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Abstract

Background: The aim of this article was to evaluate the regional frequency, location, and diameter of the lingual foramen in the anterior
mandible using a retrospective analysis of clinically obtained cone-beam computed tomography (CBCT) images.

Materials and Methods: Two hundred thirty-four regions of the anterior mandible from 76 patients (41 female and 35 male) were examined
retrospectively using CBCT for the presence of endosseous bony canals. The study focused on the lingual foramen, measuring both the
maximum diameter of the artery and the diameter of the lingual foramen itself. Additionally, distances were measured between the lingual
foramen and the alveolar ridge, tooth apex, mandibular border, and mental foramen. Data were analyzed using ANOVA and independent
sample t-tests to determine statistical significance.

The distributions of the measured variables were assessed for normality prior to analysis. Normality was confirmed using appropriate sta-
tistical tests, such as the Shapiro-Wilk test, and visual inspection methods, including Q-Q plots. Since the data met the assumptions of
normality, parametric tests were deemed appropriate for analysis. Consequently, ANOVA and independent sample t-tests were employed
to evaluate the differences among groups and the relationships between variables. This approach allows for more robust statistical infer-
ences, leveraging the properties of the normal distribution.

Results: The diameters of the lingual artery ranged from 0.3 mm to 1.67 mm, with the majority of lingual foramina (47.62%) located in the
midline region. Notably, a quintuple canal was identified in the CBCT scans. The highest measurement of the artery diameter was statistically
significant (p < 0.01), along with the longest distance between the lingual foramen and the alveolar ridge (p < 0.05), and the shortest
distance between the lingual and mental foramen (p <0.01), all observed on the right side. These findings highlight the anatomical variations
and spatial relationships of the lingual artery and foramina, which are crucial for surgical planning in the anterior mandible.

Conclusions: The findings regarding the presence, diameter, and prevalence of vascular canals are critical for oral surgery and must be
considered when planning any procedures in the anterior mandible. Notably, we report an uncommon case involving a quintuple lingual
canal. To prevent potentially life-threatening bleeding during surgical interventions, it is essential to identify these vascular structures using
CBCT prior to mandibular surgery. This proactive approach enhances surgical safety and reduces the risk of complications.
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Oz

Amag: Bu ¢alismanin amaci, klinik olarak elde edilen konik i1sinli bilgisayarli tomografi (KIBT) goruntllerinin retrospektif analizini kullanarak
anterior mandibuladaki lingual foramenin bolgesel sikligini, yerini ve gapini degerlendirmektir.

Materyal ve Metod: Yetmis alti hastanin (41 kadin ve 35 erkek) anterior mandibulalarindaki iki yiiz otuz dort bolge, endossedz kanallarin
varlig1 agisindan KIBT'ye dayali olarak retrospektif sekilde incelenmistir. Lingual foramen ile ilgili olarak, arterin maksimum ¢api ve lingual
foramenin g¢api detayl bir sekilde olgulmustur. Ayrica, lingual foramen ile alveolar sirt, dis apeksi, mandibular sinir ve mental foramen
arasindaki mesafeler de hesaplanmistir. Elde edilen veriler, istatistiksel olarak analiz edilmek tizere ANOVA ve bagimsiz 6rneklem t-testi
kullanilarak degerlendirilmistir.

Olgiilen degiskenlerin dagilimlari analizden 6nce normallik agisindan degerlendirilmistir. Normallik, Shapiro-Wilk testi gibi uygun istatistiksel
testler ve Q-Q grafikleri gibi gorsel inceleme yontemleri kullanilarak dogrulanmistir. Veriler normallik varsayimlarini karsiladigi igin, analiz
icin parametrik testlerin uygun oldugu dusUnulmustur. Sonug olarak, gruplar arasindaki farkliliklari ve degiskenler arasindaki iliskileri
degerlendirmek igin ANOVA ve bagimsiz 6rneklem t-testleri kullanilmistir. Bu yaklagim, normal dagilimin 6zelliklerini kullanarak daha saglam
istatistiksel ¢ikarimlara olanak tanimaktadir.

Bulgular: Bu ¢alismada, lingual arter ¢aplari 0.3 ila 1.67 mm arasinda degisiklik gostermistir. Lingual foramenlerin gogu (47,62%) orta hat
bolgesinde tespit edilmistir. Ayrica, KIBT taramalarinda besli kanal gézlemlenmistir. Arter gapinin en yiiksek 6l¢im sag tarafta bulunurken,
bu sonug istatistiksel olarak anlamlidir (p < 0,01).

