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ABSTRACT

Background: Ultrasound can accurately locate the mental foramen and may
facilitate local anaesthesia to the mental nerve under direct visualization.
Methods: 100 subjects were included. An ultrasound transducer was used to
locate the mental foramina. Distances to various landmarks were measured and
compared.

Results: All mental foramina were visualised. Overall the most frequent position
of the mental foramen in relation to vertical hard tissue landmarks was in line with
the long axis of the 2" premolar tooth on the right and between 1% and 2"
premolar teeth on the left. There were no statistically significant differences
between race groups, gender and age categories. The mean hard tissue
distances from the mental foramen on the right and left sides respectively were
as follows: a) 22.8 mm (SD 2.1 mm) and 22.8 mm (SD 2.0 mm) to the cusp of the
related tooth. b) 13.2 mm (SD 1.6 mm) and 13.2 mm (SD 1.6 mm) to the inferior
border of the mandible. The mean soft tissue distances from the mental foramen
on the right and left sides respectively were as follows: a) 3.4 mm (SD 1.7 mm)
and 3.4 mm (SD 1.5 mm) lateral to a vertical line passing through the chelion. b)
20.1 mm (SD 2.6 mm) and 20.1 mm (SD 2.6 mm) distal to a horizontal line
bisecting the chelions. ¢) 15.1 mm (SD 3.4 mm) and 15.0 mm (SD 2.4 mm) to the
inferior border of the mandible.

Conclusion: Ultrasound is an effective modality to locate the mental foramen.

There is insignificant variation in the position of the mental foramen in relation to



the mandibular premolar teeth between races. Statistically significant differences,
for the distance of the mental foramen to various landmarks, were minimal and

are not regarded clinically significant.
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GLOSSARY OF TERMS USED

Caucasian Refers to Asian and White race groups.

Chelion Corner of the mouth, where the upper lip meets with
the lower lip.

Foramen An opening, hole or orifice, usually through bone.

Hard tissue relations Description of structures and measurements with
regards to its relationship to the bony mandible and
teeth.

Mesial Term used in dentistry to describe a position in
relation to a structure (e.g. a tooth) closer to the
midline. Synonymous to the term medial and opposite

to the term lateral.

Position 1 Mesial to the 1st premolar.

Position 2 In line with the long axis of the 1% premolar.

Position 3 Between the 1% and 2" premolars.

Position 4 In line with the long axis of the 2" premolar.

Position 5 Lateral to the 2" premolar.

Soft tissue relations Description of structures and measurements with

regards to its relationship to soft tissue structures
such as the corner of the mouth and the skin overlying

the inferior border of the mandible.
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%R

CBCT

CMJAH

ED

HHCL

HHCR

HHIL

LIST OF ABBREVIATIONS

The proportion of the distance (in percentage) of the
position of the mental foramen from the cusp of the
related tooth to inferior border of the mandible on the
left side i.e. HHCR / HHCR + HHIR).

The proportion of the distance (in percentage) of the
position of the mental foramen from the cusp of the
related tooth to inferior border of the mandible on the
right side (i.e. HHCL / HHCL + HHIL).

Conebeam computed tomography.

Charlotte Maxeke Johannesburg Academic Hospital.
Emergency Department.

Horizontal hard tissue relation measuring the vertical
distance between the cusp of the related tooth and
the mental foramen on the left side.

Horizontal hard tissue relation measuring the vertical
distance between the cusp of the related tooth and
the mental foramen on the right side.

Horizontal hard tissue relation measuring the vertical
distance between the inferior border of the mandible

and the mental foramen on the left side.
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HVL

HVR

MRI

MSCT

SHChL

SHChR

SVChL

SVChR

SVIL

SVIR

Horizontal hard tissue relation measuring the vertical
distance between the inferior border of the mandible
and the mental foramen on the right side

Vertical hard tissue relation on the left side.

Vertical hard tissue relation on the right side.
Magnetic resonance imaging.

Multi slice computed tomography.

Horizontal soft tissue distance from a vertical line
passing through the chelion to the mental foramen on
the left.

Horizontal soft tissue distance from a vertical line
passing through the chelion to the mental foramen on
the right.

Vertical soft tissue distance from a horizontal line
bisecting the chelions to the mental foramen on the
left.

Vertical soft tissue distance from a horizontal line
bisecting the chelions to the mental foramen on the
right.

Vertical soft tissue distance from the inferior border of
the mandible to the mental foramen on the left.
Vertical soft tissue distance from the inferior border of

the mandible to the mental foramen on the right
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CHAPTER 1

INTRODUCTION

1.1 Background

The mental foramen is located on either side of the mandible just below the
corners of the lips around the region of the root of the second premolar tooth.
The mental nerve emerges from the mental foramen and provides sensation to
the lower central portion of the face (Haghanifar & Rokouei 2009; Al-Khateeb, Al-

Hadi Hamasha & Ababneh 2007).

Figure 1: The extra-oral sensory innervations of the mental nerve (shaded area)
(courtesy: Division of Orthodontics, School of Dentistry, University of the

Witwatersrand)

Many patients presenting to the Emergency Department (ED) may require
procedures that require anaesthesia to the area supplied by the mental nerve. If

the ED practitioner is not familiar with the exact position of the mental nerve, it



may result in higher doses of local anaesthetic agent being used to achieve a
mental nerve block, or it may result in a failed block. This may increase the risk of
local anaesthetic toxicity. Other potential complications of a mental nerve block
include inadvertent intravascular administration of the local anaesthetic agent,
haematoma formation and mental nerve injury (Smith & Lung 2006). Therefore,
accurately determining the position of the mental foramen would allow for the
safer administration of the appropriate dose of local anaesthetic at the correct
place. This would decrease complication rates and improve first time success

rates.

The use of ultrasonography in the ED for regional nerve block anaesthesia has

been shown to be safe, effective, accurate and time saving (Wells 2010).

1.2 The aim of the study

The aim of this study is to ultrasonographically determine the position of the

mental foramen in relation to hard and soft tissue landmarks in a selected South

African Black and Caucasian adult population. It has not been reported in this

population previously.

1.3 Objectives

The objectives of the study were as follows:



1. To determine the range of positions of the mental foramen in the study
group, using ultrasound as a modality.

2. To compare the differences in position of the mental foramen between
Blacks and Caucasians (Asians and Whites) in the selected group.

3. To compare symmetry of the mental foramen between both sides of the
face.

4. To determine the proportion of patients in whom the mental foramen

cannot be identified ultrasonographically.

1.4 The type of study

Prospective, Cross-sectional study that included 100 patients

1.5 Significance of this study

With the progress and development of the Specialty of Emergency Medicine in
South Africa and around the world, trained ED doctors are able to perform a
variety of procedures, thus decreasing the rate of referral to other specialists.
This decreases the amount of time that patients need to spend in hospitals,
decreases hospital costs and increases patient satisfaction. This may potentially
also decrease the rate of patient litigation (Jeanmonod et al. 2012). Amongst the
procedures that trained emergency physicians can perform in the emergency

department include procedures within the field of supply of the mental nerve.



Therefore it is important for Emergency Medicine practitioners to be

knowledgeable regarding the anatomy of the mental nerve and foramen.

No published studies thus far have made use of ultrasound as a modality to
determine the position of the mental foramen in a study group, although
ultrasound guided mental nerve blocks for local anaesthesia have been well

described.



CHAPTER 2

LITERATURE REVIEW

2.1 Anatomy of the mental nerve and foramen

The mandibular canal runs anteriorly along the internal surface of the mandible. It
splits into the mental and incisive canals. The incisive canal continues anteriorly
to the incisive teeth and the mental canal runs superolaterally to the mental

foramen (Chrcanovic, Abreu & Custodio 2011).

The inferior alveolar nerve runs along the mandibular canal. The mental nerve is
a terminal branch of the inferior alveoli nerve and emerges from the mental
foramen together with the mental vessels. The mental nerve divides into four
branches as it emerges from the 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 1% molar and d) mental branch which innervates

the skin of the mental region (Neves et al. 2010).

The mental foramen is situated on the buccal cortex of the mandibular bone and
is in close relation to the root of the 2" mandibular premolar tooth. It moves in a
posterior direction during the development of the mandible (Balcioglu et al.

2011). Variation in the position and location of the mental foramen has been



reported within and between various adult population groups (Haghanifar &

Rokouei 2009; Al-Khateeb et al. 2007).

2.2 The significance of the mental foramen

A mental nerve block, which is performed in the region of the mental foramen, is
a very useful means of achieving local anaesthesia for the purposes of carrying
out painful procedures in its field of supply. Mental nerve blocks are frequently
carried out by emergency physicians, dentists, oral maxillofacial surgeons and

plastic and reconstructive surgeons (Song et al. 2007).

Dentists carry out mental nerve blocks to facilitate the management of
periodontal pathology such as tooth extractions, root canal treatments, scaling
and polishing and the treatment of gingival disease. Oral maxillofacial surgeons
extend the use of mental nerve blocks to more complex intra-oral procedures
such as implant surgery, periapical surgery, orthognathic procedures and trauma.
Plastic and reconstructive surgeons perform mental nerve blocks for the repair of
lower lip and chin lacerations and reconstructive procedures involving the area of
supply of the mental nerve (Al-Khateeb et al. 2007; Song et al. 2007; Guo et al.

2009).

With an effective mental nerve block, trained emergency physicians may carry

out various procedures in the field of supply of the mental nerve in the ED. These



include suturing of simple and complex lacerations, debridement of wounds,
removal of foreign bodies and analgesia for dental pathology (e.g. periodontal
abscesses, severe toothache, and tooth avulsions). The knowledge of the
accurate determination of the mental nerve is thus paramount to the practice of

Emergency Medicine and to doctors working in the ED (Rocco 2010).

Local anaesthesia infiltration and procedures in the vicinity of the mental nerve
may cause temporary or permanent sensory dysfunction and paraesthesia due to
injury to the mental nerve (Loudon 2011; Smith & Lung 2006). The mental nerve
may be injured by direct trauma from the injection needle, nerve compression as
a result of inadvertent infiltration into the mental foramen or from a haematoma
secondary to vascular injury and from neurotoxicity as a result of chemical
damage from the local anaesthetic itself (Meechan 2011). Therefore the accurate
determination of the position of the mental foramen is important for all concerned

clinicians.

2.3 Population groups previously studied

The position of the mental foramen has been well determined in various
population groups by researchers from various disciplines both radiologically
(Haghanifar & Rokouei 2009; Al-Khateeb et al. 2007; al Jasser & Nwoku 1998;
Kim et al. 2006; Neo 1989; Ngeow & Yuzawati 2003; Olasoji et al. 2004; Pria et
al. 2011; Smajilagic & Dilberovic 2004) and on cadaver specimens (Song et al.

2007; al Jasser & Nwoku 1998; Olasoji et al. 2004; Smajilagic & Dilberovic 2004;



Aktekin et al. 2003; Fabian 2007; Gupta 2008; Igbigbi & Lebona 2005; Kgiku et
al. 2011; Mbaijiorgu et al. 1998; Moiseiwitsch 1998; Mwaniki & Hassanali 1992;
Oguz & Bozkir 2002; Phillips, Weller & Kulild 1992; Sankar, Bhanu & Susan

2011; Santini & Alayan 2012; Smith, Surek & Cortez 2010; Yesilyurt et al. 2008).

