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ABSTRACT

Objectives: The aims of this study were to evaluate the influence of gender and dental status on
the mental index, mandibular cortical index and panoramic mandibular index from dental panoram-
ic radiographs in elderly who had osteoporosis or did not have osteoporosis.

Methods: Panoramic radiographs of 487 elderly dental patients (age range 60-88 years) were
evaluated. It were recorded osteoporotic status according to the patients” medical anamnesis and
values of the mandibular cortical index (MCI), panoramic mandibular index (PMI], mandibular corti-
cal width (MCW)

Results: Dental status was statistically significantly associated with the mandibular cortical
width, panoramic mandibular index and the categories of MCI (P<.05). There were statistically differ-
ent mandibular cortical width and panoramic mandibular index values in patients with osteoporosis
and without osteoporosis (P<.05)

Conclusions: Our study showed that there were statistically significant differences according to
gender, dental status, and values of the MCW, MCI and PMI between patients with and those without
osteoporosis. (Eur J Dent 2011;5:60-67)
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of osteoporosis, assessment of bone mass, and
identification of fracture risk are important goals
when evaluating patients for osteoporosis.®* Sub-
jects with a self-reported history of osteoporotic
fractures also tend to have increased resorption
and thinning of the mandibular lower cortex.’
Several investigators have stated that osteoporo-
sis results in reduced jaw bone mass and altered
mandibular structure, especially of the inferior
border [mandibular lower cortex).®’

Dental radiographs, especially panoramic im-
ages, have been used to predict low bone min-
eral density in patients. A number of mandibular
cortical indices, including the mandibular corti-
cal index (MCI), mandibular cortical width (MCW)
and panoramic mandibular index (PMI), have been
developed to assess and quantify the quality of
mandibular bone mass and to observe signs of re-
sorption on panoramic radiographs for identifica-
tion of osteopenia. The best established of these
is the mental index (MI), which is the mean of the
widths of the lower border cortex below the two
mental foramina. Osteopenia can be identified by
the thinning of the cortex at the lower border of
the mandible. A thin mandibular cortical width has
been shown to be correlated with reduced skeletal
bone mineral density.*%'° The mandibular cortical
index describes the porosity of the mandible and
is related to the mandibular bone mineral den-
sity. Many studies have shown that this index is
a useful method of osteoporosis screening.5-4
The panoramic mandibular index is the ratio of the
thickness of the mandibular cortex to the distance
between the mental foremen and the inferior
mandibular cortex.™

Although many studies®?10.131416-18 haye evalu-
ated mandibular radiomorphometric indices (M,
MCI, PMI) as indicators of possible osteoporosis
in postmenopausal women, few studies*®!? have
evaluated these measurements in older men.

Because most elderly individuals have more
opportunities to visit a dental clinic than to visit a
medical clinic for diagnosis of osteoporosis, it is
important to determine the relationship between
panoramic radiomorphometric indices and skel-
etal bone mineral density.?

The aims of this study were to evaluate the in-
fluence of gender and dental status on the mental
index, mandibular cortical index, and panoramic
mandibular index on dental panoramic radio-
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graphs in the elderly with osteoporosis and with-
out osteoporosis.

MATERIALS AND METHODS
Study sample

Four hundred eighty-seven elderly dental pa-
tients (age-range 60-88 years, mean age 67.9; 239
men, 248 women) were evaluated at the Depart-
ment of Oral Diagnosis and Radiology (Suleyman
Demirel University, Faculty of Dentistry, Ispartal,
who were receiving either routine or emergency
dental care. Menopausal age in women, the type
of denture worn, and oral parafunctions (tooth
clenching, tooth-grinding) were recorded for each
patient, in addition to the gender, dentition status,
age, and osteoporotic status according to the pa-
tients’ medical anamnesis.

All panoramic images were made using pan-
oramic machine (Planmeca PM 2002 CC Proline;
Helsinki, Finland) by a radiology technician. One
researcher evaluated each image according to pa-
tient positioning, head alignment and film density
and contrast to avoid including radiographs with
distortion.

