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Abstract 
The silent nature of osteoporosis makes it difficult to diagnose. Therefore, all healthcare professionals 

should participate in the identification of patients suffering from this disease. Dental x-rays can be considered a 

minimally invasive and convenient method in identifying osteoporosis. The repercussions of osteopenia / 

osteoporosis on the periodontium appear to be proven. Periodontal parameters (clinical loss of attachment, probing 

depth, gingival index, and bleeding on probing) show signs of greater tissue degradation. The relationship between 

periodontal disease and osteoporosis appears to be linked by the risk factors they share and by the mechanism of 

bone loss. The inflammatory nature of these two pathologies has been demonstrated, which could highlight a 

pathogenic link between them. The literature does not currently suggest any specific conduct or protocol in assessing 

the risk of low bone density and in the management of these patients. But osteopenic / osteeporotic patients require 

special attention and medical dental care. 
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Introduction 

To correlate systemic and oral bone 

loss, studies have compared jawbone and 

preferred sites of osteoporotic fractures. The 

human skeleton is made up of several types 

of bones. Their architecture can be 

differentiated according to the proportion of 

compact bone and cancellous bone within 

the bone piece and by the stresses to which 

they are subjected [1]. The mandible is made 

up of 80% cortical bone and 20% trabecular 

bone [2]. Its architecture is strongly 

influenced by many local factors including 

occlusal forces, muscle attachments, but it 

also depends on the bone status and 

metabolism of the entire skeleton [1, 3]. As 

long as these local factors stimulate the 

bone, changes due to systemic factors 

appear to be countered [1]. 

The proximal part of the femur and 

the distal part of the forearm have roughly 

the same proportion of trabecular bone and 

cortical bone as the mandible and are 

subjected to roughly the same stresses [1]: 

they constitute an excellent model of 

mandibular bone loss. Indeed, Roberts et al. 

found a similar pattern of bone loss in the 

mandible and femur [4] and Buyukkaplan et 

al. have shown that variations in bone 

metabolism in the jaws appear to be similar 

to those observed in long bones [5]. These 

observations are not valid for all the bones 

of the body: to represent a good model of 

mandibular behaviour, a bone must be 

subjected to the same stresses and have the 
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same proportion of cancellous bone and 

cortical bone. For example, some authors 

have shown that there is no correlation 

between mandibular bone loss and bone loss 

from the spine, which is made up mostly of 

cancellous bone and a thin layer of cortical 

bone [6]. 

Considering these results we wonder 

whether low bone density or osteoporosis 

can directly affect the microarchitecture of 

alveolar bone and possibly influence the 

destruction of periodontal tissue in 

periodontitis. 

There is currently very little data on 

the association between systemic bone 

density and alveolar bone. The results of the 

studies are controversial but seem to agree 

on the fact that the alveolar bone is little 

influenced by the systemic bone status; it is 

constantly renewed according to the stresses 

to which it is subjected. Alveolar bone 

appears to depend more on local factors than 

systemic factors [7]. As long as local factors 

stimulate alveolar bone, systemic conditions 

appear to be countered. Some authors like 

Iwasaki et al. justify this by the degree of 

independence of the different areas of the 

skeleton [8]. The skeleton is heterogeneous: 

bone density, turnover rate and remodelling 

capacity differ depending on the areas of the 

skeleton. 

Nowadays, the recommended 

standard method is to pre-screen women at 

risk for osteoporosis using osteoporosis 

assessment tools based on known 

osteoporosis risk factors: OST, OSIRIS [9]. 

In dentistry, the identification of women 

with low systemic bone density is also 

sought. Thus, according to Karayianni et al. 

the analysis of dental x-rays may be an 

alternative method to screening 

questionnaires. It enables pre-selection of 

individuals at risk [9]. This places the dentist 

in an important role of screening patients at 

risk of low bone density. 

Measurements of the bone mass and 

the density of the mandible have been 

carried out since the 1980s by various 

techniques. But these cannot be carried out 

in a dental office because they are too 

complicated, expensive and with an 

excessively high radiation rate [10]. DXA 

technique is the gold standard for diagnosing 

osteoporosis. For the jaws, it is only 

applicable in edentulous patients. This is 

why other methods have been developed. 

The jawbone is predominantly made up of 

trabecular bone, and the compact bone is too 

thin to be used as an indicator of 

osteoporosis. Maxillary trabecular bone has 

been evaluated but not as frequently as the 

mandible due to a lack of standardized sites. 

