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and densitometric analysis for digital panoramic radiographs
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Objectives: To assess the visibility of the mandibular canal (MC) morphology in different
jaw dental segments (JDSs) in relation to morphometric and densitometric parameters on
digital panoramic radiographs (DPRs).
Methods: 32 DPRs (155 JDSs) were selected randomly after retrieval. MC visibility in
conjunction with superior and inferior border visibility was scored on a 5-point scale in four
places on the JDS—that is, for the medial, distal, superior and inferior MC parts.
Morphometric and densitometric analyses were made horizontally and vertically in the JDS
region. Descriptive statistics, Fisher’s exact test, Mann–Whitney U test and additional tests
were performed.
Results: There was no significant difference in MC visibility for the superior, inferior, medial
and distal parts of the JDSs. Statistically significant (p, 0.05) differences were identified
between particular visibility scores of the superior and inferior MC borders. In 22.0–24.7% of
JDSs, the superior MC border was not visible, more than twice as often as the inferior MC
border was not visible (9.1–10.2%). The visibility of superior and inferior MC borders in JDSs
was not related to the morphometric or densitometric assessment parameters, or to age,
gender, JDS location, condition or the visibility of neighbouring MC parts or contralat-
eral JDSs.
Conclusions: DPRs failed to provide MC visibility based on a single factor. Particular
differences were identified between the levels of visibility of the superior and inferior MC
borders. More advanced radiological investigation methods could be required for the
evaluation of about 25% of JDSs when superior MC border identification is obligatory.
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Introduction

Dental implant surgery is a widely accepted and in-
creasingly frequent treatment method in dentistry, but it
can involve many complications. Injury to the inferior

alveolar nerve (IAN) is one of the most serious com-
plications in implant dentistry. IAN injury is a pre-
dominantly iatrogenic complication with reported
incidence of up to 40%.1 Furthermore, IAN is the most
commonly injured peripheral branch of the trigeminal
nerve (64.4%).2 Intraoperative pain, bleeding and
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temporary or permanent post-operative anaesthesia,
paraesthesia, hypaesthesia or dysaesthesia can follow
such an injury. Pre-operative radiological planning is
obligatory for interventions in the posterior mandible to
minimize the IAN injury rate.
Opinion leaders and responsible organizations

worldwide periodically provide guidelines for the ap-
plication of diagnostic imaging in implant dentistry.3–6

The guidelines have been adapted many times in
particular countries or regions based on particular sci-
entific data and laws. The authors of the present study
operated according to guidelines set forth by the
European Commission and European Association for
Osseointegration.3,5

Panoramic imaging has a wide range of applications
and is accepted for the evaluation of mandibular canal
(MC) visibility despite the existence of more accurate
investigation methods (e.g. CBCT).7 Panoramic imag-
ing lacks three-dimensional visualization and suffers
from vertical and horizontal magnification.8 A previous
panoramic radiography quality evaluation study9 dis-
cusses possible positioning, image taking and processing
errors as well as errors due to anatomical abnormalities,
but these images commonly have normal or higher level
quality9 and are recommended for examination in im-
plant dentistry. Despite the possible shortcomings of
panoramic imaging, accurate endosseous dental implant
planning by means of panoramic radiographs reduces
the risk for IAN injury and subsequent function im-
pairment to a non-significant level.10,11 Treatment
planning is exclusively unique because MC location and
course are individual. MC visibility on panoramic
radiographs changes from the mandibular foramen to
the mental foramen.12 The identification of fine ana-
tomical structures on radiographs in the implant site is
a delicate task for dental professionals. Juodzbalys and
Raustia13 proposed to use the term “jaw dental seg-
ment” (JDS) for more accurate jaw segment identifica-
tion and related investigations.
The use of digital panoramic imaging is becoming

widespread due to improvements to image quality and
after the introduction of dedicated software for image
manipulation.14 Although MC visibility changes
throughout the course of the MC, the more precise
evaluation of JDS by means of dedicated digital pano-
ramic radiographs (DPRs) could provide more details
with regard to possibilities for MC visibility. Manu-
facturers even provide tools for densitometric analysis
of bone density on panoramic radiographs. The clini-
cian hopes to benefit from these technologies. Un-
fortunately, we could not find in the literature even one
source for comprehensive MC region assessment with
DPR using vertical morphometric measurements of the
MC and surrounding bone nor a source using vertical or
horizontal densitometric measurements of the MC and
neighbouring regions to allow identification of the ac-
quired parameters’ relationship to MC visibility.
Therefore, the present study was initiated to assess
whether the morphometric measurements of the MC

and surrounding bone and specific patterns of densito-
metric value changes could be the guide for detecting
the MC and its walls, even in cases of poor visibility.

The aim of the present study was to assess the visi-
bility of the MC morphology in different JDSs in re-
lation to morphometric and densitometric parameters
on DPRs.

