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Momentousness of the Mental Loop: A Comparative Study

Abstract

Background and Purpose: To assess the anterior (aAL) and caudal (cAL) extensions of Anterior
loop (AL) of Inferior alveolar nerve (IAN) using Digital Panoramic (DP) and Cone Beam Computed
Tomography (CBCT) for its presence and dimensions in various age groups, genders, right and
left sides of the mandible and between dentulous and edentulous patients. Methods: A 1-year
retrospective comparative study between DP and CBCT to assess the extensions of AL of IAN was
conducted on individuals referred to a private imaging center located in Bengaluru, South India.
360 mandibular sites were examined using DP and CBCT to assess the presence and dimensions of
AL. Results: Results showed higher frequency of AL in CBCT compared to DP. Also there was a
decreasing frequency of AL with increasing age and an insignificant difference in frequency between
males and females. Bilateral looping was most common, aAL was more frequent on the left side
and cAL on the right of the mandible. Statistically higher frequency in dentate group compared to
edentulous. A decreasing mean value with increasing age and higher mean values in CBCT than
DP. No significant difference in mean values among males and females or between the dentulous
and edentulous groups. Higher mean values in CBCT compared to DP on the left side of the
mandible compared to the right. Conclusion: Choosing mental foramen as reference for termination
of TAN could result in injury to AL; low sensitivity and specificity of DP compared to CBCT in
assessing frequency and extent of AL underlines its inadequacy, while CBCT can be performed with
comparable resolution, to accurately analyze AL.

Keywords: Anterior loop, cone-beam computed tomography, digital panoramic, implants, inferior
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potential complications,  preoperative
radiographic ~ examination is  essential
before surgical procedures involving the
mandible.®  Digital panoramic (DP)
remains the most commonly used method
of radiologic diagnosis for planning
mandibular surgeries. In recent years,
cone-beam computed tomography (CBCT)
has gained an increasingly important role
in dental diagnosis, primarily because
of its effectiveness in any type of bone,
higher resolution images, at lower radiation
doses.”'1 The present study is an attempt
to assess the presence and dimensions of
anterior (aAL) and caudal (cAL) extensions
of the AL of TAN in various age groups,
genders, right and left sides of mandible
and between dentulous and edentulous
patients in DP and CBCT.

Introduction

Anterior loop (AL) of the inferior
alveolar nerve (IAN) is where the mental
neurovascular bundle crosses anterior to
the mental foramen (MF), then doubles
back to exit the MF.! Consideration of
this anatomic variation is important before
planning surgical procedures of the anterior
mandible.>*! Placement of dental implants,
osteotomy, bone harvesting, although
considered safe elective procedures, sensory
disturbances have been reported as a
complication in up to 31% of patients in the
first 2 weeks following surgery, with 10%—
15% of patients continuing to complain of
sensory disturbances after 15 months.>4 A
direct surgical trauma to the AL can result
in paresthesia, anesthesia, or even disabling
dysesthesia most often affecting the lip and
the chin region.>! With studies showing
a wide range in both the frequency and
mean of the AL, there exists a risk of
violation of the loop. In view of these
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Bengaluru, South India. These individuals were subjected
to CBCT examination for reasons such as presurgical
implant planning and third molar impactions. The study
was conducted between July 2, 2015 and June 29, 2016.
360 mandibular sites from 180 images (90 DP and 90
CBCT images) of 90 patients above the age of 18 were
obtained with demographic details. Inclusion criteria
for the study were DP and CBCT images of subjects
over 18 years and the exclusion criteria was — mixed
dentition and/or incomplete eruption of mandibular teeth,
mandibular lesions, mandibular fractures, and mandibular
asymmetry as these situations may obfuscate the region of
interest.

