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Abstract Objective An early identification of patients who are at an obvious increased risk of
osteoporosis and subsequent high risk of pathological bone fractures is important to
prevent morbidity and its subsequent impact on the quality of life of the affected
patients. Dental professionals have a chance of identifying such cases in their very
initial stages through routinely prescribed dental radiographs. The aim of this study
was to assess the influence of gender and age on different parameters of alveolar bone
loss using orthopantomograph (OPG) as an aid to identify patients with low bone
mineral density (BMD).
Materials and Methods This study included eighty subjects in whom after taking
OPGs, mandibular cortical index (MCI), mandibular cortical width (MCW), and pan-
oramic mandibular index were assessed, while the results obtained were subjected to
statistical analysis. One-way analysis of variance followed by Tukey’s test was used to
compare the means, while p-value less than 0.05 was considered statistically
significant.
Results The findings of this study revealed a significant association between MCI and
age for females, with C2 and C3 categories being more common with advancing age.
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Introduction

Continuingalveolar bone loss (ABL) from edentulous jaws is a
common concern that poses great challenge in the prosthetic
rehabilitation in such patients. This bone loss is maximum
during the initial 6 months postextraction during the wound
healing period, though the process of resorption continues
throughout life, even after the extraction sockets have healed,
at a much slower pace. According to Devlin and Ferguson,1

alveolar bone turnover is in part determined by a plethora of
factors, anatomic and physiological, including diet, age, sex,
and hormonal status of the individual in addition to the
significant local factors that may interact in conjunct with
the systemic factors. Also, elderly people are on the most risk
fordevelopingosteoporosis andassociated fracturesand this is
more so in case of femaleswith a still higher predisposition for
developing osteoporosis with advancing age. The American
Dental Association recommends screening radiography as a
necessary step for all edentulous patients because of high
prevalence of root fragments and various other pathological
findings.2 Also, few studies have suggested the applicability of
oral radiology as an important diagnostic adjunct in the early
detection of various systemic diseases including osteoporosis.
Osteoporosis is a multifactorial disease process for which one
of the major risk factors is the declining bone mass in post-
menopausal females due to decreasing estrogen levels
that increase their risk for fractures, if left undiagnosed or,
untreated.3–6 Hence, an early identification of such cases in
which there is an obvious risk for pathological fractures is all
the more important to prevent morbidity and its subsequent
impact on the quality of life (QoL) of the affected patients.
Dental professionals have a chance of identifying this subclin-
ical condition in its nascent stages through routinely pre-
scribed dental radiographs wherein distinguished
radiographic indices including mandibular cortical index
(MCI), mandibular cortical width (MCW), and panoramic
mandibular index (PMI) may be beneficial for identifying
patients with low bone mineral density (BMD). Devlin et al7

concluded MCW to be a more sensitive indicator than MCI in
diagnosing such patients in their studywhile in another study,
Benson et al8 stated PMI to be amore sensitive indicator of low
BMD.This studywasplannedwitha similar intent to assess the
influence of gender and age on different parameters of ABL
using orthopantomograph (OPG) as an aid to identify patients
with low BMD.

Materials and Methods

This observational study included 80 subjects (40 dentate
and 60 completely edentulous) fulfilling the inclusion and

