwvare at each position for the age,

gender, race and race versus gender.

Figure 7.1 lllustrated diagram showing positionduded in the application
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Buccal Hargin at the
HC pozition

Position 0s E

General |_Shuw J
Race MaBys [=| [ show | Malays
Gender Wale EH_s‘,huw |

=N Figure 2: Axial view of the MC in Malays
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Figure 1: Coronal view of
D3 position in Malays
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Race & '_'_I | Show | D5
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mm from the buccal cortical bone

t mm from the lingual cortical bone

o from he inferior border of mandible
0.53) mm

Figure 7.2 Screenshot from the developed software

The above Figure shows the variety of options abéel in the software on the left side.
Position D5 and Malays race were selected andutmubresults with illustration diagrams

in the coronal and axial view of the mandible appéan the right side.

The application was developed using ASP.NET 4.8rtelogy and the data was stored on

MSSQL 2008 database. Conditional construct wag bBuileach category at each location

considered.
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Appendix 1

A- Descriptive Statistics of the mandibular canal tangeasurements

Mean Std. N Median | Minimu | Maxim | Skewne | Kurtosi | KS
(mm) Deviati m um Ss S value
D1B 3.89 01n.00 120 3.83 1.69 7.60 0.50 0.76 0.71p
Di1L 4.33 1.25 120 4.28 1.75 7.96 0.244 -0.011 0.986
D1l 9.37 1.69 120 9.16 4.23 14.34 0.180 0.23 0.569
D1S 14.858 | 3.64 120 15.32 2.11 23.79 -0.794  1.529 .09%0
D2B 5.59 1.20 120 5.46 2.45 8.83 0.362 0.218 0.712
D2L 3.35 1.20 120 3.20 0.62 6.15 0.051 -0.578  0.986
D2l 8.24 1.69 120 8.23 5.05 12.98 0.148 -0.452  9.56
D2S 13.94 3.85 120 14.25 1.92 22.47 -0.596  0.844 0990.
D3B 6.71 1.34 120 6.55 2.58 10.01 0.22 0.12 0.31p
D3L 3.25 1.32 120 3.18 0.77 6.81 0.29 -0.40 0.762
D3l 7.96 1.93 120 7.80 291 12.48 -0.01 -0.08 0.93)
D3S 12.99 4.08 120 13.46 1.35 22.37 -0.34 -0.27 433
D4B 5.68 1.63 120 5.69 242 9.15 0.146 -0.510 0.832
DAL 3.08 1.46 120 2.98 48 7.03 0.423 -0.464  0.32P
D4l 9.65 254 120 9.76 2.09 15.60 -0.20 0.377 .62
D4S 14.22 4.02 120 14.32 3.78 24.90 -0.020 0.105 89.
D5B 4.24 1.59 120 4.02 1.09 8.83 0.381 -0.064 0.600
D5L 2.12 1.40 120 1.74 0.00 6.54 1.011 0.82( 0.021
D5l 15.21 4.18 120 14.99 3.49 25.99 0.157 0291 794
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B- Comparison of the MC mean measurements by ethr{Rege)

D1 Mean Measurements (SD) Total Mean F-statistics | P value
Malays Chinese Indians (SD) N=120 | (df)
(n=40) (n=40) (n=40)