Methods and materials

Patient selection
Caucasian patients were selected randomly for the study
at the Department of Oral and Maxillofacial Surgery
(Lithuanian University of Health Sciences, Kaunas,
Lithuania) from among patients needing panoramic
imaging for pre-operative planning of surgery. Patients
were asked for medical and dental history to reveal any
unsuitability for the study. All subjects had permanent
dentition, were systematically healthy or with mild
systemic diseases (American Society of Anaesthesiolo-
gists I or II) and had no history of mandibular traumas
or surgical interventions in the regions of the evaluated
JDSs (e.g. lateralization of IAN; the exception was re-
moval of a tooth). Exclusion criteria were active peri-
odontal diseases, current periodontal or orthodontic
treatment, and inability to sign the informed consent.
Ethical approval (number BE-2-76) was retrieved from
the Kaunas Regional Biomedical Research Ethics
Committee (Lithuania). Permission for personal data
management (number 2R-4170) was obtained from the
ethical State Data Protection Inspectorate. Written
permissions to participate in the study were obtained
from randomly selected subjects.

Panoramic radiographs
All radiographs in this study were taken with a Kodak
9000® Extraoral Imaging System (Kodak Dental Sys-
tems, Carestream Health Inc., Rochester, NY). Accord-
ing to the manufacturer’s manual, 68–73 kV, 10–12mA
and 6mA were set, and the exposure time was 13.5–14.4 s.
Patients were positioned in a standardized manner
according to the manufacturer’s recommendations to
reduce positional errors. Kodak Dental Imaging
Software v. 6.12.18.1 (Carestream Health Inc) was used
for image analysis. Evaluation was performed by one
trained and calibrated oral surgeon on a 29.9-inch
display (Coronis Fusion 4MP; Barco N.V, Kortrijk,
Belgium) at a distance of 60 cm from the screen in
dimmed room conditions. DPR inclusion criteria were
based on image quality analysis; images considered
optimal and adequate for diagnosis were suitable for
further evaluation.9 The main errors were positioning
(e.g., patient movement or patient positioning asym-
metry in any direction) and image taking or processing
errors such as the image not being at the optimal con-
trast or density. If the DPR did not satisfy the men-
tioned quality requirements or had errors due to
anatomical abnormalities, such as an unidentified
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mental foramen or a bifid MC, it was rejected from
further evaluation.

Mandibular canal visibility and jaw dental segment
evaluation protocol
MC visibility assessment in relation to morphometric
and densitometric parameters of the jaw bone on DPRs
were made based on the JDS pattern.13 This is defined
as a vertically cut jaw segment including tooth, alveolar
bone and basal bone (Figure 1). The location of bone
suitable for implantation is identical with the former
location of a tooth in the jaw. The number of the JDS
describing the position of a planned implant in the jaw
can be shown. If the JDS is edentulous, the term
“edentulous jaw segment” is used. On DPR, it is pos-
sible to assess only two-dimensional JDS parameters:
height and length. The height of JDS is defined as the
distance between the alveolar crest and inferior border
of the mandible (Figure 1). The medial and distal bor-
ders of the JDS are vertical dividing lines between the
evaluated JDS and the medially and distally located
JDS borders, respectively.

JDS inclusion criteria were left and right mandibular
first and second premolar (PM1 and PM2) and first and
second molar (M1 and M2) jaw segments in which the
MC was in an independent form condition that was
dentate or edentulous. JDS exclusion criteria were the
presence of mental foramen; impacted tooth or wisdom
tooth; dental implant; overlapping JDSs; teeth with
,1.0 mm distance between the lamina dura of neigh-
bouring roots or ,2.0 mm distance between the root
apex and the MC; artefacts or bone pathology (e.g.
cysts, inflammation-induced osteosclerosis) presented in
any region of the JDS; less than 6 months since tooth
extraction; longitudinal tooth axis and mandibular in-
ferior ridge formed at an angle of,60°; and mediodistal

length of the edentulous JDS that did not correspond to
the mediodistal length of the contralateral tooth crown
(if the contralateral JDS was edentulous, then the av-
erage of the mediodistal crown values was used).15

Mandibular canal visibility analysis
The radiographic image of the MC on DPR is defined
as a dark ribbon between two white lines—the bony
walls (borders) of the MC.12 MC visibility was scored in
a multifunction window (the “measurements” tool was
selected without additional settings) for each JDS in the
four parts: medial superior, medial inferior, distal su-
perior and distal inferior (Figure 2). Since many ana-
tomical variations can alter the common pattern of MC
detection through the course, the visibility scores of the
MC part for each JDS were characterized (Figure 3) as
5 (good), 4 (moderate), 3 (poor), 2 (MC border is not
visible, but visibility of the dark ribbon is good) or 1
(MC border is not visible, but visibility of the dark
ribbon is moderate). A MC part with an identified MC
border was scored as 5 or 4, whereas a detectable MC
part with unidentified borders was scored as 2 or 1. An
unidentified MC part was scored as 3.

Morphometric analysis
Vertical JDS evaluation was performed using the
“measurements” tool without additional adjustments in
the medial and distal parts of the segment perpendicular
to the inferior mandibular ridge. The centre of the JDS
could not be evaluated properly according to the in-
vestigation protocol because dentate JDS contains root
(s). Figure 4 shows the vertical measurements that were
assessed medially and distally for each JDS: (a) the
height (H) from the alveolar crest (AC) to the MC dark
ribbon (H-AC-MC), including the superior MC border;
(b) the height of the MC (H-MC), corresponding to the
MC dark ribbon height; (c) the height from the lowest

Figure 1 Jaw dental segment. (a) Drawing and (b) digital panoramic radiograph showing jaw dental segment (JDS). H, the height of the JDS: the
distance between the crest of alveolar ridge and inferior ridge of the mandible; H1, the alveolar bone: the distance from the crest of alveolar ridge
to the superior border of the mandibular canal (MC); H2, the basal bone: the distance from the superior border of the MC to the inferior ridge of
the mandible; L, the length of the JDS: the distance between vertical lines that divides medial and distal borders of the JDS between the evaluated
JDS and the medially and distally located JDSs borders, respectively.
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point of the MC dark ribbon to the superior border of
the inferior cortical bone (IB) (H-MC-IB); (d) the height
of the inferior cortical bone (H-IB); and (e) the height of
the mandible (H-AC-IB). Accepted measurement error
was ±0.1 mm.

