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Introduction:-

In many phases of prosthetic dentistry, healthy alveolar bone with normal regenerative capacity is essential for a
successful treatment outcome. It is important to know the quantity and quality of bone in the jaws when planning
prosthetic and pre-prosthetic surgical treatment. The residual ridge influences gingival esthetics and pontic
dimensions® for fixed partial dentures; it provides support and stability for removable partial dentures and complete
dentures; and the underlying bone is a prerequisite for the placement of oral implants. Resorption of residual ridges
is a complex biophysical process  and is widely recognized as one of the most important factors affecting denture
support, retention, stability and masticatory function in edentulous patients.?

Reduction of the residual alveolar ridges could be described as a resorptive atrophy, a physiologic reaction to loss of
function and inactivity.*After dental extractions, the residual alveolar bone undergoes a period of accelerated
resorption for about 10 weeks, followed by a slower, but progressive resorption thereafter.>® Due to its progressive
nature, the height of the alveolar ridge and basal bone will decrease,®” resulting in alveolar ridge bone loss as great
as 1 mm per year in complete denture wearers.>® Loss of alveolar bone from an edentulous ridge is more
pronounced in the mandible than the maxilla, ™ particularly in the early 3 months of post extraction period.*"*?

Age related mandibular bone loss may be due to general thinning and increased porosity of the mandibular cortex.
Bone loss occurs more rapidly in the premolar and molar regions of the edentulous mandible, compared to the
anterior region. Therefore, bone resorption of the basal bone is more frequent in this region.**Most state that women
have more advanced bone loss than men, but some have not found such a difference.**®

Previous investigations on the effects of radiomorphometric indices and alveolar bone loss (ABL) have focused
primarily on partially or completely dentate women.'”**Accordingly, it is logical to assume that a possible
relationship exists among bone loss, radiomorphometric indices, and edentulism. The panoramic projection
(pantomograph) is a commonly used radiographic view in all disciplines of dentistry, methods of quantifying
alveolar bone loss on panoramic films is of great value, particularly in clinical studies.?’Several authors have
attempted to measure and quantify mandibular alveolar bone loss radiographically, most of these studies have used
lateral cephalometric radiographs.?? However, the use of lateral cephalograms for this purpose may involve a
fairly large error.?2

A number of qualitative and quantitative indices, including the mandibular cortical index (MCI), mandibular cortical
width (MCW), or panoramic mandibular index (PMI), have been used to assess bone quality and to observe signs of
resorption on panoramic radiographs.*¢*°

In light of these observations, the purpose of this study is to investigate the influence of age and gender on the
mandibular cortical index, panoramic mandibular index, and mandibular cortical width, as well as alveolar bone loss
and bone height using panoramic radiographs of edentulous patients.

Materials and Method:-
Source of data: Subjects with completely edentulous maxillary and mandibular ridges in the age group of 50 to 80
years visiting the Department of Prosthodontics at M R Ambedkar Dental College & Hospital, Bengaluru.

Method of collection of data:-
The study consists of 75 individuals in the age group of 50 to 80 years which are divided into 2 groups i.e., <60 and
>60 years. Intraoral examination was performed for selection of study subjects.

Inclusion criteria:-

1. Completely edentulous subjects without root stumps.
2. Subjects without any systemic illness.

Exclusion criteria:-

1. Subjects suffering from diabetes.
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2. Previous history of usage of dentures.
3. Subjects suffering from endocrine disorders.

A written consent was obtained from the subjects selected to be a part of the study and they were explained in detail
about the procedure which was carried out. Each subject was made to stand comfortably and the patients maxillary
and mandibular jaws were placed within the focal trough of the digital panoramic machine stably and digital
panoramic radiographs were obtained. All panoramic images were made with the same digital panoramic
radiography unit i.e. Kodak 8000 c digital and cephalometric system (Made in France - 2006).

Gender and age were recorded for each patient. Linear measurements on panoramic images were made using
imaging software i.e., TrophyDicom at a correction for 1.27 % magnification. The total duration of study was 1 year
6 months.

The measurements for radiomorphometric indices which included mandibular cortical index (MCI), mandibular
cortical width (MCW), panoramic mandibular index (PMI), as well as alveolar bone loss (ABL) and heights in the
first premolar and molar region (Hp and Hm) were performed.