D1B 4.15(1.01) 4.09(0.96) 3.43(0.88) | 3.89(1.00) 7.14(2) 0.001
DiL 4.38 (1.29) 4.39 (1.10) 4.20 (1.38 4.33 (1.25) 0.29(2) 0.749
D1l 9.12(1.84) 9.82(1.34) 9.15(1.79) | 9.37(1.69) 2.21(2) 0.114
D1S 14.86(3.92) 14.56(3.51)| 15.14(3.56) | 14.85(3.64) 0.251(2) 0.779
D2B 5.62(1.08) 6.01(1.13) 5.14(1.24 5.59(1.20) 5.56(2) 0.005
D2L 3.34(1.13) 3.63(1.17) 3.06(1.25 3.35(1.20) 2.28(2) 0.106
D2l 8.11(1.73) 8.90(1.51) 7.71(1.63 8.24(1.69) 5.46(2) 0.005
D2S 13.75(4.36) 13.54(3.98) 14.52(3.12) | 13.94(3.85) 0.704(2) 0.497
D3B 6.84(1.22) 7.07(1.38) 6.22(1.28 6.71(1.34) 4.57(2) 0.012
D3L 3.39 (1.26) 3.57 (1.23) 2.78 (1.38 3.25(1.32) 4.06(2) 0.020
D3l 7.70(1.83) 8.81(1.55) 7.35(2.03 7.96(1.93) 6.81(2) 0.002
D3S 12.34(4.41) 12.92(4.18) 13.7(3.59 12.99(4.08) 1.140(2) 0.323
D4B 5.92(1.60) 6.30(1.56) 4.83(1.38) | 5.68(1.63) 9.98(2) 0.000
D4L 3.18 (1.64) 3.38 (1.32) 2.67(1.34) | 3.08 (1.46) 2.57(2) 0.081
D4l 9.24(2.77) 10.59(2.04) 9.13(2.54)| 9.65(2.54) 4.31(2) 0.016
D4s 13.49(4.34) | 15.04(3.91)| 14.13(3.73) | 14.22(4.02) 1.52(2) 0.223
D5B 4.12(0.94) 5.14(1.71) 3.47(1.58 4.24(1.59) 13.379(2) 0.000
D5L 2.23 (1.52) 2.03 (1.17) 2.10(1.49 2.12 (1.40) 0.205(2) 0.990
D5l 14.49(4.11) 16.05(3.56) 15.10(4.73) | 15.21(4.18) 1.427(2) 0.244
*One way-ANOVA
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C- Comparison of the MC mean measurements by gender

Male (n=60) Female (n=60) | Mean difference t-statistics(df) P

Mean(SD) Mean(SD) (95% CI) value
D1B 4.05(1.01) 3.73(0.97) 0.32(-0.40,0.68) 1.75(118 0.081
Di1L 4.42(1.40) 4.23(1.10) 0.19(-0.26,0.64) 0.83(118 0.405
D1l 10.09(1.65) 8.64(1.40) 1.45(0.89,2.00) 5.178)11 0.00
D1S 16.48(2.75) 13.23(3.72) 3.25(2.06,4.43) 5.48]11 0.00
D2B 5.67(1.21) 5.51(1.19) 0.157(-0.27,0.59) 0.718)1 0.474
D2L 3.38(1.30) 3.31(1.10) 0.06(-0.37,0.50) 0.28(118 0.774
D2l 8.96(1.63) 7.52(1.43) 1.43(0.88,1.99) 5.13(118) | 0.00
D2S 15.64(3.01) 12.23(3.86) 3.41(2.16,4.66) 5.39]11 0.00
D3B 6.88(1.44) 6.53(1.21) 0.35(-0.12,0.83) 1.46(118 0.146
D3L 3.36(1.50) 3.14(1.12) 0.22(-0.25,0.70) 0.92(118 0.356
D3I 8.46(1.93) 7.45(1.81) 1.00(0.32,1.68) 2.94(118) | 0.004
D3S 14.11(3.89) 11.88(3.98) 2.23(0.81,3.65) 3.18(11 0.002
D4B 6.09(1.69) 5.28(1.47) 0.80(0.23,1.38) 2.78(118) | 0.006
D4L 3.26(1.65) 2.90(1.23) 0.36(-0.16,0.89) 1.36(118 0.174
D4l 9.86(2.46) 9.45(2.62) 0.40(-0.51,1.32) 0.86(118 0.388
D4S 14.61(4.18) 13.84(3.84) 0.76(-0.68,2.22) 1.08)1 0.297
D5B 4.07(1.48) 4.41(1.69) -0.33(-0.91,0.23) -1. 16 0.248
D5L 2.34(1.60) 1.91(1.13) 0.42(-0.07,0.93) 1.698)11 0.324
D5I 15.03(4.25) 15.40(4.12) -0.37(-1.89,1.14) -844.8) 0.626
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D- Comparison of the MC mean measurements betweeregantbng Malays