Densitometric analysis
The analysis was made in a multifunction window with
the “densitometric analysis” tool selected. The “sharp

enhancement” tool was activated for standardization of
measurements, and no additional adjustments were
used. Figure 5 shows vertical and horizontal measure-
ments in the region of the JDS. The following vertical
(V) measurements were made medially and distally: (a)
from the alveolar crest in the trabecular bone to the
bone 2.0 mm over the MC (AC-MC-V); (b) in the MC
region (MC-V); (c) from the trabecular bone below the
MC to the superior border of the inferior cortical bone
(MC-IB-V); (d) in the inferior cortical bone region
(IB-V); (e) from the alveolar crest in the trabecular bone
to the end of the inferior cortical bone (AC-IB-V); and
(f) at two bone density peaks, the superior MC peak
(SMCP) and the inferior MC peak (IMCP), corre-
sponding to the borders of the MC. Horizontal (Ho)
densitometric measurements (Figure 5) within JDS
mediodistal length were (a) 2.0 mm above the MC (AC-
MC-Ho) (the measurement was not taken if the visi-
bility of the superior MC border was poor (the border
was not visible)); (b) the MC region (MC-Ho); (c) the
trabecular bone below the MC (MC-IB-Ho); (d) the
inferior cortical bone region (IB-Ho); (e) 2.0 mm below
the superior cortical bone of the edentulous JDS (or the

Figure 2 Jaw dental segment (JDS) with mandibular canal parts for
visibility evaluation. DI, distal inferior part; DS, distal superior part;
H, the height of the JDS; L, the length of the JDS; MI, medial inferior
part; MS, medial superior part.

Figure 3 Digital panoramic radiograph showing samples of the
visibility scores of mandibular canal (MC) parts: 5, good; 4, moderate;
3, poor; 2, MC border is not visible, but visibility of the dark ribbon is
good; 1, MC border is not visible, but visibility of the dark ribbon is
moderate.

Figure 4 Morphometric measurements. H-AC-MC, the height from
the alveolar crest to the mandibular canal (MC) dark ribbon,
including superior MC border; H-MC, the height of the MC,
corresponding to the MC dark ribbon height; H-MC-IB, the height
from the lowest point of the MC dark ribbon to the superior border of
the inferior cortical bone; H-IB, the height of the inferior cortical
bone; H-AC-IB, the height of the mandible.
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mathematical average of horizontal measurements in
the medial and distal parts of the dentate JDS trabec-
ular bone 2.0 mm below the superior cortical bone)
when visibility of the MC superior border was poor
(AC-MC-HoP). The vertical densitometric analysis line
could not have an angle of .30° and must be without
overlapping lamina dura or tooth root when artefacts or
anatomical structures were present in the region of
measurement. Accepted measurement error was ±5
relative measurement units.

MC visibility and densitometric and morphometric
analysis results were assessed additionally for possible
significant differences between patients’ age, gender,
JDS condition, side of the mandible or number.

Data and statistical analysis
Statistical analysis was performed by means of IBM
SPSS® v. 20.0 for Windows (IBM Corp., New York,
NY; formerly SPSS Inc., Chicago, IL). A Kolmogorov–
Smirnov test was used for data (distribution of patients
according to age) normality evaluation. The sample size
was selected randomly using the criteria a5 0.05
(confidence level) and b5 0.8 (power of the study). The
sample size was calculated by means of a sample size
calculator in the survey software (Creative Research
System, Sebastopol, CA). The three-sigma rule was
applied for data inclusion before further analyses. The
data are presented as mean ± standard error (SE) in
millimetres.

Repeated MC visibility evaluations were tested for
agreement using Cohen’s kappa coefficient. Investiga-
tion was simplified for intraobserver agreement evalu-
ation: if an MC part was identified (previous scale
grades of 5, 4, 2 or 1), then the visibility score was 1
(logical); if MC visibility was poor (previous scale grade
of 3), then the score was 0 (logical).

Descriptive statistics was applied for the morpho-
metric, densitometric and MC visibility analysis. Fish-
er’s exact test served for the MC border parts with the
same visibility score comparison. A Pearson x2 test was
used to compare samples of categorical variables. Dif-
ferences between the two independent samples were
calculated using the Mann–Whitney U test.

Statistical significance was considered for p-values
,0.05.

Results

The primary sample consisted of 101 patients of Cau-
casian race. 69 DPRs (68.3%) were scored less than
“adequate for diagnosis”9 and were excluded from
subsequent evaluation. 32 panoramic radiographs
(31.7%) met the requirements of the investigation
(mean age of the patient in years 43.7 ± 2.0, range
17–64 years). A total of 155 JDSs were evaluated from
the 32 DPRs.