Mandibular cortical index (MCI):-

Mandibular cortical index (MCI) refers to the inferior mandibular cortical thickness and is categorized into the
following 3 groups according to the criteria described by Klemettiet al.*’:

C1: the endosteal margin of the cortex is even and sharp on both sides

C2: the endosteal margin shows semilunar defects (lacunar resorption) and/or seems to form endosteal cortical
residues on one or both sides and

C3: the cortical layer forms heavy endosteal cortical residues and is clearly porous.

Mandibular cortical width (MCW):-

Mandibular cortical width is the measurement of the cortical width at the mental foramen region and is assessed
according to the technique described by Ledgertonet al.®® in which the mental foramen is identified and a line is
traced which passes perpendicular to the tangent of the lower border of the mandible and through the center of the
mental foramen. The cortical width is measured at this point.

Panoramic mandibular index (PMI):-
The Panoramic mandibular index (PMI) as described by Benson et al." is the ratio of the thickness of the
mandibular cortex to the distance between the mental foramen and the inferior mandibular cortex.

|.29

Alveolar bone loss (ABL):-

Alveolar bone loss® (ABL) of the mandible is the ratio of the radiographic mandibular total bone height to the
height from the center of the mental foramen to the inferior border of the mandible. The mandibular total bone
height (TBH) and basal bone height (BBH; height from the centre of the mental foramen to the inferior border of the
mandible) at the site of the mental foramen were measured bilaterally. Mean TBH/BBH ratio on both sides was
defined as the degree of alveolar bone loss of the mandible.

Heights in the first premolar and molar region (Hp and Hm):-

Heights in the first premolar and molar region were measured according to measurement locations described by
Guleret al.*® i.e., by drawing a line tangential to the most inferior points at the mandibular angle and the lower
border of the mandibular body. Horizontal lengths of the mandible were measured parallel to the tangent at 10 mm
above the lower border of the mandible. According to results from the dentate subjects, the first premolar and the
first molar were located approximately 35 and 55%, respectively, of the length of the mandibular body from the
midline. The measurements Y1 (midline), Y2 (mandibular first premolar) and Y3 (mandibular first molar) were
vertical distances from the interior border of mandible to the alveolar crest.

Statistical Analysis:-

The obtained data will be calculated and subjected to relevant statistical analysis using chi-square and 2-way
ANOVA tests for proportions.
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Figure 2:- C1 Category of Mandibular cortical Index (MCI)
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Figure 4:- C3 Category of Mandibular cortical Index (MCI)
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System|

Figure 6:- Panoramic Mandibular Index (PMI)
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Figure 7:- Alveolar Bone Loss (ABL)

Fig 8:- Heights in the first premolar (Y1) and molar region (Y2)

Results:-

In the present study, digital panoramic radiographs of subjects with completely edentulous maxillary and mandibular
ridges in the age group of 50 to 80 years were studied to investigate the influence of age and gender on the
mandibular cortical index, panoramic mandibular index, and mandibular cortical width, as well as alveolar bone loss
and bone height in first premolar and molar region.

Of the 75 patients, 32 (42%) were men and 43 (57.3%) were women. Only 2 categories of MCI (C2 and C3) were
detected. The association between MCI and age group was not statistically significant in males (P>0.05).
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In females, the association between MCI and age group was found to be statistically significant (P<0.01). Females in
<60 years age group were found to be more associated with C2 whereas females in >60 years age group were found
to be more associated with C3. (Table No. 1 and 2)

The difference between males and females with respect to mean MCW is found to be statistically significant
(P<0.001) indicating that gender is a significant factor influencing MCW. However, age group is not a significant
factor influencing MCW (P>0.05) and the interaction (joint effect) of gender and age group on MCW is not
statistically significant (P>0.05). (Table No. 3 to Table No.7)

Neither gender nor age group or the interaction of gender and age group are found to be significantly influencing
PMI. (Table No. 3 to Table No.7) Statistically significant difference is observed between males and females with
respect to alveolar bone loss. The difference between the two age groups is also found to be statistically significant
in females but not in males. (Table No. 3 to Table No.7)

Statistically significant difference is observed between males and females with respect to mean height of premolar
(P<0.01). The difference between the two age groups is also found to be statistically significant (P<0.01). But the
interaction of gender and age group on height of premolar is not statistically significant (P>0.05). This shows that
gender and age group individually influence the height of premolar. (Table No. 3 to Table No.7)

Statistically significant difference is observed between males and females with respect to mean height of molar
(P<0.01). The difference between the two age groups is also found to be statistically significant (P<0.01). But the
interaction of gender and age group on height of molar is not statistically significant (P>0.05). This shows that
gender and age group individually influence the height of molar. (Table No. 3 to Table No.7)

Table 1:- Comparison of Age group and MCI

Gender Age group C2 C3 Total X° P Value
n % n %
Male <60 yrs 7 78 2 22 9
> 60 yrs 11 48 12 52 23 2.358 0.125
Female <60 yrs 14 88 2 13 16
> 60 yrs 9 33 18 67 27 11.848 0.001*

*de notes significant association

Table 2:- Distribution (%) of mandibular cortical index (MCI) classifications (category C2, mild erosions; category
C3, severe erosions on endosteal margin of mandible)according to Age and Gender.

