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Abstract

Objective: To investigate frequency, anatomic location, and morphology of mental and genial spinal foramina in a group
of Thai population.

Materials and Methods: A total of 107 maxillofacial cone-beam computed tomography scans were collected and ana-
lyzed for frequency, anatomic location and morphology of mental and genial spinal foramina. Data were analyzed using
Chi-Square test, one-way ANOVA and independent t-test. P values less than 0.05 were accepted as statistically significant.
Results: The mental foramen was located at the apex of second premolar in 46% and between apices of premolars 35.8%.
Round and oval mental foramina were found in 65% and 21% of patients, respectively. The superior and inferior genial
spinal foramina were encountered in 80.3% and 32.7% of patients, respectively. The accessory mental foramen was identi-
fied in 6.6% of patients. The average distance from the center of mental foramen to the alveolar and basal borders of
mandibular body was 11.70 + 2.13 and 16.34 + 3.79mm, respectively.

Conclusion: This study indicates that horizontal position of mental foramen in Thai population is remarkably variable.
Cone beam computerized tomogtraphy is optimal for delineating diminutive anatomical structures in the anterior mandible.
High prevalence rates of superior and inferior genial spinal foramina necessitate comprehensive CBCT screening before
surgery in the interforaminal region of the mandible.
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Introduction

The locations of the mental foramen in relation to the roots api-
ces must be precisely identified preoperatively to avoid damage of
the mental nerve and vessels [1-3]. Sensory disturbances of the
mental nerve after dental implant placement have been reported
in 7% to 10% of cases [4, 5]. Moreover, loss of lip sensation

may further be complicated by lip biting, impaired speech, and
diminished salivary retention, which have a significant impact on
a patient’s lifestyle.

The superior and inferior genial spinal foramina (SGSF, IGSF)
and their corresponding bony canals are situated in the midline
of the mandible, superior (or at the same level) and inferior to the
genial spine respectively. These anatomical landmarks have been
reported in 35% to 98% of mandibles [5-12].

Previous reports and reviews on surgical complications in the an-
terior mandible demonstrated that the presence of neurovascular
structures should be carefully assessed before any surgical proce-
dure in that region. As several authors reported on life-threaten-
ing hemorrhage in the floor of the mouth subsequent to implant
placement in the mental interforaminal region [13-16]. Therefore,
some reports have suggested a relationship between such a surgi-
cal incident and the presence of genial spinal (lingual) foramina
[4,15,17, 18].

Conventional radiography of the mandible usually lacks clar-
ity due to superimposition and geometric distortion, and conse-
quently it often fails to demonstrate fine anatomical details. For
instance, in a panoramic radiography study, the mental foramen
was distally shifted compared to its actual position and magnified
by about 23% [19].
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Alternatively, recent advances in the 3D imaging modalities have
significantly increased the availability of cross-sectional imaging
for preoperative assessment of surgical sites. CBCT has superior
detectability of the microanatomy of the dento-alveolar complex
compared to medical CT because of higher spatial resolution,
lower radiation exposure, reduced costs, and compact design.
Therefore, CBCT scan would be optimal for visualization of ge-
nial spinal foramina.

The aim of this study was to investigate the frequency, anatomic
location and morphology of mental and superior and inferior ge-
nial spinal foramina in a group of Thai population using CBCT
images.

Materials and Methods

Maxillofacial CBCT scan volumes of patients referred to the Ad-
vanced Dental Technology Centre (ADTEC, Bangkok, Thailand)
in a 2-year period were retrieved and screened for the exclusion
criteria of low scan quality (11 cases), jaw deformity/surgery (2
cases), and non-Thai ethnicity (4 cases). The final study popu-
lation comprised 107 patients (214 sites) (51 male, 55 female, 1
missing gender datum). Ages ranged from 10 to 72 years (mean,41
years) (9 missing age data).

All scans were obtained by I-CAT Cone Beam 3D imaging sys-
tem (Imaging Sciences International, Inc, Hatfield, PA) with a flat
panel detector. The exposure volume was set at 16cm (diameter)
x 13cm (height), the voxel size was 0.2mm x 0.2mm x 0.2mm, and
14-bit gray scale. The scan was set at 90kV and 5mA, as recom-
mended by the manufacturer. The DICOM files were analyzed
in a PC workstation running Microsoft Windows 8 Enterprise
(Microsoft Corp, Redmond, WA, USA) using the software (Denti
Planversion 1.2 update 2; National Electronics and Computer
Technology Center; NECTEC, Bangkok, Thailand).

