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ABSTRACT
Background: The mental foramen is an important landmark. Previous studies in Malays
and Chinese indicated that its most common location is in line with the longitudinal axis
of the second premolar. However, these studies did not differentiate between gender and

the effect of different (prognathic, retrognathic, or normal) skeletal pattern.

Patients and Methods: In this study, the antero-posterior locations of the mental
foramina in relation to the dentition of 64 patients with different skeletal patterns were
determined. These subjects must have a dentopantomograph with the mental foramina
clearly seen on both sides of the mandible, and a lateral cephalic radiograph that enables

the determination of their skeletal pattern.

Results: Radiographs of 27 Malay and 37 Chinese patients were reviewed. More than
seventy percent (70.3%) of subjects were female, with the remaining being male. More
than half of them have a Class I skeletal pattern (51.6%), followed by Class III (28.1%)
and Class II (20.3%). The mental foramen can be found anywhere from anterior to the
first premolar to being in line with the first molar. The most common antero-posterior
location of mental foramen was in line with the longitudinal axis of the second premolar.
This finding remains constant irrespective of the gender, site and skeletal pattern of the
patients. The second most common location for the mental foramen was between the first

and second premolars.

Conclusion: The gender, site and skeletal pattern of patients did not influence the antero-

posterior location of the mental foramen in relation to the dentition.

Keywords: dental panoramic tomograph, mental foramen, location, skeletal pattern.
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ABSTRAK
Latar Belakang Penyelidikan: Foramen mentum merupakan mercu tanda yang penting.
Hasil penyelidikan terdahulu pada bangsa Melayu dan Cina mendapati bahawa
kedudukan paling kerap foramen mentum adalah segaris dengan paksi longitudinal gigi
pramolar kedua. Tetapi kajian tersebut tidak membuat perbandingan di antara jantina dan
kesan perbezaan bentuk rangka muka (prognatik, retrognatik, atau normal).
Pesakit dan Kaedah Penyelidikan: Dalam penyelidikan ini, hubungan kedudukan
anterior-posterior foramen mentum kepada kegigian 64 orang pesakit telah ditentukan.
Semua subjek mesti mempunyai pantomograf pergigian dengan foramen mentum jelas di
kedua-dua bahagian mandibel dan radiograf lateral cephalic untuk penentuan bentuk
rangka muka.
Keputusan: Radiograf 27 orang Melayu dan 27 orang Cina telah dianalisa. Lebih
daripada tujuh puluh peratus adalah perempuan (70.3%) manakala selebihnya adalah
lelaki. Bentuk skeletal kelas I melebihi separuh (51.6%), diikuti kelas III (28.1%) dan
kelas IT (20.3%). Foramen mentum boleh dijumpai dari anterior kepada pramolar pertama
sehingga segaris dengan paksi longitudinal molar pertama. Kedudukan anterior-posterior
foramen mentum yang paling kerap adalah segaris dengan paksi longitudinal pramolar
kedua. Keputusan ini sama walaupun terdapat perbezaan jantina, tempat, dan bentuk
rangka muka pesakit. Ini diikuti dengan kedudukan foramen mentum antara pramolar
pertama dan kedua.
Kesimpulan: Jantina, tempat dan bentuk rangka muka pesakit tidak mempengaruhi
kedudukan anterior-posterior foramen mental apabila merujuk kepada kegigian.
Kata kunci: Tomograf panoramik pergigian, foramen mentum, tempat, bentuk rangka

muka.
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CHAPTER 1: INTRODUCTION

1.1 Backgrounds

The mental foramen is an important anatomical landmark at the mandible
parasymphysis area that need to be avoided when performing any surgical or dental
procedure at this region (W. C. Ngeow, 2010). It is the anatomical structure where the
terminal end of the mandibular canal allows the inferior alveolar nerve to exit the
mandible to become the mental nerve (Gershenson, Nathan, & Luchansky, 1986). ). Three
mental nerve branches exit from this foramen. They innervate the skin of the mental area
and lower lip, mucous membranes, and the gingival. The mental nerve also innervates
adjacent structures on the ipsilateral side, namely the gingiva of the incisor teeth, all the
way to the mesiobuccal root of the mandibular first molar (W. C. Ngeow, 2010). Hence,
injury of the nerve can lead to nerve function disturbance at lower lip and chin region. It
1s important landmark for many dental procedures such as mental nerve block, dental
implant placement, orthognathic surgery and endodontic microsurgery (Fishel, Buchner,
Hershkowith, & Kaffe, 1976). One case report noted patient developed neuropathy

following dental extraction at that region (Elahi, Manolitsis, Ranganath, & Reddy, 2014).

The mental foramen is normally located halfway between the alveolar crest and the
lower border of the mandible in a vertical line with the supraorbital notch (Gershenson et
al., 1986). There is usually one mental foramen on each side of the mandible. The mental
foramen can be found in various antero-posterior locations, ranging from being apical to
the canine to apical of the first molar. Most often, it is usually located anywhere between
the apices of two mandibular premolars. The most common (modal) location is apical the
second premolar, but variations have been reported (Green, 1987). Three decades ago,
Green reported that the modal location of the mental foramen in Caucasians and middle

eastern was between the first and second premolars, but was more distally placed in the



Mongoloids, Melanesian and Negroids (Green, 1987). Similarly, a recent study from
South Africa found that in Asians and Blacks, the most frequent position of the mental
foramen was in line with the long axis of the second premolar and in Caucasians the most
common position was between the first and second premolars (Laher, Motara, & Moolla,
2016). Such findings suggested that these variations may be ethnic related. The locations
of the mental foramen in different ethnics are summarized in Table 2.1, based on the
comprehensive reviews published by Green et al. (1987) and Laher et al. (2016) with a

combination of several other literature.

The existence of multiple mental foramina has been described since 1903 (Le Double,
1906). It has been suggested that separation of the mental nerve into several fasciculi
earlier than the formation of the mental foramen until the twelfth gestational week could
be a reason for this phenomenon (M. Naitoh, Hiraiwa, Aimiya, Gotoh, & Ariji, 2009). In
modern literature, it is often termed as accessory mental foramen (AMF) but Serman
considered them as a possible mental-incisive foramen complex (Serman, 1987)
Concepcion and Rankow (2000) claimed to be the first to observe a ‘real’ accessory
foramen that was discovered during endodontic surgery. AMF can be mistaken a tumour
if observed using conventional panoramic radiography (Gamoh et al., 2014). A review of
clinical cases showed that paraesthesia can happen if large AMF was subjected to injury
(Iwanaga et al., 2015). The prevalence of accessory foramina varies between ethnic
groups, with a higher prevalence reported among the non-Caucasians (Sawyer, Kiely, &
Pyle, 1998). On rare occasions, the mental foramen may be absent (da Silva Ramos
Fernandes, Capelozza, & Rubira-Bullen, 2011; de Freitas, Madeira, Toledo Filho, &
Chagas, 1979; Lauhr, Coutant, Normand, Laurenjoye, & Ella, 2015; Matsumoto, Araki,
& Honda, 2013; C. Oliveira-Santos et al., 2011). Oliveira-Santos reported a prevalence

0f 0.7% for unilateral missing mental foramen (C. Oliveira-Santos et al., 2011). In a study



that reviewed 169 DPTs of Malays, Ngeow and Yuzawati reportedly found 8 dental
panoramic tomographs with a missing mental foramen on one side of the mandible, giving
rise to a prevalence of 2.4% for this anomaly (Wei Cheong Ngeow & Yuzawati, 2003).
However, no cases show bilaterally missing mental foramen. Another study from
Malaysia reported that missing mental foramen made up almost ten-fold (22.2%) of
mental foramen, and attributed this non-visibility to aging (W. C. Ngeow, Dionysius,

Ishak, & Nambiar, 2010).