Population groups studied thus far include Chinese (Guo et al. 2009; Santini &
Alayan 2012; Green 1987), Korean (Song et al. 2007; Kim et al. 2006), Indian
(Gupta 2008; Sankar et al. 2011; Santini & Alayan 2012; Shankland 1994),
Turkish (Aktekin et al. 2003; Oguz & Bozkir 2002; Yesilyurt et al. 2008), North
American (Pria et al. 2011; Phillips et al. 1992; Smith et al. 2010; Phillips et al.
1990), Zimbabwean (Mbaijiorgu et al. 1998), Malawian (Igbigbi & Lebona 2005),
Tanzanian (Fabian 2007), English (Santini & Alayan 2012), Brazilian (Chrcanovic
et al. 2011), Saudi Arabian (al Jasser & Nwoku 1998), Jordanian (Al-Khateeb et
al. 2007), Iranian (Haghanifar & Rokouei 2009), Austrian (Kqiku et al. 2011),
Kenyan (Mwaniki & Hassanali 1992), Nigerian (Olasoji et al. 2004), Malay (Neo

1989) and Bosnian (Smajilagic & Dilberovic 2004).

Most published studies were carried out by oral maxillofacial and dental surgeons
(Al-Khateeb et al. 2007; Chrcanovic et al. 2011, al Jasser & Nwoku 1998; Neo
1989; Ngeow & Yuzawati 2003; Olasoji et al. 2004; Pria et al. 2011; Smajilagic &
Dilberovic 2004; Moiseiwitsch 1998; Mwaniki & Hassanali 1992; Phillips et al.
1992; Santini & Alayan 2012). Other studies were conducted by anatomists

(Song et al. 2007; Aktekin et al. 2003; Fabian 2007; Gupta 2008; Igbigbi &



Lebona 2005; Mbajiorgu et al. 1998; Oguz, Bozkir 2002; Smith et al. 2010;
Yesilyurt et al. 2008), plastic surgeons (Song et al. 2007; Guo et al. 2009) and

radiologists (Haghanifar & Rokouei 2009; Kim et al. 2006; Olasoiji et al. 2004).

2.4 Position and relations of the mental foramen

The position of the mental foramen has been determined in relation to hard
tissue landmarks (Al-Khateeb et al. 2007; Kim et al. 2006; Ngeow & Yuzawati
2003; Olasoji et al. 2004; Fabian 2007; Igbigbi & Lebona 2005; Kqiku et al. 2011;
Mbajiorgu et al. 1998; Oguz, Bozkir 2002; Yesilyurt et al. 2008) and soft tissue

landmarks (Song et al. 2007; Guo et al. 2009) or both (Guo et al. 2009).

2.4.1 Vertical hard tissue relations

When using vertical hard tissue landmarks, the position of the mental foramen
has been described in relation to the long axis of the mandibular premolars. That
is mesial to the 1% premolar (position 1), in line with the long axis of the 1%
premolar (position 2), between the 1%' and 2" premolars (position 3), in line with
the long axis of the 2" premolar (position 4) and lateral to the 2" premolar
(position 5) (Haghanifar & Rokouei 2009; Al-Khateeb et al. 2007; Olasoji et al.
2004; Fabian 2007; Igbigbi & Lebona 2005; Kqgiku et al. 2011; Mbajiorgu et al.

1998; Yesilyurt et al. 2008).



1! premolar

2" premolar

Position 2

Position 1

Position 5 \» (

/i N
——— Position 3

Position 4

Position 1 - mesial to 1st premolar Position 2 - in line with the long axis of the 1% premolar
Position 3 - between 1% and 2™ premolars Position 4 - in line with the long axis of the 2
premolar. Position 5 - lateral to 2n premolar.

Figure 2: The various possible positions of the mental foramen (black circles) and
its (vertical) relationship to the long axis of the mandibular teeth (yellow lines)
(courtesy: Division of Orthodontics, School of Dentistry, University of the
Witwatersrand)

In the above mandible, the mental foramen is situated at position 4.

There is variation in the position of the mental foramen reported in the literature
amongst different population groups. The most common position of the mental
foramen in relation to hard tissue landmarks was found to be either in line with
the long axis of the 2" premolar tooth or between the 1 and 2" premolar teeth.
It is commonly reported that in Caucasian and Middle Eastern populations, the
most common position of the mental foramen is between the 1% and 2™
premolars, whereas in Black and Mongoloid populations the mental foramen is

positioned more posteriorly (Al-Khateeb et al. 2007; Kim et al. 2006; Sankar et al.
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2011; Santini & Alayan 2012). In Saudi Arabian, Tanzanian, Chinese, Malawian,
Korean, Zimbabwean, Kenyan, Malay, and Bosnian populations the most
common position was recorded as below the 2™ mandibular premolar tooth with
frequencies of between 45% and 75.3% at that position (Guo et al. 2009; al
Jasser & Nwoku 1998; Kim et al. 2006; Neo 1989; Smajilagic & Dilberovic 2004;
Fabian 2007; Igbigbi & Lebona 2005; Mbajiorgu et al. 1998; Mwaniki & Hassanali
1992). In Jordanian, Brazilian, Iranian, Austrian, North American, Indian and
European populations, the most common position was recorded as between the
1%t and 2"mandibular premolar teeth with frequencies of between 33% and
73.2% in that position (Haghanifar & Rokouei 2009; Al-Khateeb et al. 2007;
Chrcanovic et al. 2011; Kqiku et al. 2011; Moiseiwitsch 1998; Sankar et al. 2011).
Studies conducted in two Turkish (Oguz & Bozkir 2002; Yesilyurt et al. 2008) and
two Indian (Neo 1989; Santini & Alayan 2012) population groups found the most
common position to be in line with the long axis of the 2" madibular premolar
tooth, whereas another Turkish study (Aktekin et al. 2003) and an Indian study
(Sankar et al. 2011) found that the most common position to be between the 1%
and 2" premolars. The mental foramen lies either mesial to the first premolar or
lateral to the first molar in only 1-2% of cases (Shah, Vaze & Kinhal 2010).

Some researchers measured the distance from the symphysis menti to the
mental foramen (Smajilagic & Dilberovic 2004; Gupta 2008; Santini & Alayan
2012) and from the mental foramen to the posterior border of the ramus of the
mandible (Smajilagic & Dilberovic 2004; Sankar et al. 2011; Smith et al. 2010)

and compared it to studies carried out on other population groups. This was not
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considered in this study as it is technically challenging to accurately locate the
symphysis menti on ultrasound, and also the distance from the mental foramen
to the posterior border of the ramus of mandible cannot be included onto a single

ultrasound field due to the short length of standard linear ultrasound probes.

2.4.2 Horizontal hard tissue relations

Some researchers measured the vertical distance between the buccal cusp tip of
the concerned tooth and the mental foramen. Mean distances of 23.34 mm and
25.69 mm have been recorded in Chinese and Korean populations respectively
(Guo et al. 2009; Kim et al. 2006). Other researchers measured the vertical
distance between the alveolar margin and mental foramen. Average distances of
between 13.7 mm and 16.4 mm have been reported in various population groups
(Smajilagic & Dilberovic 2004; Igbigbi & Lebona 2005; Mbajiorgu et al. 1998;
Sankar et al. 2011). The mean vertical distance between the inferior border of the
mandible and the mental foramen has been reported as between 12.9 mm and
16.5 mm in various studies (Guo et al. 2009; Kim et al. 2006; Smajilagic &
Dilberovic 2004; Gupta 2008; Igbigbi & Lebona 2005; Mbajiorgu et al. 1998;
Oguz & Bozkir 2002; Sankar et al. 2011; Santini & Alayan 2012; Smith et al.

2010).

Igbigbi et al and Mbajiorgu et al found the mean position of the mental foramen in
Malawian and Zimbabwean populations to be just below the midpoint of the

vertical distance between the alveolar margin and the inferior border of the
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mandible (lgbigbi & Lebona 2005; Mbajiorgu et al. 1998). Smajilagic and
Diberovic investigated the relationship between the mental foramen, the alveolar
crest and the inferior border of the mandible in cadavers and on panoramic X
rays. They found the mental foramen to be at 50% of the distance between the
alveolar crest and the inferior border of the mandible on cadavers and slightly

below this point on panoramic X rays (Smajilagic & Dilberovic 2004).

An American study located the mental foramen an average of approximately 60%
of the distance between the buccal cusp tip and the inferior border of the
mandible (Phillips et al. 1990). A Korean study compared dry skulls with
panoramic radiographs and concluded that the average distance ratio from the
buccal cusp tip to the inferior border of the mandible to be 60.6% on dry skulls

and 63.6% on panoramic radiographs (Kim et al. 2006).

2.4.3 Soft tissue relations

The chelion (corner of the mouth) has been used as a soft tissue landmark to
determine the vertical and horizontal distance from the mental foramen (Song et
al. 2007; Guo et al. 2009). Guo et al indirectly measured the horizontal and
vertical distances from the chelion to the mental foramen on digitalized
photographic images. Mean distances recorded were 23.38 mm (SD, 2.00 mm)
inferior and 3.55 mm (SD, 1.70 mm) medial to the chelion in the front view, and
23.59 mm (SD, 2.11 mm) inferior and 7.19 mm (SD, 3.03 mm) lateral to the

chelion on the lateral view (Guo et al. 2009). Song et al also conducted their
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measurements indirectly on digitalized photographs and located the average
measurement of the mental foramen as 20.4 mm (SD, 3.9 mm) inferior and 3.3
mm (SD 2.9 mm) medial to the chelions on frontal views (Song et al. 2007).
Facial expressions and other conditions at the time of death (before rigor mortis)
may have affected these measurements (e.g. facial soft tissues may assume
different positions at time of death which may become fixed). This has not been

mentioned or commented on in the literature.

2.4.4 Other variations with regard to the mental foramen

The position of the mental foramen has also been compared bilaterally for
symmetry. Most studies looked at anterior-posterior asymmetry and reported
frequencies of asymmetry of 14.3%, 20%, 32% and 33% (Haghanifar & Rokouei
2009; Al-Khateeb et al. 2007; al Jasser & Nwoku 1998; Ngeow & Yuzawati 2003;
Fabian 2007). A Tanzanian study involving 100 cadavers reported that 78% of
mental foramina were asymmetrical (Fabian 2007). Al-Khateeb also looked at
superior-inferior asymmetry and found an incidence of 14% (Al-Khateeb et al.
2007).

The incidence of accessory mental foramina has been variously reported as 3%,
4.5%, 5%, 6.5%, 6.6%, 7% 8.9% and 10% (Al-Khateeb et al. 2007; Guo et al.
2009; Fabian 2007; Mwaniki & Hassanali 1992; Santini & Alayan 2012; Kalender,
Orhan & Aksoy 2011; Naitoh et al. 2009; Ritter et al. 2009; Kulkarni et al. 2011).
Naitoh et al concluded that the mean distance between the mental and

accessory mental foramina was 6.3 mm (SD, 1.5 mm) (Naitoh et al. 2009). The

14



incidence of triple mental foramina has been reported as 1.2% (Ramadhan,
Messo & Hirsch 2010). Awareness of the presence of accessory mental foramina
is important to avoid mental nerve damage during surgical procedures and local

anaesthetic infiltration (Kalender et al. 2011).

Chrcanovic et al reported a change in the position of the mental foramen with
age and loss of teeth. With loss of teeth and resultant bone resorption, the
alveolar crest shifts downwards and closer to the mental foramen (Chrcanovic et
al. 2011). Soikkonen et al reported that the mental foramen was situated on
average of 3.8 mm lower in edentulous jaws than in dentulous jaws (Soikkonen
et al. 1995) with respect to a superior reference point (the alveolar crest). A study
in Hong Kong found there to be a significant correlation between tooth wear and

position of the mental foramen (Green & Darvell 1988).