Males C2 (in %) C3 (in %)
60 years 78 22
> 60 years 48 52
Females C2 (in %) C3 (in %)
60 years 88 13
> 60 years 33 67
Table 3:- Mean of various parameters according to Gender.
Parameter Gender Mean SD Median Min Max
MCW Male 4.23 0.67 4.15 2.80 5.50
Female 3.51 0.85 3.60 2.00 4.80
PMI Male 0.31 0.04 0.31 0.22 0.40
Female 0.29 0.06 0.28 0.17 0.48
ABL Male 1.89 0.20 1.83 1.60 2.40
Female 1.99 0.06 1.99 1.81 2.08
Height of Male 25.93 3.00 26.20 17.10 31.00
Premolar Female 23.28 3.31 23.00 16.00 28.50
Height of Male 24.43 3.07 24.90 14.30 29.50
molar Female 22.15 3.23 21.90 14.70 27.70
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Table 4:- Mean of various parameters according to Age group

Parameter Age group Mean SD Median Min Max
MCW <60 yrs 3.99 0.78 4.10 2.00 5.50
> 60 yrs 3.73 0.88 3.85 2.00 5.50
PMI <60 yrs 0.31 0.05 0.29 0.17 0.42
> 60 yrs 0.30 0.06 0.29 0.17 0.48
ABL <60 yrs 1.97 0.09 2.00 1.80 2.08
> 60 yrs 1.90 0.15 1.91 1.60 2.40
Height of <60 yrs 25.70 3.04 26.40 16.00 29.70
Premolar > 60 yrs 23.76 3.45 24.40 17.10 31.00
Height of <60 yrs 24.47 2.93 25.10 14.70 28.30
Molar > 60 yrs 22.45 3.36 23.10 14.30 29.50
Table 5:- Mean value of various parameters according to age group within Males
Parameter Age group Mean SD Median Min Max
MCW <60 yrs 4.38 0.63 4.20 3.40 5.50
> 60 yrs 4.17 0.69 4.10 2.80 5.50
PMI <60 yrs 0.31 0.03 0.31 0.26 0.37
> 60 yrs 0.31 0.04 0.31 0.22 0.40
ABL <60 yrs 1.96 0.12 2.03 1.80 2.06
> 60 yrs 1.86 0.22 1.81 1.60 2.40
Height of <60 yrs 27.22 2.34 26.70 22.40 29.70
Premolar > 60 yrs 25.42 3.12 25.60 17.10 31.00
Height of <60 yrs 25.97 2.03 25.80 21.70 28.30
Molar > 60 yrs 23.83 3.24 24.40 14.30 29.50
Table 6:- Mean value of various parameters according to age group within Females
Parameter Age group Mean SD Median Min Max
MCW <60 yrs 3.78 0.78 3.95 2.00 4.70
> 60 yrs 3.35 0.86 3.50 2.00 4.80
PMI <60 yrs 0.31 0.06 0.29 0.17 0.42
> 60 yrs 0.28 0.06 0.27 0.17 0.48
ABL <60 yrs 1.99 0.07 1.99 1.81 2.08
> 60 yrs 1.95 0.05 1.93 1.81 2.01
Height of <60 yrs 24.84 3.12 25.95 16.00 28.30
Premolar > 60 yrs 22.35 3.12 23.00 17.30 28.50
Height of <60 yrs 23.63 3.07 24.60 14.70 27.20
Molar > 60 yrs 21.28 3.04 21.60 16.80 27.70
Table 7:- Effect of Age & Gender on different parameters
Parameter Factor Sum of squares Mean F P value
MCW Gender 7.940 7.940 13.371 <0.001*
Age group 1.569 1.569 2.641 0.109
Gender*Age Group 0.182 0.182 0.306 0.582
PMI Gender 0.003 0.003 1.057 0.307
Age group 0.001 0.001 0.389 0.535
Gender*Age Group 0.002 0.002 0.818 0.369
ABL Gender 0.024 0.024 1.287 0.260
Age group 0.076 0.076 4.135 0.046
Gender*Age Group 0.012 0.012 0.665 0.047
Height in | Gender 116.892 116.892 12.653 0.001*
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premolar Age group 72.437 72.437 7.841 0.007*
Gender*Age Group 1.824 1.824 0.197 0.658

