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Prevalence, length, and patterns of Anterior Loop
among the South Indian population: A comparative
study between Panoramic Radiography and Cone
Beam Computed Tomography
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Abstract
Purpose: To assess the prevalence, length, and patterns of the anterior loop of the inferior alveolar nerve by panoramic radiography
and cone beam computed tomography (CBCT).

Materials and Methodology: A prospective study was conducted on 300 mental foramen regions by exposing them to
panoramic radiography and CBCT scan. Two individual observers evaluated the images to assess the presence of an anterior loop,
the mean length of the loop, and the most frequent pattern of the loop in our population.

Result Analysis: The prevalence of the anterior loop for male patients and female patients by panoramic radiography was 34%
and 32%on the right side and 30%and 36%on left side, respectively. By CBCT, the corresponding valueswere 69%and 72%on the
right and left side, respectively, for male patients, and 73% and 81% on the right and left side, for female patients, respectively.

Conclusion: The results from our study strongly emphasize the need for CBCT imaging before planning for procedures in the
mental foramen region because the prevalence, length, and pattern of loop significantly varies with respect to age, sex, and
population.
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Introduction

The inferior alveolar nerve occasionally passes below the anterior
wall of the mental foramen, and after giving off a small incisive
branch, it curves back forming a loop to enter the foramen. This
anatomical landmark is known as “the anterior loop” of the
inferior alveolar nerve.1

It is essential to comprehensively understand the anatomical
structures in the interforaminal region encompassing the anterior
loop to avoid neurosensory disturbances. These are due to damage
to the neurovascular bundle during surgical procedures such as
placement of a dental implant, osteotomy, root end resection,
reducing a mandibular fracture, and genioplasty.2

There is a high chance of implant failure if they come in contact
with the anterior loop because of increased edema and a lack of
hard tissue support together with increasing soft tissue in the area.3

Certain systemic diseases such as diabetes and osteoporosis affect the
bone by reducing its mineral density leading to decortication of

the nerve canals.4 A safe distance of 5 mm is recommended from the
mental foramen for procedures such as implant placement, while
planning endodontic surgery and harvesting the chin bone.5

Today, cone beam computed tomography (CBCT) has taken a
massive role for imaging of the hard tissues in the maxillofacial
area. While CBCT allows imaging of the anatomical structures in
axial, coronal, and sagittal planes, it also allows us to interpret the
structures without magnification or distortion on oblique and
inclined surfaces because of its multiplanar reformation feature.6,7

Before CBCT, panoramic radiography was the only diagnostic
imaging modality taken for a long time, but in most of the cases,
this modality did not help in accurate identification of the
extension of the anterior loop.8

Thus, the purpose of the study was to assess the morphometric
variations of the anterior loop by two imaging modalities such as
panoramic radiography and CBCT.

Materials and Methodology

This is a prospective study performed on patients visiting the
Department of Oral Medicine and Radiology. The study was
performed following the fundamental principles of the Declara-
tion of Helsinki (2013). The ethical clearance for this study was
obtained from the Institutional Ethical Committee (Approval No:
084). This study was performed in an institution with a time
frame of 1 year. The formula used for sample size estimation was
n 5 Z2 P (1-P)/d2. In this formula, n is the sample size, Z is the
statistic corresponding to the level of confidence, P is expected
prevalence (that can be obtained from similar studies or a pilot
study conducted by the researchers), and d is precision (corre-
sponding to effect size). The level of confidence aimed for is usually
99%. The sample size was confirmed using the Raosoft software,
2004. The machine used for obtaining CBCT scan was KODAK
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9500 CONE BEAM 3D SYSTEM which works on flat panel
amorphous silicon sensor. The patients were scanned in a standing
position. The field of view selected for the scan was 18 cm3 20 cm
and voxel size of 0.3 mm. The exposure parameters set for the scan
was 80 kVp, 12 mA with 14.3 seconds of exposure time. A
panoramic scan was taken by PLANMECA proline XC with
exposure parameters 66kVp, 6 mA with an exposure time of 18
seconds.