The mental foramen can be vaguely palpated clinically but can be confirmed by using
dental radiographs. However, routine periapical radiograph may not show the presence
of this foramen if it is below the margin of the film (Philips, Weller, & Kulild, 1992). On
dental radiographs, the mental foramen usually appears as a round or an oval radiolucent
structure. According to Yosue and Brook, the radiographic appearance of the mental
foramen can be classified into 4 types (Figure 1.1), namely (Yosue & Brooks, 1989) :-

1. Continuous type: the mental canal is continuous with the mandibular canal.

2. Separated type: the foramen is distinctly separated from the mandibular canal.

3. Diffuse type: the foramen is diffuse but with a distinct border of the foramen.

4. Unidentified type.



* MF: Mental Foramen, MC: Mandibular Canal, Md: Mandibular bone

Figure 1.1: Radiographic appearance of mental foramen
(Yosue & Brooks, 1989)

Recently, Laher et al. reported the use of ultrasonography to detect the position of the

mental foramen with great accuracy (Laher, Motara, & Moolla, 2016).

Knowledge of the expected location of the mental foramen is of more than
anthropological interest, being directly important in dentistry for the effectiveness of
mandibular local anaesthesia (mental) block of the anterior segment, for radiographic and
forensic diagnoses, as well as for treatment planning of surgical procedures to ensure
avoidance of causing iatrogenic injury (W. C. Ngeow, 2010). Neurosensory disturbance

has been reported to result from inadvertent orthodontic (Baxmann, 2006), endodontic



(Knowles, Jergenson, & Howard, 2003; Pogrel, 2007; Poveda, Bagéan, Fernandez, &
Sanchis, 2006; Scarano, Di Carlo, Quaranta, & Piattelli, 2007). The etiology of altered
sensation in the inferior alveolar, lingual, and mental nerves as a result of dental treatment
(Morse, 1997a; Orstavik, Brodin, & Aas, 1983) in the mandibular premolars region. Other
practical implications are for prevention of neuralgia caused by pressure on the mental
nerve from denture fitting. This is because, with loss of teeth and bone resorption, the
mental foramen is located relatively more upward, closer to the alveolar crest
(Gershenson et al., 1986). Lastly, several cases of accidental compression of the mental
nerve have been reported in patients subjected to general anaesthesia (Azar & Lear, 1986;

Bhuiyan & Chapman, 2006; Gimmon, 1988; Lorentz, Podstawski, & Osswald, 1988).

The aim of this study was confirmed previous findings that the second premolar is the
most common location to find the mental foramen in two ethnic groups, the Malays and
Chinese. More importantly, this study tried to determine if any correlation exists between
location of the mental foramen (relative to the mandibular dentition) and the skeletal

pattern of patients.



1.2 Objectives

1.2.1  General objective
To determine if a relationship exists between position of the mental foramen (in

relation to teeth) and skeletal base/pattern.

Null hypothesis: There is no correlation between the radiographic position of mental

foramen and the skeletal base of the patients.

1.2.2  Specific objectives
1. To determine location of mental nerve in a selected group of Mongoloid
patient using dental panoramic tomogram, and
1. To determine relationship of the location of the mental foramen with the

skeletal pattern, if present.



CHAPTER 2: LITERATURE REVIEW

2.1 Anatomy and developmental of mental foramen

The mental foramen is an important anatomical landmark at the lateral body of
mandible and carries neurovascular branches of the inferior alveolar nerve. It is the
anatomical structure where the terminal end of the mandibular canal allows the inferior
alveolar nerve to exit the mandible to become the mental nerve (Shankland, 1994). Three
mental nerve branches exit from this foramen. They innervate the skin of the mental area
and lower lip, mucous membranes, and the gingival. The mental nerve also innervates
adjacent structures on the ipsilateral side, namely the gingiva of the incisor teeth, all the

way to the mesiobuccal root of the mandibular first molar (W. C. Ngeow, 2010).

In 2007 Hu KS did an anatomical study and showed that mental nerve can branched
into four when exit from mental foramen (a) angular branch which innervates the area
around the angle of the mouth, (b) medial and (c) lateral inferior labial branches which
innervate the skin of the lower lip, oral mucosa, and gingiva as far posterior as the first
molar teeth and (d) mental branch which innervates the skin of the mental region

branches according to the distribution area (Hu et al., 2007).

Mental foramen can be oval or rounded in shape. Mental foramen have average
horizontal dimension 4.6 mm with a range from 2.4 to 7.3 mm. The average vertical
dimension was 3.4 mm with a range of 2.1 to 5.8 mm. (Phillips, Weller, & Kulild, 1990).
Classically in the textbook, mental foramen open between apex of premolars (Janfaza,
2011; Sinnatamby, 2011). But studies showed that the position of mental foramen may
vary across the population. It may occur between the apices of the lower premolars, below
the apex of the first premolar or below the apex of the lower second premolar
(Aminoshariae, Su, & Kulild, 2014; Green, 1987; Laher et al., 2016; Shankland, 1994).

Mental foramen position changes dynamically during developmental of mandible. During



prenatal, mental foramen located between developing primary canine and primary first
molar. As mandible growth, mental foramen positioned more distally. This change may
due to osseous growth and mesial drift of the dentition (Balcioglu, Kilic, Akyol, &
Ulusoy, 2011; Kjaer, 1989).The mental foramen migrate posteriorly under due to
developmental anterior root of developing premolar and remain at birth and maintain
during eruption of primary dentition (Williams & Krovitz, 2004). During eruption of the
second primary molar, the mental foramen generally migrates to a position inferior to the

second premolar (Williams & Krovitz, 2004).

2.2 Clinical significance of mental foramen
Mental foramen is an important vital structure of mandible. It plays a great role during
dental procedures and any surgery involving mandible. It is important to determine

position of mental foramen to avoid injury to mental nerve.

2.2.1 Endodontic treatment.

The accurate identification of the mental foramen is important for both diagnostic and
clinical procedures for endodontic cases. Periapical radiography is a prerequisite for all
endodontic procedures (Moiseiwitsch, 1995). However, the radiographic appearance of
the mental foramen may result in a misdiagnosis of a radiolucent lesion in apical area of
mandibular premolar teeth. The clinician need to interpret the radiograph appearance with

caution and relate to patient sign and symptoms.



The proximity of mental foramen to adjacent apical of tooth also can cause the pulpal
infection travel to mental nerve and via mental foramen. Morse (1997) reported two cases
where patient developed paraesthesia of mental nerve after pulpal infection from the
premolar. Post endodontic treatment, symptoms were resolved. Infection from pulpal
origin can travel and causes infection and inflammation of mental nerve which

subsequently results in paraesthesia (Morse, 1997b).

2.2.2  Flap design and periapical surgery

Many dentists avoid periapical surgery involving the lower premolar region for fear of
paraesthesia after the procedure. Thus, proper preoperative diagnosis, correct flap design,
and atraumatic flap retraction can significantly lower the incidence of this postsurgical

complication (Concepcion & Rankow, 2000)

For flap reflection for any surgery around the region of the periapical of the premolar,
a full trapezoidal or mini trapezoidal flap with wide relieving incision away from the
estimated location of mental foramen is flap of choice. With this approach, when carrying
out apical surgery on a tooth posterior to the mental foramen, the mental nerve will be
stretched within the bed of the flap to achieve sufficient access for the surgical procedure

(Moiseiwitsch, 1995).

If a triangular flap is plan, Moiseiwitsch (1995) has recommended that for each
reflection, the releasing incision is placed mesial to the surgical site, at the mesial line

angle of the canine (Figure 2.1).



Figure 2.1: Mesial incision for triangular flap (Moiseiwitsch, 1995)
Besides that, periapical surgery or dental extraction of the poor prognosis tooth that
have close relationship with the mental foramen can lead to neuropathy disturbance to the
lips and chin region. This will cause discomfort to the patient. Elahi et al. (2014) reported
two cases where patient developed mental nerve neuropathy after dental extraction.
Patient had to undergo radiofrequency nerve ablation to relief the pain (Elahi et al.,

2014).

Prior to dentoalveolar surgery to mandible, injection of inferior alveolar nerve
sometimes failed to create anaesthesia to the mental nerve distribution. This may due to
present of accessory mental foramen that carried additional neurosensory fiber. Several
authors have studied this problem and found that branches of the facial nerve and the
mylohyoid nerve in some cases provide additional sensory fibres to the mandible. A

knowledge of accessory foramina is therefore of clinical importance (Sutton, 1974).