Lingual foramen ile alveolar sirt arasindaki en uzun mesafe de sag tarafta kaydedilmistir ve bu da istatistiksel olarak anlamli bir sonug
gostermektedir (p < 0,05). Lingual foramen ile mental foramen arasindaki en yakin mesafe de sag tarafta gézlemlenmis olup, bu 6l¢iim de
anlamli bulunmustur (p < 0,01).

Bu bulgular, anterior mandibulada cerrahi planlama igin gok 6nemli olan lingual arter ve foraminalarin anatomik varyasyonlarini ve mekansal
iliskilerini vurgulamaktadir.

Sonug: Vaskuler kanallarin varligi, capi ve yayginhgi ile ilgili bulgular, oral cerrahi uygulamalari agisindan 6nemli sonuglar ortaya koymaktadir.
Anterior mandibulada gergeklestirilecek her turlii operasyon planlanirken bu yapilar géz ardi edilmemelidir. Bu ¢alismada, besli lingual
kanala sahip nadir bir vaka sunulmustur.

Cerrahi miidahaleler sirasinda potansiyel olarak yagami tehdit eden kanamayi 6nlemek igin, mandibular cerrahiden 6nce bu vaskuler yapilari
KIBT kullanarak tanimlamak esastir. Bu proaktif yaklasim cerrahi givenligi artirir ve komplikasyon riskini azaltir.

Anahtar Kelimeler: Anterior Mandibula, Lingual Vaskuler Kanal, Lingual Foramen, Konik Isinh Bilgisayarli Tomografi
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Introduction

The anterior mandibular region is the most preferred site
for autologous bone harvesting and dental implant place-
ment due to its relative safety, absence of major neurovas-
cular structures, and quality of bone density (1-4). The in-
terforaminal area of the mandible is particularly safe for
dental implants supporting fixed partial dentures or over-
dentures. However, recent studies have assessed the vas-
cularization of the symphysis region concerning the risk of
hemorrhage. Some findings indicate that life-threatening
hemorrhage and hematoma formation in the floor of the
mouth can lead to serious upper airway obstruction. Re-
search suggests a link between these critical incidents and
the presence of the lateral lingual foramen (LLF), which may
be associated with injury to the vasculature of the mandib-
ular lateral foramina during implant surgery (1,2,5,6).
Lingual foramens (LF) are small holes on the mandible’s lin-
gual surface that are commonly found in the anterior areas
(5).LFs are divided into two categories based on where they
are located: in or near the midline [median lingual canal
(MLC)] or laterally [lateral lingual canal (LLC)] (1,7-10). The
lingual artery, sublingual artery, and branches of the mylo-
hyoid nerve, lingual nerve, and mandibular incisive nerve
(8,11-13) are demonstrated to supply the MLC with its con-
tents. A neurovascular bundle from the submental artery,
inferior alveolar artery, and inferior alveolar nerve (12,14)
runs through the LLC. Mandibular LF has shown significant
anatomical variance in many different populations, accord-
ing to previous research (6,15). To minimize neurovascular
injuries on the floor of the mouth, the presence, course,
morphology, and location of mandibular LF must be deter-
mined. Confirming the presence and precise location of LF
is crucial for both bone harvesting and dental implant
placement.

Cone-beam computed tomography (CBCT) is widely utilized
for preoperative evaluation due to its high resolution, rapid
imaging capabilities, and low radiation exposure. CBCT
scans of skeletal structures have an error rate of less than
1%, in contrast to panoramic radiographs, which have an
error rate exceeding 30% (16-18). Given these advantages,
a thorough examination of the region using CBCT is essen-
tial for achieving a more accurate assessment prior to oral
procedures (19).

The goal of this study was to determine the regional fre-
guency and anatomical aspects of mandibular LF using a
retrospective analysis of clinically obtained CBCT images. In
this respect, careful assessment of the region is essential
utilizing the technical breakthrough represented by CBCT,
which provides a more precise assessment.

Materials and Methods

This retrospective study enrolled a total of 76 patients—
dentulous, partially edentulous, and edentulous—who
were referred to an oral surgery center. Among them, 35
were male and 41 were female, with an average age of 47
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years (range 25-67). Totally, 234 endosseous arteries were
examined in 228 regions of 76 patients. 76 arteries located
both in the midline (M) and the right-side (R), the rest of 82
arteries were in the left-side (L) regions.

