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Abstract
Radiographic Mandibular Indices are easy and relatively cheap tools for evaluating bone mineralization.

Objectives: To examine the effect of age and gender on three mandibular indices: the panoramic mandibular index (PMI), the mandibular
ratio (MR) and the mandibular cortical index (MCI), among the Libyan population.

Methods: the three indices were measured on 317 digital (OPGs) of adult humans (155 males, 162 females). The sample was divided into six
age groups (from 18-25 years to 56 65 years). The measurements were analyzed for interactions with age and sex, using SPSS (Statistical Package
for Social Studies) software version no. 22. The tests employed were one-way ANOVA, the unpaired T-test and the chi-square test.

Results: The mean PMI fluctuated between 0.37 (S.D. 0.012) and 0.38 (S.D. 0.012) among the sixth age groups. One-way ANOVA statistical
test revealed no significance of age on PMI. On the other hand, gender variation affects PMI, since an independent sample t-test disclosed that the
difference between the means of the males’ and females’ PMI was statistically significant (P < 0.05). ANOVA test showed that the means of MR
among age groups showed a negative correlation i.e. MR mean declined from 3.01 in the 18-25 age group to 2.7 in the 55-65 age group. On the
contrary, gender showed no effect on MR according to the unpaired t-tests at p> 0.05. In regards to MCI, statistical analysis showed that it was
affected by age that is C1 was decreased by age while C2 and C3 were increased by age. Using the chi-square test, the result indicated that there
is a significant difference among the different age groups and the two genders in MCI readings.

Conclusion: Females have a higher PMI than males, but age does not influence PMI. Females have higher MR than males, and it is negatively
affected by age. MCl is affected by both age and gender.

Keywords: Radiographic indices; Panoramic mandibular index; Mandibular ratio; Mandibular cortical index

Abbreviations: PMI: Panoramic mandibular index; MR: Mandibular ratio; MCI: Mandibular cortical index; BMD: Bone Mineral Density; DXA:
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Introduction

capable of regeneration and rebuilding, is a crucial factor in
successful results in almost all dental treatments [6]. For example,
healthy and sound jaws with a minimal requirement of quantity
and quality of bone are a prerequisite for planning dental implants,
orthodontic implants, prosthodontic replacements, and pre-
prosthodontic surgical preparations [7]. Hence evaluation of bone
quality and quantity or density and mineralization should be done
before dental services. Several factors can influence bone density
and mineralization, such as genetics, age, gender, and metabolic
diseases. Osteoid disorders can be manifested in the bone of the
mandible, such as osteoporosis which can be detected by studying
the status of bone tissues of the mandible [8,9]. Osteoporosis is the

In humans and vertebrae, osteoid tissue represents the scaffold
with which the body can stand. In addition, it is the main reservoir
of calcium and growth factors and cytokines that are essential for
well-being [1,2]. To fulfil these functions, bone undergoes lifelong
remodeling, a physiologic phenomenon of breakdown and buildup
[3]- Remodeling of the osseous tissues enables the bones to cope
with all mechanical physiologic demands such as chewing in
the case of the mandible. For healthy sound bone, the two parts
of remodeling (resorption and apposition) must be in balance
otherwise bone cannot be able to withstand the physiologic
demands of the organ [4,5]. Healthy osteoid tissue, which is
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most common metabolic abnormality affecting bones; it is defined
as a skeletal disorder characterized by low bone mass and micro-
architectural deterioration of bone tissue leading to bone fragility,
and risking bone fracture [1]. At about the age of 30 years, bone
mass reaches its peak, nevertheless to a greater extent in males
than females. But with age, bone density decreases especially
during the postmenopausal period in females [10].