The Kolmogorov–Smirnov test showed normally
distributed data (d5 0.09, p. 0.05) of the sample
(distribution of patients by age). Distribution of patients
of both genders by age was homogeneous. No statisti-
cally significant differences (p. 0.05) were identified
between JDS condition (edentulous or dentate) and
JDS number.

Mandibular canal visibility analysis results
Intraobserver agreement (Cohen’s kappa coefficient)
for the MC visibility evaluation was almost per-
fect (Table 1).

Table 2 shows the distribution of MC visibility scores
according to the MC border part evaluation. The pre-
dominant MC visibility score was 4, with a mathemati-
cal average of 40.7%. The most frequent superior MC
border visibility value was 4 (42.6–43.0%), and the
most common inferior MC visibility value was 5
(43.9–49.5%). The most uncommon MC visibility value
was 2 (1.0–7.0%). The medial inferior MC part had no
visibility value of 2. In 22.0–24.7% of JDSs, the superior

Figure 5 Densitometric measurements. Vertical densitometric meas-
urements: AC-MC-V, from the alveolar crest in the trabecular bone to
the bone 2.0mm over the mandibular canal (MC); MC-V, in the MC
region; MC-IB-V, from the trabecular bone below the MC to the
superior border of the inferior cortical bone; IB-V, in the inferior
cortical bone region; AC-IB-V, from the alveolar crest in the trabecular
bone to the end of the inferior cortical bone; SMCP, at the superior MC
peak corresponding to the border of the MC; IMCP, at the inferior MC
peak corresponding to the border of the MC. Horizontal densitometric
measurements: AC-MC-Ho, 2.0 mm above the MC; MC-Ho, the MC
region; MC-IB-Ho, the trabecular bone below the MC; IB-Ho, the
inferior cortical bone region; AC-MC-HoP, 2.0mm below the superior
cortical bone of the edentulous jaw dental segment (JDS) (or
mathematical average of horizontal measurements in medial and distal
parts of the dentate JDS trabecular bone 2.0mm below the superior
cortical bone) when visibility of the MC superior border is poor.

Table 1 Cohen’s kappa coefficients (k) for the visibility of the
mandibular canal (MC) parts

MC part in JDS k CI
Medial superior 0.96a 0.91–1.01
Medial inferior 0.97a 0.92–1.01
Distal superior 0.97a 0.92–1.01
Distal inferior 0.88a 0.80–0.97

CI, confidence interval by 95%; JDS, jaw dental segment.
aAlmost perfect agreement5 0.81–0.99.
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MC border was not visible, more than twice as often as
the inferior MC border was not visible (9.1–10.2%). The
superior MC border was not visible in 22.0% of the
medial parts and 24.7% of the distal parts in all evalu-
ated JDSs. Statistically non-significant differences were
identified between the visibility scores for the medial
and distal superior and the medial and distal inferior
MC border parts (Fisher’s exact test, p. 0.05). Statis-
tically significant differences were identified between
particular MC visibility scores for the medial superior
and medial inferior MC border parts (Fisher’s exact
test, p, 0.01), as well as between the distal superior and
distal inferior MC border parts (Fisher’s exact test,
p, 0.01) (Table 2).
No significant differences were identified between

gender and MC visibility score (p. 0.05) or JDS
number and MC visibility score (p. 0.05) in any MC
visibility evaluation part. There were no differences in
MC superior border visibility across ages (p. 0.05).
Significant differences were identified between mean age
and visibility scores of 4 and 5 for the medial inferior
border (p5 0.02). The visibility of the MC medial and
distal superior border (p. 0.05) and distal inferior
border (p. 0.05) was independent of JDS condition.
MC medial inferior border visibility evaluation scores
5 and 3 were dependent on the JDS condition (edentulous
or dentate), i.e. statistically significant differences were
identified (Fisher’s exact test, p5 0.04, odds ratio5
5.67, 95% confidence interval5 4.05–7.94, p-value two-
tailed5 0.02). No differences were revealed between the
corresponding MC parts of the JDSs in the visibility
evaluation of PM1 and PM2 (p. 0.05); PM2 and M1
(p. 0.05); or M1 and M2 (p. 0.05).
MC visibility of particular JDSs did not reveal dif-

ferences in the MC visibility of corresponding JDSs in
the contralateral mandible side (p. 0.05).

Morphometric analysis results and relations to
mandibular canal visibility scoring
Table 3 provides morphometric measurement data.
The highest SE values were found for the anatomically

most-variable measurements: H-AC-MC and H-AC-IB.
The lowest values of SE were achieved for MC height as
well as for inferior cortical bone height evaluation.

Morphometric analysis relations to mandibular canal
visibility scoring
Analysis of the results revealed statistically non-
significant differences between the visibility of the me-
dial superior (p. 0.05) as well as the medial inferior
MC (p. 0.05) part and the morphometric analysis
results in the medial part of JDS.

MC visibility revealed significant differences in par-
ticular morphometric analysis results (Table 4).

Densitometric analysis results in relation to mandibular
canal visibility scoring
Densitometric analysis results are provided in Table 5.
Significant differences were identified (p, 0.05) be-
tween the corresponding results of medial and distal
densitometric analyses in the vertical direction of JDS.

