Artigo Original / Original Article

Comparison of distance and symmetry in the mental
foramen obtained in situ and in radiographic images of
Brazilians
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Keyword ABSTRACT

Panoramic radiography; Mental foramen;  The precise location of the mental foramina is of paramount importance when using implantology to car-

Mandible. ry out oral rehabilitation procedures not affecting crucial anatomic structures. Panoramic radiography has
become the imaging method of choice in many of these cases because of its lower cost and the fact that
with it a general assessment of the makxillofacial complex can be made. This study set out to evaluate the
distance between the mental foramina and the relationship between them and the mandibular base, and
the posterior border of the mandible ramus, as well as the relationship between the bilateral mandibular
foramina. The morphometric procedures were carried out by three examiners experienced in Dental Radi-
ology, firstly on 58 human mandibles, with the aid of digital calipers and then on the respective panoramic
radiographs of the mandibles, with Image J software, with and without the aid of artificial markers for
delimitating the areas of interest. Using Friedman’s statistical analysis, there were statistically significant
differences between various measurements analyzed and compared to the gold standard, which points to
the need to use more accurate imaging tests.

PALAVRAS-CHAVE RESUMO

Radiografia panoramica; Forame Mento- A localizagdo precisa do forame mentoniano tornou-se uma necessidade premente para a execugao

niano; Mandibula. de procedimentos de reabilitagbes orais, empregando a implantodontia, que ndo afetem estruturas
anatémicas importantes, sendo a radiografia panoramica o método de imagem de escolha em muitos
desses casos por ter baixo custo e pela possibilidade de avaliacdo geral do complexo maxilo facial. Este
trabalho teve como objetivo avaliar a distancia entre os forames mentonianos e a sua relagdo com a
base mandibular, borda posterior do ramo da mandibula e a relagdo entre os forames mandibulares
bilateralmente. As morfometrias foram realizadas por trés experientes avaliadores em Radiologia Odon-
tolégica, primeiramente em 58 mandibulas humanas, com o auxilio de paquimetro digital e depois nas
respectivas radiografias panoramicas das mandibulas, com o software Image J, com e sem o auxilio de
marcadores artificiais para delimitacao das areas de interesse. Por meio da utilizagdo da analise estatis-
tica de Friedman, observaram-se diferencas estatisticas significativas em diversas medidas analisadas,
quando comparadas ao padrao ouro, fato que demonstra a necessidade da utilizacéo de exames por
imagem mais precisos.
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Introduction The precise identification of the mental foramen’s loca-
tion is important for the correct application of nerve block
anesthesia, a differential diagnosis of bone pathologies, fo-
rensic dentistry, preoperative planning for implant placement
and the surgical treatment of endodontic failure.* It is valid
to say that any procedure involving this region demands in-
depth anatomical knowledge to prevent problems involving
accurate diagnosis and provide positive prognosis in clinical
interventions.?

The mental foramen is located in the lower premolar re-
gion through which nerve endings and blood vessels pass. The
mental nerve is a branch of the inferior alveolar nerve which
emerges through the mental foramen, and supplies sensory
innervation for the lower lip, buccal surface and gingival tissue
as far as the mesial region of the 15t lower molar.'
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From the literature it can be seen that panoramic
radiography continues to be the most widely used in studies
on the mental foramen because of its easy access and low
radiation dose, despite the fact that horizontal distortions
have already been proven, which makes it unviable for
linear measurements.? Different classifications of the mental
foramen on panoramic radiographs have been described,
but the most commonly used refer to four types: in the first,
the mental foramen marks the ending of the mandibular
canal; in the second, the foramen is distinctly separated from
the mandibular canal; in the third type, the border of the
foramen is diffused, while the fourth is called the unidentified
type, when the foramina cannot be seen on the panoramic
radiograph.*¢

Another important aspect analyzed in studies is the sym-
metry of the mental foramina. Some authors have found an
average of 70 to 80% symmetry between the positions of the
foramina on both left and right sides which means it is a use-
ful aid in different interventions carried out in the area where
they are located.”®With this as a background, this study set out
to compare the position of the mental foramina in panoramic
radiographs with dry mandibles in situ and to analyze the ex-
istence of bilateral symmetry between the structures being
measured.

