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Abstract 
 

     The aim of this research is to study the correlation between the mandibular cortex of panoramic 
radiograph and grey scale value of alveolar bone on the periapical digital radiograph among 
Indonesian women aged 40 years to 75 years.  A cross-sectional study was conduct by performing 
panoramic radiograph to assess mandible cortex index, as well as digital dental radiograph to 
obtain grey scale value of the alveolar bone. The intra oral periapical digital radiographs were made 
in the region of mandible premolar, and by utilizing density measurement tool in Digora for window 
software all digital images were analyzed to obtain the mean grey scale value of each region of 
interest (ROI). It is showed in 102 subjects with C1, C2 and C3 mandible cortex index revealed 

mean alveolar bone grey scale value of 141.23 (+20.93), 100.94 (+13.67), and 96.01 (+16.83) 

respectively. Pearson’s correlation between alveolar bone density and mandible cortex index was 
0.711 with <0.001 significance.  
     Alveolar bone grey scale value obtained from digital dental radiograph has significant correlation 
with mandibular cortex index. The digital dental radiograph has the potential usefulness for 
identifying osteoporosis as on panoramic radiograph 
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 Introduction 

 
 Osteoporosis is one of the systemic 
degenerative diseases, characterized by low 
bone mass and decreased of bone micro 
architecture which will lead to increased bone 
fragility and fracture susceptibility. Osteoporosis 
is a chronic, longstanding, complex and 
multifactor cause disease which often occur 
without any symptoms, and result in a bone 
fracture either spontaneously or due to mild 
trauma.1 Osteoporosis affect the entire skeleton 

including the jaw bone. Researches have shown 
that besides jawbone, osteoporosis also affects 
oral and craniofacial structures. However the 
influence of osteoporosis to affect oral and 
maxillofacial structure such as periodontal 
tissues, teeth, and height of residual ridge is still 
remains unclear, and many is still on going 
research.2 

Nowadays the life expectancy of most 
population in Indonesia become higher, thus will 
lead to higher number of the elderly. One of 
researches in Indonesian population regarding 
prevalence of osteoporosis, conduct by 
Tirtarahardja et al has demonstrate the 
decreasing BMD values and increasing 
osteoporosis prevalence in Indonesians 
corresponding to increasing of age. As it has 
been stated previously that osteoporosis is 
systemic disease that can affect the whole body 
including jawbone. In this regard, this is in 
accordance with statement that the occurrence of 
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osteoporosis in femur, spine can also be followed 
by osteoporosis of jawbone.3,4 It has been proved 
that low Bone Mineral Density (BMD) in mandible 
has correlated with whole skeletal bone mass 
and it is highly correlated with higher risk for 
fracture.5,6 Dual Energy X-ray absorptiometry 
(DEXA) is considered as the most reliable means 
of measuring bone mineral density commonly. 
However, the use of DEXA is considered as 
ineffective and inefficient because of the costs is 
quite expensive and not practical.6,7 In the field of 
dentistry, in accordance with the increase of 
number of elderly population, the need of dental 
treatment such as tooth extraction, dentures and 
dental implants treatment becomes increased 
consequently. Panoramic and dental digital 
radiographs are the most useful and popular 
diagnostic tools to be used as one of important 
part for those treatment.  

The research which evaluates the use of 
panoramic radiograph for estimating changes in 
cortical bone mineral of the mandible based on 
bone mineral density derived from Dual Energy 
X-ray absorptiometry (DEXA) has been 
conducted by Klemetti E et al.8 Other research 
conduct by Alapati S et al shown that panoramic 
radiograph can be used as the tool to assess 
skeletal changes in the mandible, as the 
indication of skeletal osteopenia and 
osteoporosis. This study established the index of 
the mandibular cortex which derived from 
panoramic radiographs that could distinguish 
women with normal mandibular bone or suffer 
from osteopenia or osteoporosis.9  This invention 
correspond to research conduct by Taguchi A et 
al with the result that panoramic can be used to 
identify low bone mineral density which cannot 
be detected in post-menopausal women. In this 
research radiographic image of eroded edge in 
the inferior mandibular cortex on panoramic can 
be used to identify low BMD in postmenopausal 
women.10 

Periapical digital radiography provide 
images with superior resolution, sharpness, 
requires less radiation and also giving 
information about bone density. This tool is 
important in the diagnosis and treatment planning 
in many dental procedure, such as the treatment 
of implants, periodontal diseases and systemic 
diseases with oral and maxillofacial manifestation 
such as osteoporosis.11 

 Base on fact that osteoporosis is a systemic 
skeletal disorder that will involve the entire 

skeleton of the body and the usefulness dental 
radiographs to reveal the condition of maxillary or 
mandibular bone, it is of beneficial the possibility 
to explore potential usefulness for dental 
radiographs as a screening tool for osteoporosis. 
The research about trabecular pattern on dental 
radiographs has already been conducted that 
reveal the potential ability to predicts 
osteoporosis with sensitivity and specificity 
similar to age.12,13 

The objective of this research is to study 
the correlation between the mandibular cortex 
and grey scale value of alveolar bone based on 
the panoramic and periapical digital radiograph 
among Indonesian women aged 40 to 75 years. 