The study population included 150 patients (75male patients and
75 female patients) of an age group ranging from20 to 65 years. The
study population was divided into three groups based on their age,
and each group had an equal number of patients (50 each)—Group I
(20–35years),Group II (36–50years), and III (51–65years). Patients
were selected from those who were indicated for both panoramic
radiography and cone beam CT. For instance, cases with multiple
affected molars, for orthodontic and orthognathic surgeries,
odontomes or any pathology that did not affect the nerve position,
where OPG was taken as a preliminary radiograph followed by
additional radiograph aided in further treatment planning. The
inclusion criteria included permanent dentition and patients with
teeth confined to the mental foramen region from the canine to the
first molar. Pregnant women, patients with generalized skeletal
disorders, or any pathology/trauma/radiolucent/radiopaque lesion
affecting the position of the nerve, mixed dentition, supernumerary
teeth, unerupted, or affected teeth were excluded from the study.
Radiographs that lack proper exposure or artefact were not included
for examination. All selected patients were explained about the need
of the study. Individually voluntary informed written consent was
obtained from the subjects of the study.

The study focused on evaluating 300 mental foramen regions.
Measurements in panoramic radiographs were performed using
Planmeca Romexis software and in CBCT using Imaging Software
by clicking on the measurement mode present in the tool bar option.
Measurements of the anterior loop on panoramic radiographs were
assessed by considering the inferiormandibular cortex as the plane of
reference.A linewasdrawnperpendicular to the line passing through
the medial border of the mental foramen. Another line was drawn
perpendicular to the line passing through themostmesial point of the
anterior loop and the mandibular incisive canal. The distance
between the two lines drawn was measured and recorded (Fig. 1).9

Measurement of anterior extension performed on cone beam
computed tomographywasdonebymeasuring thehorizontal distance
between the anterior border of mental foramen and the anterior
border of the loop. The pattern of the anterior loopwas studied based
on the classification given by Solar et al (Fig. 2 and Fig. 3).10 All the
measurements were observed by two independent observers.

All the data obtained were added toMicrosoft Excel (2010 version
of software) and subjected to statistical analysis using SPSS software
20.0. A Z test for two sample means was used to compare the length
of the anterior loop of the inferior alveolar nerve by panoramic
radiography and CBCT in male patients and female patients and
compare between the right and left sides. The prevalence of anterior
loopbypanoramic radiographyandCBCT inmalepatients and female
patients were assessed by the chi-square test. A chi-square test was
applied to compare the frequencyofanterior loopbetweendifferentage
groups in panoramic radiography and CBCT. Intraclass correlation
coefficient was used to determine the interobserver agreement.

Results

In this study, there was excellent reliability for intraobserver and
interobserver performances because the intraclass correlation
coefficient was found to be ranging from 0.83 to 0.96. Prevalence
length and pattern of the anterior loop of the inferior alveolar nerve
were assessed andmeasured. Data collectedwere coded in an Excel
sheet and analyzed. Percentage, mean, standard deviation, Z test,
and chi-square were used to analyze the data.

The prevalence of the anterior loop for both sexes was analyzed
by panoramic radiography andCBCT. Both sexes showed a higher
prevalence on the left side. Because the P-value is,0.05, there is a
statistically significant difference in the prevalence of loop when
assessed by panoramic radiography and CBCT both in male
patients and female patients (Table 1).

The mean length of the loop for male patients and female
patients by panoramic radiography andCBCTwere assessed. Both
sexes showed a longer loop on the left side which was found to
be statistically significant (P,.05) while comparing the mean

Figure 1.A, Presence of anterior loop on the left side in panoramic radiography.B, Length of anterior loop is measured by (A) lower mandibular cortex as the plane
of reference. (B) Line perpendicular to the line passing through the most mesial point of anterior loop of mental nerve. (C) Line was drawn perpendicular to the line
passing through the mesial border of mental foramen. The length is calculated by measuring the distance between reference point B and C.

