J Res Dentomaxillofac Sci

http://www.jrdms.dentaliau.ac.ir

e(ISSN): 2383 -2754

JRDMS Journal of Research in Dental and Maxillofacial Sciences

Prevalence of the Inferior Alveolar Nerve’s Anterior Loop and
Mandibular Incisive Canal by Use of Cone Beam Computed
Tomography (CBCT) in an Iranian Population.

Sakhdari S', Hafezi L', Esmaili M**

!4ssisstant Professor, Department of Oral and Maxillofacial Radiology, Dental branch of Tehran , Islamic Azad University, Tehran, Iran.

’Dentist

ARTICLE INFO

ABSTRACT

Article Type
Orginal Article

Article History

Received: March 2016
Accepted: August 2016
ePublished: July 2016
Keywords:

Mental nerve,

Anterior loop,

Inferior alveolar nerve,
Mandibular incisive canal,
Cone Beam Computed
Tomography

Background and Aim: Mental nerve injury is one of the challenges of implant sur-
geries in the anterior mandibular region, which leads to complications such as pares-
thesia of the lip and chin. The present study aimed to evaluate the prevalence of the
Inferior Alveolar Nerve’s (IAN) anterior loop and mandibular incisive canal by use
of CBCT.

Methods and Materials:In this descriptive study, 200 high resolution CBCT im-
ages of the patients referring to a private oral and maxillofacial radiology center were
evaluated. The images were obtained by NewTom Giano unit and were measured in
NNT viewer software. Reconstructed panoramic-like images were prepared, and upon
the detection of the anterior loop, cross sectional slices were made and dimensions of
the anterior loop were calculated by counting the cross sections. In addition, the maxi-
mum diameter of the incisive canal was measured, and the location of this diameter
was determined on the cross sections relative to dental roots. Data were analyzed by
Chi-Square test.

Results: In the 200 evaluated subjects, the prevalence of the anterior loop, with the
minimum length of 3mm, was estimated to be 19% and the prevalence of the incisive
canal was valued to be 87.5%. No significant correlation was detected between the
presence of the anterior loop and age, gender, dental status and side of the jaw. Also,
no significant association was detected between the presence of the incisive canal and
age, gender and dental status (p=0.597,p=0.492,p=0.643) respectively. The maximum
diameter of the incisive canal was 5.3 mm which was located between the first and
second premolars.

Conclusion: Considering the results, it seems that evaluation and measurement of the
length of the IAN’s anterior loop and the diameter of the incisive nerve by CBCT are
necessary steps to prevent nerve injuries during surgical procedures in the anterior
mandibular region.
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Introduction:

One of the challenges of mandibular surgeries
such as implant placement in the inter-foraminal
area and in the symphysis bone is the inadvert-
ent injury to the Inferior Alveolar Nerve (IAN)
and Mental Nerve, which causes paresthesia in
the lip and chin.!V. TAN has a complex pathway.
This nerve leaves the mandibular corpus at the
mental foramen and often forms an anterior loop
after traversing a short backwards path before re-
turning into the mandibular bone.® The shape,
curvature and direction of this terminal portion
is highly variable.® If the anatomy of this area
and the nerve pathway are disregarded, the nerve
will be injured during surgery and a wide range
of sensory perception disturbances such as par-
esthesia, anesthesia or even dysesthesia will oc-
cur, mainly in the lip and chin.* ¥ Therefore, a
safe distance of 5 mm from the mental foramen
should be considered to prevent nerve damage
during implant insertion.®

The part of the AN that is located anterior to
the mental foramen is called the Incisive Nerve,
which is comprised of neurovascular bundles
that innervate central and lateral incisors, ca-
nine and first premolar.>? Formerly, the inter-
foraminal area was considered safe for surgical
procedures. However, now it is clear that due to
the presence of vital anatomic structures such as
incisive nerves and vessels, surgical procedures
should be performed cautiously in this area. Cur-
rently, paresthesia and bleeding are two common
complaints after surgical procedures in the inter-
foraminal region. Therefore, the location and
alignment of the mentioned neurovascular struc-
ture should be carefully assessed before surgery.
©®

Previously, conventional radiographic tech-
niques such as panoramic radiography were used
to assess the anterior loop. Some of the disadvan-
tages of the mentioned technique include limited
two-dimensional view, inherent magnification
and distortion.® In addition, it is impossible to
put the patient in the exact previous same posi-
tion in the panoramic machine.!”