A study conducted in Jordan (Al-Khateeb et al. 2007) discovered that the position
of the mental foramen was found to be more posterior and inferior with
advancement in age. This is probably due to a combination of bone resorption

and dental degeneration as a consequence of aging.
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2.5 Modalities used to determine the position of the mental foramen

2.5.1 Modalities discussed in the literature

Thus far panoramic radiographs, periapical radiographs, magnetic resonance
imaging (MRI), conebeam computed tomography (CBCT) and multi slice
computed tomography (MSCT) has been used for clinical purposes to determine
the position of the mental foramina (Ritter et al. 2009; Chau 2012; da Silva
Ramos Fernandes, Capelozza & Rubira-Bullen 2011; Greenstein & Tarnow
2006; Jalili et al. 2011; Liang et al. 2010; Parnia et al. 2011; Shibli et al. 2012;

Yasar, Yesilova & Apaydin 2011).

Periapical and panoramic radiographic techniques have their limitations. The
determination of the mental foramen with these modalities is not always possible
and linear measurements need to be corrected as a result of radiographic
distortions. Jacobs et al (Jacobs et al. 2004) reported detection of the mental
foramen in 94% of panoramic radiographs, but only 49% were clearly visible,
while the mental foramen was only visualized in 84.2% of cases in an Iranian
study (Jalili et al. 2011). Shibli et al found there to be good to moderate inter-
examiner agreement for the detection of the mental foramen on panoramic
radiographs (Shibli et al. 2012). The effects of compression on image quality of
digital panoramic radiographs were recently assessed. Size reduction of digital
radiographic images through compression has been shown to have definite

effects on image quality and the detection of the mental foramen and other
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important anatomical structures (Yasar et al. 2011). A study compared the
position of the mental foramen in patients intra-operatively with the position as
determined radiologically by panoramic X-rays. A discrepancy in positioning was
found. This is due to the fact that panoramic X-rays do not take the curvatures
and angles of the mandible into account (Kim et al. 2006; Phillips et al. 1992,
Phillips et al. 1990). Phillips et al found there to be a 23% increase in size and a

distal shift of the mental foramen on panoramic radiographs (Phillips et al. 1992).

With periapical views, the yield is even lower. A study conducted in 1976 by
Fishel et al, using periapical films reported that the mental foramen was detected

in only 46.8% of cases (Fishel et al. 1976).

CBCT image detection of the mental foramen was found to be superior and also
used lower radiation doses when compared with MSCT imaging (Liang et al.
2010). In a study conducted in Germany, advancing age and dental restorative
surgery had a negative impact on CBCT determination of the mental foramen
and other related anatomic structures (Ritter et al. 2009). Chau et al compared
MRI images with CBCT images and found MRI imaging to be more accurate in

determining the position of the mental foramen and nerve (Chau 2012).

2.5.2 Ultrasound

Ultrasonography, regarded as the 21% century stethoscope of the ED (Coskun

2011), is a cost effective, time saving, non-invasive, safe modality with no risk of
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radiation exposure. It can be used as a diagnostic and interventional tool. It has
many uses in the ED including regional nerve block anaesthesia (Wells 2010).
Traxler et al in 1992 used ultrasound to determine the alveolar ridge width for
purposes of dental implants. He also commented that ultrasound provided
accurate information about the position of the mental foramen, as a secondary

finding (Traxler et al. 1992).

Another potential benefit of the use of ultrasonography is that the mental nerve
may be blocked under direct vision, using real time ultrasound guidance as a
tool. This would increase first time success rates, decrease failure rates and
decrease the chances of neurological injury in trained and experienced hands.
One pitfall with the use of ultrasonography is that it is operator dependant.
Therefore operator training and experience would have an impact on accuracy,

interpretation and reliability (Wells 2010).

2.6 Conclusion

Most studies have been carried out on specific population groups in various

countries. South Africa has a multiracial population with diverse backgrounds.

The position of the mental foramen has not been studied in the South African

population thus far.
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The purpose of this study is to ultrasonographically determine the position of the
mental foramen in relation to hard and soft tissue landmarks in a selected South
African Black and Caucasian adult population. It has not been previously

reported in this population.
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CHAPTER 3

MATERIALS AND METHODS

3.1 Site of the study

The study was conducted in the non-urgent, stable patient, waiting area of the

Charlotte Maxeke Johannesburg Academic Hospital’'s (CMJAH) ED, Area 167.

3.2 The study population

The study population consisted of Adult Black and Caucasian (White and Asian)
patients presenting to the CMJAH ED. These patients had passed through the
hospital’'s triage system and did not require urgent or emergent treatment.
Patients did not necessarily present with conditions requiring a mental nerve

block.

3.3 Inclusion criteria

1. Adult Black and Caucasian patients older than 18 years that presented to
the ED.

2. The above patients had to have been triaged as non-urgent.

3. All patients had to have given written consent prior to participating in the

study.
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3.4 Exclusion criteria

1. Patients who had undergone previous mandibular surgery.

2. Patients who had mandibular teeth missing between the right and left
lower 1st molars.

3. Facial distortion (congenital or acquired).

4. Patients who spoke a language for which no translator was available.

3.5 Sampling

This convenience sample made use of 100 patients. The following parameters

were used in determining the sample size:

Significance level: 5%
Power: 80%
Difference in population means: 2.5 mm
Estimated standard deviation: 3.5mm

(For vertical and horizontal measurements)
The data was entered into the Stata statistical package and a subject number of
42, for each group, was generated. 100 subjects were enrolled in the study (50

Black subjects and 50 Caucasian subjects).
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3.6 Measuring instruments

A Toshiba diagnostic ultrasound system (model SSA-510A, serial no.
P3C06X5875), belonging to the emergency department was used. The mental
foramina of both sides of the face were located using a high frequency (8MHZz)
transducer (PLF.805ST) with the machine set on a “small parts” preset mode. A
non-permanent body marker was then used to mark the position of the mental
foramen in order to measure soft tissue relations. The ultrasound machine
measured hard tissue measurements. Soft tissue measurements were gently
measured using calipers and a ruler. All measurements were rounded off to one

decimal place.

The measurements obtained were entered into a data collection sheet (see
appendix 2, p. 86). Asymmetry, the presence of facial hair, the time taken to find
the 1% mental foramen in each patient and any difficulties encountered were
documented on the data collection sheet. Other information documented
included age, gender, race, presence of primary teeth and previous mandibular

surgery.

3.7 Data collection

Data was collected by the researcher who is level 1 emergency ultrasound

accredited.
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The following procedures were followed:

Patients were selected randomly and in no particular order, at a time
convenient to the researcher.

The last patient waiting in the queue was approached first and so on, so
as not to increase patient waiting times.

Potential participants were given an information leaflet.

Bearded patients were told that they would not be required to shave or
trim their beard. They would follow the same procedure as the other
subjects.

Individuals who volunteered to participate in the study were asked to
follow the researcher to a private cubicle.

Participants were then questioned regarding exclusion criteria.

Individuals that were not eligible to participate were thanked and taken
back to their place in the queue.

Eligible volunteers, who agreed to participate, were requested to sign
informed consent.

They were then allocated a participant number to maintain anonymity.
Demographic details were thereafter entered on the data collection
sheets.

The volunteer was then requested to lie supine.

Sonar gel was applied to the ultrasound transducer once the machine was

in running mode.
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The transducer, with the marker pointing to the participant’s right, was
gently applied above the inferior border of the mandible and just lateral to
the mentum.

Once the mental foramen was localized the image was frozen on the
monitor screen. The position in relation to vertical hard tissue landmarks
was determined and documented in the data collection sheet.

The probe was then rotated 90 degrees with the marker facing cranially
and the monitor in unfreeze mode.

The appropriate image was once again frozen and a) the cusp to mental
foramen and b) the inferior border of the mandible to mental foramen
distances were measured and documented.

The mental foramen was once again found under ultrasound guidance
and its position marked off on the skin with a body marker. A caliper and
ruler was used to measure horizontal and vertical distances to the chelion
and the vertical distance to the inferior border of the mandible. Participants
were asked to maintain a neutral facial expression during measurements.
The above procedure was repeated on the opposite side of the face.

Once the measurements were documented, any gel and marks on the
volunteer was gently cleaned off and the volunteer thanked.

All volunteers, as far as possible, maintained their position in the queue
waiting to see their clinician.

Any difficulties experienced during the investigation were documented.
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3.8 lllustration of some of the measurements carried out in the study

Cusp tips of right
and left 2"
Premolar teeth

Right
mental
foramen

Inferior
border of
mandible

HHCR - horizontal hard tissue relation measuring the vertical distance between the cusp of the
concerned tooth and the mental foramen on the right side

HHIR - horizontal hard tissue relation measuring the vertical distance between the inferior border
of the mandible and the mental foramen on the right side

%R - the proportion of the distance (in percentage) of the position of the mental foramen from the
cusp of the related tooth to the inferior border of the mandible on the right side (i.e. HHCR /
HHCR + HHIR).

HHCL - horizontal hard tissue relation measuring the vertical distance between the cusp of the
concerned tooth and the mental foramen on the left side.

HHIL - horizontal hard tissue relation measuring the vertical distance between the inferior border
of the mandible and the mental foramen on the left side.

%L - the proportion of the distance (in percentage) of the position of the mental foramen from the
cusp of the related tooth to the inferior border of the mandible on the left side (i.e. HHCL / HHCL
+ HHIL).

Figure 3: Frontal view of the mandible showing horizontal hard tissue
measurements (courtesy: Division of Orthodontics, School of Dentistry,

University of the Witwatersrand)
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Left

/ chelion
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Position of
right &left
mental
foramina

Inferior

border of SHChR
mandible

Chelion — corner of the mouth where the upper and lower lips meet

SHChR - horizontal soft tissue distance from a vertical line passing through the chelion to the
mental foramen on the right

SHChL - horizontal soft tissue distance from a vertical line passing through the chelion to the
mental foramen on the left

SVChR - vertical soft tissue distance from a horizontal line bisecting the chelions to the mental
foramen on the right

SVChL- vertical soft tissue distance from a horizontal line bisecting the chelions to the mental
foramen on the left

SVIR - vertical soft tissue distance from the inferior border of the mandible to the mental foramen
on the right

SVIL - vertical soft tissue distance from the inferior border of the mandible to the mental foramen
on the left

Figure 4: Frontal view of the lower face showing the various soft tissue
measurements (courtesy: Division of Orthodontics, School of Dentistry,

University of the Witwatersrand)

3.9 Data analysis

All data was captured from the data collection forms and entered into an

electronic spreadsheet (Microsoft Excel, Microsoft Office 2007, Microsoft

Corporation). Data was analyzed using Stata 12. Statisticians employed at the
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University of the Witwatersrand were approached for assistance. Each volunteer
was placed in to an age category: a) 18-30 yrs, b) 31-40 yrs, c) 41-50 yrs, d) 51-
60 yrs, e) 61-70 yrs. Means and standard deviations were calculated for
continuous variables (measurements obtained). Categorical variables such as
sex, race, age category (above) and position (i.e. positions 1 — 5) were described

by the use of percentage frequency distribution tables.

Variations in position (vertical and horizontal) were plotted on distribution graphs.
Cross tabulation and graphs were used to compare age, gender, race and

symmetry with the position of the mental foramen.

The means of measurements obtained (continuous variable) were compared for
age group, sex and race (categorical variables) using Analysis of Variance
(ANOVA). The Fisher’s exact test was used to assess for relationships between
two categorical variables (positions 1 — 5 versus age group, gender, and race).
The chi-squared test was not used, as there were less than 5 observations in

certain cells.

