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Abstract
Background. The mandibular cortical index (MCI) is a  measurement based on the visual assessment 
of changes in the morphology of the mandibular cortex on panoramic radiographs.

Objectives. The present study aimed to investigate age, gender, dental status (DS), occlusal function, and 
presence of torus mandibularis (TM) as variables that might have a possible effect on MCI.

Material and methods. A total of 381 patients (155 men and 226 women) aged 21–84 years (mean 
age: 43.8 ±14.5 years) were included in this study. Age, gender and DS were recorded for each patient. 
The occlusal function was evaluated using the Eichner index (EI). The presence of  tori was assessed by 
visual inspection and digital palpation. The MCI assessments were done based on Klemetti’s classification 
(C1–C3). Statistical comparisons were performed using the χ2 test, independent samples t-test and multi-
ple logistic regression analysis (p < 0.05).

Results. Significant differences were observed between the MCI categories regarding age, gender, DS, 
EI, and TM. The likelihood of the MCI categories C2 and C3 was increased in males (odds ratio (OR) 9.33; 
p < 0.001), when TM was absent (OR 2.73; p < 0.001), in EI Class B (OR 2.68; p = 0.027), and in the age 
group 50–70 years (OR 2.5; p = 0.018).

Conclusions. Morphological changes of  the mandibular cortical bone are related to gender, presence 
of TM, occlusal function expressed as EI, and age.
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Introduction
The skeletal system is a dynamic organ that under-

goes remodeling throughout life. With increasing age, 
bone resorption exceeds bone formation, leading to 
remodeling imbalance, which results in a  physiologi-
cal decrease in bone mass.1 Due to postmenopausal 
hormonal changes, in association with osteoporosis, 
women are more prone to lose mineralized bone com-
pared to men. The condition known as osteoporosis is 
a systemic skeletal disease characterized by low bone 
mass and micro-architectural deterioration of  bone 
tissue, leading to enhanced bone fragility and a conse-
quent increase in fracture risk.2

The evidence suggests that the jawbones of subjects 
with osteoporosis show reduced bone mass and altered 
morphology.3 Since morphological changes involving 
the cortical layers of the mandible are shown to be de-
pendent on age and mineral loss within the skeleton,4,5 
investigations of  the morphology of  the jawbones in 
relation to osteoporosis, based on panoramic radio-
graphs, are often done by evaluating the thickness 
and integrity of  the inferior mandibular cortex.6 The 
thickness of the inferior mandibular cortex at the men-
tal foramen region has often been measured directly 
(mental index) or as a  ratio of  the thickness divided 
by the distance from the mental foramen to the infe-
rior border (panoramic mandibular index). Erosions 
of  the inferior mandibular cortex are evaluated using 
the mandibular cortical index (MCI).

The mandibular cortical index, devised by Klemetti et al.,  
is a simple ordinal scale, based on the visual evaluation 
of  the mandibular cortex, and requires no measure-
ments or calculations.5 Studies have shown that MCI 
is significantly correlated with bone mineral density 
(BMD) in the hip, lumbar spine, femoral neck, and 
mandible.7,8

Tori and exostosis are common bony growths of the 
mandibular and maxillary bones, which are visualized 
predominantly in the 3rd decade of  life.9 Mandibular 
tori are usually bilateral, located at the canine-premo-
lar region, on the lingual aspect of the mandible, above 
the mylohyoid ridge. Previous studies suggest that 
bone metabolism might be involved in the develop-
ment of torus mandibularis (TM) based on the corre-
lations between the presence of tori and high BMD.10,11

Studies have reported associations between MCI 
and age, gender and the number of teeth.12–14 A signifi-
cant correlation between MCI and skeletal BMD has 
also been demonstrated.5,7 Based on the proposition 
that bone metabolism could play a role in the TM for-
mation, a  possible association between MCI and TM 
was suggested in this study. The aim of this study was, 
therefore, to evaluate age, gender, dental status (DS), 
occlusal function, and presence of TM as variables that 
might have a possible effect on MCI.

