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SYSTEMATIC REVIEW

Mandibular cortical index in the screening of postmenopausal at 
low mineral density risk: a systematic review

Luciana Munhoz, Lucas Morita, Aline Yukari Nagai, Julia Moreira and Emiko Saito Arita

Department of Stomatology, School of Dentistry, São Paulo University, São Paulo, Brazil

Objectives:  This systematic literature review addressed the use of mandibular cortical index 
(MCI), assessed by panoramic radiography, for the identification of postmenopausal women 
at risk of osteoporosis.
Methods:  Databases were searched for original research studies published from September 
2010 to September 2020 using the following keywords: “postmenopausal osteoporosis” and 
synonyms combined with “panoramic radiography” and synonyms. Only English language 
manuscripts and studies pertaining to the MCI were selected.
Results:  A total of 24 studies were included. The publications were highly heterogeneous 
in terms of the subject of interest, i.e. the MCI, with some studies comparing the usefulness 
of the MCI using panoramic radiography and using cone beam computed tomography, and 
others comparing different radiomorphometric indexes developed for panoramic radiography.
Conclusions:  Based on the literature included in this systematic review, we conclude that the 
MCI is useful as an auxiliary tool for identifying postmenopausal females at risk of low bone 
mineral density (BMD), as it correlates with skeletal BMD measured by dual X-ray absorp-
tiometry. Nevertheless, other radiomorphometric indexes obtained from panoramic radio-
graphs, such as panoramic mandibular index, mental index, and mandibular cortical width, 
are also valuable as auxiliary tools in the identification of postmenopausal females at risk, as 
they also correlate with BMD. Thus, it is not possible to affirm which index is the most reliable 
for the identification of postmenopausal females considering the literature screened. PROS-
PERO registration systematic review CRD42020208152.
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Introduction

Osteoporosis is defined as a chronic metabolic disorder 
that affects bone strength and integrity, resulting in 
decreased bone mass and predisposing patients to low-
energy fractures.1 The disease mostly affects postmeno-
pausal females and strongly correlates with aging.2 It is 
suggested that changes in mandible cortical morphology 
appear at the onset of menopause.3 Osteoporotic frac-
tures may lead to significant morbidity or mortality; 

however, osteoporosis is asymptomatic, making preven-
tion with early diagnosis imperative.

Although dual X-ray absorptiometry (DXA) is the 
gold-standard imaging technique for the diagnosis of 
osteoporosis, many screening tools have been created 
and investigated in order to identify patients at risk 
of low bone mineral density (BMD). The mandibular 
cortical index (MCI), developed for panoramic radi-
ography in 1994 by Klemetti and collaborators,4 is a 
qualitative index that assesses the appearance of the 
mandibular endosteum. It classifies the mandibular 
cortex as C1, where the mandibular cortical bone has 
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normal shape, indicating that the patient is not at risk; 
C2, where the mandibular cortical bone presents few 
radiolucent areas with semi-circular or linear shape; and 
C3, where the mandibular cortical bone presents several 
radiolucent areas, indicating that the patient is at high 
risk of systemic osteoporosis.4 An example of the afore-
mentioned classification is available on Figure 1.

The main advantage of the MCI is its easy applica-
bility among dentists, given that it constitutes a visual 
classification. This index was firstly applied as a auxil-
iary tool for the identification of postmenopausal 
females using conventional radiographs.4 Since then, 
a number of researchers have advocated the applica-
bility and usefulness of the MCI as an accurate auxil-
iary tool for low BMD, particularly in postmenopausal 
females.2,5,6 Thus, this systematic review addressed the 
following question: “Is the MCI, assessed by panoramic 
radiography, effective for the screening of postmeno-
pausal females with low BMD when compared to other 
indexes or control groups?”

Methods and materials

Protocol and registration
This systematic review was registered at the National 
Institute for Health Research International Prospective 
Register of Systematic Reviews (PROSPERO; regis-
tration number: CRD42020208152). The Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist was followed.7

Study selection
The selection of eligible studies for inclusion in this 
systematic review was carried out by searching the 
following databases: PubMed Central® (United States 
National Institutes of Health’s National Library of 
Medicine), Embase® (Excerpta Medica Database), 
Scopus® (Elsevier), Cochrane Central Register of 
Controlled Trials, Web of Science® (Institute of Scien-
tific Information – Clarivate Analytics), and Google 
Scholar® (Google). These databases were searched 
without implementing any language restrictions, 

and papers published between September 2010 and 
September 2020 were included.

The Boolean operator “AND” was used to combine 
search keywords. Itemized search strategies were estab-
lished for each database on the basis of the following 
search keywords: osteoporosis AND panoramic radi-
ography; osteoporosis AND post-menopause AND 
pantomography; osteoporosis AND post-menopause 
AND orthopantomography; bone density AND 
post-menopause AND panoramic radiography; bone 
density AND post-menopause AND pantomography; 
bone density AND post-menopause AND orthop-
antomography; bone content AND post-menopause 
AND panoramic radiography; bone content AND 
post-menopause AND pantomography; bone content 
AND post-menopause AND orthopantomography; 
bone mineral density AND post-menopause AND 
panoramic radiography; bone mineral density AND 
post-menopause AND pantomography; bone mineral 
density AND post-menopause AND orthopanto-
mography; osteoporosis AND post-menopause AND 
panoramic radiography; osteoporosis AND post-
menopause AND pantomography; osteoporosis AND 
post-menopause AND orthopantomography; bone 
density AND post-menopause AND panoramic radi-
ography; bone density AND post-menopause AND 
pantomography; bone density AND post-menopause 
AND orthopantomography; bone content AND post-
menopause AND panoramic radiography; bone content 
AND post-menopause AND pantomography; bone 
content AND post-menopause AND orthopantomog-
raphy; bone mineral density AND post-menopause 
AND panoramic radiography; bone mineral density 
AND post-menopause AND pantomography; bone 
mineral density AND post-menopause AND orthop-
antomography; osteoporosis AND post-menopausal 
period AND panoramic radiography; osteoporosis 
AND post-menopausal period AND pantomog-
raphy; osteoporosis AND post-menopausal period 
AND orthopantomography; bone density AND post-
menopausal period AND panoramic radiography; bone 
density AND post-menopausal period AND panto-
mography; bone density AND post-menopausal period 