3.10 Ethical considerations

Patients were enrolled in the study only once written informed consent was

obtained. Patient confidentiality was respected at all times. Data collection sheets

did not include personal data. Only relevant demographic data was included. The
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information gathered was protected by a coded numbering system, which was
stored in a password-protected computer that was only accessible by the
researcher. Permission to conduct the study was obtained from the head of
department (H.O.D) of the CMJAH ED and the hospital management. Clearance
was obtained from the Human Research Ethics Committee of the University of

the Witwatersrand; certificate M110920 (Appendix 1, p. 85).

3.11 Study limitations

Some patients had difficulty communicating in English. A member of staff who
was able to understand that particular language was kindly requested to
translate. If a translator was not available for a particular language, those
patients were excluded from the study. Ultrasonography is operator dependant
and a single investigator conducted all measurements. However the investigator

was level 1 emergency ultrasound accredited.

3.12 Source of Bias

South Africa has a multiracial population with marked genetic variation and many

interracial marriages. It was on occasion difficult to accurately classify subject

race group on the data collection sheet.
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CHAPTER 4
RESULTS

4.1 Description of sample

A total of 100 patients were selected to participate in the study. This included 50
Black (27 males and 23 females) and 50 Caucasian (23 males and 27 females)
subjects. The Caucasians were further subdivided into 25 Asian (13 males and
12 females) and 25 White (10 males and 15 females) subjects. The overall sex

distribution was equal and comprised 50 males and 50 females.

4.2 Age distribution of cases per race

The analysis of each race group according to age is shown in table 1. The overall
mean age of the study population was 35.7 years. Most of the subjects were
aged between 18 and 30 years (40 subjects). The 31-40 year age group formed
the second largest overall group (29 subjects). Thirty-one subjects were older
than 40 years of age and only two subjects were older than 60 years. The reason
being that, with advancement in age, the incidences of missing teeth between the
right and left mandibular 1% molars are higher. Therefore many potential subjects
that were approached to participate in the study were excluded as they had

missing teeth between the right and left 1°* mandibular molars.
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Table 1: Age group frequencies for the various race groups studied

Age Group
Rce | 7 | 2 | T | T | T
S > > > > =
o o o o o -
© < 0 © N~ O
© - - - - =
= e 2 L =2
Black 18 20 8 3 1 50
Asian 13 6 3 3 0 25
White 9 5 7 1 25
Total 40 29 16 13 2 100
Mean age | 24.3 36.7 46.7 56.2 63.0 35.7
yrs yrs yrs yrs yrs yrs

4.3 Overall results of entire study population

4.3.1 Vertical hard tissue relations (Figure 5 & 6)

Overall the most frequent position of the mental foramen in relation to vertical
hard tissue landmarks was at position 4 on the right (44%) and position 3 on the
left (44%). They were closely followed by position 3 on the right (41%) and
position 4 on the left (43%). In 4% or less of subjects, the mental foramen was

located at position 1 (mesial to the 1 premolar) and position 5 (lateral to the 2™

premolar) on either side.
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48
45
42
39
36
33
30
27
24
21
18
15

% of all subjects

=
SO WO N

1 2 3 4 5
HVR Position

HVR - vertical hard tissue relation on the right side. Position 1 - mesial to 1st premolar. Position
2 - in line with the long axis of the 18t premolar. Position 3 - between 1% and 2™ premolars.
Position 4 - in line with the long axis of the 2 premolar. Position 5 - lateral to 2 premolar.

Figure 5: Frequencies of the position of the mental foramen in the entire group of

subjects in relation to the mandibular premolar teeth on the right side
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HVL Position

HVL - vertical hard tissue relation on the left side. Position 1 - mesial to 1st Premolar. Position 2
- in line with the long axis of the 1 premolar. Position 3 - between 1% and 2 premolars.
Position 4 - in line with the long axis of the 2 premolar. Position 5 - lateral to 2 premolar.

Figure 6: Frequencies of the position of the mental foramen in the entire group of

subjects in relation to the mandibular premolar teeth on the left side
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4.3.2 Horizontal hard tissue relations (Figure 7)

70
65
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45
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35
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ELE
5 - 2 1.6 1.6
0 - T T

HHCR HHCL HHIR HHIL %R %L
(mm) (mm) (mm) (mm)

63.4 63.3

E Mean
ESD

no

HHCR - horizontal hard tissue relation measuring the vertical distance between the cusp of the
related tooth and the mental foramen on the right side. HHCL - horizontal hard tissue relation
measuring the vertical distance between the cusp of the related tooth and the mental foramen on
the left side. HHIR - horizontal hard tissue relation measuring the vertical distance between the
inferior border of the mandible and the mental foramen on the right side. HHIL - horizontal hard
tissue relation measuring the vertical distance between the inferior border of the mandible and the
mental foramen on the left side. %R - the proportion of the distance (in percentage) of the
position of the mental foramen from the cusp of the related tooth to the inferior border of the
mandible on the right side (i.e. HHCR / HHCR + HHIR). %L - the proportion of the distance (in
percentage) of the position of the mental foramen from the cusp of the related tooth to the inferior
border of the mandible on the left side (i.e. HHCL / HHCL + HHIL).

Figure 7: Means and Standard deviations of horizontal hard tissue relations for

the entire group of subjects

Mean measurements of the entire group were as follows: The mean distance
from the cusp of the related tooth to the mental foramen was 22.8 mm (SD 2.04

mm) on the right (HHCR) and 22.8 mm (SD 2.0 mm) on the left (HHCL). The
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mean distance from the inferior border of the mandible to the mental foramen
was 13.2 mm (SD 1.6 mm) on the right (HHIR) and 13.2 mm (SD 1.6 mm) on the
left (HHIL). The mean position of the mental foramen was found to be 63.4% (SD
1.8%) of the distance from the cusp of the related tooth to the inferior border of

the mandible on the right (%R) and 63.34% (SD 1.7%) on the left (%L).

4.3.3 Soft tissue relations (Figure 8)

Mean measurements for the entire group were as follows: The mean horizontal
distance from a vertical line passing through the chelion to the mental foramen
was 3.4 mm (SD 1.7 mm) lateral to the line on the right (SHChR) and 3.4 mm
(SD 1.5 mm) lateral to the line on the left (SHChL). The mean vertical distance
from a horizontal line bisecting the chelions to the mental foramen was 20.1 mm
(SD 2.6 mm) below the line on the right (SVChR) and 20.1mm (SD 2.7 mm)
below the line on the left (SVChL). The mean vertical distance from the mental
foramen to the inferior border of the mandible was 15.1 mm (SD 2.4 mm) on the
right (SVIR) and 15.0 mm (SD 2.4 mm) on the left (SVIL). The mean distances
were longer with the soft tissue measurements (SVIR & SVIL) when compared to
the hard tissue measurements (HHIR & HHIL). This is due to the fact that the soft
tissue measurements include the skin thickness below the inferior border of the

mandible.
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SHChR - horizontal soft tissue distance from a vertical line passing through the chelion to the
mental foramen on the right. SHChL — horizontal soft tissue distance from a vertical line passing
through the chelion to the mental foramen on the left. SVChR - vertical soft tissue distance from a
horizontal line bisecting the chelions to the mental foramen on the right. SVChL- vertical soft
tissue distance from a horizontal line bisecting the chelions to the mental foramen on the left.
SVIR - vertical soft tissue distance from the inferior border of the mandible to the mental foramen
on the right. SVIL - vertical soft tissue distance from the inferior border of the mandible to the
mental foramen on the left.

Figure 8: Means and Standard deviations of soft tissue relations for the entire

group of subject
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Figure 9: Frontal view of the mandible showing the various mean horizontal hard
tissue measurements for the entire group of participants (courtesy: School of

Dentistry, University of the Witwatersrand)
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Figure 10: Frontal view of the lower face showing the various mean soft tissue
measurements for the entire group of participants (courtesy: School of Dentistry,

University of the Witwatersrand)
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4.4 The impact of race on the position of the mental foramen

4.4.1 Vertical hard tissue relations (Figure 11, 12 (below) & Table 10, 11
(appendix))

Fisher's exact test was used instead of Chi? analysis to assess for statistical
significance, as there were less than 5 observations for some positions. There
were no statistical differences (P > 0.05) between the various race groups with
regard to the position of the mental foramen in relation to the mandibular

premolars on both the right and left sides.

E Black
M Asian
O White

% of subjects per race group
[\
~

HVR Position

Fisher's exact test (P=0.264)

HVR - vertical hard tissue relation on the right side. Position 1 - mesial to 1st premolar. Position
2 - in line with the long axis of the 1% premolar. Position 3 - between 1% and 2" premolars.
Position 4 - in line with the long axis of the 2" premolar. Position 5 - lateral to 2" premolar.

Figure 11: The impact of race on the position of the mental foramen with regard

to vertical hard tissue relations on the right (HVR) side

37



In Blacks, the most frequent position of the mental foramen in relation to vertical
hard tissue landmarks was at position 4 on the right (52%) and left (50%) side.
The second most common position was at position 3 with a frequency of 36% on

the right and 38% on the left side.

In Asians, the most frequent position of the mental foramen in relation to vertical
hard tissue landmarks was found to be slightly more frequently at position 4 on
the right (44%) and left (48%) sides, then at position 3 with a frequency of 40%

on both the right and left sides.

E Black
M Asian
O White

% of subjects per race group
N
~

HVL Position

Fisher’s exact test (P=0.121)

HVL - vertical hard tissue relation on the left side. Position 1 - mesial to 1st Premolar. Position 2
- in line with the long axis of the 1% premolar. Position 3 - between 1% and 2" premolars.
Position 4 - in line with the long axis of the 2 premolar. Position 5 - lateral to 2 premolar.

Figure 12: The impact of race on the position of the mental foramen with regard

to vertical hard tissue relations on left (HVL) side
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In Whites, the most frequent position of the mental foramen in relation to vertical
hard tissue landmarks was at position 3, on the right (52%) and left (60%) sides.
The second most common position was at position 4 with a frequency of 28% on

the right and 24% on the left.

4.4.2 Horizontal hard tissue relations (Table 2)

The Analysis of Variance (ANOVA) statistical test revealed that there were
significant differences between race groups for the distances from the mental
foramen to the various horizontal hard tissue relations. Bartlett's test for equal
variance showed no significance. Post hoc analysis using the Bonferroni method
showed differences between race groups as follows:

HHCR — There were significant statistical differences between Blacks and Asians
(P =0.011) and Blacks and Whites (P=0.015). There was no statistically
significant difference between Asians and Whites (P=1.000). The differences
were minimal (slightly more than 1 mm), with the blacks having the longest mean
distances.

HHCL - There were significant statistical differences between Blacks and Asians
(P=0.012) and Blacks and Whites (P=0.003). There was no statistically
significant difference between Asians and Whites (P=1.000). The differences
were minimal (slightly more than 1 mm), with the blacks having the longest mean

distances.
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Table 2: The impact of race on the position of the mental foramen with regard to

horizontal hard tissue relations

Measurement Race
(mm) Black | Asian | White
Mean | 235 | 221 | 21.9
HHCR SD 2.0 1.8 1.7

ANOVA (P=0.0009)
Mean | 235 | 22.1 | 22.1
HHCL SD | 19 | 1.7 | 20
ANOVA (P=0.0023)
Mean | 13.9 | 122 | 12.8
HHIR SD | 14 | 15 | 16
ANOVA (P=0.0000)
Mean | 139 | 122 | 127
HHIL SD | 14 | 14 | 16
ANOVA (P=0.0000)
Mean | 629 | 645 | 634
%R SD | 13 | 20 | 20
ANOVA (P=0.0007)
Mean | 62.8 | 64.3 | 634
%L SD | 15 | 1.8 | 1.9
ANOVA (P=0.0020)

HHCR - horizontal hard tissue relation measuring the vertical distance between the cusp of the
related tooth and the mental foramen on the right side. HHCL - horizontal hard tissue relation
measuring the vertical distance between the cusp of the related tooth and the mental foramen on
the left side. HHIR - horizontal hard tissue relation measuring the vertical distance between the
inferior border of the mandible and the mental foramen on the right side. HHIL - horizontal hard
tissue relation measuring the vertical distance between the inferior border of the mandible and the
mental foramen on the left side. %R - the proportion of the distance (in percentage) of the
position of the mental foramen from the cusp of the related tooth to the inferior border of the
mandible on the right side (i.e. HHCR / HHCR + HHIR). %L - the proportion of the distance (in
percentage) of the position of the mental foramen from the cusp of the related tooth to the inferior
border of the mandible on the left side (i.e. HHCL / HHCL + HHIL).
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HHIR - There were statistically significant differences between Blacks and Asians
(P =0.000) and Blacks and Whites (P =0.010). There was no statistically
significant difference between Asians and Whites (P =0.542). The differences
were minimal (slightly more than 1 mm), with the blacks having the longest mean
distances.