Cone Beam Computed Tomography (CBCT)
is a highly efficient imaging modality for the as-
sessment of vital anatomic structures.® Moreo-
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ver, CBCT provides acceptable three-dimension-
al (3D) views and accessibility to the craniofacial
structures in comparison with conventional radi-
ographic techniques. It also has lower radiation
dose and occupies less physical space than medi-
cal CT.®- ') CBCT superiorly visualizes the ana-
tomical variations of the IAN and prevents nerve
damage and the resultant complications during
surgery.?) In addition, the incisive canal is bet-
ter visualized in CBCT scans in comparison with
conventional radiographic techniques, and even
when some lengthy incisive canals are invisible
on panoramic radiographs, they can be clearly
seen on CBCT views.!!?

Currently, few studies are available regarding
the histology and radiographic views of mandib-
ular anatomic structures.®

In a study by Apostolakis et al, the incidence
of the anterior loop was reported in 48% of the
cases.!” However, in a report by de Oliveira-
Santos et al, the incidence of the anterior loops
lengthier than 2mm was reported in 22-28% of
the subjects.” Also, the presence of the incisive
nerve (extended from the mental foramen to-
wards the symphysis) was stated to be 83% in
a study by Pires et al.'? While, in a research by
Dalili Kajan and colleagues, the frequency of the
incisive nerve was stated in 92.3% of the subjects
and the anterior loop was found in 37% of the
cases.©® The incidence of the anterior loop was
reported to be 71% and the average diameter of
the incisive canal was estimated to be 2.2 mm by
Uchida et al. ™ Due to the high anatomic varia-
tions of the IAN’s anterior loop and mandibular
incisive canal, a definite and safe distance from
the mental foramen cannot be accurately decided
before implant insertion surgery, without care-
ful observation and assessment of 3D CBCT
images. The present research aimed to evaluate
the incidence of the IAN’s anterior loop and the
related factors, and also to determine the maxi-
mum diameter of the mandibular incisive canal
and its location relative to the anterior teeth in
CBCT images of the patients referring to an oral
and maxillofacial radiology center.
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Materials and Methods:

In this cross-sectional descriptive analysis,
according to the performed calculations with
95% confidence interval and considering the de-
viation (error rate) from the actual prevalence in
the society, the sample size was calculated to be
200 patients (400 hemi- mandibles) . Patients in
need of CBCT scans of the entire mandible for
implant insertion, without any pathologic lesion
(radiolucent-radiopaque), impacted teeth or his-
tory of previous trauma to anterior part of the
jaw or around IAN and mental foramen were
selected from among the patients referring to a
private oral and maxillofacial radiology center
in Tehran. The subjects included 100 males and
100 females. Twenty six subjects were com-
pletely edentulous and 174 were dentate, with
the age range from 21 to 68 years and the mean
age of 47 years.

High resolution CBCT images were obtained
by NewTom Giano unit (QR SRL Company,
Verona, Italy) with a 11x5 cm field of view
(FOV) and exposure parameters of kVp=90,
mA=10, t=9s. All the images were observed on
a 356x244x37 mm Dell Inspiron N5010 Screen
with the resolution of 1366x768 pixels, in a
room with proper lighting conditions. Measure-
ments were performed in NNT viewer software.
CBCT slices covered 2cm distal to the mental
foramen. First, panoramic-like reconstructed im-
ages were prepared from the axial slice in Imm
sections and upon the detection of the anterior
loop (it is worth mentioning that, loops lengthier
than 3mm were considered as the anterior loop),
cross-sectional slices with 1mm thickness and
Imm intervals were prepared. By counting the
slices between the most anterior border of the
mental foramen (Figure 1)

Figure 1 — The most anterior border of the mental
foramen (start point of the anterior loop). A) Axial
view: B) Reconstructed panoramic view C) Cross
sectional view.

and the start point of the incisive canal (Figure 2)

Figure 2 — The start point of the incisive canal (ter-
minal portion of the anterior loop). A) Axial view:
B) Reconstructed panoramic view C) Cross sec-
tional view.

and by considering the thickness of each slice,
the exact dimensions of the anterior loop were
calculated for each sample. Two observers simul-
taneously evaluated the images in NNT viewer
software, and they were in agreement regarding
the presence or absence of anterior loop and its
dimensions.