exclusion criteria over a period of 1 year. The subjects were
divided into two groups: dentate and edentulous groups.
Dentate group comprised of 20 male and 20 female sub-
jects in an age range of 41 to 75 years based on select
inclusion criteria with the basic inclusion criteria of full
complement of teeth with at least 28 teeth with or,
without third molars in Angle’s Class I occlusion. The
selected edentulous subjects were divided into four
groups (15 males and 15 females<60 years and a similar
number of subjects>60 years of age) who were complete-
ly edentulous for more than 2 years. A written informed
consent was obtained from all the participants before their
inclusion into the study, while ethical clearance was
obtained from the Institutional Ethics Committee via
letter approval no. SDDC/IEC/08–41–2019. From dentate
jaws, the location of the first premolar and molar regions
was recorded and the approximate positions of the same
were marked on radiographs of the edentulous subjects.
Subjects with any kind of physical abnormality or, facial
asymmetry, subjects who were edentulous for less than
2 years (since alveolar bone loss is more pronounced
during the first few years after tooth loss), and subjects
who were on long-term steroid therapy were excluded
from this study apart from pregnant and lactating females
to avoid risk of their exposure to radiation. All the subjects
were subjected to general physical examination followed
by a detailed and comprehensive oral examination under
strict aseptic protocols. The subjects were, then, subjected
for radiographic examination wherein all panoramic
radiographs were taken with the same digital panoramic
apparatus (Villa India Rotograph EVO) in Dental Studio
Plus Window mode at 72 kVp and 6mA exposure for
14.4 seconds to standardize the radiographic quality and
to minimize errors related to technical detailing of the
digital panoramic apparatus. Radiographic images with
optimal diagnostic information and with no gross distor-
tion of image were, then, selected to trace landmarks
including the inferior and posterior border of mandible
and mental foramen, first manually and then, with the
help of an electronic digital caliper with accuracy up to
0.001mm and the values obtained were subjected to
statistical analysis.

Dentate Group
In the dentate group, on the digital radiograph obtained, a
horizontal line was drawn tangential to the most inferior
point of mandibular angle and lower border of the body of
mandible and another line parallel to the above-mentioned
tangential line and 10mm above the inferior border of the
mandible. The proportion of the horizontal mandibular

Also, a significant difference could be seen in relation to gender (p-value¼0.0315) for
MCW with a concomitant decrease in the values of MCW in females over 60 years of
age.
Conclusion Panoramic radiographic measurements could provide valuable informa-
tion and help in screening patients with low BMD.
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length was determined by dividing the length of the man-
dibular body (from midline to the posterior border of
ramus) by distance between the first premolar and midline.
Thus, the locations of first premolar and molar were placed
on the edentulous mandible (►Fig. 1).

Edentulous Group: In the edentulous group, the following
measurements were made:

MCI: It is the morphology of the mandibular inferior
cortex as devised by Klemetti et al9 who classified the
morphology of mandibular inferior cortex as follows:

C1—The endosteal margin of the cortex is even and sharp
on both sides of the body of the mandible;
C2—The endosteal margin has resorptive cavities with
cortical residues, one to three layers thick, on one or, both
sides of the body of the mandible; and
C3—The endostealmargin is clearly porous and consists of
thick cortical residues.

MCW: It is the measurement of the cortical width at the
region of mental foramen. For assessing the MCW, a line
parallel to the long axis ofmandible and tangential to inferior
border of the mandible was drawn. A line perpendicular to
this tangent intersecting the inferior border of mental fora-
men was, then, constructed and along this line, MCW was
measured as the distance between the two parallel lines
(►Fig. 2).10

PMI: It is defined as the ratio of MCW to the distance
between the superior or inferior margin of the mental
foramen to the inferior border of the mandible, also, recog-
nized as the basal bone height (BBH) (►Fig. 3).11

ABL: It is calculated as the ratio of the radiographic total
bone height to the BBH that is calculated from the center of

the mental foramen to the inferior border of the mandible
(►Fig. 3).12

Statistical Analysis
Statistical analysis was performed using Epi Info (TM) 3.5.3.
Descriptive statistical analysis was performed to calculate the
means with corresponding standard deviations, while test of
proportion was used to find standard normal deviate (Z) to
compare the difference in proportions. Also, chi-squared test
was used to find the associations, while one-way analysis of
variance followed by Tukey’s test was used to compare the
means in more than two groups. Under Tukey’s test, critical
differencewas calculated to compare pairwisemeans. p-Value
less than 0.05 was considered statistically significant.