HHIL - There were significant statistical differences between Blacks and Asians
(P=0.000) and Blacks and Whites (P=0.002). There was no statistically
significant difference between Asians and Whites (P=0.890). The differences
were minimal (slightly more than 1 mm), with the blacks having the longest mean
distances.

%R - There was a significant statistical difference between Blacks and Asians
(P=0.000). There were no statistically significant differences between Blacks and
Whites (P=0.708) and Asians and Whites (P=0.054). The differences were
minimal (<2%), with the Asians having the higher percentages.

%L - There was a significant statistical difference between Blacks and Asians
(P=0.001). There were no statistically significant differences between Blacks and
Whites (P=0.555) and Asians and Whites (P=0.147). The differences were

minimal (<2%), with the Asians having the higher percentages.

4.4.3 Soft tissue relations (Table 3)
The Analysis of Variance (ANOVA) statistical test found that there were
significant differences between race groups for some of the distances from the

mental foramen to the various horizontal hard tissue relations. Bartlett's test for
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equal variance showed no significance. Post hoc analysis using the Bonferroni
method showed differences between race groups as follows:

SHChR & SHChL - There were no statistically significant differences between the
groups (P=0.2868 and P=0.2766 respectively). There were minimal differences
of about half a millimeters between race groups, with the blacks having the
longest mean distances.

SVChR - There were statistically significant differences between Blacks and
Asians (P=0.000) and Blacks and Whites (P=0.000). There was no statistically
significant difference between Asians and Whites (P=1.000). The differences
were minimal (slightly more than one and a half millimeters), with the blacks
having the longest mean distances.

SVChL - There were statistically significant differences between Blacks and
Asians (P=0.001) and Blacks and Whites (P=0.002). There was no statistically
significant difference between Asians and Whites (P=1.000). The differences
were minimal (slightly more than one and a half millimeters), with the blacks
having the longest mean distances.

SVIR -There were statistically significant differences between Blacks and Asians
(P =0.002) and Blacks and Whites (P =0.039). There was no statistically
significant difference between Asians and Whites (P =1.000). The differences
were minimal (about half a millimeter), with the blacks having the longest mean

distances.
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Table 3: The impact of race on the position of the mental foramen with regard to

soft tissue relations

Measurement Race
(mm) Black | Asian | White
Mean 3.6 3.0 3.5
SHChR SD 1.5 1.4 1.4

ANOVA (P=0.2868)
Mean 3.6 3.0 3.5
SHChL sD 1.5 1.5 1.3
ANOVA (P=0.2766)
Mean | 21.3 19.0 18.7
SVChR SD 25 2.3 2.1
ANOVA (P=0.0000)
Mean | 21.2 19.2 18.6
SVChL sD 25 2.3 1.9
ANOVA (P=0.0000)
Mean | 15.9 14.0 14.5
SVIR SD 23 2.1 24
ANOVA (P=0.0013)
Mean | 15.8 14.0 14.4
SVIL sD 2.2 2.3 2.2
ANOVA (P=0.0022)

SHChR - horizontal soft tissue distance from a vertical line passing through the chelion to the
mental foramen on the right. SHChL — horizontal soft tissue distance from a vertical line passing
through the chelion to the mental foramen on the left. SVChR - vertical soft tissue distance from a
horizontal line bisecting the chelions to the mental foramen on the right. SVChL- vertical soft
tissue distance from a horizontal line bisecting the chelions to the mental foramen on the left.
SVIR - vertical soft tissue distance from the inferior border of the mandible to the mental foramen
on the right. SVIL - vertical soft tissue distance from the inferior border of the mandible to the
mental foramen on the left.

SVIL - There were statistically significant differences between Blacks and Asians

(P =0.005) and Blacks and Whites (P =0.034). There was no statistically

43



significant difference between Asians and Whites (P =1.000). The differences
were minimal (about half a millimeter), with the blacks having the longest mean

distances.

4.5 The impact of sex on the position of the mental foramen

4.5.1 Vertical hard tissue relations (Figure 13, 14 (below) & Table 12, 13

(appendix))

EFemale

B Male

% of subjects per gender
[\
~

1 2 3 4 5
HVR Position

Fisher’s exact test (P=0.766)

HVR - vertical hard tissue relation on the right side. Position 1 - mesial to 1st premolar. Position
2 - in line with the long axis of the 1% premolar. Position 3 - between 1% and 2" premolars.
Position 4 - in line with the long axis of the 2" premolar. Position 5 - lateral to 2" premolar.

Figure 13: The impact of sex on the position of the mental foramen with regard to

vertical hard tissue relations on the right (HVR) side
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E Female

E Male

% of subjects per gender

1 2 3 4 5
HVL Position

Fisher’s exact test (P=0.387)

HVL - vertical hard tissue relation on the left side. Position 1 - mesial to 1st Premolar. Position 2
- in line with the long axis of the 1 premolar. Position 3 - between 1% and 2" premolars.
Position 4 - in line with the long axis of the 2 premolar. Position 5 - lateral to 2 premolar.

Figure 14: The impact of sex on the position of the mental foramen with regard to

vertical hard tissue relations on the left (HVL) side

Fisher’'s exact test was used to assess for statistical significance. There were no
statistically significant differences between females and males with regard to the
position of the mental foramen and its relation to the mandibular premolars on

both the right and left sides (P=0.766 and P=0.387 respectively).

The most frequent position of the mental foramen in relation to vertical hard

tissue landmarks in females was at position 4 on the right (42%) and position 3
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on the left (44%) side. The second most common position was at position 3 on
the right with a frequency of 40% and position 4 on the left with a frequency of

40%.

The most frequent position of the mental foramen in relation to vertical hard
tissue landmarks in males on the right was at position 4 (46%) and then position
3 at 42%. On the left it was found most frequently found at position 4 (46%) and

then position 3 at 44%.

4.5.2 Horizontal hard tissue relations (Table 4)

The two-sample t-test found that there were statistically significant differences
between females and males with regard to the position of the mental foramen in
relation to the various horizontal hard tissue relations. P <0.05 for all

measurements (see table below).

The mean distance from the cusp of the related tooth to the mental foramen was
21.5 mm (SD 1.5 mm) on the right (HHCR) and 21.6 mm (SD 1.4 mm) on the left
(HHCL) in females, whereas in males it was 24.0 mm (SD 1.7mm) on the right
and 24.0 mm (SD 1.7 mm) on the left. The mean distances were approximately
two and a half millimeters longer in males when compared to females, on either

side.
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Table 4: The impact of sex on the position of the mental foramen with regard to

horizontal hard tissue relations

Measurement Gender
(mm) F M
Mean | 21.5 | 24.0
HHCR sD 1.5 1.7

T-TEST (P=0.0000)
Mean | 216 | 24.0
HHCL sD 1.4 1.7

T-TEST (P=0.0000)
Mean | 121 | 14.2
HHIR SD 1.2 1.3

T-TEST (P=0.0000)
Mean | 121 | 14.2
HHIL sD 1.2 1.3

T-TEST (P=0.0000)
Mean | 63.9 | 62.9
%R SD 1.9 1.5

T-TEST (P=0.0037)
Mean | 63.9 | 62.8
%L SD 1.8 1.6
T-TEST (P=0.0019)

HHCR - horizontal hard tissue relation measuring the vertical distance between the cusp of the
related tooth and the mental foramen on the right side. HHCL - horizontal hard tissue relation
measuring the vertical distance between the cusp of the related tooth and the mental foramen on
the left side. HHIR - horizontal hard tissue relation measuring the vertical distance between the
inferior border of the mandible and the mental foramen on the right side. HHIL - horizontal hard
tissue relation measuring the vertical distance between the inferior border of the mandible and the
mental foramen on the left side. %R - the proportion of the distance (in percentage) of the
position of the mental foramen from the cusp of the related tooth to the inferior border of the
mandible on the right side (i.e. HHCR / HHCR + HHIR). %L - the proportion of the distance (in
percentage) of the position of the mental foramen from the cusp of the related tooth to the inferior
border of the mandible on the left side (i.e. HHCL / HHCL + HHIL).

47



The mean distance from the inferior border of the mandible to the mental
foramen on the right side (HHIR) was 12.1 mm (SD 1.2 mm) in females and 14.3
mm (SD 1.3 mm) in males. On the left side (HHIL) it was 12.1 mm (SD 1.2 mm)
in females and 14.2 mm (SD 1.3 mm) in males. The mean distances were
approximately two millimeters longer in males when compared to females, on

either side.

The mean position of the mental foramen was found to be 63.9% (SD 1.9%) of
the distance from the cusp of the tooth to the inferior border of the mandible on
the right side (%R) and 63.9% (SD 1.8%) on the left side (%L) in females and
62.9% (SD 1.5%) on the right side and 62.8% (SD 1.6%) on the left side in
males. The mean position of the mental foramen was located approximately 1 %

lower in females when compared to males, on either side.

4.5.3 Soft tissue relations (Table 5)

The mean horizontal distance from a vertical line passing through the chelion to
the mental foramen was 3.4 mm (SD 1.8 mm) lateral to the line on the right
(SHChR) and 3.4 mm (SD 1.4 mm) lateral to the line on the left (SHChL) in
females. In males it was 3.4 mm (SD 1.6 mm) lateral to the line on the right and
3.4 mm (SD 1.5 mm) lateral to the line on the left. The two-sample t-test found no
statistically significant differences (P =0.835 on the right and P = 1.000 on the

left).
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Table 5: The impact of sex on the position of the mental foramen with regard to

soft tissue relations

Measurement Gender
(mm) F M
Mean | 3.4 3.4
SHChR sD 1.8 1.6

T-TEST (P=0.8348)
Mean | 3.4 3.4
SHChL sD 1.4 1.5

T-TEST (P=1.0000)
Mean | 186 | 21.6
SVChR SD 1.8 1.4

T-TEST (P=0.0000)
Mean | 185 | 21.6
SVChL sD 1.8 23

T-TEST (P=0.0000)
Mean | 13.6 | 16.5
SVIR SD 2.0 1.8

T-TEST (P=0.0000)
Mean | 13.6 | 16.4
SVIL sD 2.0 1.9
T-TEST (P=0.0000)

SHChR - horizontal soft tissue distance from a vertical line passing through the chelion to the
mental foramen on the right. SHChL — horizontal soft tissue distance from a vertical line passing
through the chelion to the mental foramen on the left. SVChR - vertical soft tissue distance from a
horizontal line bisecting the chelions to the mental foramen on the right. SVChL- vertical soft
tissue distance from a horizontal line bisecting the chelions to the mental foramen on the left.
SVIR - vertical soft tissue distance from the inferior border of the mandible to the mental foramen
on the right. SVIL - vertical soft tissue distance from the inferior border of the mandible to the
mental foramen on the left.
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The mean vertical distance from the horizontal line bisecting the chelions to the
mental foramen was 18.6 mm (SD 1.8 mm) below the line on the right (SVChR)
and 18.5 mm (SD 1.8 mm) below the line on the left (SVChL) in females. In
males it was 21.6 mm (SD 1.4 mm) below the line on the right and 21.6 mm (SD
2.3 mm) below the line on the left. The two-sample t test found the difference to
be statistically significant (P =0.000 on the right and left sides). In males the

mean distances were approximately three millimeters longer.

