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ÖZET
Dişli hasta grubundan oluşan Türk subpopülasyonunda 
konik ışınlı bilgisayarlı tomografi ile mental foramende 
anterior loop değerlendirmesi

Amaç: Bu retrospektif çalışmanın amacı mental foramende anterior lup 
varlığının Türk subpopülasyonundaki sıklığını ve tiplerini konik ışınlı 
bilgisayarlı tomografi (KIBT) ile değerlendirmektir.
Yöntemler: Çalışmada 20-69 yaşları arasında 138 kadın, 141 erkek olmak 
üzere 279 dişli hasta değerlendirilmiştir. Mandibular kanalın mental 
foramende sonlanma şekli 3 tip olarak sınıflandırılmıştır. Buna göre Tip 
1; mental dalın inferior alveolar siniri mental foramenin posteriorunda 
kalacak şekilde terk etmesi olarak tanımlanmıştır. Tip 2; mental dalın infe­
rior alveolar siniri mental foramene dik olacak şekilde terk etmesi olarak 
tanımlanmıştır. Tip 3; mental dalın inferior alveolar siniri mental forame­
nin anteriorunda kalacak şekilde terk etmesi olarak tanımlanmıştır. Tip 
1 ve 2 de anterior lup varlığından bahsedilmezken Tip 3' ün anterior lup 
varlığını gösterdiği belirtilmiştir.
Bulgular: Tip 3, Tip2 ve Tip1 sonlanma şekillerinin dağılımı sırasıyla 
%59.5, %31.9 ve %8.6 olarak belirlenmiştir. Aynı hastada sağ ve sol 
tarafta aynı anda Tip 1, Tip 2 ya da Tip 3 sonlanma şekli dağılımları ise 
sırasıyla %1.8, %17.2 ve %45.5 olarak bulunmuştur. Sağ ve sol tarafta 
kadınlar ve erkekler arasında istatistiksel olarak anlamlı bir farklılık tespit 
edilmemiştir.
Sonuç: KIBT; mental sinirin inferior alveolar sinirden ayrılıp mental 
foramene ulaşmak için izlediği yolu üç-boyutlu olarak değerlendirmek 
için güvenle kullanılabilir. Foramenler arası bölgeyi ilgilendiren bir çok 
cerrahi operasyon öncesinde, mental foramenin meziyalinde mental 
sinir dalına ait olası bir lup varlığı kolaylıkla tanımlanabilir.
Anahtar sözcükler: Konik ışınlı bilgisayarlı tomografi, mandibular kanal, 
inferior alveoler sinir, mental foramen, anterior lup

ABSTRACT
Anterior loop of the mental foramen in a Turkish 
subpopulation with dentate patients: a cone beam 
computed tomography study

Objective: The aim of this retrospective study was to evaluate the 
frequency and types of the mental foramen's anterior loop in a Turkish 
subpopulation on cone-beam computed tomography (CBCT).
Methods: 279 dentate patients (138 females, 141 males, age range 20- 69 
years) were evaluated for both side of mandible. Type 1 was described 
as the mental branch leaved the inferior alveolar nerve posterior to the 
opening of the mental foramen. Type 2 was described as the mental 
branch leaved the inferior alveolar nerve perpendicular to the opening of 
the mental foramen. Type 3 was described as the mental branch leaved 
the inferior alveolar nerve anterior to the mental foramen. It was assumed 
that there was no loop in type 1 and 2. Type 3 indicated the presence of 
anterior loop.
Results: The distribution of type 3, type 2 and type 1 were noted 
59.5%, 31.9% and 8.6% respectively. If the type was same on both sides 
distribution of type 1, type 2 and type 3 were noted 1.8%, 17.2% and 
45.5% respectively. There was no statistically significant difference on the 
left side and right side between males and females.
Conclusions: CBCT can be used safely to observe three-dimensionally 
the track of mental nerve from the inferior alveolar nerve to the mental 
foramen. Thus the divergence of mental nerve can be evaluated if there 
is a loop mesially from the mental foramen for various surgical operations 
involving interforaminal area.
Key words: Cone beam computed tomography, mandibular canal, 
inferior alveolar nerve, mental foramen, anterior loop