10



2.2.3  Placement of dental implants and dental prosthesis

Many patients prefer fully supported implant prosthesis because it eliminates pressure
on the tissues in the region of the posterior mandible and is usually not removable. This
also yields increased chewing efficiency and improved speech and may result in more
self-confidence and self-esteem. Bavitz et al. (1993) mentioned that is common to place
five to six implants between the mental foramina of the edentulous for fabrication of
dental prosthesis. The most distal implant usually was placed a closed to mental nerve
region to maximize the distance or spread between anterior implant to counteract forces
generated on the distal cantilevers of the prosthesis. (Bavitz, Harn, Hansen, & Lang,

1993).

In edentulous patient, some the mental foramen was recorded as a semi-ovoid form
and is located at the top of the residual ridge (Xie, Wolf, Soikkonen, & Ainamo, 1996).
Sensory disturbance may be caused by pressure on the mental foramen or the mental
nerve or in the case of severe mandibular-bone loss of the alveolar ridges, by pressure of
a (complete) denture on the alveolar nerve itself (Wismeijer, van Waas, Vermeeren, &
Kalk, 1997). About 25% of patients report sensory disturbance of the lower lip while
wearing dentures. This may be explained by the pressure of the bearing area in the region

of the mental foramen, which irritates the mandibular nerve (Wismeijer et al., 1997).

The prosthodontist can release the pressure at this foramina area with one layer of
aluminium foil. It is, therefore, important to be able to locate the mental foramen correctly
(Bavitz et al., 1993). The other treatment option that available was to do transposition of
the mental nerve as preprosthetic procedure by using conventional burs or piezograph
(Sakkas, Otten, Gutwald, & Schmelzeisen, 2008) . It was effective for patients with
hyperaesthesia caused by the effect of a dental prosthesis on the alveolar ridge (Sakkas et

al., 2008; Shibahara et al., 1996).

11



2.2.4  Orthognathic surgery

Injury to mental nerve is one of the complications during orthognathic surgery that
maxillofacial and plastic surgeon try to avoid. It can happen due to direct or indirect injury
to the nerve during mandibular osteotomy cut. Presurgically, determination of mental
foramen positon help surgeons plan mandibular osteotomy cut. This is important in
orthognathic surgery procedure example in subapical mandibular osteotomy, genioplasty
and mandibular chin-body osteotomy for correction of broad chin. It helps to reduce the

risk of direct injury to the mental nerve intraoperatively.

Stretching of mental nerve during retraction of soft tissue flap around premolars region
sometimes lead to unintentional neurosensory injury. This happen in patient with limited
space between mental foramen and soft tissue after flap was raised. Westermark (1998)
reported paresthesia of the mental nerve in 3.4% and 12% following genioplasty
procedure (Westermark, Bystedt, & von Konow, 1998). In 2015, Wang et al did a
rectangular corticotomy around mental foramen during narrowing genioplasty procedure
to allow free movement of mental nerve and to avoid nerve stretching (Figure 2.2) (C.

Wang, Gui, & Liu, 2015)

Figure 2.2: Before (A) and after(B) corticotomy procedure around mental
foramen (C. Wang et al., 2015)
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2.2.5 Anthropology and forensic odontology study.

In the anthropology and forensic science study, many researchers try to find the
correlation of mental foramen with age and gender. Study by Chrcanovic, Abreu et al
(2011) noted there were significant changes of mental foramen position in dentate and
edentulous patient. When the tooth was lost, the alveolar bone will undergo resorption.
Mental foramen position appeared closer to occlusal surface compared to dentate patient.
(Chrcanovic, Abreu, & Custodio, 2011). The distance between crest of alveolar ridge to
superior margin of mental foramen decreases significantly with age in edentulous patient

(Ajmal, 2014).

Cutright et al. (2003) did an anthropology study and found there is small but
significant differences in facial foramen location between white and black males and
females (Cutright, Quillopa, & Schubert, 2003). However Angel et al. in 2011 did not

find any significant correlation between mental foramen position with age and gender.

The position of mental foramen remains constant regardless age and sex (Angel,
Mincer, Chaudhry, & Scarbecz, 2011). This findings also support finding by Bhardawaj
et al. in 2014 where there is no statistically significant of mental foramen with age and

gender (Bhardwaj, Kumar, & Mohan, 2014)

2.2.6  Glycerol injection for treatment of trigeminal neuralgia

Glycerol injections have been found to be effective alone in the management of
idiopathic trigeminal neuralgia without significant complication in most patients when
compared with carbamazepine. It is claimed that glycerol injected at the foramina, where
the peripheral branches of trigeminal nerve leave the skull, can be effective in the
treatment of trigeminal neuralgia (Tarek L. Al-Khateeb, 1998). Injection into the mental

foramina is done to control peripheral trigeminal neuralgia of the mental nerve.
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2.3 Variation of mental foramen among population
Traditionally in text book reported the most common site for mental foramen positon
located between lower premolars (Janfaza, 2011; Sinnatamby, 2011). However a lot of

studies noted variation in premolar location across the population (Table 2.1).

Most mental foramen in caucasoid origin located more anteriorly compare to
mongoloid. Caucasoid mental foramen usually located between premolars whereas
mongoloid origin located in line second premolars. This finding also was mentioned by
Green (1987) in his study. The most common position of the mental foramen in Caucasian
and Middle Eastern populations is between the 1st and 2nd premolars. While in negroid
and mongoloid the mental foramen located more posteriorly (Green, 1987). The size of
the dentition and skeletal pattern may contribute this factor. So far there is no study that
try to relate the mental foramen position with different skeletal pattern. Our study try to

find whether there is relation of the different skeletal pattern in relation to mental foramen.
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Table 2.1: Variation of mental foramen among population — modified from (Green, 1987)

Modal location Ethnics Population References
Apical to first premolar Caucasoid French Oliver E 1928, (Green, 1987)
Between first and second premolar  |Caucasoid [American*® (Moiseiwitsch, 1998)
German* Moral H 1931, Merkel F 1885-1890, Hubner O 1904 (Green, 1987)
British (Santini & Land, 1990) Kay 1974 (Green, 1987)
Saudi Arabian*(male) (T. L. al-Khateeb, Odukoya, & el-Hadidy, 1994)
Turkish* (Aktekin, Celik, Celik, Aldur, & Aksit, 2003)
[Yugoslavian (Stosic, Bogdanovic, Mrvaljevic, & Mijac, 1978)
European (Santini & Alayan, 2012)
[Unknown Kosovarian (Kqiku et al., 2013)
[Austria (Kqiku, Sivic, Weiglein, & Stadtler, 2011)
[Negroid [Northern Nigerian (Olasoji, Tahir, Ekanem, & Abubakar, 2004)
Apical to second premolar Australoid Australian aborigines Murphy 1957 (Green, 1987)
Caucasoid [American™® (Moiseiwitsch, 1998)
British Kay 1974 (Green, 1987)

Central European

Ashley-Montagu 1954 (Green, 1987)

[talian Toni and Favero 1955 (Green, 1987)

Russian Gruber 1872 (Green, 1987)

Saudi Arabian* (T. L. al-Khateeb et al., 1994; al Jasser & Nwoku, 1998)

Turkish* (K. Gungor, Ozturk, Semiz, & Brooks, 2006; Yesilyurt et al., 2008)
Morroccan (Chkoura & El Wady, 2013)

[Nepalese (Kadel, Sedhain, & Dangol, 2016)

15



Table 2.1 (continued) : Variation of mental foramen among population — modified from (Green, 1987)

Modal location Ethnics Population References
Apical to second premolar (cont.) Mongoloid [Brazilian (Chrcanovic et al., 2011; Chu et al., 2014)
Chinese (Green, 1987; Santini & Alayan, 2012; Santini & Land, 1990)
Indian (Shankland, 1994)
Japanese (Fujita & Suzuki, 2014)
Kentucky Indian Simonton RV 1923 (Green, 1987)
Korean (Kim, Kim, Kim, & Kim, 2006)
Malays (Neo, 1989; W. C. Ngeow et al., 2010; Wei Cheong Ngeow & Yuzawati, 2003)
Melanesian** Esposito 1968 (Green, 1987)
Mexican (Ketchipauan) |Kay LW 1974 (Green, 1987)
Mixed Amerindian Simonton 1923 (Green, 1987)
Thai (Apinhasmit, Methathrathip, Chompoopong, & Sangvichien, 2006)
Negroid ~ |Malawian ( Bantu) Schultz 1970 (Green, 1987)

Malawian

(Igbigbi & Lebona, 2005)

South Eastern Nigerian

(Ukoha et al., 2013)

African (Teita)

Kay LW1974 (Green, 1987)

*Some studies reported a modal location between the apices of the premolars, while others reported it to be apical to the second premolar.
**Evenly distributed between 2 locations i.e. apex to the second premolar and between the second premolar and first molar.

aObserved in children.
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Mental foramen usually present one for each side of mandible. However it can
sometimes absent from mandible whether involved one site or bilaterally. Lauhr reported
one case of bilateral absence mental foramen from cone beam computerized tomography

(CBCT) without any neusosensory disturbance (Lauhr et al., 2015).