Table 2 Mandibular canal (MC) visibility analysis results

Visibility scores

MC part in JDS

Medial superior (I) Medial inferior (II) Distal superior (III) Distal inferior (IV)
1 21.0% 7.1% 21.8% 2.0%

I vs II p, 0.001 II vs III p, 0.001 III vs IV p, 0.001 I vs IV p, 0.001
2 7.0% – 3.0% 1.0%

III vs IV p5 0.16 I vs IV p, 0.001
3 22.0% 10.2% 24.7% 9.1%

I vs II p, 0.01 II vs III p, 0.03 III vs IV p, 0.002 I vs IV p, 0.006
4 43.0% 38.8% 42.6% 38.4%

I vs II p5 0.24 II vs III p5 0.23 III vs IV p5 0.23 I vs IV p5 0.22
5 7.0% 43.9% 7.9% 49.5%

I vs II p, 0.001 II vs III p, 0.001 III vs IV p, 0.001 I vs IV p, 0.001

JDS, jaw dental segment.
Data are provided as a percentage (%) of the sum of visibility scores of the particular MC border part from all visibility scores of the particular
border. Fisher’s exact test results (p-value) between the indicated groups are provided below the percentage line.
Statistically non-significant differences were identified between groups I vs III and II vs IV (p. 0.05) and were not provided in the table.

Table 3 Jaw dental segment (JDS) morphometric analysis results

Measurement location Measurement Mean SE
Medially H-AC-MC 15.6 0.4

H-MC 2.4 0.1
H-MC-IB 3.8 0.1
H-IB 3.2 0.1
H-AC-IB 25.4 0.4

Distally H-AC-MC 14.1 0.5
H-MC 2.3 0.1
H-MC-IB 4.1 0.2
H-IB 2.8 0.1
H-AC-IB 23.3 0.4

SE, standard error.
Measurement location, JDS measurement location medially and
distally; H-AC-MC, the height from the alveolar crest to the MC
dark ribbon, including superior MC border; H-MC, the height of MC,
corresponding to the MC dark ribbon height; H-MC-IB, the height
from the lowest point of the MC dark ribbon to the superior border of
the inferior cortical bone; H-IB, the height of the inferior cortical
bone; H-AC-IB, the height of the mandible.
The data are presented as mean, SE in millimetres.
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Vertical densitometric analysis in relation to mandibular
canal visibility scoring
Non-significant differences were found between the
visibility analysis results of the medial superior MC and
the densitometric analysis results of the vertical medial
part (p. 0.05). The results provided no statistically
significant differences between the distally evaluated
visibility of the inferior MC part and vertical densito-
metric analysis results in the distal part of the JDS
(p. 0.05). Statistically significant differences between
the MC visibility scores and the vertical densitometric
analysis results are provided in Table 6.

Horizontal densitometric analysis in relation to
mandibular canal visibility scoring
The results provided statistically non-significant differ-
ences between the visibility of the medial superior
(p. 0.05) as well as distal inferior MC parts (p. 0.05)
and the horizontal densitometric analysis results of
the JDS.

MC visibility evaluation results were significantly
different from particular horizontal densitometric
analysis results (p, 0.05) (Table 7).

Discussion

The “as low as reasonably achievable” principle is of
high importance for widespread dental implant sur-
gery. The clinician can choose from several radio-
graphic investigation methods to evaluate the alveolar
ridge height and width for prosthetic implant place-
ment. In many cases, a treatment plan cannot be
composed without panoramic radiograph evaluation,
even for an edentulous JDS in the region of MC, be-
cause the H-AC-MC distance must be measured.15

Precise investigation requires more advanced in-
vestigation methods, such as CBCT. Otherwise, there
is still discussion about the application of panoramic
radiography in clinical practice to facilitate treatment
planning. Digital technologies are rapidly replacing

analogue imaging techniques in dentistry. Updates to
devices and software are periodically available. The
software contains linear measurement tools, including
a densitometric analysis tool. We noted the absence
of investigations on the possibility of evaluating
MC visibility using DPRs. Hence, we aimed to eval-
uate MC and the visibility of its walls by means of
dedicated software (linear and densitometric analy-
sis tools).

It is difficult to achieve optimal- or high-quality
panoramic radiographs. Quality requirements were met
in only 31.7% of the DPRs in our study. Similarly,
Rumberg et al16 found 33% of their panoramic radio-
graphs to be of acceptable quality. The percentage of
the JDSs evaluated in the regions of PM1, PM2, M1 and
M2 cannot be the same because of the study protocol
requirements for inclusion. JDSs were not included in
the study if they contained the mental foramen. A
common horizontal position of the mental foramen (for
Caucasian individuals) can be found in the premolar
region.17

Detailed MC evaluation was introduced due to var-
iability of visibility through the course of the MC. The
5-point scale (Figure 3) was suggested during the pres-
ent study for the comprehensive evaluation of MC vis-
ibility for the medial, distal, inferior and superior parts
of each JDS. Various 3-, 4- and 5-point MC visibility
rating scales have been proposed by investigators.7,18,19

Oliveira-Santos et al12 used two scores for the evalua-
tion of separate MC regions, whereas the overall MC
visibility score was the sum of the six evaluated regions.
MC depiction in another study was classified into three
types for each implant site: visible in the superior and
inferior walls; visible in the inferior walls and invisible
in the superior walls; or invisible in the superior and
inferior walls.20