Most of the mandibular compact bone is 

located at the lower mandibular border, 

which is visible on panoramic [10]. 

 

Measurement of the mandibular 

cortical bone 

To date, there is not yet a consensus 

in the literature for the diagnostic cut-off 

values of the various indices for the 

identification of low systemic bone density. 

Panoramic radio-morphometric 

indices: 

The mandibular cortical index (MCI) 

or Klemetti index is the most widely used 

index, it is a classification of the appearance 

of the lower edge of the mandibular cortex 

[11]: 

• C1: the boundaries of the cortex 

are intact and marked 

• C2: the cortical limits show 

semilunar defects (lacunar resorption) or 

show cortical residues 

• C3: the cortex shows significant 

residues and is clearly porous. 

This is the index that shows the 

greatest efficiency in identifying osteopenic 

/ osteoporotic individuals. Some authors 

consider that classes C2 and C3 should be 

considered as an indicator of low bone 
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density, others consider that only class C3 

should be considered as such. Authors who 

classified healthy patients as C1 / C2 

obtained high sensitivity and low specificity. 

On the other hand, the authors who 

classified the patients with a low systemic 

bone density with a C2 / C3 class obtained a 

low sensitivity and a high specificity [6, 12-

16]. 

The index of the thickness of the 

mandibular cortex (MCW) it measures the 

thickness of the cortex of the lower edge of 

the mandible, classified into 3 categories: 

normal, intermediate and very thin. For the 

thickness of the mandibular cortex, 3 values 

are often cited in the literature because they 

show the best diagnostic accuracy [17]: 

• 3mm: moderate sensitivity and 

high specificity 

• 4mm: high sensitivity and low 

specificity 

• 4.5mm: high sensitivity and 

moderate specificity 

For Delvin et al, only individuals 

with a 3mm cortex should be referred for 

additional examinations because they are at 

the highest risk of osteoporosis [13]. 

The mental index (MI) is a 

measure of the thickness of the cortex at the 

level of the mental foramen, measured by a 

line that is perpendicular to the mandibular 

rim. Some authors recommend 

densitometric examinations for a threshold 

value less than or equal to 3mm [18]. 

The index of the goneal angle 

(GI): it is the thickness of the cortex at the 

goniac angle, measured by the bisector 

between the tangent of the posterior edge of 

the ascending branch of the mandible and 

the lower edge of the mandible. 

The index of the antegonia angle 

(AGI) is the thickness of the cortex anterior 

to the goniac region, measured by a line 

tangent to the anterior edge of the ascending 

ramus of the mandible towards the lower 

mandibular edge. the index of the antegonic 

concavity it is measured from the 

perpendicular of the deepest point of the 

antegonic concavity to a line parallel to the 

lower edge of the mandible. 

The panoramic mandibular index 

(PMI) is a radio-morphometric index 

presented in 1991 by Benson et al. It has 

been suggested that despite resorption of the 

alveolar bone above the mental foramen, the 

distance between the foramen and the lower 

edge of the mandibular remains constant 

throughout life. In addition, the PMI index 

ratio is a way to compensate for the 

distortion and magnification inherent in 

panoramic imaging [19]. It is the ratio of the 

thickness of the body of the mandible to the 

distance between the mental foramen and 

the lower edge of the mandible. Pavicin et 

al. conclude that a low PMI value represents 

a potential warning sign of osteoporosis [6]. 

 

Measurement of the mandibular 

trabecular bone 

The mandibular trabecular bone 

thickens in the jaws from puberty to young 

adulthood, it becomes more spaced in most 

women. In men, the trabecular meshwork 

appears to be maintained [20]. The structure 

of trabecular bone can be assessed by x-rays 

using the thickness of the trabeculations, the 

space between the trabeculations, the 

connection between the trabeculations and 

by measuring the trabecular volume by CT 

scan or by magnetic resonance. 

The cost and complexity of these 

methods limit their use, which is why a 

visual clue has been developed. 

Radiographic changes in the visual index of 

the trabecular pattern can be observed after 

10 years, the bone texture method can detect 

changes after 5 years [1]. Changes in the 

trabecular pattern are reflected in the 

spacing between the trabeculations and in 

some cases by the interruption in the 

trabecular network [2]. 
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Visual index of trabeculation has 3 

categories: 

• dense trabeculation: narrow 

inter-trabecular spaces and very mineralized 

trabeculae 

• scattered trabeculations: large 

inter-trabecular spaces, located in particular 

at the level of the ridges, the dentate areas 

and the premolar region 

• mixed trabeculation: scattered 

trabeculation located mainly at the apical 

level and dense trabeculation located mainly 

at the crestal level. 