Mental foramen can have multiple foramina or also known as accesory mental foramen
in 1%—-10% of patients (Aminoshariae et al., 2014; M. Naitoh et al., 2009). The contents
of the AMF exit commonly in an anteroinferior location (Kalender, Orhan, & Aksoy,
2012). The AMF tends to exist in the apical area of the first molar and posterior or inferior
area of the mental foramen (Aminoshariae et al., 2014; K. Katakami et al., 2008). Mental
nerve can also classified based on the shape of the anterior loop into loop, straight, and
vertical patterns, which constituted 61.5%, 23.1%, and 15.4%, respectively

(Aminoshariae et al., 2014).

24 Determination of mental foramen by dental panoramic tomogram (DPT)
DPT is the common radiographic examination done by dentist. Its allow the clinician
to visualize maxilla and mandible for diagnostic purposes. DPT able to detected most of
mental foramen as high as 99% (Jalili, Esmaeelinejad, Bayat, & Aghdasi, 2012; Serman,
1987; Yosue & Brooks, 1989). But the mental foramen shape in DPT may be different
shape compare to the real mental foramen due to image distortion. In patient with high
density of bone mental foramen visualization will be more difficult (Yosue & Brooks,

1989).

DPT subject to a lot of possible error that made difficult to assess mental foramen.
The position of the head, the shape of the dental arch, the tooth location, the use and

location of a bite block, and the type of panoramic equipment could be some factors
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causing image distortion di DPT (Yim, Ryu, Lee, & Kwon, 2011; Yosue & Brooks,
1989). Example in patient positioning, backward positioning of the skull leads to distal
angulation on the horizontal plane at the area of the mental foramen whereas forward
positioning shows mesial angulation on the horizontal plane. Chin-up and chin-down
positioning show slight distal and mesial angulation, respectively (Yosue & Brooks,

1989).

In this study we used DPT for assessment for mental foramen position as is readily

available in our faculty for retrospective cohort study.
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CHAPTER 3: MATERIAL AND METHOD
3.1 Study Design
This retrospective cohort study aimed to review the radiographs of 150 Malay or
Chinese patients that fulfilled the inclusion criteria listed below. This study conducted

between April 2016 and April 2017.

In essence, all radiographs of patients attending to the Faculty of Dentistry from 2010
-2016 were reviewed. Only Malay and Chinese ethnics were included because of their
similar anthropological (Mongoloid) origin. Because of the need to determine the skeletal
pattern of the patients, only orthodontic patients or patients planned for orthognathic
surgery were recruited. All of them must have an initial pre-treatment dental panoramic
tomograph (DPT) and a lateral cephalogram (LC). The panoramic radiographs were taken
using Sirona Orthophos® and Planmeca® x-ray machine. The magnification factors

reported by the manufacturers were 1.2 and 1.25, respectively.

3.1.1 Sample size
Three group with 50 set of x-ray in each group (Class I, Class II and Class III skeletal

pattern) using convenient sampling.
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3.2

3.2.1

Study population and setting

Inclusion and exclusion criteria

3.2.1.1 Inclusion criteria

a)

b)

d)

This study will be limited to Malay and Chinese subjects only. This is because

Malays and Chinese are of similar anthropological (Mongoloid) ancestry (Wei

Cheong Ngeow & Yuzawati, 2003)

All subjects must have an initial pre-treatment dental panoramic tomogram (DPT)

and lateral cephalogram (LC)

Age: 20-40 years old,

The inclusion and exclusion criteria for the DPT were as follows:

il.

1il.

1v.

V1.

High quality with respect to angulation and contrast.

All mandibular permanent teeth must be present from the right first
molar to the left first molar with good alignment within the dental arch.
Images must be free from any radiolucent or radiopaque lesion(s) in the
mandible and showed no radiographic over exposure or processing
artefacts.

Radiographs where any lower anterior teeth were missing were
excluded because of possible mesial drift of the posterior teeth.
Panoramic radiographs where the mental foramen could not be
identified were excluded. These were considered to be cases classified
as ‘unidentified type’ mental foramen according to the classification
described by Yosue and Brooks (Yosue & Brooks, 1989)

Radiographs in which the lower teeth (between 36 and 46) were
missing, had deep caries, root canal treatment or various restorations

were excluded because of possible associated periapical radiolucency

20



e) The inclusion and exclusion criteria for the lateral cephalogram were as follows:
i.  High quality with respect to angulation and contrast.
ii.  Subject should be biting in intercuspal position (ICP).
iii.  Only normal non-cleft, non-syndromic patients will be included.

iv.  Subjects should have both upper and lower central incisors present.

3.2.1.2 Exclusion criteria

The exclusion criteria for this study as listed below:

a) Mixed dentition or any missing mandibular teeth from 36-46

b) Present of radiographic artefact

¢) Any bony pathology or surgical procedure involving craniofacial and mandible
area

d) Non visible mental foramen
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33 Data collection
All data were collected with using data collection form (Appendix B). The patient

register from 2010-2016 were assessed for the following criteria: -

a)  The inclusion criteria were used to obtain suitable subjects.

b)  One examine was performed data collection.

c) Patient demographic data — age, gender and site of mental foramen (right or left)
was recorded

d) Determination of mental foramen using the dental panoramic tomogram (DPT)

view
The locations of the mental foramen were assessed from the DPTs. The location of the
mental foramen was recorded according to the description used by Al Jasser & Nwoku
(1998) and Ngeow & Yuzawati (2003). They were shown and described in Figure 3.1.The
position of the mental foramen was recorded in line with the longitudinal axis of a tooth

with a metal ruler. The ruler edge was followed the angulation of the teeth.

The position of the image of the mental foramen was recorded as Figure 3.1 below:
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Legend:

Position 1: Situated anterior to the first premolar.
Position 2: In line with the first premolar.

Position 3: Between the first and second premolar.
Position 4: In line with second premolar.

Position 5: Between second premolar and first molar.
Position 6: In line with first molar.

Figure 3.1: Schematic diagram shows possible location of the mental foramen
(Yosue & Brooks, 1989).

A metal ruler was used to relate the mental foramen to the long axis of teeth or the
inter-radicular area. The edge of the ruler followed the angulation of the teeth. If the
mental foramen was too large or was located exactly in between two teeth, the position
of the foramen was indicated by drawing an imaginary line parallel to the long axis of the
teeth. In addition, the mental foramen also was determined by accessing the site with the
most obvious radiolucency. The side that showed more radiolucency was designated the
location of the mental foramen to be used analysis. Using a modification of Yosue and
Brooks (1989) when there appeared to be multiple foramina, the true radiographic mental
foramen was considered to be the largest, uppermost one and nearest the mandibular canal
(Yosue & Brooks, 1989). Nevertheless, the presence of accessory mental foramen (AMF)
was recorded and its spatial relationship to the main mental foramen (MF) was
determined. The position of the AMF was recorded as posterosuperior, posterior,

posteroinferior, superior, inferior, anterosuperior, anterior, or anteroinferior to the MF.

e)  The skeletal pattern was assessed from the lateral cephalogram (LC) tracing

The skeletal patterns were determined from the LC. Angular measurements of
ANB (Mills, 1987) were used to determine the skeletal pattern and classified according
to the followings:

Class I: ANB 1-5 degrees

Class II: ANB of >5 degrees

Class III: ANB of <1 degree
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To do so, a piece of translucent tracing paper was secured over the LC. LC tracing
done using pencil of four point below as describe by Mills JRE 1987:
a) A point (A): The point of the deepest concavity anteriorly on the maxillary
alveolus
b) B point (B): The point of the deepest concavity anteriorly on the mandibular
symphysis
¢) Sella (S): The midpoint of the sella turcica (pituitary fossa)
d) Nasion (N): The most anterior point on the fronto-nasal suture,
The relevant points were connected to make up the SNA and SNB lines. The SNA and
SNB angle values were determined using a protractor, to the nearest 0.5°. The ANB angle

was be calculated as the difference between the SNA and SNB angles.