Agreement between observers’ repeated MC visibility
evaluations of one investigator’s findings (Table 1) was
almost perfect (a reflection of consistent measurements
throughout the study) and coincided with the results of
other investigators’ data.12

Table 4 Morphometric analysis relations to mandibular canal (MC) visibility scoring

MC part for visibility evaluation

JDS part for morphometric analysis

H-AC-MC H-MC H-AC-IB
Distal superior 1 [12.8 (0.9)] and 4 [15.2 (0.6)]

(p5 0.01),
3 [10.2 (0.4)] and 4 [15.2 (0.6)]
(p5 0.04)

1 [2.4 (0.1)] and 3 [1.7(0.1)]
(p5 0.04),
3 [1.7 (0.1)] and 4 [2.4 (0.1)]
(p5 0.04)

1 [22.2 (0.7)] and 4 [24.2 (0.6)]
(p5 0.04)

Distal inferior 4 [13.3 (1.0)] and 5 [14.6 (0.6)]
(p5 0.04)

–a –a

JDS, jaw dental segment.
MC part for visibility evaluation: JDS MC visibility evaluation in distal superior and distal inferior part (in visibility scores: 1, 2, 3, 4, 5); JDS part
for morphometric analysis: JDS measurement part for morphometric analysis {measurement values are presented as mean [standard error (SE)] in
millimetres}: H-AC-MC, the height from the alveolar crest to the MC dark ribbon; H-MC, the height of the MC; H-AC-IB, the height of the
mandible.
Statistically significant differences are presented: “visibility score [morphometric analysis value (SE)]” and “visibility score [morphometric analysis
value (SE)]” “(p-value)”.
a“–” indicates no statistically significant difference (p. 0.05).
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The different visibility of the MC borders in the
mediodistal and vertical directions was confirmed by
the current study (Table 2). The most uncommon MC
visibility score was two for the evaluation of the inferior
and superior MC borders, and the MC tended to have

better visibility when the borders were present. This
tendency agrees with other investigations, showing the
importance of the MC border for MC visibility.12,21,22

The superior medial and superior distal parts of the MC
border had visibility score 3 in 22.0% and 24.7% of the

Table 5 Jaw dental segment (JDS) densitometric analysis results in vertical and horizontal directions

Measurement location Measurement direction Measurement Mean SE
Medially Vertically AC-MC-V 106.0 2.4

MC-V 89.2 2.8
MC-IB-V 89.2 2.8
IB-V 97.7 2.7
AC-IB-V 100.4 2.3
SMCP 108.1 3.1
IMCP 105.2 2.6

Distally AC-MC-V 122.7 2.5
MC-V 103.1 2.8
MC-IB-V 97.4 2.5
IB-V 100.4 2.1
AC-IB-V 109.8 2.0
SMCP 117.8 3.1
IMCP 114.1 2.6

Horizontally AC-MC-Ho 108.4 3.1
MC-Ho 93.1 2.4
MC-IB-Ho 92.3 2.6
IB-Ho 101.5 2.2
AC-MC-HoP 111.2 4.4

SE, standard error.
Measurement location, JDS measurement location medially and distally; Measurement direction, vertically and horizontally; Measurement:
AC-MC-V, from the alveolar crest in the trabecular bone to the bone 2.0mm over the MC; MC-V, in the MC region; MC-IB-V, from the
trabecular bone below the MC to the superior border of the inferior cortical bone; IB-V, in the inferior cortical bone region; AC-IB-V, from the
alveolar crest in the trabecular bone to the end of the inferior cortical bone; SMCP, at the superior MC peak corresponding to the border of the
MC; IMCP, at the inferior MC peak corresponding to the border of the MC; AC-MC-Ho, 2.0 mm above the MC; MC-Ho, the MC region;
MC-IB-Ho, the trabecular bone below the MC; IB-Ho, the inferior cortical bone region; AC-MC-HoP, 2.0 mm below the superior cortical bone of
the edentulous JDS (or mathematical average of horizontal measurements in medial and distal parts of the dentate JDS trabecular bone 2.0 mm
below the superior cortical bone) when visibility of the MC superior border is poor.
Measurement values are presented as mean, SE (standard error) in relative measurement units.

Table 6 Vertical densitometric analysis in relation to mandibular canal (MC) visibility scoring

MC part for
visibility
evaluation

JDS part for vertical densitometric analysis

AC-MC-V MC-V MC-IB-V IB-V AC-IB-V SMCP IMCP
Medial
inferior

–a 4 [97.1 (4.2)]
and 5 [81.5
(3.9)]
(p5 0.01)

–a 1 [111.4 (5.6)]
and 5 [89.6 (4.3)]
(p5 0.03),
3 [121.2 (4.2)]
and 4 [98.6 (4.2)]
(p5 0.02),
3 [121.2 (4.2)]
and 5 [89.6 (4.3)]
(p5 0.01)

3 [115.7 (7.0)]
and 5 [95.1 (3.5)]
(p5 0.04)

1 [122.4 (7.5)]
and 5 [99.3 (4.8)]
(p5 0.04),
4 [114.3 (4.1)]
and 5 [99.3 (4.8)]
(p5 0.02)

–a

Distal
superior

4 [119.7 (3.5)]
and 5 [142.0 (8.5)]
(p5 0.03)

–a 4 [91.7 (3.7)]
and 5 [110 (7.6)]
(p5 0.04)