Material and methods

Selection of patients

The study was approved by the Non-Interventional 
Clinical Research Ethics Board of  Hacettepe University, 
Ankara, Turkey (No. 16969557-91). Written informed 
consent was obtained from all participants.

A total of 381 patients (155 men and 226 women) who 
visited the Department of Dento-Maxillofacial Radiology, 
Faculty of Dentistry, Hacettepe University between Janu-
ary and June 2015 for a complete oral examination were 
randomly selected for the study. The mean age of the pa-
tients was 43.8 ±14.5 years, ranging from 21 to 84 years.

All patients were over 20 years of  age and had been 
indicated for panoramic radiography. The exclusion cri-
teria comprised systemic diseases or the use of medica-
tions that affect bone metabolism, the presence of cancer 
with bone metastasis, and local pathologies that affect the 
evaluation of MCI or TM.

Procedures

After informed consent was obtained, patients un-
derwent a  clinical examination. The following data was 
recorded for each patient: age, gender, DS, the Eichner 
index (EI), and the presence or absence of  TM. Radio-
graphic analysis was performed in separate sessions after 
completing all clinical examinations.

Clinical examination

The existence of TM was evaluated on visual inspection 
and by means of a digital examination. Small thickenings 
or a questionable TM were considered as a normal lingual 
outline.

The dental status was recorded using a simple classifi-
cation system (third molars excluded): full dentition, par-
tial dentition (missing any teeth) and edentulous.12,13

The Eichner index was used to evaluate the occlusal 
function, which was determined by the number of func-
tioning posterior teeth. According to EI, there are 4 oc-
clusal supporting zones in the jaws, 2 in the molar region 
and 2 in the premolar region. An occlusal supporting 
zone must have at least 1 contact between a tooth and its 
antagonist in order to be counted. In this study, patients 
were grouped based on a modified version of EI15: Class A 
had contacts in 4 support areas; Class B in 1–3 areas or in 
the anterior area only; Class C, with few if any remaining 
teeth, had no contact in any area.

Radiographic analysis

The images were obtained from 2 panoramic X-ray 
units (Orthophos XG 5; Sirona Dental Systems GmbH, 
Bensheim, Germany, and Veraview IC5 HD; J.  Morita 
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Manufacturing Corp., Kyoto, Japan). The images were 
transferred to a digital archiving system (Turcasoft Soft-
ware, Ltd., Samsun, Turkey).

The panoramic radiographs were assessed by 2 oral 
radiologists. The morphology of  the inferior mandibu-
lar cortex was determined by observing both sides of the 
mandible distally from the mental foramen according to 
the criteria defined by Klemetti et al. (Fig. 1)5:
– C1: endosteal cortical margin even and sharp on both 

sides;
– C2: endosteal margin with semilunar defects (lacunar 

resorption) or endosteal cortical residues on one or 
both sides;

– C3: the cortical layer consists of heavy endosteal corti-
cal residues and is clearly porous.
For the intra- and inter-observer reliability, 40 samples 

were randomly selected and the MCI measurements were 
reassessed over a distance of 2 weeks.

Statistical analysis

The data was analyzed using the IBM SPSS Statistics 
v. 17.0 (IBM Corp, Armonk, USA) package. Categorical 
variables were compared using the χ2 test. The indepen-
dent samples t-test was used to compare mean values be-
tween the groups. The kappa statistic was used to evalu-
ate the intra- and inter-observer agreements.

Multiple logistic regression analysis was used to deter-
mine whether an  independent variable remained statis-
tically significant after controlling for other confounding 
variables. Risk estimates were presented as odds ratios 
(ORs) with 95% confidence intervals (CIs). The results 
were considered significant if p < 0.05.

Results
Regarding the MCI assessments, the kappa values for 

the intra-observer agreements were 0.93 and 0.94, and 
for the inter-observer agreements – 0.82 and 0.93 in the 
1st and 2nd session, respectively.