In order to ensure the validity of the study and reliability of the examiner, 10% of the

DPTs and LCs were reassessed, at least two weeks following the first exercise.

3.3.1 Data Analysis

Data were entered and analysed using IBM SPSS Statistic software version 22 and
Microsoft Excel 2013. Descriptive and appropriate analytical statistics was performed.
Chi-square test was employed to compare the findings, with the significant value set at
P<0.05. Pearson’s correlation test was performed to detect possible relationship between

the location of the mental foramen and the type of skeletal pattern.
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3.3.2  Ethical approval and funding
This research had received ethical approval from the Medical Ethic Committee of
Faculty of Dentistry, University of Malaya [Reference number: DF OS1620/0060(P)].

(Appendix A). This research was self-funded.
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CHAPTER 4: RESULTS
4.1 Demographic profile
From 385 panoramic radiographs that were analysed, only 64 radiographs met the
inclusion criteria, whereby the mental foramen can be seen on both sides of the mandible.

The other 311 radiographs were excluded due to the following reasons:

a) The loss of the first premolars as a result of orthodontic treatment prescribed
elsewhere.

b) Unidentified mental foramen on either side of the jaw. This is due to low film
quality or perhaps the anatomy of the mental foramen position.

c) Pathological lesions around the mental area such as existing radiopacity or
radiolucency at the area of study.

d) Low film quality that also affects the process of analysing the radiographs. These

radiographs were either overexposed or underexposed.

4.1.1 Race of the study
In this study, we had 27 Malays (42%) and 37 Chinese (58%) patient’s radiograph

respectively (Figure 4.1).

Malay
42%

Chinese
58%

Figure 4.1: Patient’s ethnicity
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4.1.2  Gender of patient

Male
30%

Female
70%

Figure 4.2: Gender of patient
More than seventy percent (70.3%) of subjects were female, with the remaining being

male (Figure 4.2). The mean age of the patients was 25.0 (SD 3.9) years.

4.2 Statistical analysis
4.2.1 Relationship of Skeletal Pattern with Race

Table 4.1: Relationship of Skeletal Pattern with Race

Skeletal Pattern Race n (%) Total
Classification Malay Chinese
| 14 (51.9%) 19 (51.4%) 33 (51.6%)
11 6 (22.2%) 7 (18.9%) 13 (20.3%)
111 7 (25.9%) 11 (29.7%) 18 (28.1%)
Total 27 (100%) 37(100%) 64 (100%)

More than half of patient had Class I skeletal pattern (n=33; 51.6%), followed by Class
IIT (n=18; 28.1%) and Class II (n=13; 20.3%). This same distribution was seen in both ethnic
groups (Table 4.1). Pearson Chi-Square test done was run with P value = 0.921. There is no

relationship between skeletal patterns with race (P value > 0.05).
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4.2.2  Mental foramen position

All mental foramen observed in this study was of the continuous type. The majority of the
patients (n=59; 92.2%) had only one mental foramen on each side of the jaws. There were 4
subjects who had more than 1 mental foramen on one side of the mandible. Three of them
have 2 mental foramina present while another person had 3 mental foramina on the right side

of mandible. Three of them had Class III skeletal pattern. In details, they were:

a) One Chinese female with Class III; the site with 2 foramina had a main mental
foramen located in line with the second premolar (Position 4)

b) One Malay female with Class III; the site with 2 foramina had a main mental foramen
located between the first and second premolars (Position 3)

¢) One Chinese male with Class III; the site with 3 foramina had a main mental foramen
located anterior to the first premolar (Position 1)

d) One Chinese female with Class I; the site with 2 foramina has a main mental foramen

located between the second premolar and the first molar (position 5)

Only one subject had 2 mental foramina present on each side of the mandible. He was a
Chinese male with Class I skeletal pattern. One of his main mental foramen was located
anterior to the first premolar (Position 1), while on the opposite site, the main mental foramen
was located in line with the first premolar (Position 2). In summary, it can be noted that
patients with multiple mental foramina did not present in any pattern of distribution for the

location of the main mental foramen.

The mental foramen can be found anywhere from anterior to the first premolar to being in
line with the first molar, i.e. all locations described in this study (Table 4.2). However, when

analysed according to ethnic, the mental foramen were located between positions 2 & 6
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among the Malays, but between positions 1 & 5 among the Chinese. However, due to the
small number of patients recruited, this ethnic-influenced difference was not statistically

significant.

Table 4.2: The location of mental foramen in Malay and Chinese patients

Position Number (%)

Malay Chinese Overall

Position 1 - 3 (4.1%) 3(2.3%)

Position 2 2 (3.7%) 6 (8.1%) 8 (6.3%)
Position 3 23 (42.6%) 21 (28.4%) 44 (34.4%)
Position 4 20 (37.0/%) 36 (48.6%) 56 (43.8%)
Position 5 6 (11.1%) 8 (10.8%) 14 (10.9%)

Position 6 3 (5.6%) - 3(2.3%)
Total 54 (100%) 74 (100%) 128 (100%)

The most common antero-posterior location of mental foramen was in line with the
longitudinal axis of the second premolar (n=56; 43.8%). This finding remains constant
irrespective of the gender, and skeletal pattern of the subjects (Table 4.2). The second most
common location for the mental foramen is between the first and second premolars (n=44;
34.4%) (Table 2). However, ethnic-wise, the mental foramen was more often found at
between the first and second premolars (Position 3) among the Malays as compared to the
Chinese. This tendency appears to be contributed mainly by the female Malay patients, which
outnumber male patients 2:1. Among the Chinese, the most common location was in line

with the second premolar (Position 4) (Table 4.3).

Half of the patients reviewed have symmetrically located mental foramen on both side of
the jaws, with a configuration of Positions 4-4 (n=17; 53.1%) being the most common,
followed by the Positions 3-3 configuration (n=13; 40.6%). One patient each had the

Positions 5-5 configuration and the Positions 6-6 configuration.
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The remaining half of the patients presented with various asymmetry configurations for
the location of mental foramina on both side of the jaws, as shown in Figure 3. In general, it
can be noted that the most common configurations were those where one side of the jaw had
the mental foramen located in line with second premolar. The affected 68.8% of the subjects,
involving the 3-4 configuration (n=11; most common), 4-5 configuration (n=7) and 2-4
configuration (n=4). This gives an impression that the most common location to find the

mental foramen revolves around the second premolar region.

In summary, the analysis showed that the most common location to find the mental
foramen revolves around the second premolar region, irrespective of the fact that the mental

foramen were symmetrically and not symmetrically located.

Figure 4.3: Symmetrical mental foramen position. A. MF at position 3; B. MF at
position 4
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Figure 4.4: The distribution for various combination configurations of mental foramen
in cases with asymmetry locations.

Table 4.3: Comparison of the locations of mental foramina between Malays and
Chinese with different skeletal patterns and gender

Number (%)
Malay Chinese
Male (n=18) Female (n=36) Male (n=20) Female (n=54)

Class I

Position 1 - - 2 (20.0%) -

Position 2 - 1 (5.6%) 1 (10.0%) 2 (7.1%)

Position 3 - 7 (38.9%) 3 (30.0%) 8 (28.6%)

Position 4 5 (50%) 9 (50.0%) 4 (40.0%) 15 (53.6%)

Position 5 3 (30%) 1 (5.6%) - 3 (10.7%)

Position 6 2 (20%) - - -
Class 11

Position 1 - - - -

Position 2 - - - -

Position 3 - 5 (41.7%) 2 (25.0%) 1 (16.7%)

Position 4 - 3 (50.0%) 4 (50.0%) 3 (50.0%)

Position 5 - 3 (50.0%) 2 (25.0%) 2 (33.3%)

Position 6 - 1 (8.3%) - -
Class 111

Position 1 - - 1 (50%) -

Position 2 1 (12.5%) - - 3 (15%)

Position 3 3 (37.5%) 3 (50.0%) - 7 (35%)

Position 4 2 (25.0%) 3 (50.0%) - 10 (50%)

Position 5 2 (25.0%) - 1 (50%) -

Position 6 - - - -
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CHAPTER 5: DISCUSSION

The mental foramen is the opening of the short mental canal, located at the buccal cortex
of the mandible. It allows a terminal branch of the inferior alveolar nerve to exit the mandible
to provide innervation to the lower lip, labial mucosa, the premolars and its surrounding
gingiva. It is an important landmark to locate when administering local anaesthetic agent for
anaesthetizing the mandibular premolars and its surrounding structures. However, it is also
the landmark to avoid during endodontic, orthodontic and surgical treatments and during the
placement of both conventional and orthodontic (mini-screw) implants as iatrogenic injury
resulting in neurosensory disturbance to the area of innervation has been reported (W. C.