Results

Only two categories of MCI (C2 and C3) were detected in this
study, while the association between MCI and age was not
found to be statistically significant in males (p-value>0.05),
though significant in females (p-value¼0.0001). Also,
females in the age group of less than 60 yearswere associated
more with C2, while females more than 60 years were
associated with C3 cortex. (►Table 1) In terms of total
mandibular length to distance at first premolar and first
molar regions from midline in dentate males and females,
the results were found to be significant only in relation to
totalmandibular length to distance atfirst molar region from
midline (p-value¼0.0001) (►Table 2). On further analysis,
no significant difference was observed between age groups
(p-value>0.05), though a significant difference could be
seen in relation to gender (p-value¼0.0315) for MCW.

Fig. 1 Assessment of horizontal mandibular length and localization of first premolar and molar on the edentulous mandible.
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Furthermore, it was, also, observed that the mean values did
not change with increase in age in males but decreased with
increase in age in females; thus, a significant interaction
could be observed between age and gender in terms of MCW
(►Table 3). Again, no significant difference was found be-

tween the medians of PMI (p-value>0.05). For this parame-
ter, therewas no significant differencebetween age groups in
this study as well as the values were not affected by age
and/or gender (p-value>0.05) (►Table 3). Also, though the
average bone height values were higher for males than

Fig. 3 Assessment of panoramic mandibular indices on the basis of mandibular cortical width (MCW) and basal bone height (BBH) along with
assessment of alveolar bone loss (ABL) based on total bone height (TBH) and basal bone height (BBH).

Table 1 Distribution of mandibular cortical index (MCI) in edentulous subjects according to gender and age

Gender Age (in y) C2 (n) C3 (n) χ2-Value/p-Value

Male � 60 14 1 χ2¼ 1.1540; p¼0.2830

> 60 12 3

Female � 60 11 4 χ2¼ 10.9950; p¼ 0.0001a

> 60 2 13

ap< 0.05 is statistically significant.

Fig. 2 Assessment of mandibular cortical width (MCW).
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females, no statistically significant difference was found
between male and female subjects (p-value>0.05). The
bone loss was more in females of age group more than
60 years of age, though no significant change could be
observed between the mean values of males and females
of both the age groups making the study in favor of conclud-
ing that ABL was not affected by age and gender (►Table 3).

Discussion

Panoramic radiographs or OPGs have been the radiograph of
choice for the initial screening ofdental patients regarding any
occult pathologicchanges. Inaddition, the commondrawbacks
usually seen in OPGs in the form of unequalmagnification and
geometric distortion can be overcome by comparing propor-
tions, rather than the actual measurements on such radio-
graphs. In this context, panoramic radiographsorOPGsare still
themost recommended radiographs inday-to-daypractice for
the gross screening of patients as well as to plan further
radiographic investigations, in case, a need arises and/or, for
treatment planning.13–16

The results of this study suggested the association be-
tween MCI and age to be statistically insignificant in males,
though significant in females (p-value¼0.0001), while only
two categories of MCI (C2 and C3) could be observed in this
study. Also, females in the age group of less than 60 years of
agewere found to be associatedmorewith C2 than females of

more than 60 years of age in whom C3 cortex was more
common suggesting a possible shift to C3 cortex in aging
females. The results of this study were in close accordance
with the study conducted by Ledgerton et al17 who found a
close association between BMD detected by dual energy
X-ray absorptiometry and the MCI scale (C1-C3) devised
by Klemetti et al.9 Bras et al,18 also, concluded from the
findings of their study that postmenopausal females and
patients suffering with chronic renal failure had a compara-
tively thinner mandibular cortex than as compared with the
controls. A notable observation made in this regard in the
study conducted by Zlatarić and Celebić19 suggested low
BMD values in patients with C3 mandibular cortex, thus,
concluding MCI to be a sensitive indicator of BMD.