    
Materials and methods 
 
This study was carried out with the 

subject of 102 women aged 40 years to 75 years 
old. The participants were the patients who came 
to the Dental Hospital Faculty of Dentistry 
Universitas Indonesia who wish to have 
treatment of tooth extractions. This study has 
already approved by the ethics committee of the 
Faculty of Dentistry, Universitas Indonesia and all 
participants have agreed to participate in this 
study by signing the inform consent provided. 
  

 

Figure 1. Clasification of Mandibular Cortex 
Mandibular  Index method by Klemetti et al. C1 
has average and sharp endosteal edge on both 
side.  C2 has the semilunar defects on the 
endosteal edge (lacunar resorption) or it looks 
like a rest form of the endosteal cortical (layer up 
to 3 layers) on one and both sides of the 
mandible C3 is the cortical layers that make up 
the rest of the endosteal cortex and porous was 
apparent.8 
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Figure 2. Asessment of Mandibular Cortex using  
Mandibular  Index method by Klemetti et al. 
 

All participant was examined using 
panoramic radiographs and digital periapical 
radiographs prior to the tooth extraction. 
Panoramic radiograph made with the X-Ray 
apparatus of Digora Cranex tome CEPH 
(Finland). The panoramic radiograph is examined 
by a radiologist blinded. Examinations of the 
inferior mandibular cortex were made on both 
sides on panoramic radiographs in distal to the 
mental foramen using the method established by 
Klemetti et al. The results were divided into three 
groups: C1, C2 and C3 with the following criteria. 
C1 has average and sharp endosteal edge on 
both sides, C2 has the semilunar defects on the 
endosteal edge (lacunar resorption) or it looks 
like a rest form of the endosteal cortical (layer up 
to 3 layers) on one and both sides of the 
mandible, while C3 is the cortical layers that 
make up the rest of the endosteal cortex and 
porous was apparent. (Figure 1 and Figure 2). 
 Intra oral periapical digital radiography 
examinations were conducted using 
Photostimulable Phosphor Plate (PSP) from 
Digora® system, in the region of right or left 
mandibular premolar. The exposure condition 
was at 60 kVp, 7 mA, and with the same 

exposure time 0.18 second using X-Ray 
apparatus Bel-Ray (Belmont, Japan). The long 
cone was used to be adjusted with paralleling 
cone indicator from Hanshin®, to perform a 
parallel chnique. The PSP directly processed 
using the reader to obtain digital image. The 
digital radiographic images were store using 
software Digora for Window®. Using the 
computer with an 8 bit system, each small square 
area (a pixel) has a grey value between 0 and 
255. 0 corresponds to totally black, and 255 to 
totally white. This numeric value is called the 
grey-scale value. Digital periapical radiograph 
were evaluated using software Digora for 
Window®, the value of alveolar bone density 
were determined using bone density 
measurement marked area tool in the region of 
interest (ROI) as appeared in Figure 3. The 
standardized area of ROI were determined as the 
several rectangular areas of 2mm2, and were 
selected between the apical part of the premolars 
on the right or left side of the lower jaw. The 
grey-scale values were obtained as the mean 
value for each ROI. 
 

 
Figure 3. Density measurement of alveolar bone 
gray scale value in the region of interest. The 
rectangular shape shows region of interest to be 
measured and compared to mandibular cortex 
index in panoramic radiograph. 

 
      Results 
 

The subject were 102 women aged 40 
years to 75 years with a mean age of 55.16 years. 
The panoramic radiograph of all subject were 
divided into 3 groups using mandibular  index 
method by Klemetti et al, with result in 40 subject 
(39,2%) were categorized in the  mandibular 
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cortex index C1, 29 subject (28.4%) categorized 
C2 and 33 subject (32.4%) C3. This result can be 
seen in table 1. 

 

 
Table 1. Description of categorized subject using 

Mandibular Cortex Index.  
 

In addition to measurement of cortex of 
the mandible, alveolar density was also 
measured by means of alveolar bone grey scale 
value and correlated to see the relationship 
between the condition of the mandibular cortical 
density and alveolar density. The results of the 
measurements can be seen in table 2. 

 

 
Table 2. Correlation between alveolar bone grey 

scale value with Mandibular Cortical Index. 
 