Based on age, the images were divided into three study
groups (18-38, 39-58, and 59 and above) with 30 DP and
30 CBCT images in each group; 15 males and 15 females in
each age group, respectively. 90 DP radiographs of patients
of three different age groups were taken using Siemens
Orthophos (Sirona, Bensheim, Germany) machine. The DP
radiographs were recorded using the following exposure
parameters - tube potential settings ranging from 64 kVp
to 74 kVp, exposure times between 8.2 s and 19.0 s, tube
current values between 4 mA and 7 mA. The magnification
factors reported by the manufacturers were 1.2 and 1.25,
respectively. The 90 CBCT images of the same patients
were obtained using 3D (three-dimensional) Carestream
9300 CBCT machine with sensor type — thin film transistor,
scan mode — Continuous and pulse, scanning time 12-28
s (£ 10%), grayscale 16384—-14 bits, voxel size (um) 90—
500, and field of view (cm) 10 x 5, 10 x 10, 17 x 13.5,
tube voltage 60-90 kV, and tube current 2—-15 maA.
A single 360° scan was used. The sagittal, coronal, and
axial sections of image were reconstructed from the
projection data. Images with positional errors and artifacts
were omitted. Only panoramic radiographs where the MF
and canal were visible were considered in the study. All
images were assessed under optimal viewing conditions
with appropriate image viewing software (MicroDicom
for DP images and Carestream 3D imaging software for
the panoramic reconstructions of CBCT). In the toolbar
for the Carestream 3D software, the nerve canal tool was
used to isolate the nerve and trace up to the MF. The
measurement command tool was then used to measure the
aAL and cAL. Measurement tool in toolbar of MicroDicom
software was used to measure the distances in DP images.

The images in each group were independently inspected
by two oral radiologists with 3 years of experience in
evaluation of DP and CBCT to assess the AL. aAL
and cAL were measured on the panoramic images and
panoramic reconstruction of CBCT images as follows:
aAL: distance between the anterior border of the MF and
the anterior border of AL [Figure 1] and cAL: Distance
between the lower border of the MF and the lowest point
of the mandibular canal. The aAL and cAL were assessed
in DP [Figure 2] and CBCT [Figure 3] with regard to age,

MANDIRULA R CANAL

, -~ ——

——

Figure 1: aAL: distance between anterior border of MF and the anterior
border of AL; cAL: distance between lower border of MF and the lowest
point of the mandibular canal

Figure 2: Digital panoramic image showing the anterior and caudal
extensions of the anterior loop of Inferior alveolar nerve on the right and
left sides

Figure 3: Panoramic reconstruction of cone-beam computed tomographic
image, showing the anterior and caudal extensions of the anterior loop on
the right and left sides of mandible. Cross-sectional view shows anterior
loop identified by the presence of two separate canals

gender, sides of the mandible, and between dentulous and
edentulous patients.

Results

Results showed a significant difference between the
two imaging techniques; (P < 0.05). The test showed a
statistically higher frequency of the AL (aAL and cAL)
in CBCT compared to DP. Out of the 180 mandibular

87 Contemporary Clinical Dentistry | Volume 10 | Issue 1 | January-March 2019



Kastala, et al.: Anterior loop of inferior alveolar nerve

sites assessed by DP and CBCT, 67 sites showed AL in
DP (37.2%) and 102 sites (56.67%) in CBCT. The results
showed a decreasing frequency of the aAL and cAL with
increase in age (Chi-square test, P < 0.05). There was no
significant difference in the frequency of the AL (aAL
and cAL) between males and females (Chi-square test,
P > 0.05). Results showed that bilateral looping was the
most common; aAL was more frequent on the left side
of the mandible and the cAL on the right side of the
mandible. There was statistically a higher frequency of the
AL in the dentate group compared to the edentulous group
in DP and CBCT imaging. P < 0.05 was found statistically
significant, suggesting a decreasing mean value of aAL
and cAL in both DP and CBCT with increasing age and
higher mean values in CBCT compared to DP. There was
a statistically insignificant difference in the mean values
(P>0.05) of aAL and cAL in DP and CBCT between
males and females. Kappa statistic was used to test the
interobserver variability. Kappa value (x = 1.0000) and
P =0.0001, which was statistically significant suggested a
100% agreement between the two observers.