Figure 1  An example of mandibular cortical index classification in panoramic radiography. C1: the endosteum of the mandibular cortex is well-
demarcated, without radiolucid areas. C2: radiolucid areas are present. C3: the mandibular cortex is will-defined, with the presence of several 
radiolucid areas.
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AND orthopantomography; bone content AND post-
menopausal period AND panoramic radiography; bone 
content AND post-menopausal period AND panto-
mography; bone content AND post-menopausal period 
AND orthopantomography; bone mineral density AND 
post-menopausal period AND panoramic radiography; 
bone mineral density AND post-menopausal period 
AND pantomography; bone mineral density AND post-
menopausal period AND orthopantomography; post-
menopausal osteoporosis AND panoramic radiography; 
postmenopausal osteoporosis AND pantomography; 
postmenopausal osteoporosis AND orthopantomog-
raphy; post-menopausal osteoporosis AND panoramic 
radiography; post-menopausal osteoporosis AND 
pantomography; post-menopausal osteoporosis AND 
orthopantomography; post-menopausal bone loss 
AND panoramic radiography; post-menopausal bone 
loss AND pantomography; post-menopausal bone loss 
AND orthopantomography; post-menopausal bone 
loss AND panoramic radiography; post-menopausal 
bone loss AND pantomography; post-menopausal 
bone loss AND orthopantomography.

Eligibility criteria

Types of studies:  Only research studies were consid-
ered eligible for inclusion; abstracts, oral presentations, 
case reports, and literature reviews were excluded. Orig-
inal investigations that did not consider the MCI as 
the methodology were not eligible. Additionally, arti-
cles that were non-English language and/or used non-
human subjects were excluded. The present review did 
not consider other imaging techniques, such as CT; it 
only considered panoramic radiography.

Participant groups:  Studies involving groups of post-
menopausal females, which performed panoramic 
radiographs for MCI assessment were included.

Data extraction
Data extraction was performed by three independent 
reviewers who initially screened the titles and abstracts 
and then evaluated the full text of each selected study. 
A fourth reviewer checked each study that was consid-
ered eligible by the other three reviewers. Disagreements 
among the reviewers were solved by discussion, and, 
when an agreement could not be reached, two other 
collaborators were consulted.

Data analysis–risk of bias
The data search results considering databases and 
keywords are summarized in a flow chart (Figure  2). 
The Prisma flow diagram, along with the search results, 
is available in Figure 3. Data about the included studies 
are available in Tables 1 and 2.

The risk of bias was assessed using the risk of bias in 
non-randomized studies (ROBINS-I) tool.29 The quality 
analysis results are available in Table 3.

Results

A total 14,557 studies were identified through database 
searching and 14,533 studies were excluded; 24 studies 
were selected.2,3,5,8–28 The following data were extracted: 
year of publication, country of the study selected, 
subject pertaining to the MCI, population studied, 
number of participants included in each study, mains 
results, and conclusions.

The most recent study was from 20208 and the 
oldest from 2010.28 Eight publications were from 
Brazil2,5,9,14,16,19,23,28 and six were from India.3,10,11,15,17,24 
The publications were highly heterogeneous in terms 
of the subject pertaining to the MCI. Some studies 
compared the MCI using panoramic radiographs 
and using specifics slices from cone beam computed 
tomography (CBCT)9,19; others compared different 
radiomorphometric indexes developed for panoramic 
radiographs3,8,13,24,26,28; one study evaluated the use of 
MCI in fracture prediction25; one study assessed if  the 
applicability of MCI was easy for the professionals24; 
and three studies examined the usefulness of MCI itself  
(Table 1).15,17,22 Additionally, some studies assessed the 
correlations between the MCI and bone biomarkers, 
vitamin D3, and serum calcium,10,11,27 as well as with 
other BMD examinations, such as DXA or quantitative 
ultrasound.2,5,10,12,18,20,23,27,28

The participants of the studies selected were grouped 
according to ethnicity,2 the presence or absence of 
periodontal disease,3,17 Type 2 diabetes,14 the use of 
bisphosphonates for osteoporosis treatment,18 pre- and 
post-menopause period,3,10,17 and distinct age ranges.5 
Studies often grouped postmenopausal females in groups 
of osteoporotic and non-osteoporotic females,8,13,21,23 
whereas some studies considered the residence of the 
females (urban or rural)11 or included females who had 
experienced previous fractures.25

The number of participants included in the studies 
ranged from 3019 to 1315.21 The MCI was studied or 
compared along with a broad number of other quan-
titative or qualitative radiomorphometric indexes, 
such as the mandibular cortical width (MCW),8,10,12,26,27 
panoramic mandibular index (PMI),3,8,10,11,17,24,27 mental 
index (MI),3,11,16–18,22–24 mandibular ratio,12 mandibular 
alveolar bone resorption degree,8,27 pixel intensity,21 
fractal dimension,8 simple visual estimation,22,28 and 
antegonial index and gonion index,24 whereas some 
researchers only investigated the MCI.2,5,14,15,20 Details 
about the main results and conclusions pertaining to the 
MCI based on the data selected are available in Table 2 
and are debated in the “Discussion” section.

