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Abstract: The aim of this study was to evaluate 
changes in jaw bones due to osteoporosis using cone 
beam computed tomography (CBCT) images. Subjects 
that had undergone CBCT for various oral conditions 
and demonstrating clinical findings of osteoporosis 
were invited to participate in the study. Dual X-ray 
absorptiometry (DXA) was performed on 90 patients 
aged over 30 years who underwent CBCT. The study 
groups were based on DXA results, and included 26 
osteoporosis patients (mean age ± standard deviation; 
58.52 ± 5.91), 33 osteopenia patients (52.67 ± 8.61) 
and 31 healthy controls (49.81 ± 10.47). CBCT images 
of jaw bones were evaluated using radiomorpho-
metric indexes, CT values, histogram analysis (HA) 
and fractal dimension (FD) analysis. Right and left 
mandibular radiomorphometric indexes, CT values 
and HA measurements in osteoporosis patients were 
significantly lower than measurements in osteopenia 
patients and control subjects (P ≤ 0.05). Positive 
correlations were observed between measurements 
of spine bone mineral density (BMD) and right and 
left mandibular CT values (P ≤ 0.01) and HA (P ≤ 
0.01) measurements. Left maxilla FD measurements 
in osteoporosis patients were significantly lower than 
in the control (P ≤ 0.05) and osteopenia (P ≤ 0.05) 

groups. Osteoporosis caused significant changes in 
radiomorphometric indexes, CT values, and HA and 
FD measurements in the jaw bones. 
(J Oral Sci 58, 185-194, 2016)
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Introduction
Osteoporosis refers to both decreased bone mass and 
micro-architectural deterioration of the bone scaffold, 
leading to bone fragility and enhanced susceptibility to 
fractures. (1) Osteoporosis is one of the most common 
diseases of modern society, affecting primarily elderly 
and middle-aged women. In Europe, osteoporotic frac-
tures account for 2.7 million fractures in both men and 
women (2). Dual X-ray absorptiometry (DXA) is now 
widely used to estimate axial, proximal appendicular and 
total body bone mass. Further, DXA is currently consid-
ered the gold standard for quantification of bone mineral 
density, and has been shown to correlate with fracture 
risk and treatment efficacy (3). Nonetheless, there are 
different methods that can be used to predict low bone 
mineral density (BMD) when evaluating alveolar and 
cortical bone (4,5).

In previous in vitro and in vivo studies, bone density 
obtained using CT values was evaluated on cone beam 
computed tomography (CBCT) images (6-10). While 
several studies (11-14) have evaluated mandibular radio-
morphometric indices on panoramic radiography images 
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as potential indicators of osteoporosis, including mental 
foramen index (MI), mandibular cortical index (MCI) 
and panoramic mandibular index (PMI), only Koh and 
Kim have reported the use of CBCT image computed 
tomography indices (CTI) to evaluate mandibular bone 
quality (15).

Digital images comprise numerous square elements 
called pixels, which contain their own brightness and 
color information. Using histogram analysis (HA), the 
brightness and color information for each region on 
a digital image can be transformed into a numerical 
expression, and this can be used for different purposes 
in medicine and dentistry, including the determination of 
BMD.

Fractal dimension (FD) analysis is a statistical texture 
analysis based on fractal mathematics, and is used for 
describing complex shapes and structural patterns. In a 
previous osteoporosis study, FD was used to examine the 
micro architecture of the trabecular bone (16). Conse-
quently FD may prove to be a non-invasive means of 
detecting and quantifying changes in the bone mineral 
content of the alveolar process (17).

There have been studies evaluating the effects of 
osteoporosis on jaw bones using these four methods 
individually. These studies were performed on different 
populations and CT value measurements, HA, FD and 
radiomorphometric index values of different part of 
jaws were measured (4-17). However, there have been 
no studies using these four methods on the same popula-
tion and same standard areas of the jaw. The purpose of 
this in vivo study was to determine whether statistically 
significant differences are present in jaw bone tissues on 
CBCT images from osteoporosis and osteopenia patients, 
and from non-osteoporotic individuals. For this purpose, 
different methods, including radiomorphometric indices, 
CT value measurements, HA and FD were used, and the 
results obtained were compared with DXA values. 