 
Alveolar density obtained from 

measurement of alveolar bone grey scale value 
showed higher mean in the C1 mandibular cortex 
index than the C2 and C3 respectively. It also 
revealed that the decrease in mandibular cortical 
density was corresponding to the decrease of the 
mean of alveolar density. Pearson correlation 
showed a linear correlation between the densities 
of the alveolar to the mandibular cortex which is 
a strong linear correlation. Linear regression was 
performed furthermore to see both forms of 
linearity. Results of linear regression showed C2 
alveolar bone density differ 40.29, and C3 differ 
45.22 lower than C1. Mandibular cortical index 
can be explained by the alveolar bone density 
with value of 58.20%. The results of the linear 
regression can be seen in figure 4. 

 
Figure 4. Linear Correlation between Alveolar 
Bone Density and Mandibular Cortex. 
 
 Discussion 

 
 Osteoporosis is a common metabolic 
disease in the world that affects more than 325 
million individuals. Osteoporosis is a serious 
public health concern, which entails significant 
social and economic burdens. Because the 
number of elderly people is the fastest growing in 
the world, the high rates of fractures associated 
with substantial morbidity is notable, and costs of 
patients management are increasing rapidly.14 
 It is suggested that BMD should be 
measured if an additional risk factor is present 
such as low weight or age 65 and over.15 As the 
decrease in density and increase in porosity of 
human bones begins at about the third decade of 
life, the lower age limit in this study was set as 
the fourth decade. After menopause, deficiency 
in estrogen induces increases bone turnover, 
leading to skeletal bone loss. As the bone quality, 
cortical thickness increase slightly until age of 50 
years and decreased significantly thereafter, 
parallel to change in menopausal status. 7,9 

 Several studies about the usefulness of 
panoramic had been conducted with the result 
that performing simple visual estimation on 
panoramic radiograph maybe useful in identifying 
post menopausal woman with low BMD.6,10 Study 
of panoramic radiograph may provide an 
economical and reliable diagnostic tool to rule out 
osteoporosis in undiagnosed patients where 
DEXA screening may not be available. In other 
studies it can be concluded that the dentist can 
make a referral results in the assessment of 
Mandibular Cortical Index using panoramic 
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radiographs were included in the category 
eroded or porous cortex to perform bone 
densitometry examination.16-18 

 In recent years the digital dental 
radiographs are still not widely elaborated of its 
usefulness in assessing alveolar bone condition 
mainly associated with osteoporosis. Based on 
some studies dentists can use ordinary dental 
radiographs as a rough tool to identify women at 
high risk for future fractures in mid-life, often 
many years before the first fracture occurs.19 
Several studies have been carried out, with the 
results showed a positive correlation between 
BMD heels with pixel intensity values in digital 
periapical radiograph.13 Other study also 
demonstrated a significant correlation between 
BMD in the forearm with a gray level value in 
digitized intra-oral periapical radiograph.18 
 In this study, it is found that alveolar bone 
grey scale value in intra oral digital periapical 
radiograph as shown in table 2 is in consistent 
with the result of other studies which reveals the 
cut-off of the pixel intensity value also reflects 
bone density.  The individuals with value below 
100 was considered to be pathologic and in need 
further test. The value greater than or equal to 
100 was normal.13 Other study in Indonesia 
about bone quality also showed concordant 
result. The study used the score of 3 as normal 
bone density, and result in the minimum and 
maximum limits of alveolar bone grey scale value 
between 106.21 and 131.96.20 

 The result of this study revealed changes 
in the mandibular alveolar bone density in 
periapical radiograph has a correlation with 
mandibular cortex index in panoramic. The 
decrease of the overall alveolar bone density in 
intra oral digital periapical radiograph may be 
useful to identify osteoporosis in need of further 
evaluation. 

The limitation of this study is the limited 
number of the subject included in this study, 
further studies with higher number of subjects will 
improve significance of the correlation. 

 
 Conclusions 
 

The results of this study indicate that 
there is a statistically significant correlation 
between the mandibular cortical index with 
alveolar bone density. It can also be seen from 
the linear regression which can concluded that 
mandibular cortical index can be explained by the 

alveolar bone density with the value of 58.20%. 
Therefore it can be stated that digital dental 
radiograph has potential usefulness for detecting 
osteoporosis as on panoramic radiographs. This 
research is still necessary to be continued using 
higher quality diagnostic tools such as DEXA 
BMD heel, so that  cut off can be performed on 
gray scale value based on the results of 
diagnosis using those device in order to obtain 
the specificity and sensitivity value. 

All procedures followed were in 
accordance with the ethical standards of the 
responsible committee on human 
experimentation (institutional and national) and 
with the Helsinki Declaration of 1975, as revised 
in 20085. Informed Consent was obtained from all 
patients for being included in the study. 
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