Mandibular dental status was classified into four groups. Group
1: Dentate; Group 2: Partial Dentate; Group 3: Full Edentulous;
Group 4: Mixed Dentition. Premolar status was classified into
three groups. Group 1: Presence of both premolars; Group 2:
Absence of both premolars; Group 3: Absence of one premolar.

All measurements were made by a single observer (M.E.). For as-
sessment of intra-observer reliability and reproducibility, CBCT
measurements of 10 patients were repeated twice. No statistically
significant difference was detected as all the variations were within
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the range of standard deviation.
Measurements

CBCT reformatted panoramic images: On the reformatted
panoramic images, the horizontal position of the mental foramen
was classified into 5 positions modified from the Al-Jasser et al
[20] Position 1: Anterior to the apex of 1% premolar; Position 2:
at the apex of 1% premolar; Position 3: between the apices of
premolars; Position 4: at the apex of 2™ premolar and position 5:
Posterior to the apex of 2™ premolar (Figure 1).

Vertical and horizontal dimensions of the mental foramen were
measured from the outermost contours of foramen.

The vertical position of the mental foramen was measured in mil-
limeter, from the centre of the mental foramen to the alveolar
crest and the inferior border of the mandibular body, respectively.

The morphology of the mental foramen was simply evaluated
and classified into three groups; oval, round and others.

Paracoronal reformatted images: On paracoronal images, the
exit direction of the mental nerve was evaluated and classified
into three types. Type I: Upward Exit; Type II: Straight Exit;
Type I1I: Downward Exit. The vertical positions of the superior
(SGSF) and inferior (IGSF) genial foramina were measured from
the respective orifice to the lingual alveolar crest parallel to the
long axis of the central incisor.

Data were analyzed using SPSS software for windows version 14.
The means of the vertical and horizontal distances of the mental
foramina were analyzed using independent T test and one way
ANOVA where appropriate. Chi-Square test was used to relate
the exit pattern and the horizontal position of mental foramen to
gender and sides. P values less than 0.05 were reported as statisti-
cally significant.

Results
Horizontal position of the mental foramen

The position of the mental foramen was observed at the apex of
second premolar (position 4), between apices of premolars (posi-
tion 3), posterior to apex of second premolar (position 5), and at
the apex of first premolar (position 2) in 46%, 35.8%, 15.3%, and
2.8% of patients, respectively.

Figure 1. CBCT reformatted panoramic images. Mental foramen is localized at horizontal position 3 (A); Vertical measure-

ments to upper and lower borders of the mandible in mm (B).
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Vertical position of mental foramen

The average vertical distance between the center of mental fora-
men and the basal border of mandibular body was 11.70£2.13
mm. The average distance was almost similar on both sides (Right
side; 11.7912.12 and left side; 11.6712.09), however, it was signif-
icantly greater in males (12.37£2.46) compared to females (11.14
+1.53) (P < 0.001)(Figure 2).

The average vertical distance between the center of mental fora-
men and the alveolar crest was 16.34 £ 3.79mm. The average dis-
tances of both sides were almost similar. This distance was greater
in males (76.73 * 3.94) than in females (75.98 £ 3.65) patients but
it was not statistically significant (P = 0.12).

The average distance from the center of mental foramen to the
root apex of the 1% premolar was 6.81£2.34. This distance was
not different on the right (6.75%£2.37) or left side (6.8812.33), but
it was significantly greater in males (7.33%£2.26) than in females
(6.26£2.27)(P = 0.001).

Morphology of mental foramen

The morphology of mental foramen was round in 65% and oval
in 21%. The round shape was more common on the right side
(69.2%), however, the oval shape was more common on the left
side (25.3%) than on the right side (16.8%). However, there was
no gender difference.

Accessory mental foramen
Accessory mental foramen (AMF) was found in 6.6% of patients

(unilateral, 6.1% and bilateral, 0.5%). AMF was found on the right
and left sides in 6.5% and 5.6% of patients, respectively. 3.8% in
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males and 2.8% in females.
Dimension of mental foramen

The average horizontal dimension of mental foramen was 3.68
10.76mm. This horizontal dimension was not different between
males (3.7310.76) and female (3.6610.77). No difference was ob-
served between the two sides.