Materials and Methods
This research was conducted at the Dicle University 
Department of Dentomaxillofacial Radiology Faculty 
of Dentistry. Patients that had undergone CBCT for the 
purpose of diagnosing various oral conditions (cysts, 
tumors, etc.), as well as for implant treatment, were 
included prospectively. Those randomly selected subjects 
clinically suspected of having osteoporosis were invited 
to participate in the present study. They were asked for 
some clinical findings of osteoporosis, such as ankle pain, 
limited joint movement and vertebral fracture, and then 
DXA was performed. Based on DXA results, the study 
involved 90 patients divided into three experimental 

groups. Twenty-six individuals ranging in age from 48 to 
71 years were enrolled as the osteoporotic patient group, 
33 individuals ranging in age from 35 to 66 years were 
enrolled as the osteopenia group, and 31 individuals 
ranging in age from 24 to 63 years were enrolled as the 
healthy group. After CBCT images were acquired, DXA 
was performed on patients who consented to participate 
in the study. Selection criteria included a diagnosis of 
osteoporosis by DXA. According to the World Health 
Organization (WHO) criteria, individuals with DXA 
measurements of the hip or the lumbar spine that yielded 
T-scores of less than −2.5 were diagnosed with osteopo-
rosis, individuals with T-scores between −1.0 and −2.5 
were diagnosed with osteopenia, and participants with 
T-scores of −1 or greater were considered to have normal 
bone density. Individuals with metabolic diseases such as 
hyper- or hypo-parathyroidism, diabetes, osteomalacia, 
thyrotoxicosis and renal disease were excluded from 
the study. Patients were also excluded from the study 
if pathology was detected in the area to be examined, 
if measurements were evaluated incorrectly because of 
negative values obtained in the CT value measurements 
of the bone structure, or if measurements could not be 
obtained. 

The study was approved by the Dicle University Medi-
cine Faculty Ethics Committee for Non-interventional 
Studies (362-2012), and conformed to the principles 
of the Helsinki-Tokyo declaration. All subjects were 
informed by clinicians of all of the study procedures, and 
provided consent for participation.

CBCT images and DXA 
CBCT images were obtained with i-CAT (vision; Imaging 
Sciences International Inc., Hatfield, PA, USA), using a 
130 × 100 mm field of view (FOV). The nominal beam 
was 120 kV and 18.59 mA, with an 8.9 s rotation time, 
and a voxel size of 0.3 mm. Each participant’s head was 
aligned with a chin rest and laser lines, with the Frankfurt 
plane parallel to the floor, and the median sagittal plane 
perpendicular to the floor. Images were analyzed with the 
i-CAT Vision (Imaging Sciences International Inc.) soft-
ware, using 0.21 mm slices. The BMD (T-score) of the 
lumbar vertebra (L1-L3) and the femur were calculated 
by DXA using a DXA scanner (HologicDiscovery QDR; 
Hologic Inc., Bedford, MA). Sectional CBCT images to 
be examined were defined by noting those containing 
anatomic structures such as the foramen, nasal cavity, 
maxillary sinus, canal and tooth root. Measurements were 
then made of the radiomorphometric indices of the right 
and left sides of the mandible that the instrument was 
able to define for CT value, fractal dimension analysis, 
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and histogram analysis measurements.

Measurements
Radiomorphometric index measurements including 
computed tomography index (inferior) (CTI) (I), 
computed tomography index (superior) (CTI) (S) and 
computed tomography mandibular index (CTMI) were 
obtained, as defined by Koh et al. (15). To obtain the radio-
morphometric index measurements, a cross-sectional 
image that clearly indicated the mental foramen on the 
right and left sides of the mandible was selected from 
the CBCT images. To obtain the CTMI, a horizontal line 
contacting the lower border of the mandible was placed 
on the cross-sectional image. The line was extended verti-
cally from the upper border of the inferior cortical width, 
and the length of the perpendicular line was measured. 
To obtain CTI (I) ratio, a horizontal line contacting the 
lower border of the mandible was also placed on the 
cross-sectional image. CTMI (inferior) is the ratio of the 
inferior cortical width to the distance from the inferior 
margin of the mental foramen to the inferior border of 
the mandible. To obtain CTI (S) ratio, a horizontal line 
contacting the lower border of the mandible was placed 
on the cross-sectional image. CTMI (superior) is the 
ratio of the inferior cortical width to the distance from 