Discussion

Since panoramic radiographs are often requested at 
the beginning of dental treatments, their application as 
auxiliary tools for the identification of patients at risk 
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Figure 2  Flow chart of study selection. All search results for the words “orthopantomography,” “pantomography,” and “panoramic radiog-
raphy” were aggregated and expressed as “panoramic radiography” in order to make the flow chart more concise.
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of low BMD offer several advantages, including better 
accessibility, low cost, and low radiation exposure.30

The introduction of the technology of digital 
panoramic radiographs has increased the efficiency 
of radiographic investigations, as structures and their 
alterations can be observed in greater detail that that 
obtained by film-based radiographs. Qualitative image 
assessments, such as those using the MCI, allow anal-
yses of minimal details of the mandibular cortex in 
order to identify patients at risk of low BMD. Further-
more, the MCI is an easy-application index that can be 
broadly implemented by dentists.12

In the present systematic review, we concluded that 
researchers agree on the usefulness of the MCI as an 
auxiliary imaging tool for identifying patients at risk of 
low BMD,2,3,5,8–12,14–28 which could be useful for osteopo-
rosis and, consequently, for preventing low-energy frac-
tures,25 provided that dentists refer the patient for proper 
diagnosis and treatment. Furthermore, several of the 
included studies consistently demonstrated the correla-
tion of the MCI with systemic BMD.2,5,10,12,18,20,23,28

When the MCI was compared with other indexes 
obtained based on panoramic radiographs, such as the 
MI, MCW, PMI, simple visual estimation, antegonial 
indexes, and gonial angle measurement, diverse observa-
tions were made in terms of their usefulness in screening 
for low BMD. Briefly, the MI is obtained by drawing a 

line parallel to the long axis of the mandible and tangen-
tial to the inferior border of the mandible and a line 
perpendicular to this tangent intersecting the inferior 
border of the mental foramen, along which the MCW 
is measured.28 The MCW and PMI are also measured 
using the mental foramen and mandible base.13,31 Simple 
visual estimation classifies the mandibular cortex 
based on its width.28 Antegonial indexes measure the 
cortical width in the region anterior to the gonion or 
the distance along a perpendicular line from the deepest 
point of the antegonial notch concavity to a line parallel 
to the inferior cortical border of the mandible.28,32,33 The 
gonial angle is evaluated by tracing a line tangential to 
the mandible’s lower border and another line tangential 
to the posterior border of the ramus on each side.28,34

Leite et al28 verified that the MCI, MI, and simple 
visual estimation of the cortical width are accurate for 
screening for low BMD; however, antegonial indexes 
and gonial angle measurement could not be applied as 
predictors of low BMD. Alam et al8 mentioned that the 
cortical width and PMI are not statistically different 
between osteoporotic and non-osteoporotic postmeno-
pausal females; however, the MCI was significantly 
different between these groups. Moreover, authors 
verified that postmenopausal females with a C3 MCI 
classification were 11 times more likely to develop osteo-
porosis than were those with other MCI classifications.8

Figure 3  Prisma flow chart of search results.
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Table 1  Research articles selected to the review

Authors Year Country Main objectives pertaining to MCI

Alam et al.8 2020 Saudi Arabia To evaluate the relationship between age, body mass index, 
oral signs, and BMD osteoporosis among postmenopausal 

females, assessing MCW, PMI, MCI and number of missing 
teeth in panoramic radiographs.

Kato et al.9 2019 Brazil To assess and compare MCI obtained by digital panoramic 
radiographs and by panoramic reconstruction of CBCT with 
three different slice thicknesses for the screening of low BMD 

in post-menopausal females.

Golhar et al.10 2019 India To evaluate MI and MCI by panoramic radiographs; to 
assess osteoporosis in post-menopausal females evaluating 
USG-calcaneus and serum calcium levels in osteoporosis in 

post-menopausal females.

Nasreen et al.11 2019 India To evaluate alveolar bone mass using radiomorphometric 
indices (including MCI) in postmenopausal females. To 

correlate radiomorphometric indices with serum vitamin D3.

Grocholewicz et al.12 2018 Poland To evaluate mandibular morphometric analysis (including 
MCI) and QUS at the radius and proximal phalanx III finger.

Navabi et al.13 2018 Iran To compare MCW and MCI from digital panoramic 
radiograph in osteopenic and osteoporotic postmenopausal 

females.

Choi et al.5 2018 Brazil To assess BMD by peripheral DXA and MCI in Brazilian 
females, according to age ranges.

Munhoz et al.2 2018 Brazil To compare peripheral BMD alterations among Brazilian 
postmenopausal females from three ethnic groups 

considering age and BMI influence; to correlate their BMD 
with MCI.

Munhoz et al.14 2017 Brazil To analyze the influence of Type 2 BMD and panoramic 
radiomorphometry in postmenopausal females, comparing 

with results from nondiabetic postmenopausal females.

