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Introduction
The inferior alveolar nerve may extend beyond the 

mental foramen in an anterior and inferior direction, 
curving back to the foramen and forming a loop, which 
has been termed the anterior loop of the inferior alveo-
lar nerve,1-3 of the mental nerve,4-7 or of the mandibular 

canal.8,9 Although it is a benign anatomical variation, its 
accurate identification is essential for surgical planning, 
particularly for dental implant placement,1 in order to pre-
vent iatrogenic complications and to ensure the effective-
ness of surgical procedures performed in this region.4,8,9

Strikingly variable results regarding the prevalence of 
anterior loops of the inferior alveolar nerve have been re-
ported in the literature, ranging from 22%-28%6 to 88%,10 
and a maximum length of 11 mm has been reported.10 
Differences in evaluation techniques (conventional ra-
diographs, computed tomography [CT] scans, and direct 
anatomical analyses) may have influenced these discrep-
ancies. Furthermore, the criteria for measuring the ante-
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AbstrAct

Purpose: Sufficient area in the interforaminal region is required for dental implant placement, and the anterior loop 
of the mandibular canal is located within the limits of this area. The aim of this study was to evaluate the prevalence 
and extent of the anterior loop in a Brazilian sample population using cone-beam computed tomography (CBCT).
Materials and Methods: CBCT images from 250 patients (500 hemimandibles) obtained for various clinical 
indications were randomly selected and evaluated to determine the presence and length of the anterior loop. The 
length of the anterior loop was then compared based on gender, age, and the side of the mandible. The data were 
analyzed using the Pearson chi-square test and linear regression analysis.
results: An anterior loop was identified in 41.6% of the cases, and its length ranged from 0.25 mm to 4.00 mm 
(mean, 1.1±0.8 mm). The loop had a greater mean length and was significantly more prevalent in males 
 (p = 0.014). No significant differences were found between the right and left sides regarding length (p = 0.696) or 
prevalence (p = 0.650).
conclusion: In this study, a high prevalence of the anterior loop of the mandibular canal was found, and although 
its length varied greatly, in most cases it was less than 1 mm long. Although this is a prevalent anatomical variation, 
safety limits for the placement of implants in this region cannot be established before an accurate evaluation using 
imaging techniques in order to identify and preserve the neurovascular bundles. (Imaging Sci Dent 2016; 46: 69-75)
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rior loop should be considered, since some authors have 
used anatomical planes to identify the anterior limit of the 
mandibular canal,2,8,9,11 while others have differentiated 
between the anterior loop and the incisive canal by evalu-
ating the diameters of these structures.1,3,12 In these cases, 
canals of at least 3 mm in diameter were considered to be 
part of the anterior loop. Thus, it is essential to use a di-
agnostic method that allows the satisfactory visualization 
and correct measurement of anatomical variations.

Cone-beam CT (CBCT) presents several advantages, 
such as allowing the three-dimensional (3D) assessment 
of craniofacial structures without distortion or overlap-
ping images, in addition to a lower radiation dose than 
multislice CT. Moreover, CBCT is considered the stan-
dard method for assessing bone tissue13,14 and is able to 
determine the presence and length of the anterior loop 
with precision and reliability.2,3

It should be highlighted that significant individual an-
atomical variations are present to various extents among 
different populations and ethnic groups. Thus, it is essen-
tial to conduct research in different populations. It is very 
important to precisely identify and to preserve neurovas-
cular bundles in order to avoid sensorineural damage in 
the interforaminal region. The aim of this study was to 
use CBCT images to evaluate the prevalence and extent 
of the anterior loop of the mandibular canal in a Brazilian 
sample population.

Materials and Methods
This retrospective study was performed with the appro-

val of the Research Ethics Committee of the Health Sci-
ences Center, Federal University of Pernambuco, Brazil 

(protocol number 02158112.3.0000.5208).
From a pool of 1,500 consecutive CBCT scans of the 

jaws obtained between January 2010 and July 2010 in a 
private radiology clinic in Recife, Pernambuco, Brazil, 
250 images of the mandibles were randomly selected, to-
taling 500 hemimandibles. CBCT images were included 
if they were of adequate diagnostic quality, without frac-
tures and/or bone disease that compromised the region of 
the mental foramen. The exclusion criterion was the pres-
ence of implants or metal artifacts located in the foramen 
region.

