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Abstract 
Objective: The objective is to analyze the importance of panoramic and carpal radiographs for 
evaluation of edentulous individuals in different ages, demonstrating the contribution of different 
dental radiographic techniques in detecting patients with signs of osteoporosis. Methods: The 
study was developed using panoramic and carpal digital radiographs of 30 edentulous women 
(age ranged 50 - 90 years). The panoramic radiographs was performed to measure the thick- 
ness of the mental index—MI and gonial index—GI, and evaluation of the morphology of the 
mandibular cortical shape (Klemetti classification). The carpal radiographs was performed to 
measure the cortical thickness of the 2nd, 3rd and 4th metacarpals (metacarpal index). Statistics 
analyzed the relationship of these indices with the patient’s age and the contribution of dental 
radiographs in detecting patients at risk for osteoporosis. Results: The average age of subjects was 
68.43 years. In the analysis of cortical thickness of the panoramic radiographs, the mean 
values of mental index (MI) and gonial index (GI) for the age group 50 to 59 years were 
considered normal values (≥3.1 mm and ≥1.2 mm , respectively). To analyze the morphology 
of the cortex, the C3 group corresponded to the majority of cases (43.33%). The higher the age 
range, more morphological changes were observed (sum of the characteristics of groups C2 
and C3). For the hand-wrist radiographs, the highest values of the metacarpal index (BMI) 
were found in the youngest age group (50 - 59 years). Conclusions: There was positive corre-
lation between age and indices of quantitative assessment (IM, IG, BMI) and qualitative (anal-
ysis Klemetti) on panoramic and carpal radiographs. Age is a risk factor for the onset of os-
teoporosis. 
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1. Introduction 
Increase in the elderly population in Brazil occurs quickly, being a reflection of the drop in fertility rate and in-
creasing longevity, especially among women [1]. Population aging caused an epidemiological transition, chang-
ing the health profile of the population with a predominance of chronic diseases [2]. 

Data from IBGE (Brazilian Institute of Geography and Statistics) estimated that the proportion of elderly 
people over 65 years in 2010 would correspond to 6.83% of the population; and by 2050 this value will exceed 
22.71% [3] [4]. 

The quality of life for seniors relates directly to the general health and the oral health condition. Tooth loss 
constitutes a major problem [5], causing individual changes in phonetic pattern, masticatory and aesthetic, im-
plying changes in social behavior, emotional and psychological [6]. In order for the oral health of patients to be 
preserved, an important factor to be considered in the diagnosis and planning for any dental treatment is the 
presence of bone metabolic diseases, such as osteoporosis. 

Osteoporosis is considered a public health problem by the World Health Organization (WHO), which mainly 
affects postmenopausal women [4]. The method considered the gold standard for diagnosis of bone metabolic 
disease is bone densitometry (DXA). However, due to cost and lack of public access to the examination in Bra-
zil, use as screening method for osteoporosis is complicated [4] [7]. 

Alternative methods using dental radiographs (panoramic and carpal) to diagnose systemic osteoporosis were 
developed [4] [7]. Panoramic radiography, which was already part of routine prosthetic planning, to diagnose 
alterations in jaws, presence of root fragments, foreign bodies, bone ridge height, could also be used to assess 
systemic conditions [8] and found a significant correlation between changes in trabecular bone seen on pano-
ramic radiographs and wrist radiographs (carpal) with osteoporosis in the spine and femur, detected by bone 
densitometry [7]. 

2. Methods 
The study was conducted using digital radiographic of 30 edentulous women, aged between 50 - 90 years. The 
inclusion criteria were edentulous women who received care at the Prosthodontics Course in Ribeirão Preto 
Dental School (University of São Paulo) and were forwarded to radiology service. This prosthodontics care oc-
curred after radiological documentation. All subjects agreed and signed the consensual term according of School 
of Dentistry policies. 

The documentation was composed of panoramic and carpal radiographs, obtained from a digital equipment 
X-ray, Veraviewepocs (J. Morita. Corp., Kyoto, Japan). All images were analyzed with resolution of 300 dpi by 
Radio Imp Software 2.0 (Radio Memory, Belo Horizonte, Brazil). 