Height in molar | Gender 94.429 94.429 10.382 0.002*
Age group 78.947 78.947 8.680 0.004*
Gender*Age Group 0.182 0.182 0.020 0.888

*de notes significance

Graph 1:- Distribution of Males according to Mandibular Cortical Index (MCI)
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Graph 2:- Distribution of Females according to Mandibular Cortical Index (MCI)
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Graph 3:- Estimated marginal means of Mandibular Cortical Width (MCW)
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Graph 4:- Estimated marginal means of Panoramic Manibular Index (PMI)
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Graph 5:- Estimated marginal means of Alveolar Bone Loss (ABL)
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Graph 6:- Estimated marginal means of Height in Premolar (Hp)
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Graph 7:- Estimated marginal means of Height in Molar (Hm)
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Discussion:-

The present study provides new findings on the effects of age and gender on radiomorphometric indices, ABL and
bone heights in the first premolar and molar region, all in a group of completely edentulous individuals. Alveolar
atrophy after the removal of teeth and the presence of tooth components in both the upper and lower jaws of
edentulous patients has always been topics of discussion for dentists. This study attempted to assess the diagnostic
validity of panoramic radiomorphometric indices to investigate the influence of age and gender on the mandibular
cortical index, panoramic mandibular index, and mandibular cortical width, as well as alveolar bone loss and bone
heights in the first premolar and molar region as all these factors have implications on treatment planning, with
special regard to reconstructive procedures, subsequent implant treatment, and removable complete dentures.

Previous studies showed that minor anteroposterior shifts and tilts are associated with small variations (less than
2%) in vertical measurements. In the present study, all measurements were reduced to the original size of the
mandibular features, according to the magnification of the panoramic machine used i.e., at correction of 1.27%
magnification. This compensation allowed for comparison with other studies, because different panoramic machines
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have different magnification factors. Additionally, a study®® showed that mandibular angular measurements in
panoramic radiographs revealed a high degree of accuracy when proper patient positioning was achieved.

Recent studies'®*" indicate that dental panoramic radiography may be one of the tools for detecting a high risk of
osteoporotic fracture. In light of these observations, this study attempted to investigate the influence of age and
gender on the radiomorphometric indices which included mandibular cortical index, panoramic mandibular index,
and mandibular cortical width, as well as alveolar bone loss and bone height using panoramic radiographs of
edentulous patients.

Mandibular Cortical Index (MCI):-

MCI is a simple, qualitative, 3-point index with fairly good reproducibility. In the present study, only C2 and C3
categories were observed in the study group of edentulous patients. This may be attributable to the fact that the
group of selected patients was relatively older, in comparison to the age of *, when the first signs of bone loss start
to manifest radiographically.®

The association between MCI and age group was not statistically significant in males. However in females, the
association between MCI and age group was found to be statistically significant. Females in <60 yrs age group are
found to be more associated with C2 whereas females in >60 yrs age group are found to be more associated with C3.
The result in the present study was found to be in accordance with the study carried out by Knezovic Z et al.* which
stated that the age-related distribution of MCI showed an age-related increase in the numbers of individuals with C3
cortex appearance, and a significantly higher incidence of women who had C3 cortexes in an older age group and no
difference was found in the distribution of men and women between MCI categories C2 and C3.

In the study conducted by Yuzugullu B et al.>* (2009) only 2 categories of MCI (C2/56.4% and C3/43.6%) were
detected. There were no significant differences in C2 and C3 categories of MCI between age groups in men.
Category C2 was more frequently seen in age groups of <60, and category C3 was more frequently observed in age
groups of >60 in women. When compared to our study the MCI categories were found to be similar to the above
study. However, Taguchi et al.* identified a far greater proportion of C1 cortices in their study of 124 Japanese
women in a broad age band (33 * 68 years). This may reflect ethnic differences or a difference in the interpretation
of the definitions of the MCI groups.