The CBCT scans were acquired using an i-CAT Next 
Generation unit (Imaging Sciences International, Hat-
field, PA, USA). The CBCT exposure parameters were 
120 kV, 3-8 mA, 0.25 mm voxel size, and 26 s acquisition 
time. Subsequently, the images were reconstructed using 

XORAN CAT version 2.0.21 (Xoran Technologies, Ann 
Arbor, MI, USA). Multiplanar reconstructions includ-
ing axial, coronal, and sagittal images were obtained and 
evaluated concurrently by two trained and calibrated ob-

Fig. 1. Assessment of the anterior loop. A. Axial reconstruction 
rotated towards the side being examined, with the mandibular ca-
nal positioned parallel to the sagittal plane (vertical line). B and C. 
The coronal reconstructions obtained immediately after the most 
mesial point of the mental foramen show a single (arrow) and dou-
ble (arrows) hypodense image, respectively.
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Fig. 2. The course of the mandibular canal, with the absence or 
presence of an anterior loop. A. The incisive canal and its corre-
sponding image in the coronal reconstruction, with a diameter that 
must be less than 3 mm. B. The anterior loop and its correspond-
ing image in the coronal reconstruction, which, depending on the 
place it is obtained, can be represented by a round hypodense area 
with a diameter of at least 3 mm or by two round hypodense areas.
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servers, in a darkened room, on a 19-inch liquid-crystal 
display screen (Infoway - Itautec, Taubaté, SP, Brazil). 
Furthermore, the density and contrast of the images were 
adjusted to assist the evaluators during identification and 
measurement procedures. Disagreements were discussed 
and a consensus was reached.

The axial reconstruction image was initially used. The 
volume was rotated towards the side being analyzed, in 
order to position the long axis of the mandibular canal 
parallel to the sagittal plane, and to position the coronal 
reconstruction perpendicular to the region of interest. The 
coronal reconstruction image was then used, and imme-
diately afterwards, the most mesial point of the mental 
foramen was obtained in order to identify the presence 
or absence of an anterior loop. In the coronal sections, it 
was possible to identify two basic types of images: one 
with an anterior extension represented by a single round 
hypodense image and the other characterized by 2 round 
hypodense images (Fig. 1).

According to Apostolakis and Brown,1 the anterior loop 

can be differentiated from the incisive canal based on the 
fact that the incisive canal has a diameter of less than 3 

mm. When only a single round hypodense image was 
visualized, it was interpreted as the incisive canal if it ex-
hibited a diameter smaller than 3 mm. If the diameter was 
larger than 3 mm, the anterior extension of the mandibu-
lar canal was considered to be an anterior loop. An ante-
rior loop was also considered to be present when 2 round 
hypodense areas were observed, with one corresponding 
to the lumen of the mandibular canal that traverses the 
mental foramen anteriorly and inferiorly, and the other 
reflecting the doubling back (loop) of the mandibular ca-
nal, leading to the externalization of the inferior alveolar 
nerve. Figure 2 presents these possible representations 
of the anterior extension of the mandibular canal and the 
corresponding images in coronal reconstructions.

The length of the anterior loop was measured using the 
amount of consecutive coronal reconstructions situated 
between the anterior border of the mental foramen and the 
anterior border of the loop. This number was multiplied 

Fig. 3. In coronal reconstructions, 
the anterior loop can be seen as two 
round hypodense areas in images 
205-208 and as a single round hy-
podense area (with a diameter of 
at least 3 mm) in images 209-219. 
Measurement: 15 × 0.25=3.75 mm.
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by the thickness of the slices (0.25 mm).
When the anterior loop appeared as 2 round hypodense 

areas, its length was measured by counting the number 
of reconstructions in which the 2 round hypodense im-
ages appeared, added to the number of reconstructions in 
which the canal diameter was at least 3 mm. The number 
of slices was then multiplied by the thickness of the re-
constructions (0.25 mm) (Fig. 3).

The data were summarized as absolute and relative fre-
quencies. The Pearson chi-square test was used to eval-
uate the presence of an anterior loop with regard to age, 
gender, and the side of the hemimandible. The relation-
ships of length with age, gender, and hemimandible side 
were evaluated using linear regression. P-values<.05 
were considered to indicate statistical significance.

results
The CBCT scans of 250 patients were evaluated, among 

whom 156 (62.4%) were women and 94 (37.6%) were 
men, with ages ranging between 13 and 87 years (mean 
age, 51.4±15.3 years). The anterior loop was visualized 
in 208 (41.6%) of the 500 hemimandibles analyzed, and 
the mean length was 1.1±0.8 mm (range, 0.25-4.00 mm). 
These findings were analyzed according to gender, the 
side of the hemimandible (right and left), and the age of 
the patient (Table 1).