In panoramic radiographs were performed measurements of mandibular cortex thickness, bilaterally in two 
places: the mentual foramen and mandibular angle. These measurements resulted in the Mentual Index (MI) and 
Gonial Index (GI). 

For the measurement of Mentual Index (MI) was performed, at first, the design of the mental foramen. Next, a 
tangent was drawn to the mandibular border and perpendicular to this tangent line intersecting the top edge of 
the foramen. In parallel to this line was measured cortical thickness (Figure 1). 

For the measurement of Gonial Index (GI), two lines were drawn: one tangential to the posterior edge of the 
branch and another tangential mandibular body. At the intersection of these two tangents, the angle was divided 
with a bisecting and parallel to that bisect, measurements were made of cortical of the mandibular angle (Figure 
2). 

Each index was made three readings for each side (right and left) and each patient by the same examiner, and 
the average of the measurements was used in the statistical analysis. 

Panoramic radiographs were analyzed for the presence of osteoporotic sites, according to Klemetti [9] rating,  
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Figure 1. Measurement of the Mentual Index using the software program Radioimp (Radio Memory, Belo 
Horizonte, Brazil).                                                                                 

 

 
Figure 2. Measurement of the Gonial Index using the software program Radioimp (Radio Memory, Belo Ho-
rizonte, Brazil).                                                                                 
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which evaluates the lower cortex morphology. According to Klemetti (Figure 3), the radiographs are classified 
into three groups: C1—the endosteal margin of the cortex was even and sharp on both sides; C2—the endosteal 
margin showed semilunar defects (lacunar resorption) or seemed to form endosteal cortical residues (one to 
three layers) on one or both sides; C3—the cortical layer formed heavy endosteal cortical residues and was 
clearly porous. The classification was performed by a blind test and a single and experienced examiner, ex-
amined the entire sample, with help of image manipulation tools: brightness, contrast and zoom. 

In carpal radiographs were performed measurements of the internal and external cortical thickness in 2nd, 3rd 
and 4th metacarpals. These measurements resulted in the Metacarpal Index (MCI) or Nordin Index (Figure 4). 
 

 
Figure 3. Classification according Klemetti (1994). Image was published in this article by Klemetti.             

 

 
Figure 4. Measurement of Metacarpal Index (MCI) using the software program Radioimp (Radio Memory, 
Belo Horizonte, Brazil).                                                                           
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Statistically was analyzed the relationship of MI, GI, Klemetti rating and MCI with the age of patients and the 
contribution of dental radiographs to detect patients with risk for osteoporosis. To analyze the panoramic x-ray, 
comparisons were made through orthogonal contrasts using linear mixed-effects model. To verify the data cor-
relation between right and left side of the radiograph, was used the Kappa coefficient, which ranges from 0 to 1, 
when close to 0 is considered no correlation and close to 1 perfect correlation. Also was used descriptive analy-
sis of researched indexes. For carpal radiographs was held a descriptive analysis of the variable. 

This study was submitted to the Ethics Committee of the Ribeirão Preto Dental School and approved with 
protocol number 2009.1.382.58.2. 

3. Results 
Average age of subjects was 68.43 years. In panoramic radiograph, the cortical thickness analysis showed that 
the mean values of Mentual Index (MI) and Gonial Index (GI) for the age group 50 - 59 years had values consi-
dered within normal limits (≥3.1 mm and ≥ 1.2 mm , respectively) (Table 1). In the carpal radiographs, the 
highest values of metacarpal index (MCI) were found in the youngest age group (50 - 59 years) (Table 1). 

The morphological cortex analysis, the C3 group corresponded to the majority of cases (43.33%). The older 
the age, more morphologic changes were observed (sum of the characteristics of the C2 and C3) (Table 2). 

4. Discussion 
Osteoporosis is an osteometabolic disease characterized by low bone mass and micro architectural deterioration 
of tissue, leading to increased bone fragility and an increased fracture risk associated with high morbidity and 
mortality. One of the most common metabolic bone disorders in the elderly affects 30% of postmenopausal 
women [10] [11]. 

The first association of osteoporosis and bone loss in the maxilla and mandible in humans was performed by 
Groen, Duyvensz and Halsted, 1960 [4]. Osteoporosis results in decreased bone mass and changes the structure 
of maxillary, especially at the lower edge (tapering the inferior cortex of mandible] [10]. 