Ngeow, 2010).

Although on most panoramic radiographs, the radiographic landmarks of the mental
foramen can be observed, the appearance of these landmarks varies without any change of
radiographic conditions. This may be related to difference in bony density and the age of
patients (W. C. Ngeow et al., 2010). For the purpose of this study, only DPTs with mental
foramina present on both sides of the jaws were included. The reason for doing so was to
allow determination of a possible relationship between the location of the mental foramen

and the type of skeletal pattern, which is the main objective of this study.
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Consistent with the finding of other studies, the majority of the patients (n=59; 92.2%)
had only one mental foramen on each side of the jaws. This prevalence is similar to that
reported by Shukla on North Indian population (Shukla, Gupta, Hussein, Hussain, & Singh,
2015). Based on the number of DPTs analysed, a prevalence of 7.8% of multiple foramina
can be deduced. Cases of multiple foramina made up of those with one main mental foramen

and 1 or more accessory mental foramen in close proximity with the former.

5.1 Accessory mental foramen

Accessory mental foramen is defined as any foramen in addition to the mental foramen
on the lateral body of mandible (Figure 5.1) (Cagirankaya & Kansu, 2008; V. Gupta, Pitti, &
Sholapurkar, 2015; Jha & Kumar, 2012; Mraiwa, Jacobs, van Steenberghe, & Quirynen,
2003; Paraskevas, Mavrodi, & Natsis, 2015; Prabodha & Nanayakkara, 2006b; R. Singh &
Srivastav, 2011) (Ahmed, Jasani, Ali, & Avery, 2015; Kalender et al., 2012; M. Naitoh et al.,

2009; Thakur, Thomas, Thayil, & Nair, 2011).
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Figure 5.1: Accessory Mental foramen during open reduction of mandible (Image
courtesy W.C Ngeow) - (A) Notice accessory mental foramen at superior to mental foramen
position in DPT (B) Accessory mental foramen at right side of mandible following open
reduction of right parasymphysis fracture . (C) DPT post-operative post-surgery

It was previously defined as a small foramen in the area surrounding the mental foramen
(Riesenfeld, 1956; Sutton, 1974), however, with the advent of cone-beam computed
tomography (CBCT) some researchers prefer to describe it as a foramen which is continuous

with the mandibular canal, smaller than the mental foramen on each side in images (M.
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Naitoh et al., 2009; M. Naitoh, Yoshida, Nakahara, Gotoh, & Ariji, 2011; Y Sisman et al.,
2014; Y. Sisman et al., 2012). Other terms used to describe them are double mental foramina
(Arx, Lozanoff, & Bosshardt, 2014; Igarashi, Kobayashi, Yamamoto, Morita, & Tanaka,
2004; Lopes, Pereira, & Santos, 2010), additional mental foramina (C. Oliveira-Santos et al.,
2011; Santos Junior, Pinheiro, Umetsubo, Sales, & Cavalcanti, 2013), multiple mental
foramina (Ilayperuma, Nanayakkara, & Palahepitiya, 2009; Munetaka Naitoh et al., 2009)

or accessory buccal foramen (Y. Sisman et al., 2012).

The prevalence of accessory mental foramen has been reported to range from 0%-13.97%
(Table 5.1) when studied using different methods of observation (Iwanaga et al., 2015;
Moogala et al., 2014; Rai, Shrestha, & Jha, 2014; Rehman). One previous discrete cranial
traits study of major human populations suggested that the prevalence of accessory mental
foramen was higher among Central Asians and sub-Saharan Africans (over 20%) (Hanihara

& Ishida, 2001).

However, more recent studies suggested a wider range of variations, with differences that
cannot be based solely on the ethnic of the population studied. The Japanese, for example
have been reported to show 5 different prevalence that ranged from 6.7% to 12.5% (Akabori,
1933; Hanihara & Ishida, 2001; K. Katakami et al., 2008; M. Naitoh et al., 2009; M. Naitoh
et al.,, 2011), based on 3 different methods of study. Similarly, 14 studies from Indian
provided a wide range from 0% to 13.97%, with only 2 studies showing prevalence that was
identical (Bala, Shahdad, & Bashir, 2017; Chandramohan, Ramanathan, Rethinasamy, &
Muthulingam, 2016; S. Gupta & Soni, 2012; Jaju, Jaju, & Garcha, 2013; Moogala et al.,
2014; Pokhrel & Bhatnagar, 2013; Rai et al., 2014; R. Roopa, Manjunath, &
Balasubramanum, 2003; Sankar, Bhanu, & Susan, 2011; Sawyer et al., 1998; Shankland,

1994; Shukla et al., 2015; R. Singh & Srivastav, 2010b; R. Singh & Srivastav, 2011; S. Singh,

35



Gopinathan, Bhall, & Chhabra, 1992; Udhaya, Saraladevi, & Sridhar, 2013). Do note that all
these studies did not even employed panoramic imaging which has been confirmed to yield
a lower detection rate of AMF (M. Naitoh et al., 2011; Neves, Torres, Oliveira, Campos, &

Crusoe-Rebello, 2010).

Only one research group tried to determine the prevalence of AMF using DPT which they
found to be <1% (Kqiku et al., 2013). Previous study undertaken at the University of Malaya
did not reported any finding of AMF as the researchers followed the strict criteria set by Al
Jasser and Nwoku (al Jasser & Nwoku, 1998), where AMF was excluded. The finding of
7.8% of AMF in this current study conforms to the range reported in the literatures, and is
close to the prevalence reported for the Japanese by Naitoh et al.(M. Naitoh et al., 2011).
Surprisingly, this figure was derived by studying dental panoramic radiographs. Perhaps the
strict inclusion criteria enable better detection of the mental foramen and its accessory

foramen.
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Table 5.1: The prevalence of Accessory Mental Foramen determined using different observation methods.

Authors Ethnic / sample Method of assessment | Prevalence Reference
(%)
Akabori (1934) Japanese Dry mandible 6.7% (Akabori, 1933)
Gerhenson et al. (1986) Israelites (n=575) Cadever & dry 53 (Gershenson et al., 1986)
mandible
Serman et al. (1989) African (n=508) Dry mandible 0.88% (Serman, 1987)
American
Caucasian
Zografos & Mutzuri (1989) Greek (n=464) Dry mandible 6.68% (Zografos & Kolokoudias, 1988)
Mwaniki et al. (1992) Kenyan (n=79) Dry mandibles 4.5% (Mwaniki & Hassanali, 1992)
Singh et al. (1992) North Indians. (n=96) Dry mandible 11.45% (S. Singh et al., 1992)
Shankland (1994) Indians (n=68) Dry mandible 6.62% (Shankland, 1994)
Mbajiorgu et al. (1998) Zimbabweans (n=32) Dry Mandible 9.4% (Mbajiorgu, Mawera, Asala, & Zivanovic,
1998)
Sawyer et al. (1998) American White (n=255) Dry mandible 1.4% (Sawyer et al., 1998)
Asian Indian (n=234) 1.5%
African American (n=166) 5.7%
Nazca Indian (n=50) 9.0%
Hanihara & Ishida (2001) Japanese Skull & mandible 12.5% (Hanihara & Ishida, 2001)
R Roopa, Manjunath, and South Indian (n=142) Dry mandible 7.74% (R Roopa et al., 2002)
Balasubramanum (2002)
Kokten et al. (2004) Turkish (n=159) Dry mandible (n=45) 2.2% (Kokten, Buyukanten, & Balcioglu, 2004)
DPT
(n=114)
Agthong et al. (2005) Thai (n=110) Dry mandible 1.8% (Agthong, Huanmanop, & Chentanez, 2005)
Igbigbi & Lebona (2005) Malawian (n=70) Dry mandible 4.3% (Igbigbi & Lebona, 2005)
Prabodha and Nanayakkara (2006a) Sri Lankan (n=24 Dry mandible 8.33% (Prabodha & Nanayakkara, 2006a)
hemimandibles)
Taiseer Al-Khateeb, Hamasha, and | Jordan (n=860) Panoramic radiograph 10.0% (T. Al-Khateeb, Al-Hadi Hamasha, &