A significantly higher prevalence was found among 
men than among women (p = 0.014). Furthermore, al-
though the variability of the length of the anterior loop 
was greater in women, its mean length was greater in 

men. 
The highest prevalence was found between the sec-

ond and fifth decades of life, and the greatest variation in 
length was observed in the sixth decade. No significant 
differences were observed in length (p = 0.696) or preva-
lence (p = 0.650) between the right and left sides.

Of the 208 hemimandibles in which an anterior loop 
was identified, in 138 cases (66.3%) the length was less 
1.00 mm. In 49 cases (23.6%), the length was between 
1.25 mm and 2.00 mm, in 15 cases (7.2%) the length was 
between 2.25 mm and 3.00 mm, and in only 6 cases (2.9%) 
the length was between 3.25 mm and 4.00 mm. Thus, the 
loop was 2 mm or shorter in approximately 90% of the 
cases. These findings are presented in Figure 4. 

An anterior loop was visualized in 135 (54.0%) of the 
250 patients evaluated. Table 2 summarizes our findings 
according to the unilateral or bilateral presence of an an-
terior loop.

discussion
The study of the anterior loop of the mandibular ca-

nal is a relatively new area of research, and most stud-
ies have been conducted in the last few years.1-3,6,7,12,15 
The increased interest in the subject is directly related to 
the greater frequency of operations for the placement of 
dental implants. Several methods have been used to as-
sess this type of anatomical repair, including panoramic 
radiography,16 CT,12,15 CBCT,1-3,6,7 anatomical measure-
ments,8,10 and other related methods.5,9,11

The sample in this study was mainly composed of pati-

Fig. 4. The number of cases of anterior loop of the mandibular canal and their respective lengths.
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ents aged between 50 and 60 years, as in the study car-
ried out by Apostolakis and Brown1, and included a ma-
jority of females, similarly to other studies in the litera-
ture.1-3,5,6,10

Our study showed that the anterior loop of the man-
dibular canal was present in 41.6% of all cases. This is 
higher than the prevalence reported by Kuzmanovic et 
al.,11 Kaya et al.,5 and Ngeow et al.,16 who conducted 
their studies using panoramic radiographic images. The 
relatively low prevalence rates reported in those studies 
may have reflected the failure of panoramic radiography 
to detect the presence of the anterior loop, due to the lim-
itations and disadvantages of radiography, such as two-di-
mensionality, distortion, and the presence of overlapping 
structures. Moreover, panoramic radiography can over-
estimate or underestimate the presence and extent of the 
anterior loop,5,11 and is not considered a reliable modality 
for evaluating this anatomical variant.16

In contrast, studies using anatomical analysis8-10 or 
three-dimensional images1,3,5,7,12 have demonstrated high-
er rates of prevalence for the anterior loop, with values 
ranging from 34%5 to 88%.10 De Oliveira-Santos et al.,6 
even when using CBCT, observed a prevalence of 22%-
28%. However, this low value can be explained by the 
fact that those authors discarded loops smaller than 2 mm 
in length because they considered them clinically insig-
nificant. 

At least one anterior loop was visualized in over half 
of the patients (54.0%) in our sample. Most of the ante-
rior loops were observed bilaterally, followed by the left 
and right sides, respectively. These findings are similar to 
those reported by Apostolakis and Brown,1 who observed 
an anterior loop in approximately 57% of patients, mostly 
bilaterally. In the survey conducted by Filo et al.,3 a loop 
was identified in 78.84% of patients, with the majority 
being bilateral, followed by being on the right and left 
sides, respectively.

The mean length of the anterior loops found in our 
study was 1.1 mm, a value close to those that have been 
reported in the literature.1,3,15 The largest anterior loop ob-
served was 4 mm. Despite being clinically relevant in ex-
tent,6 this length was far lower than the maximum lengths 
of 9 mm reported by Uchida et al.9 and 11 mm reported by 
Neiva et al.10 Moreover, our research demonstrated that 
in 97.1% of cases, the length of the anterior loop was less 

Table 1. Distribution of cases of with and without an anterior loop of the mandibular canal and statistical analyses according to the side of 
the mouth and the gender and age of the patient.