INTRODUCTION

Practitioners in dentistry face w ith some lim itations 
during dental treatments because of anatomic landmarks 
and are forced into changing their treatment planning It is 
essential to know well-defined anatom ic landm arks in

order to avoid potential complications of dental treatment 
(1,2). If the treatment procedure related to lower jaw, as a 
track followed by course of the inferior alveolar nerve, 
location or anatom ic variations of m andibular foramen, 
m and ibu lar canal and m ental fo ram en need to be 
determined to avoid complications (3-5).
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The mental foram en is considered as strategically 
important landmark during surgical procedures related to 
interforaminal region (1,3,6-9). A study by Chavez-Lomeli et 
al. (10) has shown that the prenatal location of the mental 
foramen is beneath the apex of primary canine and primary 
first molar teeth. Besides; a study by de Villiers (11) in the 
skulls of young black Africans indicated that the mental 
foramen is formed at an anterior direction when the first 
deciduous molars are unerupted; and with the eruption of 
the second deciduous m olars it drifts to a posterior 
inclination. Hence in this study the authors explained that 
positional change in the orientation of the mental foramen 
might be consisted in a combination of osseous growth and 
mesial drift of the dental lamina. This might explain the 
common observation that the mental nerve is formed with 
a posterior inclination (10,11). Other explanations might be 
that the shape of the canal is modified by the soft tissue 
factors or genetically determ ined, w ith little functional 
modification. Mental foramen is usually found in superior 
position to the m andibular canal (7,10,11). The inferior 
alveolar nerve may reach out m esially to the mental 
foram en as an intraosseous anterior loop (1-3,6-9,12). 
Sicher's Oral Anatom y defines the anterior loop as "the 
mental canal which originates from the mandibular canal 
and goes inside out and leads to upward and backward to 
end up at the mental foramen" (13). As reported by Bavitz et 
al. (7) and Misch (14) a more precise description is: "where 
the mental neurovascular bundle goes out anterior to the 
mental foramen than doubles back to pass through the 
mental foramen". The location of foramen, together with its 
possibility that an anterior loop may overreach mesially to 
the mental foramen need to be considered to keep away 
from the surgical com plications of mental nerve injury 
(1-4,6,7,9,12,15).

It has been reported that the anterior loop becomes 
the landm ark rather than the foramen itself (1-4,6-9,15). 
The anatomical features as well as the variations should 
be co nsidered  during  su rg ica l p rocedures in th is  
m and ibu la r area, such as p lacem ent of endosseus 
im p lan ts . H ow ever, as po inted out by H irsch and 
Branem ark (16) as well as Kohavi and Bar-Ziv (17), the 
neurovascular bundle fo llow ing after mental foram en 
may be enlarged because of a possible large incisive canal 
and a special consideration should be taken in to prevent 
a serious nerve dysfunction. Many findings indicated the

existence of the anterior loop of the mental foram en 
(1-3,6-9,12). On the contrary Benninger et al. (18) and 
Kieser et al. (19) have not supported the existence of the 
anterior loop; hence they have not found it significant in 
treatment planning. Neiva et al. (20) identified the loop by 
probing the mesial cortical wall of the mental canal in 22 
cadavers. However, Misch (14) defended that the mesial 
aspect of the mental foramen which is going forward with 
the incisive canal often gives the same impression that 
there is an anterior loop.

When the inferior alveolar nerve reaches between the 
roots of premolars it comes out from the mental foramen 
w ith  n u trien t vesse ls  d iv ided  into nerve b ranches. 
Angular, medial inferior labial, lateral inferior labial and 
mental branches are reported (6,21,22). One supplies the 
sensorial innervation of the mental area and the other 
two proceeds the sensorial innervation of the lower lip 
and mucous m em branes (6,21). Anterior to the mental 
foramen, the incisive canal may come across as ill-defined 
and neurovascular bundles may penetrate into a labyrinth 
of intertrabecular spaces (21).

Computed tom ography (CT) has become diagnostic 
imaging providing sufficient spatial resolution w hile its 
data-set be used for an anterior loop of the mental nerve 
(12). Sim ilarly, panoramic radiography has been used to 
study the position of mental foramen (6). However, CT in 
generally is known to be responsible for most of the 
co llective medical radiation dose of the population in 
modern societies. Cone beam com puted tom ography 
(CBCT) produces three-dim ensional inform ation of the 
facial skeleton and teeth so that it is increasingly being 
used in many of the dental specia lties . According to 
literature CBCT has great advantage over CT considering 
radiation exposure (2,5).