Also, the findings of this study suggested no significant
difference in terms of age (p-value>0.05), though significant
difference in relation to gender (p-value¼0.0315) for MCW.
Furthermore,meanMCWwas almost stable, while therewas
not much impact of age on the mean MCW in males;
however, it was found to be lesser in females more than
60 years of age indicating a significant interaction between
age andgender in terms ofMCW in close accordancewith the
studies conducted by Ledgerton et al,17 Dutra et al,20 and
Yüzügüllü et al.21 Similarfindingswere observed in the study
conducted by Zlatarić and Celebić 22 that observed a gradual
decrease in the mean MCW up to 75 years of age in both
males and females, though, after this age, the values were

Table 2 Total mandibular length to distance at first premolar and first molar region from midline in dentate subjects

Tooth Variable (in mm) Male Female t-Value p-Value

Mean� SD Mean� SD

First premolar Mandibular length from midline 85.63�2.52 86.02�1.60 �0.4132 0.6843

Distance at first premolar region from midline 26.38�0.93 26.96�4.41 �0.4069 0.6889

First molar Mandibular length from midline 85.63�2.52 86.02�1.60 �0.4132 0.6843

Distance at first molar region from midline 43.97�1.14 41.53�0.73 5.6983 0.0001a

Abbreviation: SD, standard deviation.
ap< 0.05 is statistically significant.

Table 3 Mandibular cortical width (MCW), panoramic mandibular index (PMI), and alveolar bone loss (ABL) in edentulous subjects
according to gender and age

Gender and age (in y) MCW PMI ABL

Mean� SD Mean� SD Mean� SD

Males � 60 4.87� 1.03 0.37� 0.12 1.81� 0.34

Males>60 4.87� 0.70 0.35� 0.12 2.04� 0.54

Females � 60 4.62� 0.89 0.36� 0.12 1.85� 0.41

Females>60 4.18� 0.61 0.35� 0.08 1.70� 0.47

Between gender F-Value 4.8638 0.0005 1.6158

p-Value 0.0315a 0.9819 0.2089

Between ages F-Value 1.0336 0.3249 0.1202

p-Value 0.3137 0.5710 0.7301

Abbreviation: SD, standard deviation.
ap< 0.05 is statistically significant.
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found to decrease sharply in females while being stable in
males.

In terms of PMI, no significant differences could be
observed in this study, while the values were not found
to be affected by age and/or gender (p-value>0.05).
Ledgerton et al,17 in their study, also, found a common
pattern in PMI observing that up to sixth decade of life,
there was seen a gradual decrease in PMI and thereafter,
the values decreased sharply. Similar results were found in
the studies conducted by Benson et al,8 Ledgerton et al,17

Yüzügüllü et al,21 and Klemetti et al,23 though higher PMI
values were observed in the studies conducted by Benson
et al,8 Ledgerton et al,17 and Klemetti et al23 than the
values observed in the study conducted by Yüzügüllü
et al21 that could be attributed to the ethnic variation in
the populations studied. Also, Klemetti and Kolmakow24

concluded from the results of their study that, though, a
strong positive correlation could not be established be-
tween PMI and BMD, PMI, still could be used as an
indicator of bone changes when there is large deviation
from the mean PMI.

The results of this study, also, observed that, though the
average bone height was found to be higher for males than
females, the results were found to be statistically insignifi-
cant between the male and female subjects (p-value>0.05)
in respect to ABL. Furthermore, the findings of this study
suggested significant bone loss in females of more than
60 years of age in close accordance with the studies con-
ducted by Yüzügüllü et al21 and Klemetti and Kolmakow.24

The reason for more severe bone loss observed in females of
age group more than 60 years of age could be attributed to
the postmenopausal changes seen in this age group that are
accompanied by a more generalized skeletal osteoporosis
due to deficiency of hormone estrogen that accelerates
skeletal bone loss with possibly, rapid alveolar bone
resorption.

Conclusion

Within its own limitations and based on thefindings obtained
in this study, the study concludes that panoramic radiography
might provide valuable information and could help in screen-
ing patients with low BMDwho could, then, be referred for an
appropriate and specialized care to prevent high-grade mor-
bidity improving QoL of the affected individuals.
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