The maximum diameter (height) of circular or
ovoid mandibular incisive canals was also meas-
ured, and the location of this diameter was deter-
mined on cross-sectional slices relative to dental
roots. (Figure 3)

Figure 3 — Measurement of the maximum diam-
eter (height) of the mandibular incisive canal. A)
Reconstructed panoramic view B) Cross sectional
view.

Data were entered into SPSS software (version
22) and were statistically analyzed by Chi-Square
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test with 95% confidence interval.

Result:

The results of the present research which in-
volved 200 CBCT images (including 400 hemi-
mandibles) showed that the prevalence of the
IAN’s anterior loop, provided that the length of
the loop was at least 3mm, is 19% (38 cases out
of 200 subjects). Sixteen cases were observed on
the right side, 15 cases on the left side and 7 cases
were observed bilaterally(Table 1).

Table 1 — Prevalence of the IAN’s anterior loop
based on side

Prevalence Number %
anterior loop

Absence 162 81

right side 16 8

left side 15 7.5

Bilateral 7 3.5

Total 200 100

In 175 cases (87.5%), the incisive nerve was defi-
nitely observable, which extended form the men-
tal foramen towards the symphysis. The meas-
urements showed that the maximum diameter of
the incisive canal was located between the first
and second premolars (62%). (Table 2)

Table 2 - Prevalence of the mandibular incisive
nerve based on the related factors (location of the
maximum diameter and dental status) in CBCT
images

Prevalenc Number %
Related factor:
Location of the Between 1° and 2™ premolars 107 62
maximum diameter
Below 1™ premolar's root 20 11.2
Between canine an 1% premolar 17 9.5
Uniformly from canine to 2™ 31 17.3
premolar
Total 175 100
Dental status Edentulous 26 13
Dentate 174 87
Total 200 100

Table 3 — Correlation between the presence of the
IAN's anterior loop and gender, side of the jaw,
and dental status in CBCT images

Prevalence Number %
Related factors
st nd
Between 1% and 2 107 62
premolars
st )
Below 1% premolar's 20 112
root
Location
of the Between canine an
. st 17 9.5
maximum 1* premolar
Uniformly from
canine to 2" 31 17.3
premolar
Total 175 100
Edentulous 26 13
Dental Dentate 174 87
status
Total 200 100

Table 4 — Correlation between the presence of the
TAN’s anterior loop and age in CBCT images

Age Max Min Mean SD P-value
Side

Left 67 22 46.6 1421

Right 67 25 4275 10.71 0.505

Bilateral 60 21 4043 12.62

No statistically significant difference was found
between males and females,

dental status or different age groups in terms of the
prevalence of incisive canal.(Tables 5 and 6)

Table 5 — Correlation between the presence of the
mandibular incisive nerve and gender and dental
status in CBCT images

Side of the anterior loop

Al?sent Right Left Bilateral P-value
anterior loop
Age  Mean 44.88 42.87 46.6 39.33
SD 11.68 11.08 14.21 13.46
Min 21 25 22 21 0.597
Max 68 67 67 60
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No statistically significant difference was found
between males and females, left and right sides,
dental status or different age groups in terms of
the prevalence of anterior loop.(Tables 3 and 4)

Table 6 — Correlation between the presence of the
mandibular incisive nerve and age in CBCT images

Side of the anterior loop

Absent - piht Left Bilateral  ©ValUe
anterior loop
Mean 44.88 42.87 46.6 39.33
SD 11.68 11.08 14.21 13.46
Age g 21 25 2 21 0.597
Max 63 67 67 60

The minimum diameter of the incisive nerve
was estimated to be 0.5 mm and the maximum
diameter was estimated to be 5.3 mm with the
average diameter of 2.04+1.1mm. With 95% con-
fidence interval, the maximum diameter which
was located between the first and second premo-
lars was betweenl.66mm and 2.05 mm. This val-
ue was between 2.04mm and 3.28mm below the
root of the first premolar and between 2.58mm
and 3.49mm below the canine and first premolar.
The locations of the maximum diameter of the
mandibular incisive nerve in CBCT images are
presented in Table 7.