For the evaluation of bone density and defect detection in the
osteoid tissues, there are several ways applied, including Bone
Mineral Density (BMD) that is applied by using dual-energy x-ray
absorptiometry (DXA) [11]. On the other hand, some indices are
applied on the Otrthodpantographic (OPG) such as the Panoramic
Mandibular Index (PMI), Mandibular Ratio, and Mandibular
Cortical Index (MCI) [12-15]. Dhandapani K and Mariamichael
A [16], using mandibular indices, concluded that bone density is
influenced by age and gender. The older the fewer bone minerals
are found in the mandible, and females show less bone density in
the mandible than males. Magat G and Sener O [17] demonstrated
that age and gender affect the remodeling of the gonial, antigonial,
and ramus regions. This remodeling influenced specific areas
in the mandible. Esin Hastara H. et.al. [18] found statistically
significant differences between the Mandibular Cortical Index
(MCI) and the Panoramic Mandibular Index (PMI) values when
gender is used as an independent variable. This study aimed to

evaluate the effect of age and gender on bone density using three
indices that are Panoramic Mandibular Index (PMI), Mandibular
Ratio (MR), and Mandibular Cortical Index (MCI).

Material and Method
Assessment indices

The following indices were used: Panoramic mandibular
index (PMI) which is the ratio of “CI” to “h”; (PMI) = (V/,, where
CI is the length in mm of the mandibular cortex measured in a
line perpendicular to the lower border of the mandibular at the
mental region (Figure 1, A); and “h” is the length of the vertical
line that extends perpendicularly between the lower border of the
mandibular cortex and the inferior rim of the mental foramen [19]
(Figure 1, B). Mandibular ratio (MR) is the ratio of the mandibular
height symbolled as “H” to the “h”. The mandibular height (H) is
the distance between the upper and lower borders of the mandible
at the mental region (MR) = "/ ) [20] (Figure 2). Mandibular
cortical index (MCI) is a qualitative measure that assesses the
demarcation between cortical and spongy bone. MCI is graded
into three grades: C1 when the cortical bone edge is identified
from the spongy bone (Figure 3, a), and C2 when the cortical bone
edge is not a continuous line and shows fragmentation. (Figure 3,
b), and C3 when the end of the cortical bone cannot be detected
because of the heavy porosity of the cortical bone, (Figure 3, c).

e N
A: ©f, mandibular cortex B: A, a line extends between the lower border of
the mandibular to the mental foramen
Figure 1: (A) Mandibular cortex and (Cl),
L (B) distance between lower border and mental foramen (h). )
e N
L Figure 2: Mandibular ratio (MR) = H/h. )
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Figure 3: The Mandibular cortical index (MCI): a qualitative measure that assesses the demarcation between cortical and spongy
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Method of Sampling and Software Assessment

The sample (OPGs of dental patients) was retrieved from
several public and private dental clinics in Benghazi, Libya for
three years from January 2022 to November 2024. Initially,
975 OPGs were examined, but 24 OPGs were excluded after the
inclusion and exclusion criteria were applied. Exclusion of the
24 OPGs was done if distortion, artefact, haziness, or errors in
OPG were found and if the patient was medically compromised
such as diabetes mellitus, hormonal upset, and bone diseases.
OPGs were loaded on the investigator’s personal computer using
Digora® software to calculate the Panoramic Mandibular Index
(PMI) and the Mandibular Ratio (MR). In contrast, the Mandibular
Cortical Index (MCI) assessment was done qualitatively. Statistical
analysis: The Statistical Package for Social Studies (SPSS) IBM®
software Version 27 was used to calculate and analyze the results.
The unpaired t-test was used to compare PMR and MR means
among the two genders. The One-way ANOVA test was used to
assess the effect of age on the PMR and MR. Correlation coefficient
(r) was used to evaluate the association between the age and the
two indices. The Chi-square test was applied to assess the effect of
age and gender on MCI.

Results
The sample

Out of 951 OPGs, 486 were for Females (51.1%), and 465 were
for males (48.9%). The sample’s average age was 40.71, and the
S.D. was 14.35 (Table 1) (Figure 4).

Table 1: Frequency distribution of the two genders in the sample.