The characteristics of the sample according to the MCI 
classification are presented in Table 1. All 3 categories 
of MCI were observed; the majority (74%) demonstrated 
category C2, whereas the remainder was divided between 
categories C1 (20.7%) and C3 (5.3%). Cross-tabulation 
of MCI by age demonstrated an age-related pattern (χ2 test; 
p < 0.001); the extremes of cortical appearance (categories 
C1 and C3) were mostly found in the extreme age groups. 
Significant differences were observed between the MCI 
categories regarding gender (χ2 test; p < 0.001); categories 
C1 and C3 were more frequently seen in females, whereas 
category C2 showed an equal distribution among females 
and males. The MCI categories were significantly cor-
related with DS and EI (χ2 test; p < 0.001); as the number 
of  teeth or occlusal supporting zones decreased, catego-
ries C2 and C3 increased, whereas category C1 decreased. 
A  statistically significant relationship was found between 
TM and MCI (χ2 test; p < 0.001); the percentage of patients 
with TM in category C1 was significantly higher compared 
to those in categories C2 and C3.

Age, gender, DS, EI, and TM were the parameters having  
a  significant impact on MCI. These parameters were in-
cluded in multiple logistic regression analysis to assess their 

Fig. 1. Examples of the mandibular cortical index (MCI) classification  
(C1, C2 and C3)

Table 1. Characteristics of the sample according to the mandibular cortical index (MCI) classification

Variables Total 
n

MCI
p-valueC1  

n (%)
C2  

n (%)
C3  

n (%)

Age [years]
21–49 
50–70 

>70

235 
134 

12

65 
12 

2

(82.3) 
(15.2) 
(2.5)

169  
106  

7 

(59.9) 
(37.6) 
(2.5)

1  
16 

3

(5) 
(80) 
(15)

<0.001

Gender
female 
male

226 
155

70 
9

(88.6) 
(11.4)

142  
140 

(50.4) 
(49.6)

14 
6

(70) 
(30)

<0.001

DS
fully dentate 

partially dentate 
edentulous

102 
265 

14

37 
41 

1

(46.8) 
(51.9) 
(1.3)

65  
207  

10 

(23.1) 
(73.4) 
(3.5)

0 
17 

3

(0) 
(85) 
(15)

<0.001

EI
Class A 
Class B 
Class C

245 
102 

34

68 
9 
2

(86.1) 
(11.4) 
(2.5)

177  
78  
27 

(62.8) 
(27.6) 
(9.6)

0 
15 

5

(0) 
(75) 
(25)

<0.001

TM
present 
absent

109 
272

35 
44

(44.3) 
(55.7)

73  
209 

(25.9) 
(74.1)

1 
19

(5) 
(95)

<0.001

MCI – mandibular cortical index; C1–C3 – MCI categories; DS – dental status; EI – Eichner index; TM – torus mandibularis; n – number of patients.
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significance in determining an eroded mandibular cortex 
(MCI C2–C3). Regression analysis revealed that males 
(OR 9.33; 95% CI 4.29–20.30; p < 0.001), patients without  
TM (OR 2.73; 95% CI 1.49–4.99; p  <  0.001), EI Class  B  
(OR 2.68; 95% CI 1.11–6.42; p = 0.027), and patients aged 
50–70 years (OR 2.50; 95% CI 1.17–5.35; p = 0.018) showed 
an increased risk of having eroded cortices (Table 2).

Discussion
It has been reported that the systemic environment and 

local factors could have an  influence on the mandibular 
bone morphology: subjects with low BMD, older age and 
a  reduced number of  teeth may present altered mandi-
bular cortical morphology.16–18 The mandibular cortical 
index is a simple method to assess the mandibular bone 
quality and possible signs of  osteoporosis based on the 
evaluation of  the cortical shape of  the mandible.19,20 Al-
though the MCI assessments are subjective by nature, the 
results of previous studies suggest that MCI has satisfac-
tory reliability in terms of repeatability and reproducibi-
lity.5,12–14 In line with previous findings, this study demon-
strated excellent intra- and inter-observer agreements 
regarding the MCI assessments.