The mean vertical distance from the mental foramen to the inferior border of the
mandible was 13.6 mm (SD 2.0 mm) on the right (SVIR) and 13.6 mm (SD 2.0
mm) on the left (SVIL) in females. In males it was 16.5 mm (SD 1.8 mm) on the
right and 16.4 mm (SD 1.9 mm) on the left. The two-sample t-test found the
difference to be statistically significant (P =0.000 on the right and left sides). In
males the mean distances were approximately three millimeters longer. The
mean distances were longer with the soft tissue measurements when compared
to the hard tissue measurements. This is due to the fact that the soft tissue

measurements include skin thickness below the inferior border of the mandible.

4.6 The impact of age on the position of the mental foramen

Age groups a; b; c and d (18 — 60 years) were analysed as only 2 percent of

subjects were in category e (i.e. older than 60 years)
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4.6.1 Vertical hard tissue relations (Table 6, 7 (below) & Figure 16, 17
(appendix))

Fisher’'s exact test was used to assess for statistical significance. There were no
statistically significant differences (P > 0.05) between the various age categories
with regard to the position of the mental foramen in relation to the mandibular

premolars on both the right and left sides.

Table 6: The impact of age on the position of the mental foramen with regard to

vertical hard tissue relations on the right side (HVR)

HVR Age Group
position | 18-30 | 31-40 | 41-50 | 51-60 | 61-70
yrs yrs yrs yrs yrs
1 1 0 0 0 0
2.5% 0% 0% 0% 0%
2 5 2 3 1 1
125% | 6.9% | 18.75% | 7.69% | 50%
3 19 13 4 4 1
47.5% | 44.83% | 25% | 30.77% | 50%
4 14 14 8 8 0
35% |48.28% | 50% |61.54% | 0%
5 1 0 1 0 0
2.5% 0% 6.25% 0% 0%
Fisher’s exact test (P=0.522)

HVR - vertical hard tissue relation on the right side. Position 1 - mesial to 1st premolar. Position
2 - in line with the long axis of the 1* premolar. Position 3 - between 1* and 2" premolars.
Position 4 - in line with the long axis of the 2" premolar. Position 5 - lateral to 2" premolar.
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vertical hard tissue relations on the left side (HVL)

HVL Age Group
position | 18-30 31-40 41-50 51-60 61-70
yrs yrs yrs yrs yrs
1 1 0 0 0 0
2.5% 0% 0% 0% 0%
2 4 1 3 0 1
10% 3.45% | 18.75% 0% 50%
3 20 14 3 6 1
50% | 48.28% | 18.75% | 46.15% | 50%
4 14 14 8 7 0
35% | 48.28% | 50% | 53.85% 0%
5 1 0 2 0 0
2.5% 0% 12.5% 0% 0%
Fisher’s exact test (P=0.135)

HVL - vertical hard tissue relation on the left side. Position 1 - mesial to 1st
- in line with the long axis of the 1 premolar. Position 3 - between 1

P

Table 7: The impact of age on the position of the mental foramen with regard to

remolar. Position 2
and 2" premolars.

Position 4 - in line with the long axis of the 2" premolar. Position 5 - lateral to 2" premolar.

The most common position of the mental foramen in subjects in the age group
category a (18 - 30 years) was at position 3 on the right and left sides. In age
group categories b; ¢ and d (31 — 60 years) position 4 was the most common
position, with higher frequencies of subjects at position 4 with advancement of
age. In 4% or less of patients, the mental foramen was positioned at position 1 or

5 on both the right and left sides.
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4.6.2 Horizontal hard tissue relations (Table 8)
Table 8: The impact of age on the position of the mental foramen with regard to

horizontal hard tissue relations

Measurement Age Group
(mm) a b c d e
Mean | 22.3 | 234 | 23.3 | 22.2 | 20.9
HHCR SD 1.7 | 19 | 24 | 24 | 0.6

ANOVA (P=0.0671)
Mean | 22.4 | 22.4 | 234 | 22.3 | 20.8
HHCL SD | 17 | 1.9 | 23 | 24 | 06
ANOVA (P=0.0842)
Mean | 12.6 | 13.7 | 134 | 129 | 124
HHIR SD | 16 | 16 | 1.7 | 1.9 | 04
ANOVA (P=0.2487)
Mean | 12.8 | 13.7 | 13.3 | 129 | 125
HHIL SD | 15 | 15 | 18 | 1.8 | 0.8
ANOVA (P=0.2263)
Mean | 63.6 | 63.2 | 63.6 | 63.2 | 62.8
%R SD | 20 | 14 | 18 | 1.9 | 0.0
ANOVA (P=0.8039)
Mean | 63.6 | 63.1 | 63.5 | 63.1 | 62.4
%L SD | 19 | 16 | 1.8 | 1.6 | 1.0
ANOVA (P=0.6668)

HHCR - horizontal hard tissue relation measuring the vertical distance between the cusp of the
related tooth and the mental foramen on the right side. HHCL - horizontal hard tissue relation
measuring the vertical distance between the cusp of the related tooth and the mental foramen on
the left side. HHIR - horizontal hard tissue relation measuring the vertical distance between the
inferior border of the mandible and the mental foramen on the right side. HHIL - horizontal hard
tissue relation measuring the vertical distance between the inferior border of the mandible and the
mental foramen on the left side. %R - the proportion of the distance (in percentage) of the
position of the mental foramen from the cusp of the related tooth to the inferior border of the
mandible on the right side (i.e. HHCR / HHCR + HHIR). %L - the proportion of the distance (in
percentage) of the position of the mental foramen from the cusp of the related tooth to the inferior
border of the mandible on the left side (i.e. HHCL / HHCL + HHIL).
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The Analysis of Variance (ANOVA) statistical test did not detect any statistically
significant differences between age categories for the distances from the mental
foramen to the various horizontal hard tissue relations. Bartlett's test for equal

variance showed no significance.

4.6.3 Soft tissue relations (Table 9)

The Analysis of Variance (ANOVA) statistical test did not detect any statistically
significant differences between age categories for the distances from the mental
foramen to the various soft tissue relations. Bartlett’'s test for equal variance

showed no significance.
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Table 9: The impact of age on the position of the mental foramen with regard to

soft tissue relations

Measurement Age Group
(mm) a b c d e

Mean | 33 | 38 | 28 | 35 | 3.0

SHChR SD 1.3 1.6 1.2 14 | 2.8
ANOVA (P=0.1710)

Mean| 33 | 38 | 28 | 35 | 3.0

SHChL SD 1.3 1.6 1.4 1.3 | 2.8
ANOVA (P=0.2308)

Mean | 19.9 | 21.0 | 20.1 | 19.0 | 185

SVChR SD 26 | 26 | 3.0 | 20 | 21
ANOVA (P=0.1626)

Mean | 19.9 | 20.8 | 20.0 | 19.1 | 18,5

SVChL SD 26 | 25 | 3.1 2.1 0.7
ANOVA (P=0.2880)

Mean | 14.7 | 159 | 15.2 | 14.7 | 14.0

SVIR SD 25 | 12 | 24 | 29 1.4
ANOVA (P=0.2869)

Mean | 145 | 15.8 | 153 | 146 | 14.0

SVIL SD 25 | 21 23 | 24 1.4
ANOVA (P=0.2129)

SHChR - horizontal soft tissue distance from a vertical line passing through the chelion to the
mental foramen on the right. SHChL — horizontal soft tissue distance from a vertical line passing
through the chelion to the mental foramen on the left. SVChR - vertical soft tissue distance from a
horizontal line bisecting the chelions to the mental foramen on the right. SVChL- vertical soft
tissue distance from a horizontal line bisecting the chelions to the mental foramen on the left.
SVIR - vertical soft tissue distance from the inferior border of the mandible to the mental foramen
on the right. SVIL - vertical soft tissue distance from the inferior border of the mandible to the

mental foramen on the left.
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4.7 Symmetry

The position of the mental foramen with regard to its relationship to the
mandibular premolar teeth (vertical hard tissue relations (positions 1 — 5)), was
assessed for asymmetry. If the mental foramina were found to be at different
positions on the right and left sides, they were classified as asymmetrical. In 9
out of 100 subjects the mental foramina were found to be asymmetrical. The race
and gender distributions were as follows: 3 Black males, 2 Black females, 2

Asian males, 2 White females.

There was no asymmetry observed between the right and left sides for all other

distances measured when rounded off to the nearest millimeter.

4.8 The proportion of patients in whom the mental foramen could not be

identified ultrasonographically

The mental foramina were identified ultrasonographically in all of the subjects in

the study group.

4.9 Accessory mental foramina

3 out of the 100 subjects were noted to have accessory mental foramina. They

were each located 5.9 mm; 6.4 mm and 6.1 mm medial to the non-accessory
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mental foramen (mean 6.1 mm). They were all located in the same horizontal
plane as the non-accessory mental foramen. The mental foramen that was
symmetrical to the opposite side was regarded as the non accessory mental
foramen. The race and gender distributions were as follows: 2 black males and 1

white female.

4.10 The effects of facial hair

12 out of 100 subjects were noted to have facial hair in the vicinity of the mental
foramen. In all of these subjects the mental foramen was easily visualized on
ultrasonography. However a more generous amount of sonar gel was required in
order to achieve an improved picture on the screen. The quantity of gel required

per case was not documented.

4.11 Time taken to locate the first mental foramen in each patient (figure 15)

The overall mean time taken to locate the first mental foramen studied in each
patient was 16.1 seconds (SD 12.9 seconds). The quickest time was noted as 6
seconds and the longest time was noted as 58 seconds. For the first 25 subjects
studied, the mean time was 34.7 seconds (SD 13.4 seconds), whereas for the
next 75 subjects studied, the mean time taken was 9.9 seconds (SD 3.0
seconds). It is noted from the figure below that the more subjects that were

assessed, the shorter the time taken to find the mental foramen.
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Figure 15: Two-way scatter plot of the time taken (seconds) to locate the first

mental foramen in each of the 100 subjects
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CHAPTER 5

DISCUSSION

5.1 Vertical hard tissue relations

There were no statistically significant differences between race groups, gender
and age categories with regard to the position of the mental foramen in relation to
the mandibular premolars on both the right (HVR) and left (HVL) sides (P >0.05

for all categories).