    Group (n)   Total 
number

Absence of  
anterior loop 

n (%)

Presence of  
anterior loop  

n (%)

Anterior loop

Range (mm) Median Mean±SD

Gender      
Male (94) 188 96 (51.1) 92 (48.9) 0.25-3.75 1.00 1.22±0.92
Female (156) 312 196 (62.8) 116 (37.2) 0.25-4.00 0.75 0.94±0.66

Hemimandible  
Right 250 148 (59.2) 102 (40.8) 0.25-3.75 0.75 1.06±0.83
Left 250 144 (57.6) 106 (42.4) 0.25-4.00 0.75 1.07±0.77

Age (years)  
13-19 (10) 20  6 (30.0) 14 (70.0) 0.25-3.00 1.25 1.32±0.89
20-29 (17) 34 15 (44.1) 19 (55.9) 0.25-1.75 0.75 0.92±0.45
30-39 (25) 50 28 (56.0) 22 (44.0) 0.25-3.00 1.00 1.25±0.86
40-49 (46) 92 49 (53.3) 43 (46.7) 0.25-2.75 0.75 0.90±0.61
50-59 (78) 156 94 (60.3) 62(39.7) 0.25-4.00 1.00 1.24±0.99
60-69 (49) 98 67 (68.4) 31 (31.6) 0.25-3.50 0.75 0.81±0.64
70-79 (20) 40 27 (67.5) 13 (32.5) 0.25-2.25 0.75 0.94±0.63
80-87 (5) 10  6 (60.0) 4 (40.0) 0.50-2.25 1.25 1.31±0.94

Total  
Full sample 500 292 (58.4) 208 (41.6) 0.25-4.00 0.75 1.06±0.80

SD: standard deviation.

Table 2. Results regarding the unilateral or bilateral presence of 
an anterior loop of the mandibular canal.

Anterior loop n (%)

Bilateral
Unilateral: left
Unilateral: right

73 (54.1)
33 (24.4)
29 (21.5)

All 135 (100)
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than or equal to 3 mm, similarly to the findings of Aposto-
lakis and Brown1 and Filo et al.3 that approximately 95% 
of cases showed lengths of up to 3 mm.

In our study, the anterior limit of the anterior loop was 
determined both based on the existence of two separate 
canals beyond the mental foramen and by using its diam-
eter in all cross-sections. For this purpose, a minimum 
diameter of 3 mm was established, similar to the values 
used in other studies.1,3,12 In contrast, de Oliveira-Santos 
et al.6 and Kaya et al.5 did not measure the diameter of the 
canal and considered the anterior loop to be present only 
in cross-sections with 2 round hypodense images, with 
a structure that they referred to as “8-like.” This method 
may have underestimated the real loop length. 

We found that the anterior loop was larger and more 
prevalent in younger patients and male patients. No sig-
nificant differences between the right and left sides were 
found. Other studies have shown the length of the anterior 
loop to be significantly related to male gender,1,2,8,9,12 the 
right side,1 and to the sixth decade of life.8 Some authors, 
however, have found no significant relationships between 
these variables (age, gender, and side) and length3,6 or 
prevalence3,6,12 of anterior loops. 

Although anatomical studies on cadavers provide im-
portant and accurate information about the prevalence 
and variation in length of the anterior loop, CT is the 
method that actually corresponds to clinical practice and 
adequately satisfies pre-surgical planning requirements. 
Furthermore, CT images have been proven to exhibit high 
precision and reliability in the diagnosis of the anterior 
loop2,9 and other anatomical landmarks in the mandible.6

As previously stated, CT images are very effective 
exams for the diagnosis of anterior loops of the mandib-
ular canal and can be used with great reliability to iden-
tify their presence and measure their length.2,3 Howev-
er, CBCT is preferable and is most often used in dental 
practice due to its advantages, including a lower cost and 
a lower radiation dose, in combination with the fact that 
CBCT image quality is comparable or even superior to 
that of multislice CT for evaluating dentomaxillofacial 
structures.13,14

The high prevalence and significant extent of the ante-
rior loop found in this study highlight the importance of 
knowledge regarding this anatomical variation. For this 
reason, it is necessary for professionals to identify the 
presence of anterior loops and to measure them correctly 
when planning procedures involving the interforaminal 
region.

In conclusion, there was high prevalence of anterior 

loop of the mandibular canal, with the maximum length 
of 4.00 mm. However, in spite of the wide variation in 
length, the majority of loops were less than 1 mm long.
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