Male (n=20) Female (n=20) Mean difference t-statistics(df) P

Mean(SD) Mean(SD) (95% CI) value*
D1B 4.16(0.99) 4.15(1.06) 0.01(-0.64,0.67) 0.048(38 0.962
D1L 4.79(1.28) 3.98(1.19) 0.80(0.01,1.60) 2.05(38) 0.047
D1l 10.30(1.35) 7.95(1.49) 2.34(1.42,3.26) 5.18(38) 0.000
D1S 17.33(2.37) 12.38(3.60) 4.95(2.99,6.90) 5.1p(38 0.000
D2B 5.64(1.07) 5.60(1.13) 0.037(-0.66,0.74) 0.185(3 0.915
D2L 3.56(1.25) 3.13(0.99) 0.425(-0.29,1.14) 1.180(3 0.241
D2l 9.31(1.36) 6.91(1.13) 2.40(1.59,3.20) 6.048(38) | 0.000
D2S 16.39(2.73) 11.12(4.12) 5.27(3.03,7.51) 4.7Y(38 0.000
D3B 7.24(0.91) 6.44(1.38) 0.79(0.04,1.55) 2.14(38) 0.038
D3L 3.60(1.42) 3.19(1.08) 0.41(-0.39,1.22) 1.03(38) 0.310
D3I 8.98(1.24) 6.42(1.37) 2.55(1.71,3.39) 6.15(38) 0.000
D3S 14.09(3.57) 10.59(4.54) 3.49(0.87,6.11) 2.7D(38 0.010
D4B 6.64(1.20) 5.20(1.65) 1.44(0.52,2.37) 3.161(38) | 0.003
D4L 3.40(2.00) 2.96(1.20) 0.44(-0.61,1.50) 0.845%(38 0.403
D4l 10.45(2.01) 8.03(2.94) 2.42(0.81,4.03) 3.04)(38 0.004
D4S 13.93(4.02) 13.05(4.69) 0.88(-1.91,3.68) 0.88y( 0.528
D5B 4.44(0.93) 3.80(0.86) 0.63(0.06,1.21) 2.244(38) | 0.031
D5L 2.26(1.83) 2.20(1.20) 0.05(-0.93,1.05) 0.122(38 0.525
D5I 15.03(4.13) 13.95(4.12) 1.07(-1.57,3.71) 0.838) ( 0.417

* Independent sample t-test
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E- Comparison of the MC mean measurements betweeregantbng Chinese