Ethical approval was obtained from the Health Sciences
Ethics Committee of Near East University (YDU/2020/77-
1024) on February 27, 2020. The study adhered to the eth-
ical standards set forth by the responsible committee on
human experimentation (institutional and national) and
complied with the Helsinki Declaration of 1975, as revised
in 2000.

Anterior region images of the mandible were acquired us-
ing a CBCT device (MORITA, Kyoto, Japan), calibrated be-
fore each patient’s scan. The exposure parameters included
8.0 mA, 90 kV, an exposure time of 9.4 seconds, a slice
thickness of 0.960 mm, and a voxel size of 0.160 mm3. An
experienced investigator evaluated all CBCT scans. To as-
sess reliability and repeatability, 50 randomly selected im-
ages were re-evaluated by the same observer two weeks
after the initial assessment.

CBCT images of the mandibles were used for precise evalu-
ation prior to dental implant placement and the extraction
of impacted teeth. Patients with serious pathological le-
sions in the mandible, severe mandibular atrophy, im-
pacted teeth near the foramina area, or low-quality CBCT
images were excluded from the study.

The LF in the interforaminal area of the mandible were ex-
amined and classified based on their location. The midline
(M) location was defined as the MLC, while the location be-
tween the canine and premolar regions was designated as
the LLC (20), further divided into right (R) and left (L) sides.
Measurements taken from the axial mandibular CT sections
included the maximum diameter of the artery, the diame-
ter of the LF, the distance between the LF and the alveolar
ridge (AR), the distance between the LF and the tooth apex
(TA), the vertical distance from the mandibular border (MB)
to the LF, and the distance between the LF and the mental
foramen (MF). Additionally, the presence of mono, bifid,
and trifid canals was determined using the axial CT sections.
Distance measurements were systematically obtained us-
ing tangent lines to the AR and the mental ridge, with ver-
tical lines drawn to ensure accuracy in assessments (Figure
1).

The distributions of the measured variables were assessed
for normality prior to analysis. Normality was confirmed us-
ing appropriate statistical tests, such as the Shapiro-Wilk
test, and visual inspection methods, including Q-Q plots.
Since the data met the assumptions of normality, paramet-
ric tests were deemed appropriate for analysis. Conse-
guently, ANOVA and independent sample t-tests were em-
ployed to evaluate the differences among groups and the
relationships between variables. This approach allows for
more robust statistical inferences, leveraging the proper-
ties of the normal distribution.
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160 mm |

Figure 1. Linear measurements on axial mandibular CBCT sec-
tions. (a) diameter of the LF (b) maximum diameter of the artery
(c) the distance between the LF and the AR (d) the distance be-
tween the LF and the MB

Results
A total of 70 participants were analyzed, with a greater num-
ber of females (n = 40) than males (n = 30) exhibiting a max-
imum diameter of the artery less than the mean (M = 0.71)
(Table 1).

Table 1. Sex - maximum diameter of the artery crosstabulation

<=0.71 >0.71
Sex Female 40 15
Male 30 19
Total 70 34

A Quintuple Lingual Canal

The independent t-test comparisons for the distances be-
tween the lingual foramen (LF) and the mental foramen
(MF) and alveolar ridge (AR) revealed no significant differ-
ences between genders (See Table 2). Specifically, the dis-
tances measured were:

Distance from LF to TA:
Female:
Mean (M) =9.18
Standard Deviation (SD) = 3.46

Male:

M =10.60

SD =3.57
t-test Results:

t(26) =-1.06

p = 0.30 (not statistically significant)
Distance from LF to AR:
Female:

M =14.45

SD =4.54
Male:

M =15.40

SD=4.13
t-test Results:

t(101) =-1.10

p = 0.27 (not statistically significant)
In both cases, the p-values (0.30 and 0.27) indicate that
there is no significant difference between the distances for
males and females at the given alpha level (typically 0.05).