Pallagatti et al.15 2017 India To validate the use of MCI on panoramic radiographs so as 
to detect osteoporosis in the patients at an early disease stage.

Carmo et al.16 2017 Brazil To asess the role of radiomorphometric indices (including 
MCI) in panoramic radiographs, in the diagnosis of low 

BMD in postmenopausal females

Kolte et al.17 2017 India To compare the risk of osteoporosis in pre- and 
postmenopausal periodontally healthy and chronic 

periodontitis females by digital panoramic radiographs.

Grgic et al.18 2017 Serbia To examine the correlation between dental panoramic 
indices (MCI and MI) and BMD bone mineral density in 
these three groups of patients: postmenopausal females 

with osteoporosis, osteoporosis treated with bisphosphonate 
therapy and control group.

Alonso et al.19 2016 Brazil To evaluate and compare images from CBCT and panoramic 
radiographs using MCI.

Jagelavičienė et al.20 2016 Lithuania To determine the relation between MCI and calcaneal BMD 
among postmenopausal females.

Majumder and Harum.21 2015 Bangladesh Evaluate the alveolar bone changes in osteopenic and 
osteoporosis condition of postmenopausal females.

Kim et al.22 2014 Korea To assess if  MCI, MI and simple visual estimation could be 
used for osteoporosis diagnosis based on the correlation with 

BMD.

Valerio et al.23 2013 Brazil To correlate the MCI and MI with BMD, evaluated by the 
dual-energy X-ray absorptiometry test, in a population 

of postmenopausal females to identify patients with 
asymptomatic low BMD.

Gaur et al.24 2013 India To assess and compare the relative efficacy, ease of 
application and measurement of the various mandibular 
cortical indices which were obtained on the panoramic 

radiographs with bone densitometry data of postmenopausal 
females

(Continued)
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Navabi et al13 concluded that the MCW is rela-
tively superior to the MCI, because the latter “almost” 
correlated with low BMD, as assessed by DXA. Never-
theless, the statistical p-value demonstrated by the 
researchers (p = 0.07)13 would have been considered 
significant according to other statisticians.35 The same 
affirmation was made by Grgic et al,18 who indicated a 
p-value of 0.06 for the correlation of MCI to BMD.

In terms of the correlation between MCI classifica-
tion and age, we observed a consensus among investiga-
tors: as the age increases, the number of postmenopausal 
females classified as MCI C2 and C3 also increases.3,5,8,26 
This correlation is expected, as the risk for osteoporosis 
increases with age, and systemic BMD alterations due 
to osteoporosis affect the mandible, similar to how they 
affect other major bones.

The literature screened for this review did not provide 
sufficient information to determine which index is the 
most reliable as an auxiliary tool for the identifica-
tion of females at risk of low BMD. Previous multi-
center studies, such as those related to OSTEODENT 
project,36,37 including postmenopausal females among 
others, have tried to answer this question by comparing 
the sensitivity and specificity of distinct indexes. They 
have verified that radiomorphometric assessments have 
a rather small influence on the diagnosis of low BMD, 
and that measuring the cortical width is superior to 
MCI in detecting patients with osteoporosis.36 However, 
Calciolari et al38 argued that qualitative indexes such as 
the MCI that evaluate any kind of cortical erosion can 
be considered as convenient indicators of reduced BMD, 
which is associated with at least osteopenia in approx-
imately 80% of the cases.38 Nevertheless, Devlin et al, 
agreed on and emphasized the importance of this radio-
graphic evidence, associated to a clinical index, as the 
dentists’ first alert to the risk for osteoporosis, ensuring 
proper patient reference to DXA examination.36

Oral conditions such as periodontal disease and 
absence of teeth and their relationship to radiomor-
phometric indexes were also examined in the included 
studies.3,17 Since osteoporosis and periodontal disease 
result in bone resorption, it is speculated that the two 
diseases may be linked and that osteoporosis could 
worsen periodontal disease.39 Although such a link 
seems reasonable, it has not been demonstrated,17 and it 
is possible that the onset and progression of periodontal 
disease are more connected to microbial deposits. 
Notably, no association was found between MCI status 
and periodontitis.3 Regarding missing teeth, it was 
hypothesized that, since the teeth are attached in the 
jaws, osteoporotic modifications could lead to changes 
in alveolar bone and, as a result, to tooth loss.8 Never-
theless, no correlation between the MCI and the number 
of missing teeth was found,2 nor was a difference in 
the number of teeth between osteoporotic and non-
osteoporotic postmenopausal females demonstrated.8

Other health alterations such as Type 2 diabetes and 
their association with the MCI were also investigated.14 
Although patients with Type 2 diabetes often present 
normal or increased BMD, they have a higher risk for 
fractures, which is attributed to diabetes outcomes, such 
as neuropathy or impaired vision.40 The authors of the 
included studies concluded that the MCI correlates with 
T- and Z-scores obtained from postmenopausal females 
with Type 2 diabetes,14 suggesting that this index reflects 
changes in BMD. The MCI has also been shown to 
correlate with biomarkers, serum calcium levels, and 
vitamin D3 levels,10,11,27 which are directly associated to 
modifications in the bone turnover that are inherent to 
osteoporosis.