In this study, the average values of Mentual Index (MI) of the mandible cortical regarding age group 50 - 59 
years had higher values than 3.1mm. In other age groups, the mean values were lower than 3 mm and decrease 
was progressive with increasing age. According to Horner and Devlin (2002) [6], measures of the inferior cortex 
of mandible below 3 mm was considered as a parameter for diagnosis of low bone mineral density. 

In Gonial Index (GI), only in the age group 50 - 59 years the average values were greater than 1.2 mm. Fol-
lowing the same pattern as MI, noted a progressive decrease in the GI in other age groups. In the age groups 
 
Table 1. Radiomorphometric indices panoramic and carpal.                                                             

Age Cases Mean Age Mean and standard deviation 
for MI 

Mean and standard deviation 
for GI 

Mean and standard deviation 
for MCI 

50 - 59 7 (23.33%) 55.14 3.15 ± 1.22 1.27 ± 0.39 0.53 ± 0.07 

60 - 69 7 (23.33%) 63.43 2.71 ± 0.76 0.97 ± 0.27 0.47 ± 0.06 

70 - 79 13 (43.33%) 74.15 2.48 ± 0.06 1.11 ± 0.34 0.47 ± 0.02 

80 - 89 3 (10.00%) 86.33 2.34 ± 0.06 0.84 ± 0.08 0.42 ± 0.02 

 
Table 2. Assessment of mandibular cortex morphology (Klemetti classification).                                           

Age Cases Klemetti Classification 

  C1 C2 C3 

50 - 59 7 (23.33%) 42.86% 14.28% 42.86% 

60 - 69 7 (23.33%) 28.57% 42.86% 28.57% 

70 - 79 13 (43.33%) 23.08% 38.46% 38.46% 

80 - 89 3 (10.00%) 0 0 100% 
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above 59 years, there was minor or borderline measures to that found by Bras et al. (1982) [5], which held that a 
cortical thickness of less than 1mm in gonial angle is an indicator of metabolic bone loss. 

Quantitative radiomorphometric indices, MI and the GI showed worsening with advancing age, pointing to 
decreased bone mass. These findings agree with data from studies of several authors [6] [12]-[14]. 

The morphological analysis of the mandibular cortical according to Klemetti, the C3 group (cortical clearly 
porous) corresponded to the majority of cases (43.33%). The higher the age group, most morphological changes 
were observed. Qualitative analysis showed that in the younger age group (50 - 59 years) more than half of the 
sample had visible cortical bone loss, demonstrated by the sum of C2 and C3 groups (57.14%). 

In the carpal radiographs, the highest values of metacarpal index (MCI) were found in the youngest age group 
(50 - 59 years), value declines with increasing age. The decline of the MCI in women is most pronounced during 
in the first 3 years after menopause [15] [16]. This association with age was also found by Coimbra et al. (1994) 
and Haara et al. (2006). 

Several authors believe in the potential of using the metacarpal index (MCI) in epidemiological studies and in 
clinical practice [18] for being an affordable method, easy to obtain and low radiation involved. In this study, the 
analysis results of this index showed similar information to radiomorphometric indices measured on panoramic 
radiographs. 

Age is a risk factor for osteoporosis, as could be seen with the drop in index values in the older age groups 
[18]-[20]. 

The increase of the elderly population therefore osteoporosis, the dentist has the opportunity to treat often the 
older age groups, since the large number of edentulous in Brazil. Becomes of great value that routine radio-
graphs in dental treatments can provide subsidy for the analysis of early signs of the disease, allowing these 
health professionals appropriately refer their patients to the proper medical care. 

5. Conclusion 
In conclusion, panoramic radiograph allows oral overview of the patient’s condition (detection of residual roots, 
impacted teeth, disease and anatomical accidents) and constitutes an important research site for signs of osteo-
porosis. The realization of carpal radiography has not shown to be essential if there is a panoramic radiograph 
for bringing similar information (radiomorphometric indices) in relation to osteoporosis. However, carpal radio-
graphy is more accessible since it can be performed in various radiographic apparatus. There was positive cor-
relation between age and indices of quantitative assessment (IM, IG, BMI) and qualitative (analysis Klemetti) on 
panoramic and carpal radiographs. Age is a risk factor for the onset of osteoporosis. 
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