4 [95.3 (3.2)] and
5 [111.5 (2.2)]
(p5 0.04)

1 [107.0 (4.5)]
and 5 [124.6
(5.4)] (p5 0.04),
4 [106.9 (2.6)]
and 5 [124.6
(5.4)] (p5 0.01)

–a 4 [110.3 (3.4)]
and 5 (127.4
(6.8)] (p5 0.04)

JDS, jaw dental segment; SE, standard error.
MC part for visibility evaluation, JDS MC visibility evaluation in medial inferior and distal superior parts (in visibility scores: 1, 2, 3, 4, 5); JDS
part for vertical densitometric analysis: JDS measurement part for vertical densitometric analysis [measurement values are presented as mean (SE)
in relative measurement units]: AC-MC-V, from the alveolar crest in the trabecular bone to the bone 2.0mm over the MC; MC-V, in the MC
region; MC-IB-V, from the trabecular bone below the MC to the superior border of the inferior cortical bone; IB-V, in the inferior cortical bone
region; AC-IB-V, from the alveolar crest in the trabecular bone to the end of the inferior cortical bone; SMCP, at superior MC peak corresponding
to the border of MC; IMCP, at inferior MC peak corresponding to the border of MC.
Statistically significant results are presented: “visibility score [vertical densitometric analysis value (SE)]” and “visibility score [vertical
densitometric analysis value (SE)]” “(p-value)”.
a“–” indicates no statistically significant difference.
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sample, respectively, which is similar to data from in-
vestigation of Jung and Cho.23 Naitoh et al20 found the
MC superior wall to be invisible in 31.7% of designed
implant sites, whereas the investigation of Klinge et al24

with specimen cadavers demonstrated an invisible MC
in 36.1% (the superior and inferior borders of MC were
not distinguished). Therefore, it could be concluded
from our study that the three-dimensional evaluation of
JDSs should be recommended for further analysis of
MC in about 25% of JDSs if the identification of the
superior MC border is obligatory. In comparison, the
MC was not visible in 0.2% of the third molar (M3)
regions, 5.7% of the M2 regions and 8.2% of the M1
regions in the CBCT images. Of more importance for
this study was that the superior MC border could be
identified in 75.3% of distal parts and 78.0% of medial
parts. We could not get data from the literature to make
a clinical comparison with our results for the medial and
distal parts of the MC superior border.

It is interesting to know that anatomically trabecu-
lated MC walls tend to be denser in the upper part than
the lower part, but MC visibility does not have a similar
tendency, according to our study and to that of Wadu
et al.21 The last-mentioned sources supplement the
statement that radiographic identification of the supe-
rior MC border cannot directly relate to MC border
density and cannot have a prognostic value for MC
damage during implant surgery. Furthermore, the
multiple accessory canals directed toward root apices
while leaving the MC could have a negative influence
on trabeculation and the radiographic visibility of the
superior MC border. However, our study results did not
confirm the statement that superior or inferior MC
border visibility is related to JDS condition in partially
dentate lower jaws (with one exception between scores 5
and 3 for the visibility evaluation of the medial and
inferior parts of the MC border) and coincide with the
CBCT study results.12

The present study results confirmed (Table 2) that the
superior MC border has lower visibility scores more

often than the inferior MC border. Non-significant
differences were identified between numbers of moder-
ate visibility scores for both MC borders. Conversely,
the superior border received the score 4 more than twice
as often as the inferior border. These data tend to use
the inferior MC border as a reference point for the
identification of the imagined superior MC border in
implant planning, whereas the diameter of the MC can
be measured using other parts of the panoramic radio-
graph or by means of MC height (e.g. from our study).
Indeed, this idea should be avoided because of the un-
reliable data. Wadu et al21 recognized and demon-
strated a tendency to identify fine or non-existent
structures. Furthermore, worldwide studies provide
different mean MC diameters from 2 to about 5 mm
with probable relation to race.25 Even bifid MC can be
identified in 0.08–65% of radiographs, depending on the
investigation method.25 The position of the mental fo-
ramen varies in horizontal and vertical planes and is
related to race. The accessory mental foramen can be
identified in 1.4–10% in patients of different pop-
ulations.17 Misidentification of these structures may
lead to serious complications during implant surgery.

It is important to mention that the current study
provides data with no difference between the visibility
scores for the medial and distal superior MC borders
and the medial and distal inferior MC borders (Table 2).
It was considered that the clinician should not expect
to observe differences in the visibility of correspond-
ing MC parts of particular JDSs or even between
neighbouring or other JDSs—that is, MC visibility did
not change through the course, contrary to other
investigators’ results.12,21,23 This statement could not be
applied to MC visibility in the mandibular ramus, the
M3 JDS region or the mental canal region, as these
regions were not included in our study protocol. There
were no differences between any pair of corresponding
bilateral JDSs in any of the four visibility evaluations of
the MC parts. Similarly, researchers found no difference
between MC visibility on the left and right sides.12,23

Table 7 Horizontal densitometric analysis in relation to mandibular canal (MC) visibility scoring

MC part for visibility evaluation

JDS part for horizontal densitometric analysis

MC-IB-Ho IB-Ho AC-MC-HoP
Medial inferior –a 1 [113.9 (6.5)] and 5 [94.5 (3.6)]