Discussion

With a rapid increase in the use of implants to treat
edentulousness, there is a corresponding increase in the
need to identify important anatomical features as the AL
of the IAN to avoid postoperative sensory disturbances.
Various techniques have been used to assess extensions
of AL from cadaveric studies, to use of radiographic
techniques.['!121  Large wvariations in frequency and
measurement of aAL in literature probably are due to
different definitions and methods of measurement.!'] While
cadaveric studies employ surgical exposure of MF and
probing the loop with Naber’s probe,!' the disadvantage is
an inability to distinguish aAL and incisive canal.l'

In periapical radiographs,!''! the film is highly flexible, its
processing often suboptimal, with deleterious consequences
to image quality. Moreover, when the MF is located
at a lower position, periapical film or digital sensor
cannot locate it.' DP can provide wide coverage of oral
structures, at relatively low radiation and moderately low
expense of equipment and still continues to be widely used
before mandibular surgeries. Recently, CBCT has gained
an increasingly important role in dental diagnosis with
benefits of reduced radiation exposure compared to CTI!!
at comparable resolution and accuracy and has become
widely available and affordable.™

In literature, widely differing values are provided for the
frequency of aAL. In cadaveric studies, they widely range
from 0%!"! to 88%.1'*! In panoramic studies, the prevalence
varied from 6.25%7 to 56%.'"1 In CBCT studies, the
range is 48%!"1-84%.2% In our study using DP, out of
180 mandibular sites assessed, aAL was evident in 67
mandibular sites (37.2%) [Table 1] and coinciding with
results in the literature.'’”'®) The higher incidence of AL,

Table 1: Frequency of the anterior loop of inferior
alveolar nerve in digital panoramic and cone-beam
computed tomography by McNemar test

Sides Variables DP (%) CBCT (%) Mc Nemar

Right  aAL 31 (34.44) 52 (57.78) 0.0001*
cAL 32 (35.56) 52 (57.78) 0.0001*

Left aAL 36 (40.00) 50 (55.56) 0.0001*
cAL 36 (40.00) 50 (55.56) 0.0001*

*P<0.05. DP: Digital panoramic; CBCT: Cone-beam computed
tomography; AL: Anterior loop; aAL: Anterior AL; cAL: Caudal AL

in our study, could be due to the use of newer panoramic
machines, providing higher resolution images. Using
CBCT, [Table 1] out of 180 mandibular sites, aAL was
evident in 102 mandibular sites (56.66%) and coincides
with the results in literature.>'”) The observations in our
study have shown a relatively less frequency of the AL
in DP compared to the CBCT. This can be explained by
the fact that, the radiographic length of the AL can only
be measured in radiographs, where the entire course of the
mental canal can be visualized, from the mandibular canal
to the MF.22] Furthermore, the relatively low frequency
of AL in DP could be due to the difference in the bone
quality.”>»] The prevalence of AL determined by DP
was prominently lower in poor bone quality. One of the
disadvantages of DP is the two-dimensional view of image,
presence of overlapping structures, and geometric distortion
of anatomic structures.?”! Distortions in the horizontal and
vertical plane, especially in the anterior region, depend
on the anatomical variations between arch curvatures
and accurate patient positioning in the radiographic
machine,”*?”! which could result in overestimation or
underestimation of the AL.?? Panoramic radiographs have
shown the evident deficiencies, depending on corticalization
quality of the canal wall. Anderson et al.?® reported that
as the IAN approaches the MF, the decrease in the definite
bone walls of the mandibular canal can affect panoramic
measurements. The relatively less frequency of AL in our
study in DP compared to CBCT shows that the reliability
of using DP to assess the AL may be limited. These
findings also suggest the low specificity and sensitivity of
DP compared to CBCT.

In the current study, DP and panoramic reconstruction of the
CBCT images were used to assess the cAL. The frequency
of cAL in DP was 37.78%, and in the CBCT imaging, the
frequency was 56.67% [Table 1]. A study by Filo et al.”)
showed a 100% occurrence of cAL, where the cAL was
measured in cross-sections between the marking of the
lower border of the MF in the scan with the largest vertical
diameter and the cross-section with the lowest point of the
mandibular canal.” In our study, the frequency of cAL in
CBCT was 56.67% and in DP was 37.78% [Table 1]. This
could be because our study was a comparison between DP
and CBCT and we used panoramic reconstruction of CBCT
to assess cAL. However, a point which can be suggested is
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that further studies using cross-sectional view could prove
to be more appropriate to assess cAL.

In our study, we observed a trend toward decreasing
frequency of aAL and cAL with increasing age, as the
samples in the study were equally divided in each age
group [Table 2]. A similar finding of a decreasing frequency
of the AL with increasing age was reported by Ngeow
et al.”? This decrease in the frequency with increasing age
could be a result of reduced corticalization quality of the
canal wall. With an increase in age, the bone undergoes
changes both quantitatively and qualitatively, with slower
remodeling with an increase in age. These findings were
especially appreciated in the age group above 59 years of
age, which could be due to a marked increase in cortical
porosity and the percentage of Haversian canals showing
resorption. As a result of this resorption, the marrow
space enlarges and disordered trabeculae form affecting
the identification of AL. This may explain the decreased
frequency of the AL with an increase in age, as the bony
canal walls are likely to have become radiolucent.[3%3!]