However, in Blacks the most common position was in line with the long axis of
the second mandibular premolar (52% on the right and 50% on the left). This is in
keeping with studies conducted on Black population groups in Tanzania, Malawi,
Zimbabwe and Kenya (Fabian 2007; Igbigbi & Lebona 2005; Mbajiorgu et al.
1998; Mwaniki & Hassanali 1992). This was also the most common position in
Mongoloid populations such as Chinese, Korean and Malay (Guo et al. 2009,
Kim et al. 2006, Neo 1989). al Jasser et al and Smajilagic et al also found the
same in Saudi Arabian and Bosnian populations (al Jasser & Nwoku 1998;
Smajilagic & Dilberovic 2004). Frequencies of between 45% and 75.3% have
been reported in the studies above when the most common position was in line

with the long axis of the 2" mandibular premolar.
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In Asians, the most frequent position of the mental foramen was found slightly
more frequently in line with the long axis of the 2" mandibular premolar (44% on
the right and 48% on the left) followed closely by position 3, which is between the
1% and 2" mandibular premolars (40% on either side). Four different studies in
Asian population groups found the most common position at different locations.
Two studies found the most common position to be in line with the long axis of
the 2" mandibular premolar (frequencies of 75.3% & 47%) (Neves et al. 2010,
Shankland 1994). One study each found the most common position to be
between the first and 2™ mandibular premolars (73.2%) and lateral to the 2™
mandibular premolar (51.5%) respectively (Sankar et al. 2011; Santini & Alayan

2012).

In Whites, the most frequent position of the mental foramen was between the 1
and 2" mandibular premolars on the right (52%) and left (60%) sides. Studies in
white population groups of Austria (Kgiku et al. 2011), North America
(Moiseiwitsch 1998), USA (Pria et al. 2011), and Britain (Santini & Alayan 2012)
also found the same. Frequencies of between 50% and 62.5% have been
reported. Another study conducted in USA found the most frequent position to be
in line with the long axis of the 2" mandibular premolar (Phillips et al. 1992).
Studies in Jordanian, Brazilian and Iranian and Turkish populations also found
the most common position to be between the 1% and 2" mandibular premolars
(Al-Khateeb et al. 2007; Chrcanovic et al. 2011; Haghanifar & Rokouei 2009;

Aktekin et al. 2003).
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Overall, in only 3% of cases on the right and 4% of cases on the left, the mental
foramen was found to be mesial to the 1% premolar or lateral to the 2" premolar.
In Blacks the mental foramen was lateral to the 2" premolar in 4% of subjects on
the right and 6% on the left and in Asians, 4% of subjects had their mental
foramina mesial to the 1% premolars on either side. In Blacks and Whites the
mental foramen was not found mesial to the 1 premolar and in Asians and
Whites it was not found lateral to the 2" premolar. When the mental foramen
was found mesial to the 1% premolar, frequencies of between 1% and 5% have
been reported in the literature (Al-Khateeb et al. 2007; Neo 1989; Santini &
Alayan 2012: Ngeow & Yuzawati 2003). Frequencies of between 4% and 51.5%
have been reported for the position lateral to the 2" premolar (Al-Khateeb et al.
2007; Fabian 2007; Kqgiku et al. 2011; Oguz & Bozkir 2002; Santini & Alayan
2012). Shah et al commented that the mental foramen lies either mesial to the

first premolar or lateral to the first molar in only 1-2% of cases (Shah et al. 2010).

Only 2 percent of subjects were in category e (i.e. older than 60 years).
Therefore to avoid sampling bias, this category will not be commented on further.
For age group categories b, ¢ and d (31 — 60 years) position 4 (in line with the
long axis of the 2" premolar) was the most frequent position, with higher
frequencies of subjects at position 4 with advancement in age. A study done in
Jordan (Al-Khateeb et al. 2007) discovered that the position of the mental

foramen was found to be more posterior and inferior with advancement in age.
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5.2 Horizontal hard tissue relations

There were statistically significant differences between the various race groups
and between the gender groups with regard to the distances from the mental
foramen to the various horizontal hard tissue relations. Post hoc analysis using
the Bonferroni method detected significant differences between Blacks and
Asians and Blacks and Whites, but not between Asians and Whites (except for
%R and %L, where there were no statistically significant differences between
Blacks and Whites and Asians and Whites). There were no statistically significant
differences between age categories with regard to the distances from the mental

foramen to the various horizontal hard tissue relations.

The mean vertical distance of the entire group of subjects from the buccal cusp
tip of the concerned tooth to the mental foramen was 22.8mm (SD 2.0 mm) on
the right and 22.8 mm (SD 2.0 mm) on the left side. Differences between the
various race groups were minimal at around 1 mm. In males the mean distances
were about 2.5 mm longer than females (p <0.05). Average distances of
23.34mm and 25.69mm have been recorded in Chinese and Korean populations
respectively (Guo et al. 2009, Kim et al. 2006). There has been no comparison
between gender groups or age groups in the literature.

The mean vertical distance of the entire group of subjects from the inferior border
of the mandible to the mental foramen was 13.2 mm (SD 1.6 mm) on the right

and 13.2 mm (SD 1.6 mm) on the left side. The mean difference between race
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groups was approximately 1 mm (p <0.05). In males the mean distances were
about 2 mm longer than females. In studies on American and Indian subjects the
mean distance has been reported as 12.9 mm and 16.5mm respectively (Smith
et al. 2010; Sankar et al. 2011). Other studies documented distances between
the above (Guo et al. 2009; Kim et al. 2006; Smajilagic & Dilberovic 2004; Gupta
2008; Igbigbi & Lebona 2005; Mbajiorgu et al. 1998; Oguz & Bozkir 2002; Santini
& Alayan 2012). There has been no comparison between gender groups or

between age groups in the literature.

The mean position of the mental foramen for the entire group of subjects in this
study was 63.4% (SD 1.8%) of the distance from the cusp of the related tooth to
the inferior border of the mandible on the right (%R) and 63.3% (SD 1.7%) on the
left (%L) side. The mean position of the mental foramen was the lowest in
Asians, then Whites and then Blacks. They were all however within 2% of each
other. The mental foramen was located about 1 mm lower in females compared
to males (P<0.05). An American study located the mental foramen an average of
approximately 60% of the distance between the buccal cusp tip and the inferior
border of the mandible (Phillips et al. 1990). A Korean study compared dry skulls
with panoramic radiographs and concluded that the average distance ratio from
the buccal cusp tip to the inferior border of the mandible to be 60.6% on dry
skulls and 63.6% on panoramic radiographs (Kim et al. 2006). Ultrasonographic
techniques make use of direct measurement and do not have the negative effect

of radiographs, where angles and curves are not taken into account.
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5.3 Soft tissue relations

There were no statistically significant differences between race groups, between
gender group and between age categories with regard to the horizontal soft
tissue distance from a vertical line passing through the chelion to the mental
foramen on the right or left sides (SVChR & SVChL). The overall mean distances
were 3.4 mm (SD 1.7 mm) on the right and 3.4 mm (SD 1.5 mm) on the left side.
Both distances were found lateral to the chelions. Guo et al indirectly measured
the horizontal distance from the chelion to the mental foramen on digitalized
photographs. A mean distance of 3.55 mm (SD, 1.70 mm) mesial to the chelion
in the frontal view, and 7.19 mm (SD, 3.03 mm) lateral to the chelion on the
lateral view was recorded (Guo et al. 2009). Song et al also conducted their
measurements indirectly on digitalized photographs and documented the mean
position of the mental foramen as 3.3 mm (SD 2.9 mm) mesial to the chelions on
frontal views (Song et al. 2007). Digitalized photography does not take angles
and curves of the mandible into account. This would account for the differences

when compared to this study, as ultrasound is a direct measurement.

There were statistically significant differences between race groups (between
Blacks and Asians and between Blacks and Whites but not between Asians and
Whites) and between gender groups but not between age groups with regard to
the vertical soft tissue distance from a horizontal line bisecting the chelions to the

mental foramen on the right and left sides. The overall mean distances were 20.1
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mm (SD 2.6 mm) on the right and 20.1 mm (SD 2.60 mm) on the left side. The
distances were longer in Blacks then Asians. Whites had the shortest mean
distances. Overall the differences between race groups were minimal (around 2.5
mm) and is not regarded clinically significant. The mean distances were
approximately 3 mm longer in males when compared to females. Guo et al
indirectly measured the vertical distance from the chelion to the mental foramen
on digitalized photographs. Mean distances recorded were 23.38 mm (SD, 2.00
mm) inferior to the chelion in the frontal view, and 23.59 mm (SD, 2.11 mm)
inferior to the chelion on the lateral view (Guo et al. 2009). Song et al also
conducted their measurements indirectly on digitalized photographs and located
the mean distance of the mental foramen as 20.40 mm (SD, 3.9 mm) inferior to

the chelion on frontal views (Song et al. 2007).

There were statistically significant differences between race groups (between
Blacks and Asians and between Blacks and Whites but not between Asians and
Whites) and between gender groups but not between age groups with regard to
the vertical soft tissue distance from the inferior border of the mandible to the
mental foramen on the right and left sides. The overall mean distances were
15.1mm (SD 3.4 mm) on the right and 15.0 mm (SD 2.4 mm) on the left side. The
distances were longer in Blacks than Whites. Asians had the shortest mean
distances. Overall the differences between race groups were minimal (around 1
mm) and is not regarded clinically significant. The mean distances were

approximately 3 mm longer in males when compared to females. The measured
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distances were longer with the soft tissue measurements (SVIR & SVIL) when
compared to the hard tissue measurements (HHIR & HHIL). This is due to the
fact that the soft tissue measurements include the skin thickness below the
inferior border of the mandible. No report regarding this measurement has been

found in the literature.

5.4 Symmetry

In 9 out of 100 subjects (9%), the mental foramina were assessed as
asymmetrical with regard to its relationship to the mandibular premolar teeth.
Frequencies of 14.3%, 20%, 32% and 33% have been variously reported in the
literature (Haghanifar & Rokouei 2009; Al-Khateeb et al. 2007; al Jasser &
Nwoku 1998; Ngeow & Yuzawati 2003; Fabian 2007). A Tanzanian study
involving 100 cadavers reported that 78% of mental foramina were asymmetrical

(Fabian 2007).

There was no asymmetry observed between the right and left sides for all other
distances measured when rounded off to the nearest millimeter. This is in
contrast to Al-Khateeb, who looked at superior-inferior asymmetry and found an

incidence of 14% (Al-Khateeb et al. 2007).
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5.5 The proportion of patients in whom the mental foramen could not be

identified ultrasonographically

All mental foramina (100%) in the study group were clearly identified with
ultrasound. Jacobs et al (Jacobs et al. 2004) reported detection of the mental
foramen in 94% of panoramic radiographs, and only 49% were clearly visible,
whilst the mental foramen was only visualized in 84.2% of cases in an Iranian
study (Jalili et al. 2011). A study conducted in 1976 by Fishel et al, using
periapical films reported that the mental foramen was detected in 46.8% of cases
(Fishel et al. 1976). Therefore ultrasound determination of the mental foramen
should be regarded as superior to panoramic and periapical films. It is also a

safer option with no side effects or risk of radiation exposure.

5.6 Accessory mental foramina

Three percent of subjects were noted to have accessory mental foramina. This is
in keeping with previous literature reports. The incidence of accessory mental
foramina has been reported as between 3% and 10% (Al-Khateeb et al. 2007;
Guo et al. 2009; Fabian 2007; Mwaniki & Hassanali 1992; Santini & Alayan 2012;
Kalender et al. 2011; Naitoh et al. 2009; Ritter et al. 2009; Kulkarni et al. 2011).
The mean distance between the mental foramen and accessory mental foramen
was 6.1 mm. Naitoh et al in his study found the mean distance as 6.3 mm (Naitoh

et al. 2009).
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5.7 The effects of facial hair

With the aid of more generous amounts of sonar gel, the mental foramen was
detected in all 12% of subjects who had facial hair present in the vicinity of the
mental foramen. This proves that the presence of hair should not be regarded as

a contraindication to the use of ultrasound.

5.8 Time taken to locate the first mental foramen in each patient

For the first 25 subjects studied, the mean time was 34.7 seconds (SD 13.4
seconds), whereas for the next 75 subjects studied, the mean time taken was 9.9
seconds (SD 3.0 seconds). Therefore, with more experience, the time taken to
find the mental foramen with ultrasonography was markedly quicker. It can be

concluded that the saying “practice makes perfect” is true.