Radiographic measurements

Images were digitized (300 dpi) with a flatbed
scanner that had a transparency adapter (Epson
Perfection V700 Photo/V750 Pro). Linear mea-
surements were performed using specialized an-
alytical software (Image J 1.42) at a correction for
30% magnification, relatively, to better simulate
the clinical situation. Mandibular cortical width
at the mental region [(MCW), panoramic mandibu-
lar index (PMI), and morphologic classification of
mandibular cortex (Mandibular Inferior Cortex
grade) were assessed on the dental panoramic
radiographs by an observer. Cortical width at the
mental foremen region was assessed according
to the technique described by Ledgerton et al?! in
which the mental foremen is identified and a line
traced perpendicular to the tangent to the lower
border of the mandible and through the center of
the mental foremen. The cortical width was mea-
sured bilaterally, and the mean cortical width was
calculated.”

The mandibular cortical shape is classified into
one of three groups according to the method of
Klemetti et al:?? C1—the endosteal cortical mar-
gin is even and sharp on both sides, normal cortex
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(Figure 1); C2—the endosteal margin has semi-
lunar defects (lacunar resorption) or endosteal
cortical residues on one or both sides (Figure 2],
mild to moderate cortex erosion; C3—the cortical
layer forms heavy endosteal cortical residues and

is clearly porous, severely eroded cortex (Figure
3). The thickness of the mandibular cortex was
divided by the distance between the mental fore-
men and the inferior mandibular cortex to obtain
the PMI.™

Figure 1. Example of category C1 of the mandibular cortex index.

Figure 3. Example of category C3 of the mandibular cortex index.

B European Journal of Dentistry



[0 January 2011 - Vol.5

The dental status was established and dentate
individuals were classified according to the pres-
ence of mandibular molars. Those individuals hav-
ing mandibular molars were classified as dentate,
whereas those without mandibular molars, but
with other teeth present, were categorized as par-
tially dentate. Three groups were created: 1) den-
tate, 2) partially dentate (missing all mandibular
molars), and 3) edentulous.

All data were analyzed using the Statistical
Package for the Social Sciences (SPSS) V.17.0
(SPSS Inc. Chicago, Illinois, USA). Descriptive
statistics, cross-tabulations, and Chi-square sta-
tistics were computed with the statistical signifi-
cance set at P<.05.

RESULTS

Of the 487 patients participating in the study,
239 (49.1%) were men and 248 (50.9%) were wom-
en. The mean age of the study population was
67.93+6.07 years. Table 1 shows the gender and
dental status characteristics of the study sample.
Distribution according to gender and the number
of subjects with osteoporosis and without osteo-
porosis was shown in Table 2.

There was a significant difference between fe-
males and males for MCW and PMI values. While
mean mandibular cortical width values (normal
value: 23 mm as suggested by Devlin and Horner”)
and panoramic mandibular index values (normal
value: 2 0.3 as suggested by Benson et al’®) were

Table 1. Characteristics of the sample.

Characteristics n %
Gender

Male 239 49.1
Female 248 50.9

Dental status

Dentate 57 1.7
Partial 322 66.1
Edentulous 108 22.2

Table 2. Distribution according to gender and the number of subjects with osteoporo-

sis and without osteoporosis.

With osteoporosis Without osteoporosis

n l%’ n [%]
Male 8(6.3) 231 (64.0)
Gender
Female 118 (93.7) 130 (36.0)
Total 126 (25.9) 361 (74.1)
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normal in men over 60 years, the mean mandibu-
lar cortical width values and panoramic mandibu-
lar index values decreased significantly in women
of the same age group. Dental status was statisti-
cally significantly associated with the mandibular
cortical width and panoramic mandibular index.
There was a significant difference for MCW and
PMI values according to dental status (Table 3).
MCW and PMI values of edentulous patients were
significantly lower.

Categories of MCI (C1/53.0%, C2/45.6%,
C3/1.4%) were detected. There was a significant
difference in the categories of MCI between men
and women. Category C1 was more frequently
seen in men; Category C2 was more frequently
seen in women; and category C3 was observed
only in women. Dental status was significantly dif-
ferent according to the categories of MCl (Table 4).

Categories of MCIl were determined accord-
ing to osteoporotic status. While category C1 was
more frequently seen on patients without osteo-
porosis, category C2 was more frequently seen on
patients with osteoporosis (Table 5).

While the mean mandibular cortical width
value was 2.88 mm on patients with osteoporosis,
this value was 3.70 mm on patients without osteo-
porosis. The mean panoramic mandibular index
value was 0.27 on patients with osteoporosis, and
0.32 on patients without osteoporosis.