Finally, the feasibility of MCI classification using 
CBCT was also studied. Considering the applicability of 
MCI classification using CBCT panoramic reconstruc-
tion images, Alonso et al19 argued that CBCT is not an 

Authors Year Country Main objectives pertaining to MCI

Martínez – Maestre et al.25 2013 Spain To evaluate the use of mandibular anatomic indexes on 
panoramic radiographs as predictors of bone fragility 

fractures

Khojastehpour et al.26 2011 Iran To assess MCW and MCI in panoramic radiography of 
postmenopausal females

Khatoonabadet al.27 2011 Iran To evaluate the relationship among the radiomorphometric 
indices of the mandible, biochemical markers of the bone 

turnover and hip BMD in a group of post-menopausal 
females.

Mudda et al.3 2010 India To assess mandibular bone changes in pre and 
postmenopausal females with chronic generalized 

periodontitis using different radiomorphometric indices as 
MCI, MI, PMI in Indian population.

Leite et al.28 2010 Brazil To test correlations of panoramic radiomorphometric indices 
with lumbar spine and hip BMDs and to test the accuracy of 

these indices for predicting osteoporosis.

MCI: mandibular cortical index; MCW: mandibular cortical width; BMD: bone mineral density; QUS: quantitative ultrasound; MI: mental 
index; PMI: Panoramic mandibular index; CBCT: cone beam computed tomography; USG: ultrasound; DXA: dual X-ray absorptiometry.
Author, year of publication, country of origin, main objective pertaining to the mandibular cortical index.

Table 1  (Continued)
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Table 2  Population studied, number of participants of each study (n), main results, comparisons performed results (between indexes) and 
conclusions

Authors Population Studied n Main results Comparisons performed Conclusions

Alam et al.8 Postmenopausal 
females divided 
in two groups: 

with osteoporosis 
and without 
osteoporosis, 

according to their 
DXA results.

60 A significant difference in the 
mandibular cortical shape 

index between the two groups 
was observed.

When the postmenopausal females 
with osteoporosis were compared 

with postmenopausal females without 
osteoporosis, the indexes MCW, PMI, 
M/M ratio and FD did not present any 

statistically significant results. MCI 
presented the risk of osteoporosis 
in the C3 category was 11.36 times 
higher than that in the C2 category 

and 10.64 times higher for C2 than for 
C1; moreover, the risk of osteoporosis 

in the C3 category was 111.11 times 
higher than that in the C1 category.

The MCI on panoramic 
radiographs are effective 

indicators of osseous 
changes in postmenopausal 
females with osteoporosis.

Kato et al.9 Postmenopausal 
females exclusively, 
classified according 

to DXA results.

54  �  The sensitivity and 
specificity for panoramic 

radiographs: 52.6 and 
56.2%, respectively; for 

panoramic reconstructions 
of CBCTs with 5-, 15-, and 

25 mm slice thicknesses: 
63.1 and 43.7%, 50.0 and 

50.0%, and
 �  52.6 and 62.5%, 

respectively.

 �  Panoramic reconstructions 
using CBCT with different slices 

were compared to panoramic 
radiographs using MCI. Panoramic 
reconstructions from CBCTs with 
25 mm slice thickness seems to be 

the most accurate.

 �  The panoramic 
reconstruction of 

CBCT with 25 mm slice 
thicknesses seems to 
be the most accurate 

among the examinations 
evaluated. Panoramic 

radiographs and CBCT 
may be useful for the 

screening of low BMD in 
post-menopausal females.

Golhar et al.10 Premenopausal 
(control group) and 

post-menopausal 
females (study 
group). BMD 

status were 
classified using 

phalanx T-score.

100 In Pre-menopausal group, 
45 (90%) patients belonged 
to C1 classification, while 5 
(10%) patients belonged to 
C2 classification. In Post-

menopausal group, 22 (44%) 
patients belonged to C1 

cortical classification, while 
21 (42%) patients belonged 
to C2 cortical quality and 7 
(14%) patients belonged to 
C3 cortical classification.

Correlations between MCI and the 
phalanx T-score were observed.

Phalanx T-score was not correlated 
with other indexes relating 

radiomorphometric measurements 
PMI, MR and MCW.

MI and MCI associate well 
and combining the two may 
be more helpful rather than 
using either of them alone.

Nasreen et al.11 Postmenopausal 
females divided in 
two sub groups: 

females from urban 
and rural area. 

Vitamin D3 levels 
were measured.

60 Urban group: 0.0% of the 
subjects in the C1 category, 
40.0% of the subjects in C2 
category and 60.0% of the 
subjects in the C3 category. 
Rural group: 46.7% of the 
subjects in the C1 category, 
43.3% of the subjects in the 
C2 category, and 10% of the 
subjects in the C3 category.

MCI, MI, PMI and vitamin D3 levels 
were compared between groups and 

their correlation with vitamin D3 
levels were tested. MI and PMI did 
not corelate with vitamin D3 levels. 

The results considering the correlation 
between MCI and vitamin D levels 

were not mentioned in the manuscript.

The findings in panoramic 
radiographs correlates with 
serum vitamin D3 level and 

higher significant values 
were observed in rural 

females when compared to 
females from urban areas.

Grocholewicz et 
al.12

Postmenopausal 
females exclusively; 

BMD status 
assessed by QUS 
at the radius and 
proximal phalanx 

III finger.

97 Higher scores of MCI 
classification were observed 

in older females. MCI 
significantly correlated with 
the skeletal status, distance 
between lower mandibular 

borders behind mental 
foramen and mandibular 

ratio.

MCI correlates with phalanx T-score. 
Phalanx T-score was not correlated 

with PMI, MR and MCW.