Therefore, the aim of this retrospective study was to 
evaluate the frequency and types of anterior loop of the 
mental foramen in a Turkish subpopulation with dentate 
patients on CBCT.

MATERIALS AND METHODS

Patient Data

The subjects for this retrospective study consisted of 
all 279 patients (138 females, 141 males; age range 20-69
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years, mean age 32.68± 10.23 years) who v isited the 
D epartm ent of Oral D iagnosis and Radio logy at the 
Faculty of Dentistry, Marmara University and underwent a 
single CBCT examination picked up from the PACS system 
(UN I-D IS, M arm ara U n ive rs ity  Facu lty  of D entistry , 
Istanbul, Turkey) from 2012 to 2013. All of the patients 
under investigation were dentate. All projections were 
taken with the same radiographic equipm ent ProMax 3D 
Mid CBCT machine (Planmeca Oy, Helsinki, Finland). The 
ProMax 3D Mid CBCT m achine was operated at 90 kVp 
and 10 mA with a 16X16 cm field of view. All tomographic 
images were carried out by the same techn ic ian . The 
images were exported and saved as single frame DICOM 
files and performed in Romexis 2.92 Software Program 
(P lanm eca Oy, H elsink i, F in land) by using a N56VZ- 
S4283H model of Asus Computer with NVIDIA GeForce GT 
650M 4GB screen  cart and 15.6 inch Full HD LED 
1920X1080 pixel monitor (ASUSTeK Computer Inc. Beitou 
District, Taipei, Taiwan).

Patients w ith  a h isto ry of traum a and/or surgery 
invo lv ing the m axillo facia l reg ion, system ic diseases 
a ffecting  growth and deve lo pm en t, c lin ica l and/or 
rad iograph ic evidence of developm ental anom alies/ 
patho log ies affecting  the m axillo fac ia l region were 
excluded from the study. The study protocol numbered as 
431 was approved by the Local Committee of Research of 
Ethics of Yeditepe University.

Observer

To ensure a professional and efficient evaluation, one 
oral and m axillofacial radiologist (A.D.) who had been 
w ork ing  in the D epartm ent of Oral D iagnosis and 
Radiology interpreted all of the images. During meetings 
for the pilot study, this clinician was trained to evaluate 
CBCT images by specialist who had been working in Oral 
Diagnosis and Radiology for fifteen years or more.

W ithin the context of the anterior loop description 
several cadaveric studies were presented to demonstrate 
the w ay that m ental nerve fo llow s to reach mental 
foramen in the mandibular bone narrows. A simple "type" 
description by Solar et al. (23) was used to classify the 
directional paths (Figure 1). According to this classification 
Type 1 is described as absence of anterior loop, the 
anatomy is Y-shaped with the incisive branch usually as 
w ide as the main branch. The mental branch leaves the 
inferior alveolar nerve posterior to the opening of the 
mental foram en. Type 2 is described as the absence of 
anterior loop, the anatomy is T-shaped with the incisive 
branch usually perpendicular to the main branch. The 
mental branch diverges from the inferior alveolar nerve 
perpendicular to the opening of the mental foramen. Type 
3 is described as the presence of the anterior loop, the 
anatomy is Y-shaped with the incisive branch usually as 
narrow as the main branch. The mental branch leaves the

Type 1: No loop w a s found, the anatom y w a s Y-shaped m e n ta l B ra n c h

w ith the in cis iv e  branch usually  as w ide as the main
, , it  ., In ferior A lveo lar N ervebranch.
The m ental branch lea v es the inferior a lveo lar nerve in c is iv e  B ranch

posterior to the opening of the m ental foram en.

M ental B ranch

Type 2: No loop w a s  found, the anatom y w a s T-shaped  
w ith  the in c is iv e  branch usually  a s  w ide a s  the main 
branch.
Th e  m ental branch lea v es the inferior a lveo lar nerve in cis ive  Branch  
perpendicular to the opening of the m ental foram en.

L_In ferior A lveo lar N erve

Type 3: An anterior loop w a s  found, the anatom y w a s  M enta l B ranch

Y-shaped w ith  the in c is iv e  branch usually  a s  narrow  a s
the m ain branch. ^  In ferior A lveo lar N erve

The m ental nerve branched from the inferior a lveo lar in c i s iv e  B ra n c h

nerve anterior to the m ental foram en.