The average vertical dimension of mental foramen was 3.61%
0.70. No side or gender differences were observed.

Exit direction of mental foramen

On cross-sectional CBCT images, the most common exit pattern
of mental foramen was upward (74.8%) followed by straight pat-
tern (25.2%). The downward pattern was not appreciated in any

case (Figure 3).

The upward exit pattern was noticed in 75.7% and 73.8% on
the left and right sides, respectively. The straight exit pattern was
found in 26.2% and 24.3% on the right and left sides, respectively.
The upward pattern was more common in males (77.5%) than
females (71.8%), however, the straight pattern was more evident
in females (28.2%) than males (22.5%0)(P > 0.05).

Vertical position of superior and inferior genial spinal fo-
ramina

The superior and inferior genial spinal foramina were spotted in
80.3% and 32.7% of subjects, respectively. The mean vertical dis-
tances from superior and inferior genial spinal foramen to the
lingual alveolar crest were 20.40£3.47mm and 26.21£3.79mm,
respectively (Figure 3).

Both distances were greater in males but the differences were not

Figure 2. Vertical distances from mental foramen to the lower border of the mandible in according to age (A) and side (B).
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Figure 3. Coronal CBCT views show upward (A) and straight (B) exit patterns of mental nerve.
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statistically significant. (SGSF in male and female respectively =
20.95%3.78 and 19.97%3.08; IGSF in male and female respectively
= 26.251+4.25 and 26.15£3.31).

Discussion

In agreement with our results [19, 21-26], many studies showed
the location of the mental foramen aligned with the second pre-
molar as the most common horizontal position (Table 1). How-
evert, other studies showed the most common site was between
the apices of premolars [27, 28]. Therefore, the horizontal loca-
tion of the mental foramen is a variable landmark and probably
distinctive to race. In accordance with our study; Al-Khateeb et al
[11] found the majority of mental foramina in a Jordanian popula-
tion round in shape. This contrasts with studies on other popula-
tions where the most frequent shape was oval [21, 22, 29-32]. In
a macroanatomic investigation, the diameter of mental foramen
ranged from 2.38 —2.64mm of dry specimens [32], whereas that
of AMF ranged from 0.74—0.89mm [33]. In comparison with our
results, the diameters of mental foramina were greater (3.68%
0.76 x 3.61£0.70), this disagreement is possibly due to differences
in measurement protocols as we measured the diameter from the
outermost contour of the foramen (Table 1).

Generally it is more accurate to relate the position of mental fo-
ramen to the mandibular body rather than to the teeth, since the
later are affected by factors such as malocclusion, attrition, race,
and age. Gershenson et al. [34] reported that the location of the
mental foramen in relation to the body and teeth depended on
age and condition of teeth and periodontal bone. For children,
it is closer to alveolar crest prior to tooth eruption then descends
during tooth eruption. For edentulous people it is again closer to
alveolar crest due to its resorption.

As the mandible in male is bigger than in female, the vertical dis-
tances of mental foramen to the upper and lower bony borders
should be greater in males. We have found only the vertical dis-
tance from mental foramen to the inferior border of mandible in
males was significantly greater than in females (Figure 2). In this
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study the distance of mental foramen to the upper and lower bot-
ders of the mandibular body was significantly lesser in patients el-
der than 60 years (Table 2). This finding is possibly due to alveolar
bone loss increased with aging. In edentulous patients and in pa-
tients with missing both premolars, the corresponding distances
were significantly lesser than when both were present or one was
missing. So, as a result of aging or premolars loss, the mental fora-
men tends to shift toward the upper mandibular border.

In our study the distance of mental foramen to apices of pre-
molars was remarkably great when compared to other study [25],
as we made the measurements from the center of the foramen
rather than its outer rim (Table 1).

The vertical distance of the mental foramen to both upper and
lower borders of mandibular body were significantly greater in
patients with upward emergence direction compared to straight
pattern.

For humans, the mental foramen is usually single, however, ac-
cessory mental foramen is occasionally reported. The frequency
of AMF is reported to range from 1.4% to 9% with higher rates
in Negro and Maori males [1, 2, 33|. The prevalence of AMF in
our study was 6.6%. In accordance to Sawyer et al., we found no
side difference in occurrence of AFM. The number of AFM may
vary from one to three foramina [35]. Only one case in our series
presented as double AMFE.