Male (n=20) Female (n=20)| Mean difference (95%| t-statistics(df) P

Mean(SD) Mean(SD) Cl) value*
D1B 4.34(1.10) 3.84(0.74) 0.50(-0.10,1.10) 1.68(38) 0.100
D1L 4.38(1.21) 4.41(1.02) -0.02(-0.74,0.69) 0.06(38 0.951
D1l 10.18(1.55) 9.47(1.02) 0.71(-0.13,1.55) 1.70(38 0.096
D1S 15.76(2.84) 13.36(3.77) 2.40(0.26,4.54) 2.2y (38 0.029
D2B 6.06(1.12) 5.95(1.17) 0.109(-0.62,0.84) 0.382(3 0.765
D2L 3.87(1.22) 3.39(1.10) 0.486(-0.26,1.23) 1.38)(3 0.196
D2l 9.40(1.54) 8.40(1.34) 1.00(0.076,1.93) 2.19(38) 0.035
D2S 14.89(3.81) 12.20(3.77) 2.69(0.266,5.12) 2813 0.031
D3B 7.08(1.53) 7.05(1.25) 0.02(-0.86,0.92) 0.06(38) 0.947
D3L 3.90(1.42) 3.24(0.92) 0.65(-0.11,1.42) 1.73(38) 0.091
D3I 9.07(1.66) 8.56(1.63) 0.51(-0.54,1.57) 0.98(38) 0.331
D3S 13.46(4.52) 12.38(3.84) 1.07(-1.61,3.76) 0.81(3 0.423
D4B 6.37(1.89) 6.23(1.20) 0.13(-0.88,1.15) 0.27)(38 0.788
D4L 3.59(1.46) 3.18(1.16) 0.41(-0.43,1.25) 0.979(38 0.334
D4l 10.49(1.93) 10.69(2.20) -0.19 (-1.52,1.13) aB.AB8) 0.769
D4S 14.84(4.07) 15.24(3.83) -0.39(-2.93,2.14) -6(38) 0.754
D5B 4.43(1.50) 5.84(1.63) -1.40(-2.41,-0.39) -2 &3j 0.007
D5L 2.53(1.28) 1.53(0.81) 1.00(-0.31,1.69) 2.963(38 0.008
D5I 15.80(3.100) 16.30(4.04) -0.49 (-21.80,1.80) .438(38) 0.664

* Independent sample t-test
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F- Comparison of the MC mean measurements betweeregantbng Indians

Male (n=20) Female (n=20) Mean difference t-statistics(df) P

Mean(SD) Mean(SD) (95% CI) value*
D1B 3.65(0.85) 3.20(0.87) 0.44(-0.11,0.99) 1.60(38) 0.117
D1L 4.10(1.64) 4.31(1.08) -0.20(-1.10,0.68) -0.88)( 0.644
D1l 9.80(2.02) 8.51(1.26) 1.29(0.21,2.37) 2.43(38) 0.020
D1S 16.34(2.90) 13.94(3.81) 2.40(0.22,4.57 2.23(38) 0.031
D2B 5.31(1.36) 4.98(1.11) 0.828(0.47,1.12) 0.82B(38 0.413
D2L 2.70(1.19) 3.42(1.23) -0.721(-1.49,0.05) -13B)( 0.068
D2l 8.17(1.75) 7.25(1.40) 0.91(-0.10,1.93) -1.82(38 0.077
D2S 15.65(2.21) 13.38(3.52) 2.26(0.381,4.148) 2334 0.020
D3B 6.34(1.67) 6.10(0.75) 0.24(-0.59,1.07) 0.58(38) 0.562
D3L 2.58(1.41) 2.98(1.36) -0.39(-1.28,0.49) -0.8)(3 0.374
D3I 7.33(2.28) 7.38(1.80) -0.04(-1.36,1.27) -0.3)(3 0.944
D3S 14.78(3.58) 12.65(3.35) 2.13(-0.09,4.35) 1.8%(3 0.060
D4B 5.25(1.65) 4.41 (0.89) 0.83(-0.01,1.69) 1.989(3 0.054
D4L 2.79(1.40) 2.55(1.31) 0.24(-0.62,1.11) 0.562(38 0.577
D4l 8.62(2.94) 9.64(2.02) -1.02(-2.64,0.59) -1.38)( 0.208
D4S 15.05(4.57) 13.22(2.43) 1.82(-0.52,4.16) | 1.574(38) 0.124
D5B 3.35(1.68) 3.59 (1.51) -0.24(-0.01,1.69) -0.88) 0.634
D5L 2.21(1.70) 1.99(1.29) 0.22(-0.62,1.11) 0.464(38 0.968
D5I 14.25(5.32) 15.94(4.02) -1.69(-2.64,0.59) -5(BB) 0.263

* Independent sample t-test
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G- Comparison of MC mean measurements between agpgrou