Figure 1: The "type" description to classify the directional paths of mental foramen (23).
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inferior alveolar nerve anterior to the opening of the 
mental foramen. Both right and left side of all mandibles 
under investigation were scanned with 0.2 mm3 voxel and 
2 mm interslice distance. Obtained cross-sections and 
sagittal, coronal and axial sections were evaluated based 
on the cadaveric classification mentioned above. In order 
to standardize the procedure, the axial sections were 
generated firstly in a way to show the right and left mental 
foramen together. Then the panoramic curves were drawn 
from right to left mental foramen on axial sections (Figure

2). Thus the panoramic sections passed from the marked 
lines were generated (Figure 3) and obtained panoramic 
sections were used for section ing the cross-sections 
(Figure 4). Figure 4 shows clearly that the type 2 mental 
foramen w ithout an anterior loop can be shown in only 
one 2 mm cross-sectional image while the type 3 mental 
foramen with an anterior loop continues its existence in 
nearly three 2 mm cross-sectional images. A panoramic 
serial com bined w ith  th ree sections show s m ental 
foramen with anterior loop as type 3 on both right and left
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side (Figure 5). Likewise; the anterior loop in the shape of 
type 1 on right side and type 2 on left side is seen at Figure 
6 as a single panoramic section.

Statistical Analysis

The data was analyzed w ith Statistical Package for 
Social Sciences (SPSS) for W indow s 15.0 (SPSS, Inc.,

Chicago, Illinois). Descriptive statistical m ethods (mean 
and frequency) were used for the evaluation of the data. 
The Chi Square test was used to evaluate comparisons 
between qualitative data, and Mc Nemar's test was used 
on paired  nom ina l d a ta . V a lues o f p< 0.05 w ere 
interpreted as statistically significant.

RESULTS

Table 1: The distribution of the mental branch types

n %

Right Side Type 1 29 10.4
Type 2 82 29.4
Type 3 168 60.2

Left Side Type 1 19 6.8
Type 2 96 34.4
Type 3 164 58.8

Total Type 1 48 8.6
Type 2 178 31.9
Type 3 332 59.5

The total frequencies of type 1, type 2 and type 3 were 
as found 8.6% , 31.9% and 59.5% respectively (Table 1). 
The distribution values of type 1, type 2 and type 3 for the 
right side were evaluated as 10.4%, 29.4%, 60.2% and for 
the left side were evaluated as 6.8% , 34.4% and 58.8% 
respectively (Table 1).

Although there was no statistically significant difference 
(p=0.300), the frequency of type 3 on both side at the same 
patient was observed as 45.5%  w ith the highest rate 
followed by type 2 on both side with 17.2% (Table 2).

Table 2: The distributions of mental branch types on a patient by patient basis

Left Side

Right Side

p*Type 1 Type 2 Type 3 Total

n (%) n (%) n (%) n (%)

Type 1 5 (1.8) 7 (2.5) 7 (2 .5 ) 19 (6.8) 0.300
Type 2 14 (5.0) 48 (17.2) 34 (12.2) 96 (34.4)
Type 3 10 (3.6) 27 (9.7) 127 (45.5) 164 (58.8)
Total 29 (10.4) 82 (29.4) 168 (60.2) 279 (100)

*M c Nem ar Test
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Table 3: The mental branch types distributions according to the genders

Male Female
P+

n (%) n (%)

Right Side Type 1 11 (7.8) 18 (13.0) 0.126
Type 2 48 (34.0) 34 (24.6)
Type 3 82 (58.2) 86 (62.3)

Left Side Type 1 8 (5.7) 11 (8.0) 0.719
Type 2 48 (34.0) 48 (34.8)
Type 3 85 (60.3) 79 (57.2)

+Chi Square Test

There  w as no s ta tis t ica lly  s ig n ifican t d ifference 
between males and fem ales on the right side (p=0.126) 
and left side (p=0.719). The distributions of the visibility of 
the mental branch types according to genders and the 
sides are shown at Table 3.