Gender Frequencies %
F 486 51.1
M 465 48.9
Total 951 100.0

DOI: 10.19080/ADOH.2025.18.555983

Statistics of the indices

The Panoramic Mandibular Index (PMI) sample’s mean was
2.878 & S.D.=0.485. The mean PMI for females was 0.385 & S.D.
= 0.078 while the mean PMI for males was 0.363 & S.D. = 0.081
(Table 2). The Mandibular ratio (MR) sample’s mean was 2.877,
and S.D. = 0.485. The mean of MR for females was 2.92, and S.D.
= 0.52, while the mean of MR for males was 2.83, and S.D. = 0.44
(Table 2). Regarding the Mandibular Cortical Index (MCI), Class C1
of MCI was found in 350 OPGs, 218 for females and 132 for males;
the class of MCI was found in 356 OPGs, 155 for females and 201
for males; and C3 class of MCI was found in 245 OPGs, 113 for
females and 132 for males (Table 3) (Figure 5).

Table 2: Statistics of MPIl and MR.

Sample’s Mean s.d. | Males’ mean s.d. | Females’ mean s.d.
MPI 0.375 0.363 0.385
0.080 0.081 0.078
MR 2.877 2.831 2919
0.4850 0.440 0.521
Table 3: Statistics of MCI.
Cc1 c2 c3 Total
F 218 155 113 486
M 132 201 132 465
Total 350 356 245 951

Influence of age

i. The Panoramic Mandibular Index (PMI): The ANOVA
test resulted in statistically insignificant differences between
the six age groups’ means of PMI (f=2.152, p = 0.057) (Table 4).
Moreover, no statistically significant correlation existed between
age (not grouped) and PMI (r =0.040, p = 0.222 (Table 5).
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ii. The Mandibular ratio (MR): The ANOVA test resulted iii. Mandibular Cortical Index (MCI): Table 6 shows a
in statistically significant differences between the six age groups’
means of MR (f=6.443,p <0.001) (Table 4). There was a statistically
significant negative correlation coefficient between the age and

MR (r = -0.159, p < 0.001) (Table 5).

(Chi sq.= 86.523, p< 0.001) (Table 7).

noticeable variability in the distribution of the three classes of
MCT among the six age groups. This variability was found to be
statistically significant according to the Person’s Chi-square Test

N=40,71 yrs,
5 0= 14351 yrs.
A=E51

Figure 4: Age distribution of the sample.
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Figure 5: MCI distribution among the two genders.

Table 4: means and standard deviations of PMI and MR in the six age groups.

Age Group Statistics PMI MR
<25 X 0.370 2.980

n 174 174
S.D. 0.085 0.464
26-35 X 0.366 2914

n 200 200

m How to cite this article: Mahfud F M. The Influence of Age and Gender on Panoramic Mandibular Indices. Adv Dent & Oral Health. 2025; 18(2): 555983.

DOI: 10.19080/ADOH.2025.18.555983



http://dx.doi.org/10.19080/ADOH.2025.18.555983

Advances in Dentistry & Oral Health

S.D. 0.084 0.480
36-45 X 0.380 2.848
n 212 212
S.D. 0.070 0.533
46-55 X 0.371 2.863
n 217 217
S.D. 0.076 0.460
56-65 Mean 0.393 2.849
n 110 110
S.D. 0.088 0.450
>65 X 0.366 2.516
n 38 38
S.D. 0.081 0.371
ANOVA f .2.152 6.443
P 0.057 0.000
Table 5: Correlation (r) output of PMI and MR vs. age.
age P MI MR
Pearson Correlation 1 .040 - 159-**
age Sig. (2-tailed) 222 .000
N 951 951 951
Pearson Correlation .040 1 438**
PMI Sig. (2-tailed) 222 .000
N 951 951 951
Pearson Correlation - 159-** 438 1
MR Sig. (2-tailed) .000 .000
N 951 951 951
**, Correlation is significant at the 0.01 level (2-tailed).
Table 6: Distribution of C1, C2, and C3 classes of MCl among the sex age groups.
Age groups C1 Cc2 Cc3 Total
<25 76 70 28 174
26-35 92 84 24 200
36-45 90 65 57 212
46-55 61 91 65 217
56-65 28 34 48 110
>65 3 12 23 38
Total 350 356 245 951
Table 7.
Value df Asymptotic Significance (2-sided)
Pearson Chi-Square 86.523° 10
Likelihood Ratio 88.371 10
N of Valid Cases 951
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Influence of gender