The number of osteoporotic patients who had a
normal mandibular cortical width value (2 3 mm)
was less than the number of non-osteoporotic
patients with a normal mandibular cortical width
value; but the number of non-osteoporotic pa-
tients with a subnormal mandibular cortical width
value was higher than the number of osteoporotic

Table 3. Mean (SD) mandibular cortical width (MCW) (mm) and panoramic mandi-

bular index (PMI) values according to gender and dental status.

MCW PMI
Mean (SD) Median (Min-Max)

Gender

Male 4.08 (0.86) 0.34 (0.12-0.51)
Female 2.92(0.97) 0.27 (0.07-0.52)
Dental Status

Dentate 3.82(0.98) 0.32(0.12-0.52)
Partially Dentate 3.63 (1.06) 0.31(0.07-0.51)
Edentulous 2.90(1.02) 0.27 (0.07-0.51)
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patients with a below normal mandibular cortical
width value (< 3 mm). The number of non-osteo-
porotic patients who had a subnormal panoramic
mandibular index value (< 0.3) was higher than the
number of osteoporotic patients with a subnormal
panoramic mandibular index value. Thus, there
were statistically differences between mandibular
cortical width and panoramic mandibular index
values in patients with osteoporosis and without
osteoporosis (P<.05).

According to dental status, more edentulous
patients had osteoporosis than did patients who
were partially dentate and dentate. The number of
dentate patients with osteoporosis was the lowest,
compared with other dental statuses (Table 6). Os-
teoporotic status was statistically significantly as-
sociated with dental status (P<.05).

DISCUSSION

Cortical width and porosity on dental panoram-
ic radiographs have been shown to be potentially
useful assessment methods.""? Therefore, this
study used the panoramic MCI, Ml and PMI radio-
morphometric indices to evaluate individuals’ risk
of osteoporosis.

Measurement of the thickness of the mandibu-
lar cortical width in panoramic radiographs has

Table 4. Distribution according to gender and dental status of categories of MCI.

been suggested as a way to predict patients with
low bone mineral density.* Previous studies have
shown significant relationships between the MCW
and bone mineral density.” 142427 |n the current
study, the cortical bone in the mental region was
significantly thinner in individuals with osteopo-
rosis. This result was expected as it concurs with
previous studies.'®?2-32 The present study re-
vealed that the mean MCW value on patients with
osteoporosis was smaller than on patients with-
out osteoporosis. A few studies*819-3:3% have evalu-
ated the changes in mandibular cortical thickness
for males. Dutra et al* observed higher values for
MCW in men. The results of a study by Knezovic-
Zlataric et al® suggest that the values begin to de-
crease sharply for women as compared to men.
Devlin and Horner? reported that a cortical width
of 3 mm is the most appropriate threshold for re-
ferral for bone densitometry. White et al’ believe
that it is more appropriate to post the threshold in
the mid 4 mm range. Klemetti et al’? reported that
a threshold of 4 mm is optimal, but not sufficient
by itself for excellent classification of subjects. In
the present study, a cortical width of 3 mm was
used as a threshold. Though mean mandibular
cortical width values (normal value: 2 3mm] are
normal in men over 60 years, mean mandibular

MCI classification

C1 C3 Total

n (%) n (%) n (%) n (%)
Gender
Male 187 (78.2) 52(21.8) 0(.0) 239 (49.1)
Female 71 (28.6) 170 (68.5) 7 (2.8) 248 (50.9)
Total 258 (53.0) 222 (45.6) 7 (1.4) 487 (100)
Dental status
Dentate 37 (64.9) 20 (35.1) 0(0) 57 (11.7)
Partially dentate 179 (55.6) 139 (43.2) 4(1.2) 322 (66.1)
Edentulous 42 (38.9) 63 (58.3) 3(2.8) 108 (22.2)

Table 5. Categories of MCl according to osteoporosis circumstance.

MCI classification

C1 Cc2 Cc3
n (%) n (%) n (%)
With osteoporosis 32(25.4) 90 (71.4) 4(3.2)
Without osteoporosis 226 (62.6) 132 (36.6) 3(0.8)
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cortical width values are decreased significantly
in women of the same age group.