Table 2. Mean and standart deviations of distance between LF and TA, AR by gender

Sex n Mean Std. Deviation Std. Error Mean
The distance between the LF Female 14 9.18 3.46 0.93
and the TA Male 14 10.60 3.57 0.95
The distance between the LF Female 54 14.45 4.54 0.62
and the AR Male 49 15.40 4.13 0.59

LF: Lingual foramen; TA: Tooth apex; AR: Alveolar ridge

Effect of Artery Location
One-way ANOVA revealed significant effects of artery loca-
tion (Right, Left, Middle) on various measurements (Table
4):
Maximum Diameter of the Artery:

Right: M=0.96,

Left: M=0.68,

Middle: M=0.64,

Statistical Significance: F(2,101)=9.532,
(Table 5).
Distance from LF to AR:

Right: M=17.43

Left: M=15.17

Middle: M=13.88

Statistical Significance: F(2,100)=4.33, p=0.016

p<0.01

Distance from LF to MF:
Right: M=11.91
Left: M=16.37
Middle: M=20.79
Statistical Significance: F(2,101)=21.28, p<0.01
Frequency of Lingual Canals
The detection rates of lingual arteries varied by location:
e  Right: Not detectable in 59 patients (45.74%).
e Middle: Not detectable in 26 patients (20.15%).
o Left: Not detectable in 44 patients (34.11%).
Of the 76 patients analyzed, the frequency of lingual arter-
ies was recorded as:
e Middle: 65.78% (50 patients).
o Left:43.42% (33 patients).
e Right: 22.36% (17 patients).
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Table 3 compares the distances between LF & TA and LF & AR, showing that there is no statistically significant difference
in either case (p-values > 0.05). The mean differences (-1.41 for LF-TA and -0.95 for LF-AR) suggest small variations, but
they are not meaningful. Levene’s test confirms that variances are equal, meaning the variability in distances is similar

across groups

Table 3. LF, TA and AR Comparison

Levene’s Test t-test for
for Equality of Equality of Mean
. Difference
Variances Means
. Sig.
F Sig. t df (2-tailed)
) Equal variances 003 | 087 -1.06 26 0.30 141
The distance between the assumed
LF and the TA Equal vari
qualvariances -1.06 25.76 030 141
not assumed
) Equal variances 036 | 055 -1.10 101 0.27 -.095
The distance between the assumed
LF and the AR Equal vari
qualvariances 111 101 027 -0.95
not assumed
LF: Lingual foramen; TA: Tooth apex; AR: Alveolar ridge
Table 4. LF, AR, TA, MB, MF Statistics
Variable Mean * SD Median (Min - Max)
Maximum diameter of the artery 0.71+0.28 0.68 (0.30-1.67)
Diameter of the LF 1.11+0.40 1.00(0.50 - 3.02)
Distance LF to AR (mm) 14.90 + 4.36 15.17 (0.00 - 24.65)
Distance LF to TA (mm) 9.89+3.52 10.50 (3.36 - 17.70)
Vertical distance MB to LF (mm) 11.11+3.03 11.00 (0.00 - 21.28)
Distance LF to MF (mm) 17.96 +5.54 18.50 (1.23 - 26.39)
LF: Lingual foramen; AR: Alveolar ridge; TA: Tooth apex; MB: Mandibular border; MF: Mental foramen
Table 5. LF, AR, TA, MB and MF Comparisons
Sum of Squares df Mean Square F Sig.
Maximum diameter of the ar Between Groups 1.240 2 .620 9.532 .000
ter Within Groups 6.567 101 .065
v Total 7.807 103
. Between Groups 154.312 2 77.156 4.334 .016
::: $:t::°e between the LF |\ :thin Groups 1780.315 100 17.803
Total 1934.626 102
. Between Groups 4.870 1 4.870 .384 541
::: ,::":t:Rce between the LF |\ :thin Groups 330.147 26 12.698
Total 335.016 27
Between Groups 157 2 .078 493 612
Diameter of the LF Within Groups 16.047 101 .159
Total 16.204 103
The vertical distance from the Between Groups 47.211 2 23.605 2.657 .075
MB to the LF Within Groups 897.403 101 8.885
Total 944.614 103
. Between Groups 936.544 2 468.272 21.276 .000
::: ,:’h':t:n":e between the LF |\ i Groups 2222.898 101 22.009
Total 3159.442 103

LF: Lingual foramen; AR: Alveolar ridge; TA: Tooth apex; MB: Mandibular border; MF: Mental foramen

Discussion

Frequency and Distribution of Lingual Canals

In this study, we evaluated the frequency, distribution, and
arterial diameters of bony canals within the anterior man-
dible using CBCT scans, as these structures are challenging
to visualize through conventional radiography. Previous
studies have reported the incidence of the lingual foramen
in the mandible to range from 58.8% to 99.0%, findings that
are consistent with our observations (18, 21-23). Gahleitner
et al. reported that all patients in their study had at least

one lingual canal in the anterior mandibular region (20).