 �  MCI can be effectively 
assessed on panoramic 
radiographs and could 
be used as a screening 
tool osteoporosis. This 
index is very simple for 

application.

(Continued)
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Authors Population Studied n Main results Comparisons performed Conclusions

Navabi et al.13 Postmenopausal 
females were 

divided in 
osteopenic and 
osteoporotic, 

according to their 
DXA results.

50 MCW and MCI was 
significantly correlated with 

BMD.

The results showed that MCW is an 
appropriate index of osteoporosis in 

post-menopausal females.
MCI “almost “correlated with BMD, 

p = 0.07)

Postmenopausal females 
with low femoral BMD 

have thinner mandibular 
cortex at the mental 

foramen region. Dental 
panoramic radiographs 

are useful screening tools 
for postmenopausal 

osteoporotic patients, give 
sufficient information to 

make an early diagnosis and 
prevent from osteoporotic 
fractures in elderly females.

Choi et al.5 Females divided 
in eight groups, 
according to age 

ranges. Peripheral 
DXA was applied 
to classify females 

BMD.

252 It was found different inverse 
correlations between MCI 
and the different forearm 

sites.

This study did not compare MCI 
with other indices, only verified MCI 
correlation with age and peripheral 

DXA.

Age-related bone loss 
is more evident in the 

proximal forearm than 
in the distal forearm. 

Furthermore, MCI can 
express a better inverse 

correlation with peripheral 
DXA at the proximal 

forearm than with the distal 
forearm.

Munhoz et al.2 Brazilian 
postmenopausal 

females with three 
different ethnicities 

(afrodescendant, 
Asian, Caucasian). 

Peripheral DXA 
was applied to 
classify females 

BMD.

150 Age is the only variable 
associated with osteoporotic 
alterations in the mandible 
that reflects on MCI. An 

inverse correlation was found 
between the MCI and the T-
scores from peripheral DXA.

This study did not compare MCI 
with other indices, only verified MCI 

correlation with age, body mass index, 
ethnic group and peripheral DXA.

Patient’s age is associated 
with BMD and MCI. The 
MCI is inversely correlated 

with peripheral DXA.

Munhoz et al.14 Postmenopausal 
females divided 
in diabetics and 
non-diabetics. 

Peripheral DXA 
was applied to 
classify females 

BMD.

228 Mean Z score values 
were significantly higher 
in diabetics than in non-
diabetics. T and Z score 
values were significantly 

correlated with MCI.

This study did not compare MCI 
with other indices, only verified MCI 

correlation with peripheral DXA

Type two diabetes may be 
associated with increased 
BMD in postmenopausal 

females. MCI from 
panoramic radiographs 
is moderately correlated 

with DXA in patients with 
diabetes with osteoporosis.

Pallagatti et al.15 Postmenopausal 
females exclusively. 
DXA was applied 
to classify females 

BMD.

60 The average accuracy in 
detecting normal bone, 

osteopenia and osteoporosis 
was 58.08%, 63.3 and 64.74% 

respectively.

This study did not compare MCI with 
other indices.

Panoramic radiographs 
MCI can be used as a 
screening tool for the 

evaluation as well as early 
detection of osteoporosis.

Carmo et al.16 Brazilian 
postmenopausal 
females. Femoral 
and lumbar spine 
DXA was applied 
to classify females 

BMD.

198  � MCI and BMD of lumbar 
spine were correlated (κ 
= 0.912). The agreement 

between MCI and the 
BMD in the femur was 
moderated (κ = 0.579).

The correlation of MCI and IM 
with DXA were compared. The 

higher correlation was found between 
MCI and lumbar spine DXA when 

compared to IM and lumbar spine or 
femoral DXA, and when compared to 

MCI and femoral DXA.

The radiomorphometric 
indices are capable of 

identifying postmenopausal 
females with low BMD in 

the mandible.

Table 2  (Continued)
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Authors Population Studied n Main results Comparisons performed Conclusions

Kolte et al.17 pre- and 
postmenopausal 

periodontally 
healthy and 
with chronic 
periodontitis.

120 MCI evaluation showed a 
high prevalence of C2 and 

C3 patterns postmenopausal 
females. MCI presented 

correlation with MI and age. 
MI and PMI values in digital 
panoramic radiographs were 
reduced in patients affected 

with periodontitis.

Although MI, PMI, MCI were 
assessed, these radiomorphometric 
indexes were not directly compared. 

MI and PMI were reduced in females 
affected with periodontitis.

Considering MCI, A reduction 
between the percentage of C1 

pattern in pre- and postmenopausal 
periodontitis patients was also 

observed, indicating a more severe 
erosion of the mandibular cortex in 

the postmenopausal patients.

A positive association 
between MCI and 

chronic periodontitis in 
postmenopausal females 

was noticed.
Bone density reduces 
in postmenopausal 

females, and the positive 
association between MCI 
and chronic periodontitis 

in postmenopausal females 
confirms the high risk of 

osteoporosis in them.

Grgic et al.18 Postmenopausal 
females divided 

in groups: 
osteoporosis, 
osteoporosis 
treated with 

bisphosphonates 
and control group.

120 A higher number of patients 
with C3 classification was 

found in the MCI were found 
in the osteoporosis group 
but the difference was not 

significant.
No significant differences 
were found in MI or MCI 

(p = .06) in all the examined 
groups.