DISCUSSION

There are a num ber of studies, where the authors 
using various m ethods, (anatom ical, radiographic and 
combined), have attempted to measure the length of the 
anterior loop of the inferior alveolar nerve (7,9,19,20,23­
25). Most of the studies have shown the unreliability of 
radiographs because of the high percentage of false- 
positive and false-negative findings (1,4,7-9,24,25). It is 
known that bone undergoes various quantitative and 
qualitative changes w ith age. It has been reported by 
K ieser et al. (19) that the drift of the anterio r loop 
becom es variab le  w ith  the a lveo lar bone resorption 
following the loss of posterior teeth. The lim itations on 
radiographic interpretation of interforaminal region have 
been ascribed to poor radiographs or bone quality, and 
the inability to differentiate these anatom ic landmarks 
from  the trabecu la r structu re  (9 ,26). Techn ic ian  and 
processing errors with patient position affect the quality 
of the radiograph. Yet another possible comment for the 
underestimation of the anterior loop has been reported; 
because it is an intermedullary structure that is located in 
an area surrounded with relatively thicker cortical walls, 
hence making it difficult to differentiate in plain films (15). 
Ju st because panoram ic rad iographs are lim ited to 
v isu a lize  the an te rio r loop, it does not m ean it is 
substantially absent (1,9). Since this imagining modality is 
the com m only used radiogram  in im plant treatm ent 
planning CBCT was used to investigate the anterior loop

of the mental foramen in this study. CBCT has proven its 
re liab ility  by helping to observe the tissues w ithout 
superposition , d isto rtions and m agn ifications. Using 
CBCT more accurate results can be reached (2,3,9,27).

As reported by Haktanir et al. (12) by using m ulti­
detector CT, there is a possibility that a loop mesially from 
the mental nerve may exist.. The anterior loop of the 
m andibular canal was visualized in 36.9%  of cases at 
Kajan and Salari's (4) study on CBCT. Kaya et al. (28) 
reported that the frequencies of detecting anterior loop 
were 34% for spiral CT scans and 28% for panoram ic 
images. Spiral CT scans were similar to the results of Kajan 
and Salari's (4) study. Ngeow et al. (1) identified the 
anterior loop in 40.2% of panoram ic radiographs. But in 
our study, which based on the classification defined by 
Solar et al. (23) the mental foramen with an anterior loop 
was found as 59.5% of both sides of all subjects (60.2% of 
right sides, 58.5%  of left sides) on CBCT im ages. The 
frequencies of identifying the anterior loop in the studies 
by Arzouman et al. (13), Kuzmanovic et al. (9), Jacobs et al. 
(25), Yosue and Brooks (22) were found as 12%, 27%, 11% 
and 21% respectively. These reported frequencies were 
lower than our study and the findings of Negow et al. (1). 
Anterio r loops were m ost often observed b ilatera lly , 
followed by on the right side only by Negow et al. (1). 
Sim ilarly, in our study the evaluation of the anterior loop 
on both sides was found 45.5%. There was no significant 
difference between males and females (58.2% and 62. 3% 
for right side respectively; 60.3% and 57.2% for left side 
respectively). Sim ilar to this study Ngeow et al. (1) and 
Kajan and Salari (4) showed no correlation between the 
observation frequency of the anterior loop and gender.

The most common patterns observed at the opening 
of the m ental fo ram en w ere e ithe r Y- or T-shaped 
divergence between the mental and incisive nerves with
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no d istinct anterior loops (9 ,18 ,19 ,23). W hile T-shape 
d ivergence w as accepted as w itho u t loop, Y-shaped 
divergence might be defined w ith or w ithout loop. The 
actual existence of the loop has been debated and large 
variations on the mean lengths and the ranges have been 
noted (7,9,19,20,23-25). The present study describes the 
variation and angel of anterior loop distribution of mental 
fo ram en on CBCT scans of m an d ib le . Type 3 was 
considered as the anterior loop of the mental foramen in 
this study and was determined in 205 cases with 332 loop 
in 279 Turkish patients identifying 558 mental foramen. 
B en n in g e r et al.'s (18) stu d y is the  f irs t  cad aver 
investigative study that fu lly supports the results of the 
Swedish in vivo study by Rosenquist (29). Benninger et al. 
(18) reported 4 cases with loop on 15 Caucasian cadavers 
identifying 30 mental nerves. Rosenquist (29) reported 15 
with loop in 58 Swedish patients.