Mandibular Cortical Width (MCW):-

In the present study, the difference between males and females with respect to mean Mandibular cortical width is
found to be statistically significant (P<0.001) indicating that gender is a significant factor influencing MCW. It was
found that mean MCW values did not change as age increased in men, the mean MCW values decreased
significantly with age in women. The results in the current study for the mean values of MCW demonstrate an age-
related decrease in women which was in agreement with the results reported by previous studies.®®*+>*

The results by Knezovic Z et al.* suggested a general decrease of MCW for both genders until the age of 75, when
the values begin to decrease sharply for women compared to men. No differences with dental status were assessed.
In another study by Robert et al.> there was pattern of decrease in mandibular cortical width in women after the age
of 42.5 years and in men there was slow linear decrease in MCW after age of 36 years. Only a few studies****>*have
evaluated the changes in MCW for men. The present study revealed that men showed a stable profile concerning
MCW values, irrespective of an increase in age.

PMI (Panoramic Mandibular Index):-

Horner and Devlin®" have shown that the panoramic mandibular index can be used for evaluation of osteoporosis
status however, he also suggested that the PMI has no significant advantage over the MCW whereas, Drozdzowska
et al.** concluded that the PMI might be used as an indicator of bone mineral changes when PMI values deviate
markedly from the mean.

| 29 29,38

According to Benson et al.™ mean panoramic mandibular index values increase in the elderly. Previous studies
about PMI values that have been performed primarily on women have found PMI values between 0.31 to 0.38 which
are higher than the mean value of 0.27 to 0.29 found in present study. These differences may not only be due to
ethnic origins, but may arise due to the inclusion of partially edentulous patients, in addition to completely
edentulous individuals. The present mean PMI values for edentulous patients agree with those of Gulsahiet al.>? who
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reported mean PMI values of 0.30, 0.32, and 0.22 for C1, C2, and C3 categories, respectively, in a large, mixed,
study population. In the present study the mean PMI values for women were found to be 0.27 to 0.29 and for men it
was 0.31 which was in accordance with the studies done by Yuzugullu B et al.>* and Estin et al.*’

Alveolar bone loss (ABL):-

In the present study the alveolar bone loss in the edentulous mandible was more pronounced in women than in men.
Ortmanet al.”® and Baat et al.*® reported similar results. Similarly in the study done by Humphries et al.?® it was
found that the age of the subject had a significant effect on residual alveolar ridge resorption in women, but not in
men. Some clinicians have observed that alveolar ridge reduction occurs quickly following the menopause and is
accompanied by a more generalized skeletal osteoporosis. However according to study done by Yuzugulluet al.>* it
was found that ABL was not affected by age according to gender. This finding was in agreement with the results of
Soikkonenet al.** who concluded that in both genders, ABL does not increase significantly with age but in a study
done by Cagri et al.*® it was found that the decrease in the height of the edentulous mandible was more pronounced
in women than in men. This may be due to the reason that in postmenopausal women, deficiency of estrogen
hormone accelerates skeletal bone loss and may result in rapid alveolar bone resorption.®

Height in premolar and Molar region (Hp and Hm):-

In the present study the measurement value of the mandible at first premolar and first molar regions were greater in
men than women, which was in agreement with Guler et al.*®and Saglam.“’ Residual ridge resorption is usually more
rapid in the premolar and molar region than the anterior region of the mandible because of the lower position of the
reversal line in the posterior region.** The reversal line on the lingual side occurs along the mylohyoid ridge, which
is the limit between the resorptive alveolar field and depository field of the basal bone.™

However Yuzugullu et al.>* also evaluated the heights in premolar and molar region and concluded that the heights
were similar in men and women, in contrast to the findings of Guler et al.*® who found that measurements of vertical
height in the edentulous women were lower than that of the men which may be due to parameters such as general
health, denture wearing habits, nutrition, or medication intake were not included, which may have affected the
outcome related to gender. According to the results of Xieet al.*®and Mercier'® the most pronounced percentage
reduction in total height of the mandibular body was found at the first premolar and first molar sites. In the present
study, the findings related to the edentulous mandible were similar to these studies although no comparison was
made between dentate and edentulous mandible.

Conclusion:-

1. Category C3 of the mandibular cortical index, in which the cortical layer forms clearly porous heavy endosteal
cortical residues, was more frequently seen in women over 60 years in age whereas, Category C2 was more
frequently seen in women below 60 years. However the association between MCI and age group was not
statistically significant in males.

2. The values of mean cortical width (MCW) at the mental foramen region decreased significantly with age in
women (P<0.001).

3. The ratio of the thickness of the mandibular cortex to the distance between the mental foramen and the inferior
mandibular cortex (PMI), was not affected by gender or age.

4. In the present study the measurement value of the mandible at first premolar and first molar regions were
greater in men than women.

5. Inthis study the alveolar bone loss in the edentulous mandible was more pronounced in women than in men.
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