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ABSTRACT

Aim and objective: This study aimed to assess the relative accuracy of two-dimensional panoramic radiographs compared with three-dimensional
computed tomography (CBCT) images for identification and measurement of the anterior loop of the mental nerve.

Materials and methods: The study was about to determine the comparative diagnostic accuracy of panoramic radiograph and cone-beam
computed tomography and the study protocol was set according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) diagnostic test accuracy guideline. The search was limited to English literature only and included an electronic search through PubMed
and Google Scholar databases. The search was further complemented by extensive hand-searching. All studies published up to November 2019
were included (without any starting limit). Two independent investigators extracted the data and assessed the studies based on the inclusion
and exclusion criteria.

Results: Out of the initial 308 records, only 4 studies were included in this review for qualitative data synthesis. The quality assessment of included
studies was done through QUADAS-2. Quantitative data synthesis was done to compare the relative accuracy of two-dimensional radiographs
compared with three-dimensional scans from three out of the four selected articles. Statistical analysis was done with the help of Meta-DiSc
version 1.4. The pooled sensitivity of panoramic radiography was 0.45 (Cl 95%: 0.34-0.56) and pooled specificity was 0.75 (Cl 95%: 0.69-0.80).
In the symmetric summary receiver operating characteristic (SROC) plot, the area under the curve (AUC) was 0.8832, and Q* was 0.8137.
Conclusion: Compared with cone-beam computed tomography (CBCT) images as the gold standard reference test, two-dimensional panoramic
radiographs showed lower sensitivity and reasonable specificity. It is clear from the SROC curve that panoramic radiography can be used for
the identification of the anterior loops. Still, it is better to avoid it as an alternative to three-dimensional scans to determine the presence and
extension of the anterior loop of the mental nerve because of the tendency toward low sensitivity and over or under-estimation of the length.
Keywords: Anterior loop, Cone-beam computed tomography, Inferior alveolar nerve, Mental nerve, Panoramic radiograph.
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INTRODUCTION

After entering the mandible at the mandibular foramen, the inferior
alveolar neurovascular bundle extends anteriorly through the
mandibular canal and then gets divided into two parts (the mental
and incisive branches).? The mental nerve supplies sensation to the
skin and mucous membrane of the lower lip, chin, and the vestibular
gingiva of the mandibular anterior teeth, while the incisive branch
innervates the anterior teeth including the first premolar.23

The anterior loop can be described as that part of the mental

neurovascular bundle where the mental neurovascular bundle
crosses inferior and anterior to the mental foramen only to loop
back to exit the mental foramen.! Sufficient precautions should
be taken by a clinician during any surgical procedure in the
lower premolar region to prevent direct or indirect injury to the
neurovascular bundle.* Many authors have proposed to maintain
a pre-determined fixed safe distance mesially from the mental
foramen for placement of an endosseous implant or to perform
osteotomy surgeries.>® Still, it is always advisable to confirm
the presence and length of the anterior loop of mental nerve in
radiographs before any surgical intervention as wide variations
in prevalence and length have been reported in several studies.
Although three-dimensional diagnostic imaging modalities like
cone-beam computed tomography are more or less comparable to
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direct physical measurements of any anatomical structure in terms
of accuracy, the intraoral periapical and the panoramic radiographs
are the most commonly used imaging modalities for diagnosis and
treatment planning in dentistry.*’

This article has analyzed the relative accuracy of two-
dimensional panoramic radiography compared with three-
dimensional imaging technique like cone-beam computed
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tomography (CBCT) for identification and measurement of the
anterior loop of the mental nerve. The purpose of this study was
to find out whether two-dimensional images like panoramic
radiographs can be used as an alternative to cone-beam computed
tomography during the treatment planning for any surgical
intervention in the lower premolar region.

MATERIALS AND METHODS

The study was conducted as per the 27-item Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
diagnostic test accuracy checklist.?

The primary research question was formed according to the
PIRD format for clinical questions:

« Population: Dentulous/partially edentulous/completely
edentulous male and female patients or human cadaver.

+ Index test: Panoramic radiography.

- Reference test: Cone-beam computed tomography.

- Diagnosis of interest: Relative accuracy of panoramicradiographs
inidentification and measurement of the anterior loop of mental
nerve.

Research Question

What is the relative diagnostic accuracy of two-dimensional
panoramic radiography compared with cone-beam computed
tomography in the identification and measurement of the anterior
loop of the mental nerve?

Study Design
This systematic review only included prospective and retrospective
studies.