This index makes it possible to 

classify the mandibular premolar region 

which is the reference region. For the visual 

index of trabeculation, when mixed or 

spaced trabeculation was taken into account 

for the identification of low bone density, 

sensitivity was high at the expense of 

specificity [21]. 

Bone texture 

An x-ray represents a two-

dimensional projection of the trabecular 

bone and the pattern of those projections is 

the texture. The transition between 

trabeculae and inter-trabecular spaces is 

analysed: 

 Class 1 is similar to the visual index 

of scattered trabeculation 

 Class 2 is similar to the visual index 

of mixed trabeculation with fine 

trabeculation 

 Class 3 is similar to the visual index 

of mixed trabeculation with thick 

trabeculation. 

 Class 4 is similar to the visual index 

of dense trabeculation 

 

Measurement of the density of the 

jaws 

• By DXA technique - Several 

studies have performed a Dual-energy X-ray 

absorptiometry (DXA) exam to assess jaw 

density [22, 23]. 

• By micro-densitometry - This is 

the evaluation of the density of the jaws 

using periapical radiographs. A film holder 

was adapted to be able to contain an 

aluminium witness in order to standardize 

all the radios and allow a micro-

densitometric analysis [24]. However, the 

use of intraoral radiographs for the 

assessment of osteoporosis is not feasible in 

routine dental practice because it requires 

specific equipment and calibration 

procedures [12]. 

Knowledge of the periodontium is 

essential to assess whether the structures that 

compose it are healthy, damaged or cleaned 

up [25]. To assess the impact of osteopenia / 

osteoporosis on the periodontium, its 

influence on periodontal parameters was 

studied. 

 

Correlation between systemic bone 

loss and maxillary bone loss  

Systemic bone density and jaw 

density 

Studies on the correlation between 

jaw density and systemic bone density show 

conflicting results. Gulsahi et al. 

demonstrated that the bone density of the 

maxilla is lower than the bone density of the 

mandible. The bone density of the molar 

region is greater than the density of the 

anterior and premolar region. This same 

study does not show a correlation between 

the density of the jaws and the density of the 

femur [22]. MCI, MI and PMI indices do not 

correlate with jaw density. Some studies 

have demonstrated a correlation between the 

density of the jaws and femur in edentulous 

patients [5] and the density of the hips and 

spine [6]. Pavicin et al. suggest that the 

density of the mandible helps identify 

individuals with low bone density [6]. 

However, for Nackaerts et al. jaw density is 

not a good factor in identifying osteoporosis, 

diagnostic validity is poor [24]. 
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Systemic osteoporosis and alveolar 

bone 

Low femoral bone density is 

associated with greater alveolar bone loss in 

postmenopausal women, but identifying 

osteoporotic women by the degree of 

alveolar bone loss is imprecise [26]. 

Jonasson has shown that over a period of 5 

years, the level of alveolar bone decreases 

without correlation with the systemic bone 

density [27], on the other hand Damilakis et 

al. suggest that the degree of alveolar bone 

resorption identifies women with systemic 

low bone density [28]. 

Systemic osteoporosis and 

mandibular cortical bone 

Postmenopausal women with 

severely eroded cortex (C3) are at greater 

risk of osteopenia/osteoroprosis, in the 

femoral neck and lumbar region [29]. The 

values of the index of the mandibular cortex 

vary according to the gender. Women show 

more C2 and C3 value [30]. In another 

study, Taguchi et al. showed that 37 out of 

39 postmenopausal women were identified 

with low BMD by 22 experienced dentists 

based on the appearance of the mandibular 

cortex, 8 women (20.5%) had spine fractures 

[31]. 

A decrease of 1mm in cortical 

thickness increases the likelihood of 

osteopenia / osteoporosis by 43% [32]. A 

decrease of 1 mm in thickness increases the 

likelihood of moderate or severe mandibular 

erosion of the mandible body by 96% for 

Konstantinos et al. and [33], by 28% for 

Khatoonabad [34]. 

Regarding the mental index (MI), it 

also shows a significant correlation with 

systemic bone status [32]. Marandi et al. 

have shown that the ability of the mental 

index to differentiate normal individuals 

from osteopenic / osteoporotic individuals is 

low to moderate [35]. Valerio et al. 

proposed 3 indices: an index subsequent to 

the mental index, classified into 3 

categories: MPI1, MPI2, MPI3. These 3 

cues and the mental cue show that there is 

an area between the mental foramen and the 

antegonia area that identifies women with a 

high risk of osteoporosis [36]. 