Materials and methods

This study was begun after approval by the Research Eth-
ics Committee at the School of Dentistry in Piracicaba - UNI-
CAMP, protocol 081/2012. A total of 58 macerated mandibles
were selected at the Department of Morphology. Those pre-
senting any type of shape anomaly and/or bone fractures were
excluded. The mandibles were analyzed morphometrically in
four different phases with and without the aid of indelible
markers. In the first phase, the mandibles were measured in
situ (gold standard) using a Digital Electronic Caliper 0-150
mm, Stainless Hardened ® with markers in the following posi-
tions (Figure 1): 1 (from the center of the mandibular symphy-
sis to the medial aspect of the mental foramen on the right
side), 2 (from the center of the mandibular symphysis to the
medial aspect of the mental foramen on the left), 3 (from the
base of the right mental foramen to the base of the mandible),
4 (from the base of the left mental foramen to the base of the
mandible) 5 (from the posterior aspect of the mandibular fora-
men on the right side to the posterior aspect of the ascending
ramus of the mandible on the same side), 6 (from the posterior
aspect of the mandibular foramen on the left side to the pos-
terior aspect of the ascending ramus of the mandible on the
same side), 7 (from the medial aspect of the mental foramen
on the right side to the posterior aspect of the mandibular
foramen on the same side), 8 (from the medial aspect of the
mental foramen on the left side to the posterior aspect of the
mandibular foramen on the same side), and 9 (from the mesial
of the mental foramen on the right side to the mesial of the
mental foramen on the left).

For the next phases, digital panoramic radiographs were
taken with the Instrumentarium Orthopantomograph 100 D
® (General Electric, Tuusula, Finland) with and without gutta
percha markers. After the panoramic radiographs had been
obtained, they were then measured in the same positions
mentioned above, after calibrating the pixel size of each im-
age with the Image J 1.45s © software (NIH, USA) in the second
and third phases. The fourth phase of evaluation was the iden-
tification of the location of the mental foramen in relation to
the teeth; this relation was classified in six possible positions
described as follows: 1 (anterior to 15t premolar), 2 (in line with
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the longitudinal axis of the 1% premolar ), 3 (between the 1%
and 2" premolars), 4 (in line with the longitudinal axis of the
2" premolar), 5 (between the 2" premolar and 1% molar) and
6 (in line with the longitudinal axis of the 15 molar). All steps
were carried out by three examiners with expertise in Dental
Radiology, at two different times in order to reduce statistical
errors. After taking the measurements, all the data were tabu-
lated in Microsoft Excel © and analyzed using the Friedman
statistical test, with a significance level of 5%, on the BioStat
® 5.0 software.

Figure 1: Locations where measurements were made in this study.

Results

According to the Kappa values for intra-observer agree-
ment, it can be said that there was excellent reproducibility
in the study, as the examiners obtained values of 0.808, 0.812
and 0.833, respectively. There was also inter-observer agree-
ment; and these data validate this study.

In the morphometric analysis, when the standard devia-
tion is considered, there was symmetry between the measure-
ments carried out on both right and left sides, with the excep-
tion of measurement 9, as it was the only measurement in the
mandibular symphysis region (Table 1).

Table 1: Means and standard deviation of measurements
carried out in situ and in panoramic radiographs taken with
and without markers on the right and left sides where the dif-
ferent letters represent statistically significant data.

Radiographs without Radiographs with

Macerated mandible

markers markers
Standard Mean Standard Mean Standard
Mean (mm)

deviation (mm) deviation (mm) deviation
Position 1 23.83A 0.23 21.14B +0.30 21.86 B 10.22
Position 2 2401 A 0.23 21.28B 0.27 21.88B +0.21
Position 3 11.14 A 0.19 11.74B 0.21 13.42B 0.21
Position 4 11.52 A 0.20 11.88B $0.22 13708 0.24
Position 5 1M1.21A +0.21 13.07B +0.26 13.33B 0.20
Position 6 1091 A +0.21 1293B +0.24 12808 0.20
Position 7 6297 A +0.51 64.14 AB +0.51 62.38 AC 0.45
Position 8 61.83A 048 63.56 AB 0.49 61.28 AC 10.40
Position 9 5232 A 042 44.81B +1.76 43.24B 10.40

In evaluating the position of the mental foramen in rela-
tion to the lower teeth, there was a predominance of position
3 (between the 1%t and 2™ premolars), followed by position 4
(in line with the longitudinal axis of the 2" premolar), position
5 (between the 2" premolar and 1% molar) and position 2 (in



Comparison of distance and symmetry in the mental foramen of Brazilians

line with the longitudinal axis of the 1% premolar). Positions
1 and 6 were not found in any of the 58 mandibles (Table 2).

Table 2: Relation between the mental foramen and the
apexes of the lower teeth.

Right side Left side

Location n % n %

1 0 0 0 0

2 5 8.6 4 6.9
3 25 432 24 414
4 17 29.3 18 31.0
5 11 18,9 12 20,7
6 0 0 0 0
Total 58 100 58 100

According to the Friedman statistical test, there was a
statistically significant difference (p <0.05) between the gold
standard (in situ measurements) and the radiographs with
and without markers in measurements 1, 2, 3,4, 5,6 and 9, but
there was no statistical difference when the radiographs were
compared with one another.

For measurements 7 and 8, there was a statistically signifi-
cant difference (p <0.05) when the radiographs with and with-
out markers were compared with one another, but there were
no statistical differences when compared to the gold standard.