In our study, we could not assess any gender influence on
the frequency of aAL and cAL in DP and CBCT [Table 3]
similar to findings in literature.” These findings suggest
that the AL has no importance in sexual dimorphism.

The results of our study showed statistically significant
difference in AL by mandibular side, consistent with
findings in the literature."” The study found that bilateral
looping was the most common similar to the results in

relevant works."*2 aAL was more frequent on the left
side of the mandible coinciding with literature’®?! and the
cAL on the right side of the mandible. A higher frequency
of aAL was evident on the left side of mandible in DP,
compared to CBCT. This finding could suggest the
assessing of the AL by DP could result in false-positive
results and an overestimation of AL. These findings suggest
the low specificity of the DP compared to CBCT. Although
false-positive and false-negative results have been reported
in the use of DP™Y an overestimation of the AL by
false-positive result could result in the surgeon unable to
use the maximum available interforaminal area.

The AL of the IAN was assessed in dentate and edentate
patients. Images of partially edentulous patients were of
those who were edentulous in the region of the premolar.
As this region of the mandible is associated with the
presence of MF. Several studies have located the MF in
the horizontal plane, usually by the apex of the second
mandibular premolar or between the apices of the
premolars.['*3334 In our study, we found a frequency of the
AL in edentate group was 11.11% in DP and 19.44% in
CBCT, respectively, which was lesser than the frequency
in the dentate group who had a frequency of 26.11% and
37.22% in DP and CBCT, respectively, congruent with
findings in literature?>*! We chose to study the AL in
dentate and partially or completely edentate patients as the
visualization and the course of AL has known to become
variable with the alveolar bone resorption that happens
following the loss of teeth.**) Resorption of the residual

Table 2: Comparison of frequency of anterior loop of inferior alveolar nerve between different age groups in digital
panoramic and cone-beam computed tomography by Chi-square test

Methods Sides Variables 18-38 (%) 39-58 (%) 59+ (%) Total (%) 7 P
Digital Right aAL 15 (50.00) 10 (33.33) 6 (20.00) 31 (34.44) 6.0030 0.0500%
panoramic cAL 16 (53.33) 10 (33.33) 6 (20.00) 32 (35.56) 7.3710 0.0250%
Left aAL 17 (56.67) 13 (43.33) 6 (20.00) 36 (40.00) 8.6110 0.0130%
cAL 17 (56.67) 13 (43.33) 6 (20.00) 36 (40.00) 8.6110 0.0130%
CBCT Right aAL 23 (76.67) 13 (43.33) 16 (53.33) 52 (57.78) 7.1960 0.0270*
cAL 23 (76.67) 13 (43.33) 16 (53.33) 52 (57.78) 7.1960 0.0270*
Left aAL 24 (80.00) 16 (53.33) 10 (33.33) 50 (55.56) 13.3200 0.0010%
cAL 24 (80.00) 16 (53.33) 10 (33.33) 50 (55.56) 13.3200 0.0010*

*P<0.05. CBCT: Cone-beam computed tomography; AL: Anterior loop; aAL: Anterior AL; cAL: Caudal AL

Table 3: Comparison of frequency of anterior loop of inferior alveolar nerve between genders in digital panoramic
and cone-beam computed tomography by Chi-square test

Methods Sides Variables Male (%) Female (%) Total (%) Ve P
Digital Right aAL 18 (40.00) 13 (28.89) 31 (34.44) 1.2300 0.2670
panoramic cAL 18 (40.00) 14 (31.11) 32 (35.56) 0.7760 0.3780
Left aAL 21 (46.67) 15(33.33) 36 (40.00) 1.6670 0.1970
cAL 21 (46.67) 15(33.33) 36 (40.00) 1.6670 0.1970
CBCT Right aAL 28 (62.22) 24 (53.33) 52 (57.78) 0.7290 0.3930
cAL 28 (62.22) 24 (53.33) 52 (57.78) 0.7290 0.3930
Left aAL 31 (68.89) 19 (42.22) 50 (55.56) 6.4800 0.0110*
cAL 31 (68.89) 19 (42.22) 50 (55.56) 6.4800 0.0110*