Search Strategy

Two electronic databases were searched: PubMed and Google
Scholar. It was later complemented by extensive manual searching.
The systematic review was based on the papers published up to
November 30, 2019, without any starting limit. Only articles written
in English were considered. The literature search was performed
by two independent reviewers (SR and DR). Interrater reliability
was determined through Cohen'’s kappa value (% of agreement:
83.73%, Cohen’s k: 0.67). Disagreements between reviewers were
solved through discussions. The search strategy has been presented
in Flowchart 1.

Following Medical Subject Headings (MeSH) and Boolean
operators were used for data searching:

Inferior alveolar nerve; Anterior loop of mental nerve; Anterior
loop AND mental nerve; Anterior loop AND inferior alveolar nerve;
Mental nerve AND CBCT; Mental nerve AND panoramic radiographs;
Mental nerve AND cadaver studies; Mental foramen AND implant;
Three-dimensional radiographic technique AND anterior loop of
mental nerve.

Inclusion Criteria

+ Only the comparative studies which compared panoramic
radiographs with cone-beam computed tomography for
identification and measurement of the anterior loop of mental
nerve.

« All samples should be examined and measured by both the
index test and reference test in any particular study.

« The studies should provide sufficient data related to the
procedures and outcome reports.
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Exclusion Criteria

- Individual case reports, letters, literature reviews.
« Non-English literatures.

« Unclear sample size and sample characteristics.

- Insufficient data.

Data Synthesis and Meta-analysis

Out of a total of 308 records retrieved through electronic and
manual searches, only 53 were selected for complete text review
by two independent reviewers (SR and DR). Only four articles®™'?
fulfilled all the inclusion criteria to be included in the present study.

Three reviewers (SR, DR, and SD) independently extracted
the following data (wherever available) from the selected studies:
authors, year of study, study population, sampling procedure,
sample size, study design, inclusion and exclusion criteria, methods
of examination, index test, reference test, outcomes, and limitations.

Pooled sensitivity and a pooled specificity of the selected
studies were determined first. Then, the summary receiver
operating characteristic (SROC) curve was drawn and the area under
the curve (AUC) was measured.

REesuLTs

Out of 53 full-text articles, only 4 articles fulfilled all the inclusion
criteria [Vujanovic-Eskenazi et al., Couto-Filho et al., de Brito et
al., Kastala et al.]. Out of the 49 rejected articles, 39 used a single
diagnostic method, in 2 articles, not all the samples were examined
by different methods, 4 articles presented insufficient data, 2
articles compared panoramic radiographs with direct physical
measurements, 1 article compared panoramic radiographs
with spiral CT, and 1 article compared CBCT with direct physical
measurements. A summary of the selected studies has been
presented in Table 1.

Risk of bias assessment and applicability of the selected studies
was done by The Quality Assessment of Studies of Diagnostic
Accuracy-2 (QUADAS-2)"® and presented in Table 2.

Meta-analysis

Quantitative data synthesis was done from three out of the four
selected articles. Analysis was performed using Meta-Disc: Version
1.4 software. The forest plots and symmetric SROC curve are
presented in Figures 1to 3."*'> The pooled sensitivity of panoramic
radiography was 0.45 (Cl 95%: 0.34-0.56) and pooled specificity
was 0.75 (Cl 95%: 0.69-0.80). In the symmetric SROC plot, AUC was
0.8832, and Q* = 0.8137.

Discussion

The prevalence of the anterior loop of the mental nerve may vary
from 0 to 94% and the length of the anterior loop of the mental
nerve can be aslong as 11 mm.>'%" These wide ranges of variations
may be due to individual anatomic variations, different racial stocks,
the difference in age and sex of the study populations, use of
different measurement techniques and study protocols.?’
Presence of anterior means that the mental nerve traversed
inferiorly past the mental foramen and then looped superiorly
and distally to emerge from the foramen.? Padmanabhan et al.'®
conducted a meta-analysis on the incidence of neurosensory
disturbance in mandibularimplant surgery and concluded that the
patients who undergo mandibular implant placement presented

133



A Meta-analysis of the Comparative Accuracy of Panoramic Radiograph and CBCT Images

Flowchart 1: Search strategy

# of records identified

through database searching n = 308

.

# of records after duplicates removed n = 198

.

# of records screened n = 165

v

# of records excluded n = 110

v

# of full-text articles
assessed for eligibility n =

v

53

.

# of studies included in
qualitative synthesis n =

.