(p5 0.04),
3 [112.2 (5.0)] and 5 [94.5 (3.6)]
(p5 0.02)

1 [133.9 (12.0)] and 4 [96.0 (7.2)]
(p5 0.03)

Distal superior 4 [85.6 (3.6)] and 5 [108.2 (9.0)]
(p5 0.02)

3 [106.7 (3.9)] and 4 [96.4 (3.1)]
(p5 0.04)

–a

JDS, jaw dental segment.
MC part for visibility evaluation, JDS mandibular canal visibility evaluation in medial inferior and distal superior parts [visibility scores (1, 2, 3, 4, 5)
in pairs]; JDS part for horizontal densitometric analysis, JDS measurement part for horizontal densitometric analysis: MC-IB-Ho, the trabecular
bone below the MC; IB-Ho, the inferior cortical bone region; AC-MC-HoP, 2.0 mm below the superior cortical bone of the edentulous JDS (or
mathematical average of horizontal measurements in medial and distal parts of the dentate JDS trabecular bone 2.0 mm below the superior
cortical bone) when visibility of the MC superior border is poor {measurement values are presented as mean [standard error (SE)] in relative
measurement units}.
Statistically significant results are presented: “visibility score [horizontal densitometric analysis value (SE)]” and “visibility score [horizontal
densitometric analysis value (SE)]” “(p-value)”.
a“–” indicates no statistically significant difference.
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Our results revealed that MC visibility was not re-
lated to the subject’s gender or age. Significant differ-
ences were only identified between the means of age
groups with visibility scores of 4 and 5 for the medial
inferior MC border part, but this does not reflect
a general tendency. This can be explained by the fact
that patients included in the study were systematically
healthy or had mild systemic diseases. The bone anat-
omy and endocrine system function could have influ-
enced MC visibility.26

It is interesting to know that we could not find any
analogous studies confirming MC border visibility in
relation to the region of each JDS and related regions.
A morphometric analysis of separate JDS parts

(Figure 4) was necessary before evaluating the relations
between the morphometric analysis and the MC visi-
bility scoring. Our measurements of MC height were
within the range demonstrated in the summary that
Juodzbalys et al25 provided of MC vertical linear eval-
uations made by various authors. We found that the
mean distance from the alveolar crest to the MC was
similar to the review results25 and was the most variable
linear height measurement (SE was 0.4–0.5 mm) in the
present study. It confirms a widely known requirement
for individual implant length planning while alveolar
ridge height is variable.
It is important to consider that the morphometric

measurements did not correlate with MC visibility in
our study (Table 4). For example, no significant dif-
ferences were identified between the medially evaluated
morphometric parameters of JDS and the correspond-
ing MC visibility scores. By contrast, some differences
were identified in the distally evaluated morphometric
parameters of JDS.
The analysis of MC densitometric assessment data

and visible MC depiction revealed controversial results.
The corresponding vertical (Table 6) and horizontal
(Table 7) densitometry did not provide statistically
significant differences from the visibility analysis results
in the medial superior parts of the MC, but some dif-
ferences were found in the distal superior parts. We
expected to identify similar differences for the inferior
MC border in the mediodistal direction, but the results
were the opposite: some significant differences were
identified for the inferior medial parts of JDS, whereas
no significant differences were identified for the distal
parts. The results might have differed for the superior
and inferior MC borders due to significant differences in
densitometric analysis results for medial and distal JDS

parts in the vertical direction. However, this would not
explain the same differences when a comparison was
made between MC visibility and horizontal densito-
metric analysis data. Based on these results, we con-
cluded that the success in visually identifying MC
borders did not correlate with the densitometric de-
piction of the MC borders (peaks).

Our investigation provides results indicating the lim-
ited accuracy of the densitometric tool for the pos-
sible improvement of radiographic MC identification.
Naitoh et al20 found relations between MC depiction in
DPRs and bone density in the alveolar region, but they
evaluated bone density by multislice CT in HUs. HUs
give the relative density of tissue according to a cali-
brated scale. HUs were found to be stable after quality
phantom scanning with an multislice CT scanner.27 To
our knowledge, there is no data in the literature re-
garding the investigation of the densitometric analysis
tool used. The region of interest could not be modified
(one standard line could be drawn without entering the
desirable area). We found this to be a drawback, as
a bigger and standardized region of interest should
provide more stable results in the investigated region,
especially in the region of MC with variable visibility.
The densitometric analysis tool was tested with several
enhancements that were provided prior to the in-
vestigation. The results varied and depended on the
chosen enhancement tool. “Sharp enhancement” was
chosen to standardize the measurements. We rec-
ommend conducting additional investigations for the
validation of the densitometric tool with the in-
clusion of a quality control phantom. If the results
are positive, a new investigation with a bigger sample is
recommended.

In conclusion, evaluation of the visibility of the
MC superior and inferior borders on DPRs depends
on multiple factors without priority of gender, age,
JDS location and condition, particular mandibular
height parameter measurements or anatomically
specific area evaluation with the dedicated densito-
metric analysis tool. The MC visibility of particular
JDSs does not change significantly from the MC
visibility of medially and distally located neigh-
bouring JDSs. Particular differences between the
visibility of the superior and inferior MC borders
were identified to produce a clinically more impor-
tant conclusion: the superior MC border was not
visible more than twice as often as the inferior
MC border.
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