Horner and Devlin® have shown that the pan-
oramic mandibular index can be used for evalua-
tion of osteoporosis status. According to Benson
et al,” mean panoramic mandibular index val-
ues increase in the elderly. Recent studies about
PMI values that have been performed primarily
on women have found PMI values between 0.31-
0.38,'52535 which are higher than the mean value of
0.27 found in our study. Horner and Devlin? sug-
gested that the PMI has no significant advantage
over the MCW, whereas Drozdzowska et al?’ con-
cluded that the PMI might be used as an indicator
of bone mineral changes when PMI values devi-
ate markedly from the mean PMI of the popula-
tion. However, as panoramic indices were usually
evaluated on women,%?32% data related to differ-
ences between genders were limited. In the pres-
ent study, the cut-off value for the PMI was 0.30,
and while the mean PMI value was 0.34 on men,
it was 0.27 on women. It may be supposed that
the reason for the differences between genders is
that women more often have osteoporosis. There
was a significant difference between females and
males for PMI values. However, while the mean
panoramic mandibular index value was 0.27 on
patients with osteoporosis, this value was 0.32 on
patients without osteoporosis.

Knezovic -Zlataric et al* found no difference in
the distribution of women and men between MCI
categories C2 and C3. Knezovic -Zlataric et al*
also reported that the age-related distribution of
MCI showed an age-related increase in the num-
bers of individuals with C3 cortex appearance, and
a significantly higher incidence of women who had
C3 cortexes in an older age group. In the present
study, MCI values were significantly affected by
gender, as 68.5% and 2.8% of women had erod-
ed mandibular cortex (C2 and C3], respectively,
whereas only 21.8% and 0% of men had eroded
mandibular cortex (C2 and C3), respectively, and

Table 6. Dental status on patients with and without osteoporosis.

With osteoporosis ~ Without osteoporosis

n (%) n (%)
Dentate 12 (9.5) 45(12.5)
Partially dentate 70 (55.6) 252 (69.8)
Edentulous 44 (34.9) 64(17.7)
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only women were in category C3. In the study by
Yizlgullu et al,® 25% and 75% of women over 60
years had eroded mandibular cortex according to
categories C2 and C3, respectively. The difference
between the two studies is attributed to different
sample sizes.

Some studies have found that low bone mineral
density is related with high MCl values (C3), which
can be extrapolated to clinical practice.122229.34-3¢
In the present study, 3.2% of patients with osteo-
porosis had category C3, and 71.4% of patients
with osteoporosis had Category C2. No males
were in category C3, but 93.7% of the patients with
osteoporosis were women, which may be the rea-
son why C3 consisted of only women.

Some studies have evaluated the interactions
of radiomorphometric indices with dental sta-
tus.4173% A study by Ledgerton et al® showed a
significant relationship between dental status and
the MCW, PMI, and MCI indices. In another study
by Uysal et al®” MCI was found to be significantly
affected by the status of dentition. Gulsahi et al”
found that one of the most important parameters
affecting MCI was dental status. Contrary to the
foregoing studies, a study by Dutra et al* found no
significant association between dental status and
MCW. The study by Gulsahi et al’” demonstrated
that edentulous patients with osteoporosis may be
identified with sufficient diagnostic efficacy by use
of the MCI and MCW, but not by use of the PMI. In
addition, Drozdzowska et al? studied 30 healthy,
postmenopausal, edentulous women divided into
normal, osteopenic, and osteoporotic groups and
found no significant difference in the mean PMI.
In our study, there was a significant difference for
MCW and PMI values according to dental status,
as the MCW and PMI values of edentulous patients
were significantly lower. Dental status was also
significantly different for categories of MCIl. Most
of the patients who were in categories C1, C2, and
C3 (55.6%, 43.2%, and 1.2%, respectively) were
partially dentate. Edentulous patients appeared
to have higher values for categories of MCI. Most
patients who were in Category C3 were partially
dentate. These results supported the hypothesis
that the lack of full occlusion causes insufficient
occlusal forces to be projected to the mandible,
which may affect the mandibular cortex, result-
ing in higher MCI values.*” However, because the
mean age of the study population was 67.93 years
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and because reduction of bone mass density is as-
sociated with age (especially in women]), as well
as decreased mean mandibular cortical width val-
ues, the higher MCl values in women were the ex-
pected result.

CONCLUSIONS

We have described a statistical relationship be-
tween osteoporotic status and radiomorphometric
indices (MCW, MCI, PMI}, as linked to dental status
and gender. In conclusion, our study showed that
there were statistically significant differences ac-
cording to gender and dental status in the MCW,
MCI, and PMI values between patients with and
without osteoporosis.
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