# of full-text articles excluded, with reasons n = 49

(39 articles used single diagnostic method, in 2 articles
not all the samples were examined by different
methods, 4 articles were rejected because of
insufficient data, 2 articles compared panoramic
radiographs with direct physical measurements, 1
article compared panoramic radiographs with spiral

4 CT, and 1 article compared CBCT with direct physical
measurements)

# of studies included in quantitative
synthesis (meta-analysis) n = 3

Table 1: Summary of the selected studies

Author (year of study)  Sample size Imaging modality Prevalence  Mean length of AL Maximum length AL
Vujanovic-Eskenazi 82 patients:age 18-80  Panoramic radiography 36.6 2.82+0.91 mm 4.7 mm
etal. (2015) years (mean 56 years) (PR)
Cone-bean computer 48.8 1.59 +0.53 mm 4 mm
tomography (CBCT)
Couto-Filho et al. 47 patients: age 18-52 Panoramic radiography  42.6 X X
(2015) years (mean age 35 (PR)
years)
Cone-bean computer 29.8 X X
tomography (CBCT)
de Britoetal. (2016) 90 patients (180 sides): ~ Panoramic radiography 22.22 X (data considering the mesial length of the
age 15-76 years; (mean  (PR) structures from the mental foramen which in-
age 26.3 years) cludes both the anterior loop and incisive canal)
Cone-bean computer 14.3
tomography (CBCT)
Kastala et al. (2019) 90 patients (180 sides):  Panoramic radiography 37.2 X 8.2mm
age above 18 years (PR)
Cone-bean computer 56.67 X

tomography (CBCT)

Table 2: Risk of bias assessment and applicability of the selected studies

Risk of bias Applicability concerns
Study Patient selection  Indextest Reference standard Flow and timing  Patient selection Indextest Reference standard
Couto-Filho © © © © © © ©
etal. (2015)
Vujanovic-Eskenazi © ? ? © © © ©
etal. (2015)
de Brito et al. © ? ? © © © ©
(2016)
Kastala et al. (2019) © ? ? © © © ©

©Low risk; @ High risk; ? Unclear risk
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Fig. 3: SROC plot

with a considerably high risk of nerve damage and consequently
sensory disturbance. They recommended that the clinicians must
take all necessary precautions to avoid such complications.
Although maintaining about 4-6 mm of safe distance
anterior to the mental foramen is frequently recommended in
the literature,>®'°-2' a universal fixed safe distance may not be
an evidence-based solution. Because of the huge variations in
the frequency, anatomy, and length, a radiographic diagnostic
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Couto-Filho 2015 0.29 (0.10 - 0.56)
de Brito 2016 0.46 (0.27 - 0.67)
Vujanovic-Eskenazi 2015 0.50 (0.34 - 0.66)

Pooled Sensitivity = 0.45 (0.34 to 0.56)
Chi-square = 2.15; df = 2 (p = 0.3420)
Inconsistency (I-square)= 6.8 %

Specificity (95% Cl)

Couto-Filho 2015 0.73 (0.61-0.82)
de Brito 2016 0.76 (0.67 - 0.83)
Vujanovic-Eskenazi 2015 0.76 (0.61-0.88)

Pooled Specificity = 0. 75 (0.69 to 0.80)
Chi-square= 0.26; df =2 (p = 0.8774)
Inconsistency (I-square)= 0.0 %

evaluation is advisable before any surgical intervention at or near
the mandibular premolar region.

Physical examination following anatomic dissection is the
most accurate method. Still one has to rely on radiographs for pre-
treatment diagnostic evaluation of the anterior loop of mental nerve
in a patient. Panoramic radiograph is a very common diagnostic aid
inregular dental practice. Some authors claim that two-dimensional
radiographs can be enough for pre-surgical treatment planning
for implant placement. Even many studies have estimated the
prevalence and length of the anterior loop of mental nerve based
on panoramic radiographs.

It is an obvious fact that a three-dimensional image is much
more desirable and accurate than a two-dimensional image and
can be considered as a gold standard.?' Image overlapping and
bone density around the bony canals may affect the visualization
of structures in two-dimensional radiographs. Three-dimensional
scans are also able to overcome this problem as they can visualize a
structure in different planes and even can determine bone density.

Computerized tomography provides reliable data through
a three-dimensional view and bone density analysis. CBCT is
another advanced digital imaging technique that requires a much
less radiation dose than the multi-slice CT scan and is capable to
reconstruct a 3D image.? A 2010 study (Naitoh et al.??) presented
that 28 CBCT and 28 multi-slice CT images were consistent with
each other while tracing the neurovascular structures of the
mandible. Therefore, CBCT can be considered an extremely efficient
diagnostic aid.

135



A Meta-analysis of the Comparative Accuracy of Panoramic Radiograph and CBCT Images

The accuracy between CBCT and direct physical measurement
is also acceptable and reliable. Luangchana et al.?® evaluated 48
regions of 6 dry human skulls and reported that the mean difference
betweenimage measurement and physical measurement was only
—1.06 + 1.0 to —1.23 + 0.81 mm for maxillary CBCT images and
—0.24 + 0.46 to —0.55 + 0.61 mm for mandibular CBCT images.
The study also revealed that CBCT of dry mandibles using voxel
sizes of 0.2,0.25, 0.3, and 0.4 mm reported no statistical difference
between the image measurements and direct measurements with
a digital caliper.