Ababneh (2007)

Ababneh, 2007)
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Table 5.1 (continued): The prevalence of Accessory Mental Foramen determined using different observation methods

Authors Ethnic / sample Method of assessment | Prevalence Reference
(%)
Kaori Katakami et al. (2008) Japanese (n=150) CBCT 10.7% (K. Katakami et al., 2008)
Ilayperuma et al. (2009) Sri Lankan (n=51) Dry mandible 3.92% (Ilayperuma et al., 2009)
Naitoh et al. (2009) Japanese (n=157) CBCT 7% (M. Naitoh et al., 2009)
Haktanir, Ilgaz, and Turhan-Haktanir | Turkish (n=100) MDCT 4% (Haktanir, Ilgaz, & Turhan-Haktanir, 2010)
(2010)
Lopes et al. (2010) Southern Brazilian (n=80) Dry mandible 11.3% (Lopes et al., 2010)
Naitoh et al. (2010) Japanese (n=28) CBCT 7.0% (Munetaka Naitoh et al., 2010)
*R. Singh and Srivastav (2010a) Indian (n=100) Dry mandible 13.0% (R. Singh & Srivastav, 2010b)
Naitoh et al. (2011) Japanese (n=365) CBCT & Panoramic 7.7% (M. Naitoh et al., 2011)
radiograph
Christiano Oliveira-Santos et al. | Brazilian Caucasian (n=285) CBCT 9.4% (C. Oliveira-Santos et al., 2011)
(2011)
Sankar et al. (2011) Indian (n=90) Dry mandible 8.9% (Sankar et al., 2011)
*Singh & Srivastav (2011) Indian (n=100) Dry mandible 13.0% (R. Singh & Srivastav, 2011)
Gupta & Soni (2012) Indian (n=200) Dry mandible 6.7% (S. Gupta & Soni, 2012)
Kalender et al. (2012) Turkish (n=193) CBCT 6.5% (Kalender et al., 2012)
Sisman et al. (2012) Turkish (n=504) CT 2.0% (Y. Sisman et al., 2012)
Goregen et al. (2013) Turkish (n=315) CBCT 6.3% (Goregen, Miloglu, Ersoy, Bayrakdar, &
Akgiil, 2013)
Jaju et al. (2013) Indian (n=100) CBCT 8.4% (Jaju et al., 2013)
Kqiku et al. (2013) Kosovarian (n=500) DPT <1% (Kqiku et al., 2013)
Orhan et al. (2013) Turkish (n=63 children) CBCT 6.34% (Orhan et al., 2013)
Pokhrel et al. (2013) Indian (n=83) Dry mandible 7.22% (Pokhrel & Bhatnagar, 2013)
Udhaya et al. (2013) Indian (n=90) Dry mandible 5.55% (Udhaya et al., 2013)
Arquez (2014) Colombian (n=13) Cadaver 7.7% (Arquez)
Cantekin & Sekerci (2014) Turkish children (n=275) CBCT 6.5% (Cantekin & Sekerci, 2014)
Hoque et al. (2014) Bangladeshi (n=185) Dry mandible 2.18% (Hoque, Ara, Begum, Kamal, & Momen,
2014)

Imada et al. (2014) Brazil (n=100) CBCT 3.0% (Imada et al., 2014)
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Table 5.1: (continued): The prevalence of Accessory Mental Foramen determined using different observation methods

Authors Ethnic / sample Method of assessment | Prevalence Reference
(%)
Moogala et al. (2014) Indian (n=219) Dentate dry mandible 13.97% (Moogala et al., 2014)
(n=127)
Edentulous dry 2.76%
mandible (n=92)
Neves et al. (2014) Brazilian (n=127) CBCT & Panoramic 7.4% (Neves et al., 2010)
radiograph
Rai et al. (2014) Indian (n=40) Dry mandible 0% (Rai et al., 2014)
Zarie et al. (2014) Iranian (n=50) Dry mandible 11.% (Zarei, Ebrahimi, Dashti, Pourentezari, &
Karizbodagh, 2013)
Ebrahimi et al. (2015) Thai (n=107) CBCT 6.6% (Ebrahimi, Pripatnanont, Omami, &
Tharanon, 2015)
Khojastepour et al. (2015) Iranian (n=156) CBCT 5.1% (Khojastepour, Mirbeigi, Mirhadi, & Safaee,
2015)
Paraskevas et al. (2015) Greek (n=96) Dry mandible 4.17% (Paraskevas et al., 2015)
Shukla et al. (2015) Indian (n=70) Dry mandible 7.2% (Shukla et al., 2015)
Ur Rehman et al. (2015) Pakistani (n=50) Dry mandible 0% (Re Rehman, Muhammad Habib Ur Bashir,
Aruna Gulnaz, & Humarahman, 2015)
Zhang et al. (2015) Chinese (n=172) CBCT 5.81% (Lan, Qinghua, Xuedong, Yin, & Dingming,
2015)
Chandramohan et al. (2016) Indian (n=300) Dry mandible 3.33% (Chandramohan et al., 2016)
Kadel et al. (2016) Nepalese (n=100) Dry mandible 6.0% (Kadel et al., 2016)
Zeng et al. (2016) Han Chinese (n=287) CBCT 4.88% (Zeng, Gao, Gao, Yu, & Wu, 2016)
Bala et al. (2017) Indian (n=41) Dry mandible 4.87% (Bala et al., 2017)
Zmystowska-Polakowska et al. Polish (n=200) CBCT 7.0% (Zmyslowska-Polakowska et al., 2017)

(2017)

*Duplicate study
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A number of studies reported that unilateral AMF was more common than bilateral ones
and our finding agrees to these reports (S. Gupta & Soni, 2012; Haktanir et al., 2010; Imada
et al., 2014; Jaju et al., 2013; Kalender et al., 2012; K. Katakami et al., 2008; M. Naitoh et
al., 2009; C. Oliveira-Santos et al., 2011; Prabodha & Nanayakkara, 2006b; Y. Sisman et al.,
2012). Bilateral accessory mental foramina are considered rare and were found in only 6-8%
of accessory mental foramen cases, corresponding to approximately 0.53% of the total
population ((Kalender et al., 2012; C. Oliveira-Santos et al., 2011; Y. Sisman et al., 2012).
We found one such case of bilateral AMF, and in addition, this study even found one case
with two accessory foramina located on a unilateral side of a subject, similar to the findings
by Haktanir et al. (2010) (Haktanir et al., 2010), Katakami et al. (2008), Oliveira-Santos et

al. (2011) and Naitoh et al. (2009).