MCI and MI specificity and sensitivity 
were compared. For both indexes, 

authors tried distinct cut-of points; 
however no optimal values of 

sensitivity and specificity were found.

MI and MCI are not 
precise diagnostic tools for 

diagnosing low BMD in 
postmenopausal females.
(Observation from this 

review authors: we consider 
that MCI had significant 
difference between groups 

as p = 0.06)

Alonso et al.19 Females over 45 
years old

30 No differences were found 
between the diagnostic 

results based on panoramic 
radiography and CBCT 

panoramic reconstruction.

Panoramic reconstructions using 
CBCT were compared to panoramic 

radiographs using MCI. Disagreement 
between the techniques were verified, 
particularly in the classification C2 

and C1.

The MCI is not an adequate 
means of assessing bone 
quality with CBCT. The 
higher values on MCI 
classification found for 

the cross-sectional slices 
could be associated with 

better visibility of erosions 
or defects in mandibular 

cortical bone on the CBCT 
image.

Jagelavičienė et 
al.20

Lithuanian 
postmenopausal 

females
50–77 years old, 
classified using 

calcaneum BMD.

129 The differences in BMD 
were statistically significant 

between Groups C1 and 
C3, Groups C2 and C3, 

and between the calcaneal 
BMD groups. There was a 

statistically significant inverse 
correlation between the MCI 

and calcaneal BMD.

This study did not compare MCI with 
other indices.

The analysis of the MCI 
validity in BMD status 
showed low sensitivity 
(69.4%) and specificity 

(53.9%).

Majumder and 
Harum.21

Postmenopausal 
females divided 
in osteoporotic, 
osteopenic and 

normal. DXA was 
applied to classify 

females BMD.

1315 The changes in the MCI (C2 
and C3) were more frequent 

in osteoporotic condition 
rather than osteopenic and 

normal.

MCI pixel intensity and mandibular 
alveolar bone mass in panoramic 
radiographs were assessed but not 

directly compared.

Changes in postmenopausal 
alveolar bone were strongly 
correlated with the BMD of 

systemic skeletal bone.

Kim et al.22 Korean 
postmenopausal 
females with 50 

years old or older. 
DXA was applied 
to measure BMD.

194 BMD at the lumbar spine and 
total hip were significantly 
lower in participants with 
reduction of mandibular 

width, thinning and 
resorption of mandibular 

cortex by the MI and MCI.

Correlations with BMD were assessed 
using MCI, MC and simple visual 
estimation. However, comparisons 

were not performed.

The thickness and 
morphological changes of 

mandibular inferior cortical 
bone are associated with 

BMD, independent of age, 
height and weight.

Valerio et al.23 Postmenopausal 
womens divided in: 
normal, osteopenic 
and osteoporosis 
according to their 

DXA.

64 There were significant 
differences between the 
normal and lower bone 
mineral density groups 

(osteopenia and osteoporosis) 
for MCI.

 �  MCI, MI and three indices created 
by the authors (mental posterior 

index 1, 2 and 3) were assessed. All 
the indices were capable of differ 

females at osteoporosis risk.

The radiomorphometric 
indices evaluated in 

panoramic radiographs 
can be used to identify 

postmenopausal females 
with low BMD.
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Gaur et al.24 Postmenopausal 
females exclusively, 

divided as 
osteoporotic, 

osteopaenic and 
normal according 

to their DXA 
results.

40 The sensitivity (100%) and 
specificity (88.88%) of MCI 

showed good results.

MCI, PMI, MI, antegonial index and 
gonion index were assessed. Significant 

reductions of the mean values were 
observed in the osteoporotic group as 
compared to normal and osteopaenic 
groups for all the radiomorphometric 
indices except for the antegonial index 

group.

Orthopantomographs 
may be useful in 

screening patients with 
osteoporosis, mainly among 

postmenopausal females.

Martínez – 
Maestre et al.25

Spanish 
postmenopausal 
females, divided 
in females that 

experienced 
previous fractures 

(with T-score lower 
than −2.5) and 
females without 

previous fractures 
(control group).

120 C1 group had less cases 
of females with previous 

fractures than C2 and C3. C2 
has less fractures than C3.

No direct comparisons were performed 
between indexes. PMI and MI values 
were significantly lower in cases than 

in controls.

 �  Panoramic 
radiomorphometrics 
mandibular indexes 

such as MCI, PMI, and 
MI, may be useful for 

identifying the population 
at higher risk for fracture.

Khojastehpour 
et al.26

Iranian 
postmenopausal 

females. DXA was 
applied to measure 
BMD and females 

were grouped 
in according to 
DXA results in 

order to perform 
comparisons 

between indexes.

119  �  There were significant 
associations between BMD 

and MCI.

Cortical width and shape (MCI) 
were assessed, and it was observed a 
significant correlation between age 
and these indexes. There was also 
a significant correlation between 
cortical width and cortical shape 

of the mandible For both vertebral 
and femoral BMD, there was a 

statistically significant difference 
between the cortical width of normal 
and osteopenic/osteoporotic groups, 

however this difference was not 
significant between the osteopenic 

and osteoporotic groups. BMD was 
significantly correlated with cortical 
shape in both lumbar vertebrae and 

femoral neck regions.

Postmenopausal females 
with thin or eroded 

mandibular inferior cortex 
may have an increased 
risk for low BMD or 

osteoporosis

Khatoonabad 
et al.27

Postmenopausal 
females. Hip BMD 

was measured in 
order to group 

females according 
to T-scores in: 
osteoporosis, 

osteopaenic and 
normal.