But if the accuracy of a two-dimensional radiographic image
is found to be satisfactorily acceptable when compared with the
gold standard for a specific diagnostic purpose, then that two-
dimensional radiograph can be also employed as an economic
alternative to a three-dimensional scan.

The quantitative analysis excluded all the cases which
were diagnosed as difficult to interpret with either panoramic
radiography or three-dimensional scan. The pooled sensitivity
of panoramic radiography was 0.45 (Cl 95%: 0.34-0.56) and
pooled specificity was 0.75 (Cl 95%: 0.69-0.80). In the symmetric
SROC plot, AUC was 0.8832, and Q* = 0.8137. It clearly shows
that though the panoramic radiographs are reliable to identify
the true negative cases, they show a high rate of false-positive
results. This result is consistent with the earlier studies. Kastala
et al.'? concluded that assessing anterior loops with panoramic
radiography may present more false-positive results. Couto-Filho
et al.’®also concluded that panoramic radiographs led to a false-
positive diagnosis of the AL.

No statistically significant difference was found in the anterior
loop length between the CBCT (both with and without tracer)
and anatomic measurements by Santana et al.>* Mardinger
et al.?® reported that 40% of the radiographically diagnosed
loops were false-positive and there was an over-estimation of
the mean length of the anterior loop in periapical radiographs
compared with direct physical measurements. Kuzmanovic
et al.?8 also found either over or underestimated the length of
the anterior loop of mental nerve in all panoramic radiographs
compared with direct measurements. Kaya et al.” presented that
the length of the mental loop was 0.71 + 0.21 mm greater in the
panoramic radiographs than the spiral computed tomography
(SCT)images (p = 0.014). An overestimation of mental loop length
was evident in all bone qualities on the panoramic radiographs
when compared with SCT. The highest overestimation was seen
in type IV bone (1.11 + 0.52 mm, p = 0.01), the lowest in type |
(0.22 + 0.25 mm, p > 0.05). Kastala et al.'> measured both anterior
and caudal extensions of the anterior loop of the mental nerve
and reported higher mean values in CBCT compared with digital
panoramic radiography. Vujanovic-Eskenazi et al.? also reported
over-estimation of length with panoramic radiography compared
with CBCT. de Brito et al." have reported that the panoramic
radiographic images underestimated the distances by a mean
of 2.0 mm (statistically significant) compared with CBCT. Hence,
over or under-estimation of the length of the anterior loop is a
common drawback of panoramic radiographs.?’

Kuzmanovic et al.?® showed a negative correlation between
both the bone quality and quantity and the radiographic extent
of the anterior loop. Kaya et al.” determined the bone quality from
the cross-sectional images of the SCT according to the Lekholm and
Zarb classification. In all bone qualities, there was an overestimation
in mental loop measurements on the panoramic radiographs when
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compared with SCT. The highest overestimation was seen in type
IV bone (1.11 £ 0.52 mm, p = 0.01), the lowest in type | (0.22 + 0.25
mm, p > 0.05). But Vujanovic-Eskenazi et al.’ reported that the bone
quality did not produce any statistically significant difference for
the identification of the mental loop. More studies are required to
understand the effect of bone quality on the diagnostic accuracy
of different radiographs.

In a systematic review and meta-analysis, Mishra et al.?® highly
recommended not to rely on any average values and the clinician
should compulsorily make use of imaging modalities available
in each and every case, wherever surgical procedure is to be
performed near the mental foramen region. Therefore, diagnostic
aids are mandatory and from the above discussion, we can conclude
that three-dimensional radiographic techniques are invariably
required for predictable treatment planning.

Although there are many available studies on the frequency and
length of the anterior loop of the mental nerve, very few studies
have compared the accuracy of different radiographic techniques.
The present study clearly shows that there is a scope and need
for further studies on the diagnostic accuracy of panoramic
radiographs compared with three-dimensional scans.

CONCLUSION

Compared with three-dimensional cone-beam computed
tomography as the gold standard reference test, two-dimensional
panoramic radiographs showed low sensitivity and reasonable
specificity. It is clear from the SROC curve that panoramic
radiography can be used as a diagnostic imaging modality. Still, it
is better to avoid it as an alternative to three-dimensional scans to
determine the presence and extension of the anterior loop of the
mental nerve because of the tendency of low sensitivity and over
or under-estimation of the length.
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