Accessory mental foramen (AMF) are usually unequal in size, usually having a single
large foramen with smaller satellite foramina (Kadanoff, Mutafov, & Jordanov, 1970). Our
finding in one subject confirms this observation. In cases with a single AMF, its location has
been reported to be variable, and can be located at any of these 8 positions: posterior,
posterior-inferior, posterior-superior, anterior, anterior-superior, anterior inferior, inferior or
superior to their respective mental foramen (Goregen et al., 2013; Jaju et al., 2013; Kalender
etal., 2012; K. Katakami et al., 2008; M. Naitoh et al., 2009; Neves et al., 2010; C. Oliveira-
Santos et al., 2011; Orhan et al., 2013; Y. Sisman et al., 2012). Studies differed as to whether
accessory mental foramen is located posteroinferior, posterior or anteroinferior to the mental

foramen. The findings are summarized in the Table 5.2 below.
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Table 5.2: Location of the mental foramen and accessory mental foramina

Study N ANTERIOR POSTERIOR SUPERIOR INFERIOR
Anterosuperior | Anterior Anteroinferior Posterosuperior Posterior Posteroinferior

Naitoh et al. 15 20% - - 20.% - 60% - -

(2009)

Katakami et al. 17 - - 5.8% 5.8% 41.2% 11.8% 5.8% 29.4%

(2008)

Kalender et al. 27 - 3.7% 37% 11.1% - 22.2% - 11.1

(2012)

Sisman et al. 14 7.1% 7.1% 28.6% 21.4% - 18.8% - -

(2012)

Oliveira-Santor 32 18.8% 6.3% 3.1% 15.6% 21.9% 18.8% 12.5% 3.1%

etal. (2011)

Orhan et al. 4 - - - 25.% 25% 60% -

(2013)

Neves et al. 19 53% - - 10.5% 10.5% 42.1% 10.5% 21.1%

(2014)

Goregen et al. 22 - 45% - - - 54.6% - -

(2013)

Jajuetal. (2013) 9 - - 22.2% 11.1% - 66.7% - -

Current Study 11 - 27.3% 9.1% - 18.2% 18.2% 18.2% 9.1%
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In our study, we found that the majority AMF were located anterior to mental foramen
(27.3%, n =3). Figure 5.2 showed the AMF located anterior to right mental foramen at
position 3. Otherwise AMF were equally distributed (Table 5.2). However due to limited

sample size, this number was not significant.

Figure 5.2: AMF at the right mandible at the anterior position
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5.2 Comparison with previous studies
5.2.1 Location

Studies involving comparison of human mandibles from different chronological
periods have shown a tendency of anterior migration of mental foramen in modern
humans (Liang, Jacobs, Corpas, Semal, & Lambrichts, 2009; Williams & Krovitz, 2004).
Ngeow and co-workers reported on two occasions that the most common location to find
a mental foramen in Malays was Position 4, with no observation at Position 1 (W. C.
Ngeow et al., 2010; Wei Cheong Ngeow & Yuzawati, 2003). Their findings supported an
earlier report from Singapore on the Malay population there (Neo, 1989). The finding of
this current study however, does not agree with previous findings for the Malays. Firstly,
the mental foramina were observed in Position 1. Secondly, the most common location
for the mental foramen in the Malays appeared to be at between the first and second
premolars (Position 3) followed by being in line with the second premolar (Position 4).
This change of location appeared to be contributed mainly by the female Malay patients,
who outnumbered male patients 2:1, instead of anterior migration as suggested by some
researchers. E. Gungor, Aglarci, Unal, Dogan, & Guven, (2017) recently reported that
location of the mental foramen differed significantly according to gender with that in
female typically located in Position 3 when compared to male. The other explanation for
this observation is local differences, which had been reported to occur in different
populations (Yesilyurt et al., 2008). The finding of an ethnic or race showing two different
modal positions seems to happen more commonly in the Caucasoid race (Table 1), but a

similar occurrence appear to happen with the Malay subjects of this study.
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The mental foramen has been reported to lie either mesial to the first premolar or lateral
to the first molar in only 1-2 % of cases (Shah, Vaze, & Kinhal, 2010). Various studies
conducted on different human races have shown the rarity of mental foramen being
positioned in line with mandibular first molar. For example, studies done in Africa, and
the middle east (K. Gungor et al., 2006; Haghanifar & Rokouei, 2009) were not able to
substantiate the presence of the mental foramen in line with the mandibular first molar,
while studies in Chinese found a prevalence of <1% (Santini & Land, 1990) and Wang et
al. (T. M. Wang, Shih, Liu, & Kuo, 1986). An evaluation of 161 panoramic radiographs
in Malaysian population (Wei Cheong Ngeow & Yuzawati, 2003) pointed out that the
incidence of this uncommon position was 0.93%, which is extremely rare. The current
study however found a higher prevalence of 5.6% of Position 6 in Malays but none in
Chinese. This finding needs further verification as the source of interpretation is dental

panoramic radiograph, which is subjected to distortion.

Studies on Chinese consistently reported that the most common position for mental
foramen is Position 4 (Green, 1987; Guo et al., 2009; Lan et al., 2015; Santini & Alayan,
2012; T. M. Wang et al., 1986; Zeng et al., 2016) and the finding of this current study
agreed with them. The only difference was that Santini & Land (1990) reported finding

mental foramen at Position 6, which this study did not.

Lastly, except two studies (T. L. al-Khateeb et al., 1994, Gungor et al., 2017), there
was generally no gender difference in the distribution of the mental foramen, which this

current study agreed with.
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52.2 Symmetry

Several authors have reported that the mental foramen was not always symmetrical in
the same patient. (Bharathi, Rani, Basappa, Kanwar, & Khanum, 2016; Mohammad H.
Al-Shayyab, 2015; W. C. Ngeow et al., 2010). This current study found that this was true
in half of the radiographs reviewed. In comparison, previous study at this centre reported
the mental foramen was symmetrically placed in 67.7% of radiographs (T. Al-Khateeb et
al.,2007; Wei Cheong Ngeow & Yuzawati, 2003), while other studies elsewhere reported
between 63% and 86.8% of symmetrically located mental foramina (T. Al-Khateeb et al.,
2007; Parnami et al., 2015). The Zimbabwean shows difference in modal position
between the sides of the mandible. The modal position on the right side was below the
lower second premolar but on the left side, it was posterior to it (Mbajiorgu et al., 1998).
The current finding shows no such tendency with the most modal mental foramen being

Position 4.

5.2.3 Effect of skeletal growth and pattern on the mental foramen

Yamaguchi (1959) reported that the mental foramen was not completely formed until
the twelfth gestational week. By this time, the mental nerve would have separated into
several fasciculi at this site (Yamaguchi, 1959). This early separation of soft tissue and
later formation of hard tissue may explain for the occurrence of a sensory mental foramen
described above (Toh, Kodama, Yanagisako, & Ohmori, 1992). However, this
embryological finding does not explain why the mental foramen was more commonly
located at the apical region of the second premolar irrespective of the size of the mandible.
At twelfth gestational week, the dental buds of primary teeth have not even formed, so
they cannot act as a centre to influence the branching of the inferior alveolar nerve into

the mental and incisive nerves.
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Previous study from this centre found that the mental foramen was located between
the first and second premolars in children, but ‘drifted’ distally as the age of children
increases (Lim, Lim, Rajan, Nambiar, & Ngeow, 2015). Similar observation has been
reported with the increase of age in several other populations, where there was an increase
in the frequency of more posterior locations of the mental foramen (T. Al-Khateeb et al.,
2007; Santini & Land, 1990; Soheilifar et al., 2016). This supports the suggestion that
variations in facial characteristics of patients associated with growth and development
can lead to mesial or distal angulation of the mental foramen. Thus, local studies in adults
of different age groups found that the location of the mental foramen remains constant
with changes in age (W. C. Ngeow et al., 2010). Based on currently available knowledge,
it can only be summarised that the location of mental foramen changes when the jaw
grow, but it is not influenced by the skeletal pattern of subjects. Somehow, for unknown
reason, there is a tendency for the mental foramen to be related closely with the second

premolars in Malays and Chinese.
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CHAPTER 6: CONCLUSION

6.1 Conclusion

This study was designed to compare the antero-posterior location of mental foramina
in two major racial ethnics in Malaysia, namely the Malays and Chinese, and to determine
if their skeletal pattern influenced its location. The mental foramen when viewed on the
panoramic radiographs was most commonly found in the long axis of the second
premolar. Only half of these mental foramina appeared to be symmetrical in the same
antero-posterior position, with the majority (53.1%) located at Position 4, followed by
Position 3. The gender, site and skeletal pattern of patients did not influence the antero-
posterior location of the mental foramen in relation to the dentition. The result of this

study is comparable to other findings in the Orientals/Mongoloid population.

6.2 Limitation of the study

This study using DPT to evaluate the position of the mental foramen. However usage
of the DPT have a lot of external factor that influence the outcome of the study such as
patient positioning, type of panoramic machine, exposure and superimposition of the

image with surrounding soft tissue may distort the image.

Beside that have the sample size that fulfil the criteria of study is small. Most patient

have skeletal pattern class I with less patient seen with class I and class III.

6.3 Recommendation
For the future study we would recommend larger sample size. To eliminate the
distortion of image in DPT we would recommend the CBCT to evaluate the mental

foramen.
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