140 Moderate to severe cortical 
erosion (C2 and C3) 

significantly increased the 
likelihood of osteopenia and 

osteoporosis.

MCW and M/M ratio showed 
statistically significant differences 

between the three groups. No 
significant difference was found in 

PMI between the groups. Statistically 
significant difference in the quality 

of mandibular cortex (assessed using 
MCI) between the groups.

Panoramic radiography 
gives sufficient information 
to make an early diagnosis 
regarding osteoporosis in 
post-menopausal females. 
Panoramic radiographs 
may be valuable in the 

prevention of osteoporotic 
fractures in elderly females.

Mudda et al.3 Pre and 
postmenopausal 

females with 
generalized 

periodontitis.

60 No association between 
periodontitis and MCI was 

found.

MCI, PMI and MI were related to 
the menopausal status. Patients with 
C3 category were seen only in post-
menopausal group after 54 years of 

age.

Radiomorphometric indices 
could be used by general 

dentists after a little training 
to detect post-menopausal 
females at higher risk of 

osteoporosis.

Leite et al.28 Postmenopausal 
females exclusively. 

Hip and lumbar 
sipne DXA was 

applied to measure 
BMD.

351 Associations of the MCI and 
simple visual estimation of 

the cortical width with BMD, 
determined at the lumbar 

spine, femoral neck, and total 
hip, were significantly lower 
in patients with thinning and 

resorption of mandibular 
cortex identified by the simple 

visual estimation and MCI, 
respectively

The qualitative indices (MCI and 
simple visual estimation) were more 

convenient than the quantitative 
indices and demonstrated better 

association with hip and spinal BMDs.

Antegonial indices and 
gonial angles cannot 

be used as osteoporosis 
predictors. The most 
accurate indices were 

the MI, MCI, and visual 
estimation of cortical width.

MCI: mandibular cortical index; MCW: mandibular cortical width; BMD: bone mineral density; QUS: quantitative ultrasound; MI: mental 
index; PMI: Panoramic mandibular index; CBCT: cone beam computed tomography; USG: ultrasound; DXA: dual X-ray absorptiometry; M/M 
ratio: mandibular alveolar bone resorption degree; FD: fractal dimension; MR: mandibular ratio.
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adequate imaging modality to apply the MCI classifi-
cation. The authors explained that MCI classification 
tends to provide higher values than those expected based 
on the defects’ visibility in CBCT.19 In contrast, Kato et 
al9 mentioned that CBCT with 25 mm slice thicknesses 
seems to be useful for MCI assessment and osteoporosis 
screening. As the number of cases evaluated in these two 
studies was relatively small (3019 and 54,9 respectively), 
further studies with larger samples are required to eluci-
date these findings.

Conclusions

Considering the literature screened and included in this 
systematic review, we conclude that MCI is useful as an 
auxiliary tool for identifying postmenopausal females at 
risk of low BMD, as it is correlated with skeletal BMD 
measured by DXA. Other radiomorphometric indexes 

obtained based on panoramic radiographs, such as 
the PMI, MI, and MCW, are also valuable as auxiliary 
tools for this purpose. However, considering the current 
evidence available in literature, it is not possible to deter-
mine which index is the most reliable for identifying post-
menopausal females at risk of osteoporosis.
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Table 3  Quality assessment of each study included according to the ROBINS-I tool.29

Authors Confounding
Selection of 
participants

Deviations from 
de intended inter-

ventions Missing data
Measurement of 

outcomes
Selection of 

reported results Overal

Alam et al.8 Low Low Low Low Low Low Low

Kato et al.9 Low Low  �  Low Low Low Low Low

Golhar et al.10 Low Low Low Low Low Low Low

Nasreen et al.11 Low Low Low Low Low Low Low

Grocholewicz et al.12 Moderate Low Low Low Low Low Moderate

Navabi et al.13 Low Low Low Low Low Low Low

Choi et al.5 Moderate Moderate Moderate Low Low Low Moderate

Munhoz et al.2 Low Low Low Low Low Low Low

Munhoz et al.14 Low Low Low Low Low Low Low

Pallagatti et al.15 Low Low Low Low Low Low Low

Carmo et al.16 Low Low Low Low Low Moderate Moderate

Kolte et al.17 Moderate Low Low Low Low Low Moderate

Grgic et al.18 Moderate Low Low Low Low Low Moderate

Alonso et al.19 Moderate Moderate Low Low Low Low Moderate

Jagelavičienė et al.20 Low Low Low Low Low Low Low

Majumder and 
Harum.21

Low Low Low Low Low Low Low

Kim et al.22 Low Low Low Low Low Low Low

Valerio et al.23 Low Low Low Low Low Low Low

Gaur et al.24 Low Low Low Low Low Low Low

Martínez – Maestre 
et al.25

Low Moderate Low Moderate Low Low Moderate

Khojastehpour et 
al.26

Low Low Low Low Low Low Low

Khatoonabadet al.27 Low Low Low Low Low Low Low

Mudda et al.3 Low Low Low Low. Low Low Low

Leite et al.28 Low Low Low Low Low Low Low

Overall risk of bias: equal to the most severe level of bias found in any domain.
Low: Comparable to a well-performed randomized trial;
Moderate: sound for a non-randomized study but not comparable to a rigorous randomized trial;
Serious: presence of important problems;
Critical: too problematic… to provide anu useful evidence on the effects of intervention
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