Discussion

According to IBGE °, Brazil is one of the countries with the
highest rate of miscegenation, which would indicate the pos-
sibility of asymmetry and divergence in the condition being
studied. However, according to the data analyzed in this study,
when the means and standard deviation are considered, both
in situ and in the radiographs with and without markers, there
was symmetry between both sides in the majority of the mea-
surements performed when the radiographs were compared
with one another.

In assessing the position of the mental foramen in relation
to the lower teeth, this study presented a greater prevalence
of position 3 (43.2% on the right side and 41.4% on the left),
followed by positions 4 (29. 3% on the right and 31.0% on
the left), 5 (18.9% on the right and 20.7% on the left) and 2
(8.6% on the right and 6.9% on the left) while positions 1 and
6 (0%) were not visualized. In studies *'°, positions 3 and 4
were also the most prevalent, but, according to these authors,
after positions 3 and 4, the next most prevalent location
of the mental foramen would be position 2 (in line with the
longitudinal axis of the 1% premolar), followed by positions
5 (between the 2" premolar and 1* molar) and position 1
(anterior to the 1%t premolar), a fact which is at odds with the
findings in this study.

Also with regard to the location of the mental foramen in
relation to the lower teeth, was reported differences between
its position on the right and left sides 2. The mental foramen on
the right side is commonly located in positions 3 and 4 and on
the left side in position 3. This difference in position between
the two sides was not seen in this study, as both the right and
left sides presented the same prevalence sequence.

This studies also used panoramic radiographs as they
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are preferred by many professionals for planning in implant
dentistry, especially in the region of the lower premolars
4111213 These authors claim that panoramic radiography
is a flawed exam, as there are distortions inherent to the
technique, and this increases the risk of failure and trans-
operative complications. This can be proved in the analysis
of measurements 1, 2, 3, 4, 5, 6 and 9 which presented
statistically significant differences, which were overestimated
in the panoramic radiographs with and without markers, when
compared to the gold standard (measured in situ).

In 2004, among other parameters, Smajilagi assessed the
distance from the mental foramen on both sides to the median
sagittal plane and found values of 24.05 mm on the right and
24.15 mm on the left side for the Bosnian and Herzegovinan
population ®. These same measurements were carried out in
this study with the Brazilian population (measurements 1 and
2) where similar values of 23.83 mm on the right and 24.01 mm
on the left were found in macerated mandibles.

In 2009, was described the relationship between the
mental foramen and mandibular border and alveolar ridge and
found both foramina located approximately 12.96 mm from
the mandibular base and 12.82 mm from the alveolar ridge
2. In this study, the relationship between the mental foramen
and the mandibular base on both sides (measurements 3
and 4) was measured where values of 11.14 mm for the right
side and 11.52 mm for the left were found for the macerated
mandibles - the gold standard.

In contrast to other study, who found statistically
significant differences for measurements from the mandibular
foramen to the posterior border of the mandible ramus on
both left and right sides, this study showed that there was no
such statistical difference between the sides, thereby proving
they were symmetrical. However, there was a statistically
significant difference when these same measurements (5
and 6), made on radiographs with and without markers were
compared to the gold standard . These data are consonant
with a study which also evaluated the relationship of the
mandibular foramen to the posterior ascending branch of the
mandible on both sides .

In contrast to the study which found that the values of the
relationship of the mandibular canal with the posterior border
of the ascending branch of the mandible (measurements 5
and 6) were lower in the radiographs with markers than in the
gold standard %, in this study, in the same comparison using
radiographs both with and without markers, the averages were
higher than those of the gold standard and were statistically
significant in this analysis.

According a study '¢, the mandibular canal is normally
a unique structure with bilateral symmetry. The symmetry
they reported was also found in this study, when the
standard deviation of measurements 7 and 8 are taken into
consideration.

This study also undertook to measure the inter-foramina
(measurement 9) in the three assessment modules, where there
was a statistically significant difference with a reduction in the
averages measured in the radiographic exams when compared
with radiographs with and without markers and measurements
in situ. This fact is explained by the horizontal distortion factor
in the panoramic radiographic image .

According to the Friedman test which was performed,
there were no statistical differences in the measurements,
with the exception of 7 and 8, when the radiographs with and
without markers were compared to one another. This data
where the use of markers did not influence the location of the
anatomical structure being assessed ™.

Conclusion
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From the data analyzed, it can be concluded that the
anatomical structures in the anterior mandible and posterior
ascending branches are easily identified on panoramic
radiographs, but do not correspond to the actual location of
these structures in situ.

With regard to the location of the mental foramina when
compared to the lower teeth, it was concluded that they
present a greater prevalence in the region between the lower
premolars and the apex of the 2" pre molar, which demands
greater care when using image tests and carrying out possible
clinical procedures.

Thus, this study highlights a real need for the use of image
tests which provide a more accurate and adequate location of
the anatomical structures being studied.
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