For the mandibular panoramic index 

(PMI), several authors have shown its 

precision in the detection of individuals with 

low bone density [14, 37]. However, 

Yamada et al. found no correlation between 

the PMI index and the density of the femoral 

neck and lumbar region [38]. 

For the antegonic index (antegonic 

index, antegonic concavity) and the gonial 

angle index. Antegonia indices are poorly 

reproducible and do not correlate with 

systemic bone density [37]. Similarly, for 

the gonial angle index, no correlation was 

found with the density of the lumbar, spine 

and neck of the femur [39]. However, 

Bajoria et al. show a correlation between the 

gonial index and low bone density [37]. 

Radiomorphometric indices vary 

with dental status and age. The mandibular 

cortical thickness indices, the mandibular 

cortex index, and the mandibular panoramic 

index vary with dental status and show 

lower values in edentulous patients [14]. 

Systemic osteoporosis and 

trabecular bone 

Skeletal bone loss is associated with 

decreased alveolar bone mass and 

deterioration of bone texture and trabecular 

pattern [40]. Most individuals present with 

mixed trabeculation, in women the 

trabeculation index shows a significant 

correlation with bone density [40]. For many 

authors, a mandible with spaced 

trabeculations is an indicator of low bone 

density [1, 40]. Subjects with dense 

trabeculations have higher bone density 

values than subjects with mixed or scattered 

trabeculations [27]. Jonasson et al. have 

shown cases of osteopenia in the forearm in 

eight out of nine cases in the hips and spine 

associated with spaced trabeculation [1]. 
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Systemic osteoporosis, trabecular 

bone and risk of fracture 

Mandibular trabeculation is a reliable 

predictor of the risk of fracture at the 

systemic level [41]. Spaced trabeculation is 

associated with a high risk of fracture [42]. 

Dense trabeculations have a protective effect 

because they are associated with a low risk 

of fracture [41]. Jonasson et al. suggest that 

the premolar region of the mandible is a 

useful indicator for postcranial fractures 

[41]. 

Studies suggest that analysis of bone 

texture is a predictor of fracture risk [42]. 

Jonasson et al. and suggest that assessing 

trabecular bone texture is more reliable than 

estimating trabeculation and is more useful 

in predicting future risk of fracture [43]. 

 

Systemic osteoporosis and 

periodontal parameters 

Periodontal parameters show 

increased tissue destruction in individuals 

with low bone density. 

Clinical loss of attachment is the 

parameter for which the majority of articles 

show a correlation with BMD. The severity 

and number of sites with moderate to severe 

attachment loss increases in osteopenic / 

osteoporotic patients [44]. 

The probing depth shows a 

correlation with BMD [45], but some studies 

have failed to demonstrate this association 

[46]. Bleeding on probing seems to correlate 

with BMD [45]. Inter-proximal crestal bone 

loss is increased [47]. The gingival index 

shows a correlation with BMD [48]. Dental 

mobility shows contradictory results: it 

increases in patients with low BMD [49], 

other studies do not show an association 

[12]. 

The number of remaining teeth and 

tooth loss also show conflicting results. For 

several authors, osteoporotic individuals 

have a lower number of remaining teeth than 

normal individuals [46, 50]. Some studies 

have failed to show this correlation [44]. 

As has been shown, clinical 

periodontal signs show more severe 

periodontal destruction in osteopenic / 

osteoporotic individuals [49]. For example, 

Lamonte has shown that periodontitis 

progresses slowly in healthy 

postmenopausal women. Women with a 

history of severe periodontitis or 

osteoporosis have a high risk of alveolar 

bone loss [51]. A study in young people 

shows that low bone mass is associated with 

gingival inflammation and more severe 

recessions [52]. 

The relationship between periodontal 

disease and osteoporosis appears to be 

linked by the risk factors they share and by 

the mechanism of bone loss. 

Conclusions 

Dental x-rays can be considered a 

minimally invasive and convenient method 

in identifying osteoporosis. The 

repercussions of osteopenia / osteoporosis 

on the periodontium appear to be proven. 

Periodontal parameters (clinical loss of 

attachment, probing depth, gum index, and 

bleeding on probing) show signs of greater 

tissue degradation.  
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