Among the anatomical variations observed, while the trifid
mandibular canal type is relatively rare (24, 25), our inves-
tigation identified a quintuple canal type in a female patient

(Figure 2); however, this patient was excluded from statis-
tical analyses. Gahleitner et al. classified the location of the
lingual foramen as MLC and LLC, whereas we categorized it
as left, midline, and right (20).
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Presence of Lingual Arteries

Out of 76 patients with detectable lingual arteries, 65.78%
exhibited the arteries solely on the midline of the mandible.
In comparison, the frequency of lingual arteries was found
to be 43.42% on the left side and 22.36% on the right side.
He et al. found a presence ratio of 69.85% for lingual arter-
ies in the middle region, which aligns with our findings (5).
Tepper et al. observed that lingual arteries were located at
the midline in all 70 patients studied (26). Additionally, var-
ious studies have reported a significantly higher frequency
of lingual arteries in the middle section of the anterior man-
dible compared to the lateral aspects (8, 27, 28).

Romanos et al. noted a 9% prevalence of multiple canals
(two or three) in their study (29). However, in our analysis,
only five out of 76 patients (6.58%) exhibited two arteries
on the left side.

Figure 2. Quintuple lingual canal (arrows)

Diameter of Lingual Arteries

The diameter of the lingual artery is critical due to its asso-
ciation with the risk of significant bleeding during surgical
procedures. Lustig et al. reported blood flow velocities in
lingual arteries with diameters ranging from 0.18 mm to 1.8
mm, measuring between 0.7 to 3.7 ml/min (30). In our
study, the diameter of the lingual arteries ranged from 0.3
mm to 1.67 mm (Figure 3). These findings underscore the
necessity for CBCT imaging of the lingual arteries in the an-
terior mandibular region prior to surgical interventions.
Dubois et al. (31) and Kusum et al. (32) reported several
cases of life-threatening bleeding in the anterior mandible
during or after implant surgery.

A Quintuple Lingual Canal

According to location the diameter of the artery

28
16
10 11 11 3
il ol 1l
5
: I = -
>0.8-1.67 0.8-0.5 <0.5-03
Diameter of the artery
mR M mL
Figure 3. According to location the diameter (mm) of the
artery.
Measurements from CBCT Scans
From a total of 234 CBCT scans of 76 patients, lingual arter-
ies were detected in 105 measurements. The results indi-
cated:
e Mono Canal: Detected in 68 measurements
(64.76%, comprising 14 right, 23 midline, and 31
left) across 50 patients (65.79%).
e Bifid Canal: Identified in 24 measurements
(22.86%, including 2 right, 17 midline, and 5 left)
from 24 patients (31.58%).
e  Trifid Canal: Found in 13 measurements (12.38%,
with 1 right, 10 midline, and 2 left) across 13 pa-
tients (17.11%).
Additionally, one canal was detected in all three regions
(right, midline, and left) in four patients. Among the 105
measurements of lingual arteries, 17 (16.19%) were on the
right side, 50 (47.62%) were on the midline, and 38
(36.19%) were on the left side.
These findings emphasize the importance of understanding
the anatomical variations and distributions of the lingual ar-
teries in the anterior mandible, highlighting the role of ad-
vanced imaging techniques such as CBCT in surgical plan-
ning.

Conclusion

This study demonstrates that the examination of the surgi-
cal site using computed tomography, particularly prior to
mandibular implant surgery, can yield valuable infor-
mation. Notably, we report a rare case of a unilateral quin-
tuple lingual canal in the symphysis region of the mandible
in a female patient, a type not previously documented
among multi-trunk canals.

Our findings underscore the significance of these anatomi-
cal variations for oral surgery, revealing arteries with a max-
imum diameter ranging from 0.3 to 1.67 mm and a 98.68%
prevalence of vascular channels. Such details are crucial
and should not be overlooked when working in the anterior
mandible. To prevent potentially life-threatening bleeding,
it is essential to detect these vessels CBCT before undertak-
ing mandibular surgery. These findings highlight significant
anatomical variations in the lingual artery influenced by
both gender and anatomical location, underscoring their
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importance in clinical practice.
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