*P<0.05. CBCT: Cone-beam computed tomography; AL: Anterior loop; aAL: Anterior AL; cAL: Caudal AL

89 Contemporary Clinical Dentistry | Volume 10 | Issue 1 | January-March 2019



Kastala, et al.: Anterior loop of inferior alveolar nerve

alveolar ridges in edentulous patients may progress to an
extent that the mental canal is resorbed and the mental
neurovascular bundle is exposed. Kuzmanovic et al.*?
reported that radiographic visualization of the mental
canal may be adversely affected by poor bone quality in
edentulous patients.

There also is a wide range in the mean values and the
maximum aAL found in the literature. In cadaver studies,
researchers found averages of 1.5 mmP¢-5.0 mm.B” In
panoramic studies, mean values range from 0.11%2 to
5 mm.l" Findings of studies involving CBCT showed
mean values between 0.89 mm!” and 3.54 mm™” and
a maximum of 5.7 mm.I'! The mean value of aAL in
panoramic in our study in the three age groups using DP
was, 1.6 mm, 1.1 mm, and 0.4 mm, respectively, coinciding
with the values of literature,” and using CBCT imaging,
the mean values in the three age groups were 2.2 mm,
1.3 mm, and 0.9 mm, respectively. These findings in our
study suggest that not only the AL of IAN has shown a
decrease in frequency with increasing age as suggested by
Ngeow et al.? but also a decrease in the mean values of
the aAL with increasing age [Graph 1]. The findings in our
study have shown a higher mean values of aAL in CBCT
compared to DP.

The cAL has shown mean values 2.4 mm, 1.4 mm, and
0.7 mm, respectively, in DP, and 3.7 mm, 1.8 mm, and
1.7 mm in CBCT in the three age groups. There is little in
the literature which deals with the caudal extension of the
AL. Therefore, a comparative discussion is difficult. The
decrease in the mean values of cAL with an increase in
age, was evident. Furthermore, our study has shown lower
mean values of aAL compared to cAL in both DP and
CBCT, which suggests that the AL shows a greater caudal
extension compared to the anterior extension.

In our study, we could not assess any gender influence on
the mean values of the AL in DP and CBCT [Graph 2].

The findings in our study suggest that the mean of the aAL
is more on the left side, in both DP and CBCT, with higher
mean values in CBCT compared to DP [Graph 3]. The
mean of the cAL is more on the left side, in both DP and
CBCT, with higher mean values in CBCT. This suggests
that not only is there a higher frequency of the AL on the
left side but also a higher mean values on the left side of
the mandible.

The results of our study showed no significant difference in
the mean values of the aAL and cAL between the dentate
and the edentate group.

The longest loop length in our study was 8.2 mm.
The longest loop length recorded in literature was
11 mm.'"Although various reliable safety margins have
been suggested anterior to MF, for safe surgical procedures,
there is always the possibility that a long AL may be
encountered.

Mean value

@ Digital Panoramic BCBCT
l |

Graph 1: Comparison of mean scores of anterior loop in different age
groups in digital panoramic and cone-beam computed tomography by
Krusal-Wallis ANOVA

Mean value

| 0 Digeal Panoramc @CBCT |

Graph 2: Comparison of mean scores of anterior loop among males and
females in digital panoramic and cone-beam computed tomography by
Mann-Whitney U test

Mean value

Graph 3: Comparison of mean scores of anterior loop on the right and
left sides of the mandible in digital panoramic and cone-beam computed
tomography by z-test

Conclusion

In conclusion to the current study, DP has shown a frequent
overestimation or underestimation of AL compared to
CBCT, which underlines the inadequacy of DP to form
the basis for recommendations for default safety margins.
While an underestimation of AL results in the risk of
injuring IAN, an overestimation could result in the surgeon
unable to utilize the maximum available space in the
interforaminal area. The significantly higher frequency and
measurement of the aAL and cAL in CBCT suggest the
higher sensitivity and specificity of the imaging technique.
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With an exploding increase in the use of implants for
replacement of teeth, it becomes more essential to identify
this important anatomical feature.
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