In the present study, age, gender, dentition, and TM 
were the parameters significantly related to the cortical 
shape of the mandible (MCI). The age-related distribution 
of  MCI in this study is consistent with the literature.12,13 
However, we did not observe these differences in the age 
group >70 years, which might be attributed to the small 
sample size. It is well-known that the bone mineral status 
is related to physical and muscular activity. Moreover, bone 
undergoes substantial and morphological changes to adapt 
to its mechanical environment. An increase in age is often 
accompanied by a decrease in the number of teeth, which 
may cause lower masticatory forces, leading to low quality 
of the mandibular bone and higher MCI values.

In this study, males showed an increased risk of having 
eroded cortices (MCI C2–C3) compared to females. Our 
study group of patients represented a typical range of fe-
male and male patients who had undergone a panoramic 
radiographic examination as part of  diagnostic proce-
dures or treatment planning. Although there are conflict-
ing results in previous studies regarding the relationship 
between MCI and gender,13,21 these discrepancies might 
be related to population differences (e.g., number of post-
menopausal women, race) and individual variations in the 
rate of bone loss (e.g., body mass index – BMI, physical 
activity, diet, heredity).

It has been suggested that the absence of occlusal sup-
port in the premolar and molar regions reduces the trans-
fer of  occlusal forces on the mandible, which may affect 
the mandibular cortex and result in higher MCI values.22  

In the present study, in accordance with the results of previ-
ous research,12–14 patients having fewer teeth were found to 
have higher MCI values. We are aware that precise evalua-
tion of the occlusal function cannot be obtained solely from 
the number of teeth. Therefore, we examined the occlusal 
function using EI, which was previously used in epidemio-
logical studies and found to be related to the masticatory 
ability and bite force.23 Although the association between 
EI Class C and an eroded mandibular cortex was not at the 
level of significance (Table 2; p = 0.246) based on the results 
of multiple regression analysis, we suggest that the effect 
of  the occlusal function on MCI is better reflected by EI 
rather than DS or the number of teeth.

The prevalence of  TM has been correlated with the 
number of functioning teeth, parafunctional activity and 
age.24,25 However, the etiology and morphological signifi-
cance of TM are still unclear. It is also uncertain if tori are 
the expression of  systemic conditions or bone metabo-
lism. On the other hand, recent knowledge emphasizes 
the importance of genetic and local factors on the forma-
tion of TM.26–30 The results of previous studies implicate 
common mechanisms involved in the elevation of skeletal 
BMD and the formation of TM.10,11 Our findings show-
ing a correlation between the C1 category of MCI and the 
presence of TM suggest that subjects with TM may have 
higher skeletal bone mass and mandibular bone quality 
compared to subjects without TM. In the literature, there 
have been very few studies investigating the relation-
ship between MCI and TM. The results of our study are 
in agreement with the results reported by Cortes et al.28 
However, the study of Uysal et al. failed to establish an as-
sociation between MCI and TM.22

Conclusions
This observational study demonstrated that gender, 

presence of  TM, occlusal function expressed as EI, and 
age are related to morphological changes in the mandibu-
lar cortical bone, evaluated by means of MCI.

Table 2. Contributions of significant variables to the mandibular cortical 
index (MCI) categories (C2–C3)

Variables
Contributions

p-value OR 95% CI

Age [years]
21–49 
50–70 

>70

– 
0.018 
0.381

1.00 
2.50 
0.41

– 
1.17–5.35 
0.05–2.98

Gender
female 
male

– 
<0.001 

1.00 
9.33

– 
4.29–20.30

DS
fully dentate 

partially dentate 
edentulous

– 
0.157 
0.727

1.00 
1.52 
1.72

– 
0.83–2.99 

0.08–36.84

EI
Class A 
Class B 
Class C

– 
0.027 
0.246

1.00 
2.68 
4.11

– 
1.11–6.42 

0.37–44.86

TM
present 
absent

– 
<0.001

1.00 
2.73

– 
1.49–4.99

OR – odds ratio; CI – confidence interval.
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