Aspect Length measurements Mean (SD) F- P
Statistics | value*
21-30 31-40 41-50 51-60
(n=12) (n=22) (n=38) (n=48)
D1B 4.08(0.68) 4.19(0.89) 3.90(0.88) | 3.70(1.17) 1.37(3) 0.254
D1L 3.71(2.02) 4.13(1.05) 4.24(1.15) | 4.64(1.13) | | 2.23(3) 0.088
D1l 10.08(2.24) 9.61(1.61) 8.95(1.50) | 9.41(1.68) | | 1.68(3) 0.174
D1S 17.09(2.21) 17.16(2.30) 14.12(3.85)| 13.82(3.63)] | 7.17(3) 0.000
D2B 6.19(1.32) 5.59(1.13) 5.48(1.09) 5.53(1.27) 1.16(3) 0.328
D2L 2.36(1.22) 3.59(1.30) 3.33(1.18) 3.49(1.07) 3.42(3) 0.020
D2l 7.38(1.76) 8.99(1.80) 7.94(1.38) 8.35(1.73) 3.06(3) 0.031
D2S 16.18(1.44) | 15.42(2.59) | 12.98(4.50)]  13.46(3.84) 3.70(3) 0.014
D3B 7.29(1.39) 7.16(1.08) | 6.34(1.37) | 6.64(1.33) | | 2.67(3) 0.050
D3L 1.94(0.99) 3.73(1.71) | 3.32(1.16) | 3.30(1.14) | | 5.47(3) 0.001
D3l 5.85 (1.41) 8.60(1.72) 7.93(1.91) | 8.21(1.84) | | 6.66(3) 0.000
D3S 15.15(1.97) | 12.98(3.43) | 12.33(4.82)] 12.98(4.01) | | 1.46(3) 0.227
D4B 5.78 (1.53) 6.71(1.14) 5.63(1.51) 5.23(1.75) | 4.549(3) | 0.005
DAL 2.72 (1.29) 3.56(1.79) 2.93(1.36) 3.07(1.40)] |1.158(3) | 0.329
D4l 7.18(1.53) | 9.58(2.24) 9.82(2.93) | 10.17(2.21) | 4.973(3) | 0.003
D4S 14.66(2.60) | 12.94(3.60) 13.23(4.28)]  15.48(3.98) | 3.319(3) | 0.022
D5B 3.84 (1.96) | 4.57(1.42) 4.16 (1.80) | 4.27(1.40) | |0.596(3) | 0.919
D5L 2.23(1.20) | 2.83(1.89) 1.92(1.07) 1.93(1.34) | |2.544(3) | 0.256
D5l 11.80(3.69) | 14.26(3.33) 15.76(4.24)  16.07(4.18) | 4.269(3) | 0.007

*One Way-ANOVA test
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H- Descriptive statistics of the mandibular canal diten measurements

Mean Std. N Median | Minimum | Maximu | Skewness Kurtosis KS
(mm) Deviati m value
on
DIMCd | 2.25 0.47 120| 2.23 1.06 3.45 0.095 -0.31 0.6
D2MCd | 2.01 0.42 120| 1.96 1.26 3.19 0.57 -0.18 0.27
D3MCd | 2.10 0.37 120| 2.08 1.35 3.24 0.22 -0.14 0.79
D4MCd | 2.18 0.42 120| 2.13 1.14 3.83 0.68 1.35 0.57
D5MCd | 2.25 0.43 120| 2.20 1.34 3.91 0.92 2.27 0.33
MCd 2.16 0.30 120 2.14 1.54 2.98 0.30 -0.24 0.76
I- Comparison of the MC diameter mean measuremengghoycity (race)
Mean Measurements (SD) Total Mean F-statistics | P value
Malays Chinese Indians (SD) N=120 | (df)
(n=40) (n=40) (n=40)
Di1MCd 2.30(0.45) 2.19(0.41) 2.28(0.55) | 2.25(0.47) 0.62(2) 05
D2McCd 2.00(0.05) 1.98(0.06) 2.04(0.07) | 2.01(0.42) 0.22(2) 0.79
D3MCd 2.10(0.05) 2.04(0.06) 2.16(0.05) | 2.10(0.37) 1.09(2) 0.33
D4MCd 2.27(0.07) 2.12(0.06) 2.14(0.05)| | 2.18(0.42) 1.41(2) 0.24
D5MCd 2.33(0.53) 2.27(0.28) 2.16(0.43)| | 2.25(0.43) 1.69(2) 0.18
MCd 2.20(0.28) 2.12(0.29) 2.16(0.33)| | 2.16(0.30) 0.69(2) 0.5C