Figure 2. Anterior loop of inferior alveolar nerve.
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length of the loop by panoramic imaging and CBCT in both
sexes (Table 2).

While evaluating the pattern of the loop, the Type III pattern
was seen more in male patients (68%), followed by the Type I
pattern (19%) and the least common was Type II (13%). On
contrary, in female patients, Type I was more frequently seen
(61%), followed by Type III (29%), and least seen was Type
II (10%).

While comparing the frequency of anterior loop between
different age groups between panoramic radiography and CBCT,
Group 1 age group showed a greater prevalence of anterior loop
followed by group 2 and least in Group 3. Because the P-value
was,0.05, there was a statistically significant difference between
the three age groups for the prevalence of loop on both the
imaging modalities (Table 3).

Discussion

Dentists face limitations in treatments related to mandible because
of difficulty in identifying the course of the inferior alveolar nerve,
location or anatomical variations of the mandibular foramen,
mandibular canal, and mental foramen.11 A dental implant
placement, endodontic procedures are the upcoming treatment
modalities as patients are more focused on preserving their teeth.
Accidental injury to the inferior alveolar nerve can cause neurosen-
sory disturbances and hemorrhagic complications.

In this study, two imaging modalities were considered to assess the
loop with respect to age and sex, and the values were then compared.
In the literature,widely differing ranges are provided for the frequency
of the anterior loop. In panoramic studies, the prevalence varied from
6.26% to 57%. In CBCT studies, the range is 49%–83%.12-16

TABLE 1
Prevalence of anterior loop on panoramic radiography and CBCT

Gender Group Visibility

Not visible Visible

Total Chi-square

Chi-square with
yates correction PN % N %

Male Right CBCT 23 30 52 69 75 18.05 16.69 .001*
Panoramic 49 65 26 34 75

Left CBCT 21 28 54 72 75 25.64 24.01 .001*
Panoramic 52 69 23 30 75

Female Right CBCT 20 26 55 73 75 25.69 24.06 .001*
Panoramic 51 68 24 32 75

Left CBCT 14 18 61 81 75 31.78 29.93 .001*
Panoramic 48 64 27 36 75

Since the P value is less than .001, there is statistically significant difference both the imaging modalities while comparing the prevalence with respect to sides and gender.

Figure 3.A, Presence of anterior loop on CBCT. B, Anterior loop traced.C, D, E: Patterns of the anterior loop on reconstructed panoramic radiography and D
volumetric mode.
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300 mandibular canal and mental foramen were evaluated,
and an anterior loop was detected in 69% by CBCT on the right
side and 72% on the left while 34% by panoramic radiography
on the right side and 30% on the left side in male patients. More
than half (52%) of the anterior loop was not detected in
panoramic radiography. In our study, female patients had higher
prevalence of anterior loop (81%). A similar studywas conducted
by Parnia et al, which reported the highest prevalence of the
anterior loop. This anatomical landmark was observed in 84%of
96 CBCT examinations with a mean length of 3.54 mm 6 1.41.
Luci et al had similar prevalence results of 85.2%. These
frequencies were higher than the findings of our study.17

A comparable study was conducted by Aleksandar et al (2015)
where the mental loop was identified in 36% of PR and 48.8% of
CBCT.5 Couto-Filho et al (2015) identified the frequencies of AL
through PR and CBCT. In PR, the loop was identified in 42.6% of
cases. By contrast, the loop was detected in 29.8% of the samples
using CBCT. They concluded that PR led to false-positive diagnostics
of the loop.3 The frequencies of identifying the anterior loop in the
studies byArzouman et al, Kuzmanovic et al, Jacobs et al, Yosue, and
Brooks were found as 12%, 27%, 11%, and 21%, respectively.5