Discussion:

In the present study, the prevalence of the
IAN’s anterior loop (provided that the loop was
at least 3mm long) equaled 19%. In earlier stud-
ies, the manner of image evaluation and the

diagnostic criteria for the anterior loop were dis-
similar and these are among the important factors
contributing to the controversy in the obtained
results.
In a study by de Oliveira-Santos et al in 2011in
Brazil, the method of determining the anterior
loop’s dimensions was similar to that of our re-
search and was performed through counting the
number of Imm cross sectional slices. In the men-
tioned study, the prevalence of the anterior loop
with dimensions greater than 2mm was calculat-
ed to be between 22-28%, which is particularly
close to the results of the present research in an
Iranian population. They also concluded that the
occurrence of the anterior loop was not signifi-
cantly different between males and females, be-
tween two sides of the jaw, or in different age
groups. These findings are also in agreement with
our results. ©
The findings of the present research differ from
the results of the study by Apostolakis et al in
2012. The prevalence of 48% was reported for
the anterior loop in the mentioned study. This dif-
ference can be attributed to the manner of evalua-
tion of the anterior loop. However, they found no
significant correlation between the presence and
absence of the anterior loop and age range of the
individuals, which is in agreement with our find-
ings. 49

In 2012, Dalili Kajan and colleagues evalu-
ated the prevalence of the anterior loop and
mandibular incisive canal in CBCT images. The
prevalence of the anterior loop was estimated to
be 40%, and no correlation was declared between
the presence of the anterior loop and gender and

Table 7 — Location of the maximum diameter of the mandibular incisive nerve in CBCT images

Location of the maximum diameter

Between 1% and 2™

Below 1

Between canine  Uniformly from

canine to 2"

premolars premolar's root  and 1% premolar
premolar
Mean 1.85 2.66 3.04 1.76
SD 1.01 1.32 0.89 0.95
Diameter Min 0.5 1 1 0.5
(mm)
Max 5 5.20 53 33
95% CI for mean
diameter (mm) (1.66-2.05) (2.04-3.28) (2.58-3.49) (1.41-2.1)
18 Journal of Research in Dental and Maxillofacial Sciences, Vol 1,No 3, Summer 2016 http://www.jrdms.dentaliau.ac.ir
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side of the jaw,® which concur with our results.
However, they found significant correlation be-
tween the presence of the anterior loop and dif-
ferent age groups, as they concluded that the an-
terior loop is less prevalent in individuals over 40
years of age. ©

Filo et al in 2014 reported the prevalence
of 69.73% for the anterior loop ¥, which is ex-
tremely higher than the prevalence calculated
in our research. The main reason for this differ-
ence similar to the differences with the studies by
Apostolakis et al ¥ and Dalili Kajan et al ©, is
the manner of evaluating the anterior loop, since
no particular measure as a diagnostic criterion
has been determined in the cited research, and
the redirections in nerve’s path have been simply
considered as anterior loops. While in the present
study, only the nerve turnings with at least 3mm
length were measured as anterior loops. In the
mentioned study, no significant correlation was
detected between the presence and absence of the
anterior loop and gender, age, dental status and
side of the jaw 19, which is in line with our re-
sults.