5.9 Clinical and practical implications of study findings

5.9.1 Vertical hard tissue relations

In 85% of participants on the right side and 87% of participants on the left side,
the mental foramina was found to be in line with the long axis of the 2"
mandibular premolar or between the 1% and second mandibular premolars.
Therefore in the absence of an ultrasound device, a mental block should be

attempted in this region if one chooses to make use of the mandibular premolars

68



as the landmark. Although not statistically significant, in Blacks the mental
foramen was more frequently located in line with the 2" mandibular premolar
whereas in Whites it was more frequently located between the first and 2"
mandibular premolars. In Asians the most frequent position was almost equal in
line with the 2" premolar or between the 1% and 2" premolars. Therefore blind
(non-ultrasound guided) mental nerve blocks should initially be attempted in the
most common positions of the mental foramen based on patient race. If the
attempted block fails, a block at the 2" most common position should be
attempted and then at other positions. Although also not statistically significant,
the mental foramen was found to be more frequently below the 2" mandibular
premolar than between the 1% and 2" premolars with advancement in age (31-

60 years). This should also be taken into consideration.

5.9.2 Horizontal hard tissue relations

The differences between race groups for the distances between the various
horizontal hard tissue landmarks to the mental foramen were statistically
significant. Mean distances between the various race groups when compared to
the overall mean distances were minimal and as follows: HHCR = 0.9mm, HHCL
= 0.7 mm, HHIR = 1.0 mm, HHIL = 1.0 mm, %R = 1.1%, %L = 1.0%. In males
versus females the differences were significantly statistically different and as
follows when compared to the overall mean distances for the entire group: HHCR
= 1.3 mm, HHCL = 1.2 mm, HHIR = 1.1 mm, HHIL = 1.1 mm, %R = 0.5%, %L =

0.5%. The differences between age groups were not statistically significant. The

69



above differences between distances are minimal and not regarded as significant
in clinical practice and can be ignored. Therefore based on this study, when
using horizontal hard tissue landmarks to locate the mental foramen, the overall
mean distances can be used as a guide when trying to blindly locate and

anaesthetise the mental nerve in all individuals.

5.9.3 Soft tissue relations

The differences between the various race groups for the distances between the
various soft tissue landmarks to the mental foramen were statistically significant
for SVChR, SVChL, SVIR and SVIL but not for SHChR and SHChL. Mean
distances between race groups when compared to the overall mean distances for
the entire group were minimal and as follows: SVChR = 1.4 mm, SVChL = 1.5
mm, SVIR = 1.1 mm, SVIL = 1.0 mm. In males versus females the differences
were also significantly statistically different for SVChR, SVChL, SVIR and SVIL
but not for SHChR and SHChL and were as follows when compared to the
overall mean distances for the entire group: SVCHR = 1.5 mm, SVCHL = 1.6
mm, SVIR = 1.5 mm, SVIL = 1.4 mm. The differences between age groups were
not statistically significant. The above differences between distances are minimal
and not regarded as significant in clinical practice and can be ignored. Therefore
based on this study, when using soft tissue landmarks to locate the mental
foramen, the overall mean distances can be used as a guide when trying to

blindly locate and anaesthetize the mental nerve in all individuals.
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5.9.4 Accessory mental foramina

When ultrasound is used, one must assess for the presence of accessory mental
foramina. If one does not assess for the presence of accessory mental foramina,
the area around the foramen that is not transmitting the mental nerve may be

anaesthetised. This may result in inadequate anaesthesia.

5.9.5 Does ultrasonography have a role in mental nerve blocks?
Theoretically the use of ultrasonography for mental nerve blocks should
decrease the amount of local anaesthetic requirements, increase first time
success rates and decrease complication rates. This study has shown that with
practice the time needed to ultrsonographically locate the mental foramen
becomes markedly quicker (figure 17). It can be recommended that post
graduation specialty and other higher degree courses where mental nerve blocks
are commonly carried out, must include the teaching of mental foramen detection
and mental nerve anaesthesia under ultrasound guidance. Accreditation
procedures should include at least 20 — 25 procedures. Further studies need to
be carried out to compare the time taken to anaesthetise the mental nerve,
complication rates, amount of local anaesthetic agent used and success rates
between ultrasound guided mental nerve blocks and blind mental nerve blocks.
Ultrasound guided nerve blocks are regarded as an advanced as opposed to a
basic/core emergency ultrasound skill (Bhoi et al. 2012). Studies of other nerves
that are commonly blocked under ultrasound guidance need to be conducted. If

the ease of locating those nerves, as was the case in this study, can be
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reproduced, relevant international consensus committees should consider
classifying ultrasound guided nerve blocks as a core/basic emergency ultrasound

skill.
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CHAPTER 6

CONCLUSION

There were no statistically significant differences between race groups, between
gender groups and between age categories with regard to the position of the
mental foramen in relation to the mandibular premolars on both the right and left
sides. However, in Blacks, the most common position was found in line with the
long axis of the second mandibular premolar. This is in keeping with studies
conducted in other black population groups internationally. In Asians, the most
frequent position of the mental foramen was found slightly more frequently in line
with the long axis of the second mandibular premolar followed very closely by the
position between the 1% and 2" mandibular premolars. There has been variation
as to the most common position in other Asian population groups studied. In
Whites, the most frequent position of the mental foramen was between the 1%
and 2" mandibular premolars. The same was found in previous studies that were

reported in the literature.

Overall in only 3% of cases on the right and 4% of cases on the left the mental
foramen was found to be mesial to the 1% premolar or lateral to the 2" premolar.
With advancement in age, there were higher frequencies of subjects who had

their mental foramina positioned at more posterior locations.
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There were statistically significant differences between race groups and between
gender groups with regard to the distances from the mental foramen to the
various horizontal hard tissue relations. Distances were however minimal and are

not regarded significant from a practical and clinical point of view.

Some of the soft tissue measurements were statistically significant with regard to
race groups and gender, whilst others were not. However, differences were
minimal and are also not regarded as significant from a practical and clinical

point of view.

9% of subjects had asymmetrical mental foramina with regard to its relationship
to the mandibular premolar teeth. This was less than in previous studies in other
population groups. 3% of subjects had accessory mental foramina. This is in

keeping with previous reports of between 3% and 10%.

Ultrasound has emerged as an effective means to detect the position of the
mental foramen for clinical purposes. When compared to other modalities used to
detect the mental foramen, it is safer, quicker, cheaper and less time consuming.
It has also proven to be more sensitive then panoramic and apical radiographs.
The presence of facial hair did not prevent the detection of the mental foramen,
although more generous amounts of sonar gel were required. Ultrasonography,
however, is operator dependant. Therefore with more experience, the time taken

to find the mental foramen with ultrasound was shown to be quicker.
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Appendix 2

Patient Data Collection Sheet

Subject number:
1) Exclusion criteria

Yes No

Missing mandibular teeth between the right and left lower 1st molars

Previous mandibular surgery

Presence of any facial abnormalities (congenital/acquired)

Age <18 yrs

2) Demographic Data

Age: yrs

18 -30

3140 Sex: Male Female

41-50

51-60

61-70 Race: Black Caucasian

>70

3) Position of mental foramina:

Position: Right Left
Hard tissue relations

Vertical */2/3/4/5 */2/3/4/5

Horizontal Distance from cusp: mm (a) Distance from cusp: mm (a)
Distance from lower mandibular Distance from lower mandibular
border: mm (b) border: mm (b)
(a)/(a)+ (b): % (a)/ (@) + (b): %
Soft tissue relations
Distance from chelion

Horizontal mm mm

Vertical mm mm
Distance from inferior border of mandible

Vertical mm mm

*1- mesial to 1st premolar, 2- in line with the long axis of the 1t premolar, 3 - between 1 and 2™
premolars, 4 - in line with the long axis of the 2 premolar, 5 - lateral to 2 premolar

4) Remarks / Incidental findings:
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Appendix 3

Tables and graph not included under the chapter entitled results

Table 10: The impact of race on the position of the mental foramen with regard to

vertical hard tissue relations on the right (HVR) side

Race
HVR Black | Asian | White
position | (n/%) | (n/%) | (n/%)
1 0 1 0
0% 4% 0%
2 4 3 5
8% 12% | 20%
3 18 10 13
36% | 40% | 52%
4 26 11 7
52% | 44% | 28%
5 2 0 0
4% 0% 0%
Fisher’s exact test (P=0.264)

HVR - vertical hard tissue relation on the right side. Position 1 - mesial to 1st premolar. Position
2 - in line with the long axis of the 18t premolar. Position 3 - between 1% and 2™ premolars.
Position 4 - in line with the long axis of the 2 premolar. Position 5 - lateral to 2 premolar.
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Table 11: The impact of race on the position of the mental foramen with regard to

vertical hard tissue relations on the left (HVL) side

Race
HVL Black | Asian | White
position | (n/%) | (n/%) | (n/%)
1 0 1 0
0% 4% 0%
2 3 2 4
6% 8% 16%
3 19 10 15
38% 40% 60%
4 25 12 6
50% 48% 24%
5 3 0 0
6% 0% 0%
Fisher’s exact test (P=0.121)

HVL - vertical hard tissue relation on the left side. Position 1 - mesial to 1st Premolar. Position 2
- in line with the long axis of the 1 premolar. Position 3 - between 1% and 2 premolars.
Position 4 - in line with the long axis of the 2 premolar. Position 5 - lateral to 2 premolar.
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Table 12: The impact of sex on the position of the mental foramen with regard to

vertical hard tissue relations on the right (HVR) side

HVR Gender
position F M
1 1
0.0 2.0
2 8 4
16.0 8.0
3 20 21
40.0 42.0
4 21 23
42.0 46.0
5 1 1
2.0 2.0
Fisher's exact test
(P=0.766)

HVR - vertical hard tissue relation on the right side. Position 1 - mesial to 1st premolar. Position
2 - in line with the long axis of the 18t premolar. Position 3 - between 1% and 2™ premolars.

Position 4 - in line with the long axis of the 2 premolar. Position 5 - lateral to 2 premolar.
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Table 13: The impact of sex on the position of the mental foramen with regard to

vertical hard tissue relations on the left (HVL) side

HVL Gender
position F M
1 0 1
0.0 2.0
2 7 2
14.0 4.0
3 22 22
44.0 44.0
4 20 23
40.0 46.0
5 1 2
2.0 4.0
Fisher's exact test
(P=0.387)

HVL - vertical hard tissue relation on the left side. Position 1 - mesial to 1st Premolar. Position 2
- in line with the long axis of the 1 premolar. Position 3 - between 1% and 2 premolars.
Position 4 - in line with the long axis of the 2 premolar. Position 5 - lateral to 2 premolar.
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HVR - vertical hard tissue relation on the right side. Position 1 - mesial to 1st premolar. Position
2 - in line with the long axis of the 1% premolar. Position 3 - between 1% and 2™ premolars.
Position 4 - in line with the long axis of the 2" premolar. Position 5 - lateral to 2" premolar.

Figure 16: The impact of age on the position of the mental foramen with regard to

vertical hard tissue relations on the right side (HVR)
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HVL - vertical hard tissue relation on the left side. Position 1 - mesial to 1st Premolar. Position 2
- in line with the long axis of the 1% premolar. Position 3 - between 1% and 2" premolars.
Position 4 - in line with the long axis of the 2 premolar. Position 5 - lateral to 2" premolar.

Figure 17: The impact of age on the position of the mental foramen with regard to

vertical hard tissue relations on the left side (HVL)
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