Recent studies have indicated that both SGSF and IGSF and their
respective canals contain neurovascular bundles, which could be
visualized in high-resolution MRI and histological sections [0, 8].

The reported frequency of genial spinal foramina is highly vari-
able (35%-98%)[5-12]. In this study the SGSF and IGSF have
been detected in 80.3% and 32.7% of subjects, respectively (Fig-
ure 4). The vertical position of SGSF was significantly greater in
younger age group (younger than 21 years old) compared to older
age groups (P = 0.03), however, this was not the case for IGSE
In older patients these foramina and their corresponding canals

Table 1. Summary of selected studies that have evaluated mental foramen in different populations.

Literature review
Horizontal Vertical | Size Width
Author Study group | Morphology orzo position x Height Note
position
mm mm
AMF = 6.5%
Turkish 37%: antero-infeior to MF
Kalender et N = 386 Po. 3 =59.8% | MF to IBM 3740.8 22%: postero-inferior to MF
al. 2012 CBCT i Po.4=30.4% | =12.4%1.7 T 16%: superior to MF
M. age = 38.6 11%: inferior to MF
AMF to IBM = 10.7£2.3
AMF = 7%
Japanese Long axis: 60 %: distal and inferior to
+
Naitoh etal. | No = 157 42205 . MF .
- - - - Area: 20 % : distal and superior To
2009 [36] CBCT
M _ 515 9.4%+2.5 MF
- age ' mm?2 20%: mesial and supetior to
MF
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ASP =250

Yesilyurt et Turkey i Po. 4 = most At MOM i i
al. 2008 [37] No =70 common body
78% =
Round = 47% | Po.3 =47% below the
Jordanian Most common | Mostly in male ASP
Alt'lfh;g%‘;b No = 860 27% BA Po.4=40% | 14%BA - AMF = 10%
ctad OPG Male = 16 % Mostlyin | Male = 6%
Female = 11 % female Female =
9%
— 0 0 - 7 1 1
Fabian FM | Tanzanian Oval = 54% Eg' g _ j;ojo 78% asy m?;;ft‘lol;l horizontal
_ — 440 .0 = 0 - - .
2007 No =100 Round = 46% Po. 3 = 12% AME = 3%
SMMF to
cusp tip of
Korean _ 0 . . .
Kim etal | No = 112 MF Po. 4 - 64.3% piemolar No. mgmﬁcantélfference in
e - Po. 3 = 26.8% =23.42 - horizontal position between
2006 [38] 12-69 yrs ~
M 418 Po. 2 =8.9% And to genders
.age = 41. IBM =
14.33
. USA Ovaland 1 0 4 4nd 3 =
Greenstein Literatur round .
et al. 2006 ¢ ? e Most common | o0 coglmon i i i
review . respectively
respectively
MF to IBM,
Thai R =14.5%
Agthong et No =110 i i 0.2 i AMF = 1.8%
al. 2005 [39] | 70 = male MF to IBM, Adult skulls study
40 = female L =144+
0.1
Igbigbi etal. | Malawian Oval = most | Po.4 = most | Slightly be- Mostlv BS
2005 No =70 common common low MOM. ) oSty
MF to IBM,
R = 14.61 R =
Torke Po. 4 = 61.76% %F_“)JBZ?’ W: 2.93
u 0 - .
Oguz et al. No= 34 male i On R and 50% MF to H: 2._38 Mostly BA
2002 3040 v on L. SBMR = L=
Bk Po. 3 = 38.24% DT W4
13.62 . 2.64
MF to IBM, o
L=14.062
Po. 4 = most | Slightly be-
— 0
Mbajiorgu | Zimbabwean gvail J 564332 common on R | low MOM Mostly BA
eral 1998 | No =32 O 7| Pos=most |R=441% ) oSty
’ commonon L. | L.=455%
Saudi Po. 4 = 45.3%
Male= 235 Po. 3 = 42.7% 20% asymmetry in horizontal
Al-Jasser et _ _ et
11998 Female= 162 - Po.5=06.1% - - position
= 14-64 yrs Po. 2 = 5.3% OPG study
Mean = 28.8 Po. 1 =0.6%
IMMF to
Wane et al Chin IBM = Vertical dimension of man-
? ; 5866 h N :elsgo - Po.4=5898% | 14.70 - dibular body across MF =
© SMMF to 30.29

Ebrahimi M, Pripatnanont P, Omami G, Tharanon W (2015) Cone-Beam Computed Tomography Analysis of Mental and Genial Spinal Foramina in a Thai Population.