In a study by Vujanovic-Eskenazi et al in
2014 in Spain, the prevalence of the anterior loop
in CBCT images was found to be 48.8%, which
is higher than our estimations. ® This relatively
high prevalence can be attributed to the diagnos-
tic criteria for the anterior loop, similar to the
studies by Filo et al, " Apostolakis et al "* and
Dalili Kajan et al .©©
The frequency of the anterior loop was estimated
7% by Jacobs and colleagues, which contradicts
the results of the previous studies. Spiral CT was
used in the mentioned study with the slice thick-
ness of 2mm. Since the length of the anterior loop
is usually between 2 to 3 mm, it seems that the
anterior loop has been missed in many slices. In
the above study, no differences were detected
among different age groups or between males
and females regarding the observation of differ-
ent anatomic landmarks. (9

In addition, Chen et al in 2012 evaluated the
dimensions and location of the anterior loop by
CBCT in American and Taiwanese populations
and declared that in both populations, the lengthi-
est anterior loops were visible in the age range
between 30 to 39 years. Also, no differences were
detected among different age groups regarding

the presence of the anterior loop, although in
older age groups, American and Taiwanese popu-
lations were different. Also, no differences were
detected between males and females. (!

Ngeow and colleagues assessed the anterior
loop by panoramic radiography among different
age groups. Based on the findings of the men-
tioned study, in older individuals, the probability
of the detection of the anterior loop declines due
to decreased calcification of the cortical bone. ¥

The results of the cited research contradicts
the findings of the studies by Chen et al '”, Apos-
tolakis et al,"® de Oliveira-Santos et al ®, and
Jacobs et al 19 and also the results of the present
study. Considering that panoramic radiography
has lower sensitivity for detection of anatomic
landmarks compared to CBCT, increased poros-
ity of the cortical bone due to aging, makes it dif-
ficult to detect the canal’s boundary in panoramic
radiographs.

Kaya et al in 2008 estimated a higher preva-
lence for the anterior loop in Spiral CT images
versus panoramic radiography, and insisted on
the importance of 3D imaging for visualization
of the anterior loop especially in patients with de-
creased bone density. 1
In the present study, the incisive canal was ob-
servable in 87.5% of the evaluated individuals
and extended to the symphysis area.

The study by Uchida et al in 2009 showed no
significant differences between CBCT images
and dried skull, in the estimation of the dimen-
sions of the anterior loop and mandibular incisive
canal, which denotes the accuracy and validity of
CBCT in the assessment of jaw anatomy and also
indicates the importance of evaluating the CBCT
images before implant surgeries. (9

Pires et al in 2009 evaluated the frequency
and dimensions of the mandibular incisive canal
by CBCT. "9 The incidence of the mandibular in-
cisive canal was 83% in their samples, which is
similar to our results.

The prevalence of the incisive canal was re-
ported to be 83.5% in the CBCT images evalu-
ated by Makris et al in 2009,® which is very
close to our findings. They also insisted on the
importance of CBCT in implant treatment plans,
considering the high frequency of the mandibular
incisive canal.

Furthermore, the incidence of the mandibu-
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lar incisive canal was reported to be 92.3%
in the study by Dalili Kajan et al ©, which
is close to our estimations. In addition, they
concluded that no statistical significant cor-
relations existed between the presence and
absence of the incisive canal and factors such
as age, gender and side of the jaw, which
concurs with our findings. In the mentioned
study, the location of the maximum diameter
of the incisive nerve was between the canine
and first premolar, while we concluded that
the maximum diameter was located between
the first and second premolars.

Jacobs et al calculated the incidence of
93% for the incisive nerve 19, although they
did not mention the tooth that the maximum
nerve diameter was located beneath it.

Moreover, the incidence of the incisive
nerve was stated to be 94.4% by Sahman et al
12 Filo and colleagues observed the incisive
nerve in 100% of their subjects .

In a research by Ramesh et al in 2015,
the incisive nerve was discernible in 71.6%
of 120 CBCT images. The results of the
mentioned study differs from the results of
most of the previous studies including our re-
search. Different ethnicity and age group of
the studied population and the use of differ-
ent CBCT units can be the reasons for this
difference. However, the average diameter of
the incisive nerve was estimated to be 2.578
mm in the cited research, which is particu-
larly close to the findings of our study. @

Conclusion:

Based on the results of this study, the preva-
lence of mandibular anterior loop was 19%
and the prevalence of incisive canal was
87.5% in CBCT images. Due to high ana-
tomical variations in the anterior mandible,
evaluation of this region with CBCT seems
necessary.
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