J- Comparison of the mandibular canal diameter measorement between males and females

Male (n=60) Female (n=60) Mean difference | t-statistics(df) P

Mean(SD) Mean(SD) (95% CI) value
DiMCd 2.37(0.39) 2.13(0.52) 0.23(0.07-0.40) 2.838)11 0.005
D2MCd 2.20(0.44) 1.81(0.29) 0.38(0.24-0.25) 5.58)11 0.00
D3MCd 2.24(0.33) 1.96(0.34) 0.28(0.15-0.40) 4.5@)11 0.00
D4MCd 2.36(0.41) 1.99(0.35) 0.36(0.22-0.50) 5.238)11 0.00
D5MCd 2.34(0.49) 2.16(0.33) 0.17(0.02-0.32) 2.28)11 0.02
MCd 2.37(0.39) 2.13(0.52) 0.29(0.18-0.38) 5.93(118) | 0.00
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K- Comparison of the MC means measurements betweelegamong races

Malays Male (n=20) Female (n=20) Mean difference | t-statistics(df) | P value

Mean(SD) Mean(SD) (95% CI)
DiMCd 2.42(0.41) 2.17(0.45) 0.25(-0.02,0.53) 1.83(3 0.07
D2MCd 2.06(0.36) 1.94(0.27) 0.12(-0.08,0.33) 1.33(3 0.22
D3MCd 2.24(0.33) 1.96(0.29) 0.28(0.08,0.48) 2.86(38 0.007
D4MCd 2.42(0.53) 2.12(0.39) 0.30(0.00,0.60) 2.02(38 0.049
D5MCd 2.43(0.62) 2.23(0.40) 0.20(-0.13,0.53) 1.3)(3 0.23
MCd 2.31(0.33) 2.08(0.18) 0.23(0.06,0.40) 2.75(38) 0.019
Chinese Male (n=20) Female (n=20) Mean difference | t-statistics(df) | P value

Mean(SD) Mean(SD) (95% CI)
DiMCd 2.38(0.29) 2.00(0.43) 0.38(0.14,0.61) 3.25 00a.
D2MCd 2.30(0.36) 1.66(0.23) 0.63(0.44,0.82) 6.60 000.
D3MCd 2.25(0.37) 1.83(0.33) 0.42(0.19,0.65) 3.77 000Q.
D4MCd 2.36(0.36) 1.88(0.25) 0.47(0.27,0.67) 4.80 000.
D5MCd 2.29(0.32) 2.24(0.24) 0.04(-0.13.0.22) 0.52 .606
MCd 2.32(0.22) 1.92(0.20) 0.39(0.25,0.53) 5.74 0.00
Indians Male (n=20) Female (n=20) Mean difference | t-statistics(df) | P value

Mean(SD) Mean(SD) (95% CI)
Di1MCd 2.32(0.46) 2.24(0.65) 0.08(-0.27,0.44) 0.83(3 0.643
D2MCd 2.24(0.56) 1.84(0.32) 0.39(0.10,0.69) 2.7)(38 0.691
D3MCd 2.23(0.32) 2.09(0.37) 0.13(-0.08,0.36) 1.35(3 0.217
D4MCd 2.30(0.31) 1.98(0.37) 0.31(0.10,0.53) 2.95(38 0.005
D5MCd 2.30(0.50) 2.02(0.30) 0.28(0.01,0.54) 2.15(38 0.038
MCd 2.28(0.35) 2.03(0.25) 0.24(0.04,0.44) 2.48(38) 0.17