Int | Dentistry Oral Sci. 2(4), 65-71




Table 2. The relationship between vertical position of the mental foramen and different variables.

MF to Lower border MF to
Upper border
Characteristics Groups No. of Mean * SD Mean + SD
cases (range) (range)
Age group* <21 yrs 9 12.33 £ 1.98° 15.92 + 5.59°
8.38-16.72 0.70-25.09
21— 40 yrs 39 11.65 £ 2.00° 17.51 £ 2.36
6.79-16.21 12.03-24.04"
41 - 60 yrs 36 12.08 £ 1.94* 16.09 * 3.44°
8.88-18.29 7.33-23.52
> 60 yrs 14 10.06 + 2.36*® 14.27 £ 4.10®
4.73-14.11 6.01-21.95
Gender* Male 51 12.37 + 2.46® 16.73 £ 3.94*
4.73-18.29 0.70-25.09
Female 55 11.14 + 1.53*® 15.98 £ 3.65"
6.79-14.64 6.01-24.04
Jaw status Dentulus 61 11.89 £ 2.14° 17.55 +2.92%
6.79-18.29 7.33-25.09
Partial dentulus 42 11.60 + 1.92* 15.38 + 3.52%
5.68-16.72 6.01-23.52
Full edentulous 2 7.59 + 3.07" 6.44  6.45®
4.73-10.97 0.70-12.54
Mixed dentition 2 12.02 £ 1.13° 9.42 £ 3.07*
10.97-13.60 6.29-12.55
Premolar status both present 16 (sides) 11.95 + 2.04* 17.07 £ 3.00®
6.79-18.29 6.29-25.09
both absent 13 (sides) 9.05 + 2.37% 10.45 £ 5.63®
4.73-12.02 0.70-17.78
One absent 34 (sides) 11.49 + 1.78* 15.02 + 4.21®
5.68-15.69 7.33-23.52
MF morphology Oval 139(sides) 11.54 £ 2.26 16.44 + 3.55°
4.73-18.29 0.70-24.04
Round 45 (sides) 12.09 + 1.97* 16.35 + 4.34*
8.36-16.72 1.05-25.09
Others 30 (sides) 11.88 £ 1.65° 15.85 £ 4.04*
8.90-17.25 6.29-24.57
Exit direction Upward 160 (sides) 11.53 £ 2.01* 16.71 £ 3.91®
4.73-16.72 3.70-25.09
Straight 54 (sides) 12.22 £ 2.38" 15.25 £ 3.17*
5.68-18.29 6.29-21.43
Side Right 106 11.79 £ 2.12¢ 16.31 £ 3.84
5.25-18.29 0.70-25.09
Left 108 11.67+ 2.09 16.32 £ 3.70°
4.73-17.26 1.05-24.57

* No significant differences within the groups.
> Significant differences within the groups.
“Missing data of gender (1 case) and age (9 cases).
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Figure 4. Sagittal CBCT view demonstrate superior and inferior genial spinal foramina and canals.

Ebrahimi M, Pripatnanont P, Omami G, Tharanon W (2015) Cone-Beam Computed Tomography Analysis of Mental and Genial Spinal Foramina in a Thai Population.

Int | Dentistry Oral Sci. 2(4), 65-71

70




were closer to alveolar ridge apparently due to bone resorption.

Therefore, existence and locations of these foramina should be

carefully considered to prevent perioperative complications, pat-

ticularly hemorrhage.

Conclusion

In conclusion, to best of our knowledge, this study was the first

to investigate the radiographic anatomy of mental and genial spi-

nal foramina in Thai population. The mental foramen was more

commonly located along second premolar root. Additionally, the

frequency of superior genial spinal and inferior genial spinal fo-

ramina was remarkably high. This finding necessitates compre-

hensive preoperative evaluation of the interforaminal region of
the mandible.
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