In many studies (6,7,9,18-20,23,24,29,30), evaluation 
and m easurem ents of the anterior loop at the mental 
foram en were perform ed on cadavers, w hich present 
lim itations to real clin ical applications. In these studies 
(2-4) CBCT images of patients were employed and this 
would have an advantage on clin ical practices. Various 
safety margins were reported by specialists interested in 
interforam inal region surgery. Consequently, it is not 
advisable to assume that a fixed distance exists mesially 
from the m ental foram en as a safe area. So that the 
an te rio r loop len g th s w ere  not m easured  in th is 
investigation. Several authors have recommended various 
standard safety margins, ranging from 1 to 9 mm for the 
most anterior portion of mental foram en as reference 
guide (6 ,7 ,9 ,23 ,24,29-34). Furtherm ore only one study
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are needed by focusing on the potential of CBCT to 
enlighten the safety margins of interforaminal region in 
terms of the existence and the most mesial distance of 
the anterior loop.

Acknowledgm ent: This study was presented as poster 
presenta tion  at FDI 2013 Istanbu l 101st Annual World 
Dental Congress;28-31 August 2013.

4. Kajan ZD, Salari A. Presence and course of the mandibular incisive 
canal and presence of the anterior loop in cone-beam computed 
tomography images of an Iranian population. Oral Radiol. 2012; 28: 
55-61.

5. Naitoh M, Hiraiwa Y, Aimiya H, Gotoh K, Ariji E. Accessory mental 
foramen assessment using cone-beam computed tomography. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod. 2009; 107: 289-294.

6. Mraiwa N, Jacobs R, Moerman P, Lambrichts I, van Steenberghe D, 
Quirynen M. Presence and course of the incisive canal in the human 
mandibular interforaminal region: Two dimensional imaging versus 
anatomical observations. Surg Raiol Anat. 2003; 25: 416-423.

M armara Üniversitesi Sağlık B ilim leri Enstitüsü Dergisi Cilt: 5, Sayı: 4 , 2015 / Journal o f Marmara University Institute o f Health Sciences Volum e: 5, Num ber: 4 , 2015 - http ://m usbed.m arm ara.edu.tr 237

http://musbed.marmara.edu.tr


Anterior loop  o f  the  m ental foram en  in a Turkish subpopu lation  w ith  d en ta te  patients: a con e  beam  com pu ted  tom ograp h y  study

7. Bavitz JB, Harn SD, Hansen CA, Lang M. An anatomical study of 
mental neurovascular bundle -  implant relationship. Int J Oral 
Maxillofac Implants. 1993; 8: 563-567.

8. Misch CE, Crawford EA. Predictable mandibular nerve location. A 
clinical zone of safety. Int J Oral Implantol. 1990; 7: 37-40.

9. Kuzmanovic DV, Payne AGT, Kieser JA, Dias GJ. Anterior loop of the 
mental nerve: a morphological and radiographic study. Clin Oral 
Implants Res. 2003; 14: 464-471.

10. Chavez-Lomeli ME, Lori JM, Pompa JA , Kjaer I. The human mandibular 
canal arises from three separate canals innervating different tooth 
groups. J Dent Res. 1996; 75: 1540-1544.

11. de Villiers H. A Biometrical and Morphological Study. In: The skull 
of the South African Negro. 1st ed. Johannesburg: Witwatersrand 
University Press; 1968.

12. Haktanır A, Ilgaz K, Turhan-Haktanır N. Evaluation of mental foramina 
in adult living crania with MDCT. Surg Radiol Anat. 2010;32:351-356.

13. Arzouman MJ, Otis L, Kipnis V, Levine D. Observations of the anterior 
loop of the inferior alveolar canal. Int J Oral Maxillofac Implants. 
1993;8:295-300.

14. Misch CE. Root form surgery in the edentulous mandible: stage 1 
implant insertion. In: Misch CE, ed. Implant Dentistry. 2nd ed. St Louis, 
Mo: CV Mosby Co. 1999; p: 347-370.

15. Wismeijer D, van Waas MAJ, Vermeeren JIJF , Kalk W. Patients' 
perception of sensory disturbances of the mental nerve before and 
after implant surgery: a prospective study of 110 patients. Br J Oral 
Maxillofac Surg. 1997; 35: 254-259.

16. Hirsch JM, Branemark PI. Fixture stability and nerve function after 
transposition and lateralization of the inferior alveolar nerve and 
fixture installation. Br J Oral Maxillofac Surg. 1995; 33: 276-281.

17. Kohavi D, Bar-Ziv J. A typical incisive nerve: clinical report. Imp Dent. 
1996; 5: 281-283.

18. Benninger B, Miller D, Maharathi A, Carter W. Dental implant 
placemen investigation: is the anterior loop of the mental nerve 
clinically relevant? J Oral Maxillofac Surg. 2011; 69: 182-185.