In this study, the mean length of the loop by CBCT in male
patients and female patients were higher on the left side 1.23 mm
and 1.22 mm, respectively. The mean length of Luci et al
coincided with our study (1.46 6 1.25 mm). Apostolakis and
Brown evaluated 93 CBCT, and the mean length was 0.89 mm
ranging from 0 to 5.7 mm.17 Shi KangWong et al (2018) studied
the Malaysian population, and the loop length ranged with a
mean length of 3.696 1.75 mm on left side and 3.8561.73 mm
on right side.18MoghaddamMR et al (2017) and Antoinette et al
(2021) found mean anterior loop length was 2.77 6 1.56 and
ranged between 0.87 6 1.81 and 7.25 6 2.02 mm, re-
spectively.19,20 Jae-Young Kim reported in their study that a
4–6 mm safety margin from the anterior border of mental
foramen has been recommended.21 The literature reveals the
longest length of anterior loop was around 11 mm.19

While evaluating the loop pattern, a similar study performed by
Osama et al (2020) where Type I was frequently and type III least
seen in both sexes.22OmPrakash et al (2018) foundType III pattern
in 50% of the study population. The result was in agreement with
the study conducted by Demir et al (2015) in Turkish population
where type I was seen in 29% and Type II in 21% of their study
population.23 This variation is attributed to anatomical variations
of different study populations.

In our study, we observed a trend toward decreasing frequency
of anterior loop of inferior alveolar nerve with increasing age
because the samples in the study were equally divided in each age
group. Similar findings were observed in a study performed by
Ramya Katyayani et al (2019)21 and Ngeow et al (2009)24 where
they noted the prevalence of anterior loop decreased as the age
progresses.

On assessing the sex influence in our study, female patients
had more prevalence of anterior loop while the length of
anterior loop was more for male patients. A differing result was
seen in the study by Smriti et al (2019)25 and Nascimento et al
(2016) where they found the loop significantlymore prevalent in
male patients.26

Conclusion

Radiographs have always been the primary source of diagnostic
information on the oral and maxillofacial complex. In our study,
there was significantly high difference between panoramic
radiography and CBCT in assessing the loop which emphasizes
the limitation of panoramic radiographs.

The use of CBCT holds the promise of overcoming these
hurdles. Aminimumof 3-mm safetymargin should bemaintained
because we found the mean length of the anterior loop to be
1.23 mm in male patients and 1.22 mm in female patients.

This study is one among the few studies present in the literature
focusing on the various patterns of anterior loop and its
prevalence among the South Indian population, and we found

Table 3
Comparison of frequency of anterior loopof inferior alveolar nerve betweendifferent agegroups in panoramic radiography and conebeam
computed tomography

Group Visibility

Age group

Total Chi-square P20–35 % 36–50 % 51–65 %

Right CBCT 47 44 39 36 21 20 107 6.64 .03
Panoramic 33 66 11 22 6 12 50

Left CBCT 49 43 40 35 26 23 115 12.09 .002
Panoramic 36 72 9 18 5 1 50

Since the P value is greater than .05, there is no statistical significant difference between both the imaging modalities while comparing the frequency of the loop with respect to age groups and sides.

TABLE 2
Comparison of length of anterior loop by panoramic radiography and cone beam computed tomography

Gender Side Group N Mean (mm) SD Z P

Male Right CBCT 52 1.20 0.10 50.781 ,.001*
Panoramic 52 0.10 0.12

Left CBCT 54 1.23 0.12 49.36 ,.001*
Panoramic 54 0.09 0.12

Female Right CBCT 55 1.18 0.09 50.19 ,.001*
Panoramic 55 0.11 0.13

Left CBCT 61 1.22 0.11 51.37 ,.001*
Panoramic 61 0.10 0.13

Since the P value is less than .001, there is statistically significant difference both the imaging modalities while comparing the length of the loop with respect to sides and gender.
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Type I was the most common variant in female patients and Type
III in male patients. There are numerous studies performed in
Indian population that have evaluated the prevalence of anterior
loop but have failed to compare the variations on right and left
sides and also the variations with regard to age and sex.

Further studies with larger samples are required by focusing on
the potential of CBCT in accurately assessing the anterior loop and
its variations andalso to enlighten the safetymargins to be followed
before planning a procedure in the interforaminal region.
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