L- Comparison of the MC mean measurements betweegragps
Aspect Length measurements Mean (SD) F- P value
Statistics
21-30 31-40 41-50 51-60
(n=12) (n=22) (n=38) (n=48)
D1MCd || 2.24(0.50) 2.28(0.32) 2.18(0.50) 2.30(0.51) || 0.40 0.71
D2MCd || 2.38(0.65) 1.99(0.40) 1.95(0.38) 1.97(0.35) | | 3.73 0.12
D3MCd || 2.28(0.38) 2.12(0.33) 2.16(0.41) 2.00(0.32) | | 2.49 0.06
D4MCd | | 2.26(0.31) 2.27(0.39) 2.14(0.50) 2.14(0.39) | | 0.68 0.5¢
D5MCd || 2.30(0.55) 2.29(0.37) 2.21(0.36) 2.26(0.47) | | 0.25 0.85
MCd 2.29(0.40) 2.19(0.24) 2.13(0.30) 2.13(0.29) || 1.10 0.35
average
M- Descriptive statistics of the mandibular foramesnaéter measurements
Mean | Std. N Median | Minimu | Maximum | Skewne| Kurtosi | KS
(mm) | Deviation m Sss S value

ManFd | 2.55 0.43 120 2.50 1.62 3.69 0.49 -0.14 0.555
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N- Comparison of the mandibular foramen diameter nm@asurements by ethnicity (race)

Mean Measurements (SD) Total Mean F-statistics | P value
Malays Chinese Indians (SD) N=120 | (df)
(n=40) (n=40) (n=40)
ManFd 2.71(0.43) 2.50(0.40) 2.43(0.44) | 2.55(0.43) 4.83(2) 0.01¢

O- Comparison of the mandibular foramen diameter nmaasurements between males and females

Male (n=60) Female (n=60) Mean difference | t-statistics(df) P
Mean(SD) Mean(SD) (95% CI) value
ManFd 2.63(0.39) 2.46(0.46) 0.17(0.01,0.32) 2.18j11 0.032
P- Comparison of the MF diameter mean measurementgebatgender among races
Malays Male (n=20) Female (n=20)| Mean difference | t-statistics(df) | P value
Mean(SD) Mean(SD) (95% CI)
ManFd 2.61(0.42) 2.82(0.42) -0.21(-0.48,0.05 -1382 0.11
Chinese Male (n=20 Female (n=2) | Mean difference | t-statistics(df) | P value
Mean(SD) Mean(SD) (95% CI)
ManFd 2.57(0.38) 2.42(0.41) 0.14(-0.10,0.40 1.83(3 0.24
Indians Male (n=20) Female (n=20)| Mean difference | t-statistics(df) | P value
Mean(SD) Mean(SD) (95% CI)
ManFd 2.72(0.37) 2.14(0.29) 0.58(0.36,0.79) 5.4p(38 0.00
Q- Comparison of the mandibular foramen diameter nmaasurements between age groups
Aspect Length measurements Mean (SD) F- P value
Statistics
21-30 31-40 41-50 51-60
(n=12) (n=22) (n=38) (n=48)
ManFd 2.58(0.34) 2.75(0.45) 2.53(0.39) | 2.46(0.46) | | 2.30 0.081
R- Comparison of the bifid canal among gender
Ethnicity(race) N Normal MC | Bifid MC freq(%) X2 stat | P value
freq (%) a(df)
Male 60 43(71.7) 17(28.3) 2.34(1 0.126
Female 60 50(83.3) 10(16.7)
Total 120 | 93(77.50) 27(22.50)
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