i. Panoramic Mandibular Index (PMI): the overall mean
of PMI was 2.878 & S.D.=0.485. The mean PMI for females was
0.385 & S.D. = 0.078 while the mean PMI for males was 0.363 &
S.D.=0.081 (Table 8). This difference between the means of PMI of
the two genders was statistically significant (t= -4.203 p< 0.001)
(Table 8).

ii. Mandibular ratio (MR): The overall mean of MR was
2.877,and S.D. = 0.485. The mean of MR for females was 2.92, and
S.D. = 0.52, while the mean of MR for males was 2.83, and S.D. =
0.44 (Table 8). This difference between the means of MR of the
two genders was statistically significant (t=-2.18, p=0.005) (Table
8).

iii. Mandibular Cortical Index (MCI): Class C1 of MCI
was found in 350 OPGs, 218 for females and 132 for males; the
class of MCI was found in 356 OPGs, 155 for females and 201 for
males; and C3 class of MCI was found in 245 OPGs, 113 for females
and 132 for males (Table 3) (Figure 5). This variability of the
distribution of the three MCI classes was statistically significant
(Chi sq.= 28.099, p< 0.001) (Table 9).

Table 8: Mean, Std. deviation of PMI and MR, the whole sample, and
the male and Female subgroups

Sex N Mean St.d' Pe- t Sig.
viation
Both 951 2.878 0.485
PMI M 465 0.363 0.0814
F 486 0.385 0.0781 | -4.203 P=0.000
Both 951 2.877, 0.485
MR M 465 2.831 0.440
F 486 2.919 0.521 -2.815 P=0.005

Table 9: Pearson Chi-Sq. test, and Fisher exact test results of MCI gen-
der distribution.

c1 c2 c3 Total | Chi-sq. Sig.
F 218 | 155 | 113 486
M 132 | 201 | 132 465 28.099 P =0.000
Total | 350 | 356 | 245 951
Discussion

It has been suggested that OPG is an easy diagnostic tool and
a cost-effective and reliable screening tool for studying the bone
mass density (BMD) of the jaws, particularly the mandible [21-
23]. The panoramic radiograph is a simple diagnostic tool that is
frequently used by dentists for patient management, and radio
morphometric indices applied on panoramic radiographs are
useful means for the evaluation of bone mineralization and bone

mass.
Influence of age
i. Panoramic Mandibular Index (PMI): According to this

study, age does not affect the PMI. The ANOVA test revealed no
statistically significant differences between the six age groups’

DOI: 10.19080/ADOH.2025.18.555983

means of PMI (f=2.152 P > 0.05) (Table 4). Furthermore, studying
the correlation between age (not grouped) and the PMI revealed
no association between the change in age and the values of PMI (r
=0.040 P > 0.05) (Table 5). This finding is consistent with Mostfa
et. al. [24] while it differs from others such as Eninang et al. [25]
and Bozdag G, and Sener S [26], who advocated that there is an
association between age and PMI. This variability in the results of
this study, in regards to age influence on PMI, can be attributed to
the differences in ethnicities, the target population and the sample
type, methods, and sample variations.