19. Kieser J, Kuzmanovic D, Payne A, Dennison J, Herbison P. Patterns of 
emergence of the human mental nerve. Arch Oral Biol. 2002; 47: 743­
747.

20. Neiva RF, Gapski R, Wang HL. Morphometric analysis of implant- 
related anatomy in Caucasian skulls. J Periodontol. 2004; 75: 1061­
1067.

21. Polland KE, Munro S, Reford G, Lockhart A, Logan G, Brocklebank L. 
The mandibular canal of the edentulous jaw . Clin Anat. 2001; 14: 445­
452.

22. Yosue T, Brooks SL. The appearance of mental foramina on panoramic 
radiographs. I. Evaluation of patients. Oral Surg Oral Med Oral Pathol. 
1989; 68: 360-364.

23. Solar P, Ulm C, Frey G, Matejka M. A classification of the intraosseous 
paths of the mental nerve. Int J Oral Maxillofac Implants. 1994; 9: 339­
344.

24. Mardinger O, Chaushu G, Arensburg B, Taicher S, Kaffe I. Anterior loop 
of the mental canal: an anatomical radiologic study. Imp Dent. 2000; 
9: 120-125.

25. Jacobs R, Mraiwa N, van Steenberghe D, Sanderink G, Quirynen 
M. Appearance of the mandibular incisive canal on panoramic 
radiographs. Surg Radiol Anat. 2004; 26: 329-333.

26. Yosue T, Brooks SL. The appearance of mental foramina on panoramic 
radiographs. II. Experimental evaluation. Oral Surg Oral Med Oral 
Pathol. 1989; 68: 488-492.

27. Vujanovic-Eskenazi A, Valero-James JM, Sanchez-Garces MA, Gay- 
Escoda C. A retrospective radiographic evaluation of the anterior loop 
of the mental nerve: comparison between panoramic radiography 
and cone beam computerized tomography. Med Oral Patol Oral Cir 
Bucal. 2015; 20(2): e239-245.

28. Kaya Y, Sencimen M, Sahin S, Okcu KM, Dogan N, Bahcecitapar M. 
Retrospective radiographic evaluation of the anterior loop of the 
mental nerve: comparison between panoramic radiography and 
spiral computerized tomography. Int J Oral Maxillofac Implants. 2008; 
23: 919-925.

29. Rosenquist B. Is there an anterior loop of the inferior alveolar nerve? 
Int J Periodontics Restorative Dent. 1996; 16: 41-45.

30. Yu SK, Kim S, Kang SG, Kim JH, Lim KO, Hwang SI, Kim HJ. Morphological 
assessment of the anterior loop of the mandibular canal in Koreans. 
Anat Cell Biol. 2015; 48(1): 75-80.

31. Uchida Y , Noguchi N, Goto M, Yamashita Y, Hanihara T, Takamori H 
et al. Measurement of anterior loop length for the mandibular canal 
and diameter of the mandibular incisive canal to avoid nerve damage 
when installing endosseous implants in the interforaminal region: a 
second attempt introducing cone-beam computed tomography. J 
Oral Maxillofac Surg. 2009; 67: 744-750.

32. Oğuz O, Bozkır MG. Evaluation of location of mandibular and mental 
foramina in dry, young, adult human male, dentulous mandibles. 
West Indian Med. 2002; 51: 14-16.

33. Rosa MB, Sotto-Maior BS, Machado VC, Francischone CE. Retrospective 
study of the anterior loop of the inferior alveolar nerve and the incisive 
canal using cone beam computed tomography. Int J Oral Maxillofac 
Implants. 2013; 28(2): 388-392.

34. Apostolakis D, Brown JE. The dimensions of the mandibular incisive 
canal and its spatial relationship to various anatomical landmarks of 
the mandible: a study using cone beam computed tomography. Int J 
Oral Maxillofac Implants. 2013; 28(1): 117-124.

238 M armara Üniversitesi Sağlık Bilim leri Enstitüsü Dergisi Cilt: 5, Sayı: 4 , 2015 / Journal o f Marmara University Institute o f Health Sciences Volum e: 5, Num ber: 4 , 2015 - http://m usbed.m arm ara.edu.tr

http://musbed.marmara.edu.tr