ii. Mandibular Ratio (MR): This study indicates that age
negatively affects the value of MR, in other words, the relative bone
height of the mandible declines with age. This finding was based
on the ANOVA test results which indicated significant differences
between the six age groups’ means of MR (f=6.443, p <0.001)
(Table 4). Also, it was based on the negative correlation coefficient
between MR and age (r = -0.159, p < 0.001) (Table 5). This
finding agrees with Drozdzowska B. et. al. [14], Goyushov S. et. al.
Hinagankar et. al. [27], Arthanari A et. al. [28] and others [5,16,29]
who concluded that older people have lowered quantitative
mandibular indices. The decrease in the values of MR can be
attributed to senile changes that take place in the dentoalveolar
apparatus and the mandibular body, such as lowered levels of
the alveolar process, bone loss due to dental extractions, and
the decrease in the bone mass and density. Nevertheless, this
study and other studies [14,30,31] found no effect of age on the
measurement (h) which is the distance between the mandibular
inferior margin and the lower margin of the mental foramen, in
other words, there was no significant correlation between the
two variables (r = 0.025, P= 0.448). While there is a significant
statistical correlation between (H) and age (r= 0.077 p= 0.017).
As a result of this behaviour of the nominator and dominator of
MR (H/h) under the influence of age, we can adopt the above-
mentioned explanation of the decrease of MR values as age
progresses.

iii. Mandibular Cortical Index (MCI): this study revealed
that age influences the distribution of MCT classes in different age
stages. [t showed that Class [ and Class II tend to be predominantin
younger age groups and decline with age, while Class III fluctuates
as age process, however, it tends to be more frequent in elderly
age groups than younger people Table 7. This variability was
statistically significant according to the Person’s Chi-square Test
(Chisq.=86.523, p< 0.001) (Table 7). Since Class I indicates sound
bone and healthy bone mineralization and Class III indicates
decreased bone density and bone demineralization, this finding
seems consistent with this fact. In other words, age affects the
bone density and mass negatively. These findings go well with the
findings of Keenan M] et al. [32-35] who indicated the negative
effect of age on bone density and mass.

Influence of gender

i. Panoramic Mandibular Index (PMI): the results
indicated that the PMI mean is higher in females than males the
statistically significant difference (t= -4.203 p< 0.001) (Table 8).
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This finding is consistent with conclusions revealed by Govindraju
P and Chandra P [36] who postulated that females’ MRI is higher
than that of males ow to the fact that the distance(h) which is the
vertical difference between the mandibular inferior cortex and
the lower mental foramen rim is less in females than males due
to skeletal morphological differences between the two genders
[24]. Though, Mostafa RA et al. [24] found no association between
gender and the PMI value. On the contrary, Hastar E, Yilmaz HH,
and Orhan H [18] revealed that Turkish males have a higher mean
PMI value than Turkish females, and he emphasized that this
difference is statistically significant. The difference between this
study’s findings and Master et. al’s findings could be due to the
difference in the sample which they selected. They investigated a
sample of Turkish elderlies (60-88 years) while our sample age
range was 18 to 75 years old.

ii. Mandibular ratio (MR): The females’ MR mean was
higher than the males’ mea, which were 2.92 and 2.877 respectively
(Table 8). This difference between the means of MR of the two
genders was statistically significant (t= -2.18, p=0.005) (Table 8).
This finding is in agreement with the finding of Drozdzowska B
et al. [14] who assessed the relation between mandibular bone
mineral density and mandibular indices revealing the mean value
of h in males was higher than females’ mean value, which reflects
the effect of gender on the MR ratio.

ii. Mandibular Cortical Index (MCI): The variability of
MCI classification frequency distribution in males and females
was statistically significant indicating an association between the
sex of the patient and MCI class (Figure 5) (Table 9). This agrees
with Haster E et al. [18] Uysal S’s [37], and Mordi et. al. [38] who
concluded that females have higher MCI than males. Nevertheless,
Mordi et al. [38] disvalued the importance of mandibular indices
in the detection of demineralization of the bone.

Conclusion

Females have a higher PMI than males, but age does not
influence PMI. Females have higher MR than males, and it is
negatively affected by age. MCl is affected by both age and gender.
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