the superior margin of the mental foramen to the inferior 
border of the mandible (Fig. 1). The maxilla CT value, 
and HA and FD analysis measurements were obtained 
by first selecting a single 3 × 3 mm field that included 
spongeous bone in the area of the incisor and canine 
teeth on both the right and left side cross-sections of the 
CBCT images (Fig. 2A). The condyle head CT value, 
and HA and FD analysis measurements were obtained by 
first selecting a single 8.4 × 6.6 mm field that included 
spongeous bone, with the widest view of both the right 
and left side condyle heads on CBCT images (Fig. 2B). 
Evaluation of the mandibular cortical area was performed 
by first selecting a single 2.4 × 2.4 mm field that did not 
extend into the spongeous area, where the right and left 
side mental foramen were clearly visible in the cortical 
area on CBCT images (Fig. 2C).

The CBCT cross-sectional images used for the CT 
value measurements were recorded in JPEG format 
and transferred to the ImageJ program. For HA in 
ImageJ software, 14 × 14 pixel areas were selected for 
the maxilla, 40 × 30 pixel areas were selected for the 
condyle head and 12 × 12 pixel areas were selected for 
the mandible. Images were saved in TIFF format, and 
HA was performed. 

ImageJ (1.41) image processing and analysis software 

Fig. 1   Radiomorphometric index measurements. (A) CTMI measurement of the mandibular 
inferior cortical width; (B) CTI(I) ratio measurement of the length between the lower margin 
of the mental foramen and the lower border of the mandible; (C) CTI(S) ratio measurement 
of the length between the upper margin of the mental foramen and the lower border of the 
mandible.

Fig. 2   CT values and HA measurements were obtained in the same area on cross-sections of 
the CBCT images. (A) The spongeous area of the maxillary bone showing 3 × 3 mm area. (B) 
Condyle head with the widest spongeous bone field showing 8.4 × 6.6 mm area. (C) Cortical 
bone with the best view of the mental foramen showing 2.4 × 2.4 mm area.
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was obtained online (http://rsb.info.nih.gov). The box 
counting method reported by Mandelbrot was used for 
maxilla and condyle head FD analysis (Mandelbrot 
1977) (Fig. 3).

Statistical analysis
For normally distributed variables, comparisons of the 
three groups were conducted using one-way analysis of 
variance (ANOVA), and Tukey’s and Tamhane’s post-
hoc analyses were used to conduct multiple comparison 
tests.

For variables that were not normally distributed, 
Kruskal-Wallis test was used to compare the three groups, 
and Mann-Whitney U test with Bonferroni correction 
was used for multiple comparison tests. To determine 
whether there was a relationship between the variables 
obtained by different methods and variables obtained 
by DXA, Pearson’s correlation (r) test was used. Data 
were evaluated using SPSS software (ver. 18; SPSS Inc., 
Chicago, IL, USA).

Results
Mandibular radiomorphometric index measurements
Mandibular radiomorphometric index measurements 
were obtained from the right and left sides of the 
mandible. Following the application of exclusion criteria, 
80 patients were included for CTMI measurements, 83 
patients remained for CTI (I) measurements, and 83 
patients were included for CTM (S) measurements. The 
mean CTMI (P = 0.001), CTI (I) (P = 0.001) and CTI 
(S) (P = 0.002) measurements from osteoporosis patients 
were significantly lower than the mean measurements of 
the osteopenia and control groups. Evaluation of CTMI 
measurements revealed that the CTMI values of osteo-

porosis group were significantly lower than the CTMI 
values of osteopenia group (P = 0.007) and the control 
group (P = 0.001). Evaluation of CTI (I) measurements 
revealed that the osteoporosis group CTI (I) values were 
significantly lower than the osteopenia group (P = 0.004) 
and the control group (P = 0.001). Finally, evaluation of 
CTI (S) measurements revealed that the CTI (S) values 
of osteoporosis group were significantly lower than the 
osteopenia group (P = 0.038) and the control group (P = 
0.002; Table 1).

The correlations between vertebral and femoral head 
BMD values and radiomorphometric indices were 
evaluated based on DXA results. The results revealed a 
positive correlation between vertebral BMD and CTMI 
(r = 0.48, P ≤ 0.01), CTI (I) (r = 0.40, P ≤ 0.01), and CTI 
(S) (r = 0.32, P ≤ 0.01). A positive correlation was also 
detected between the femoral head BMD and CTMI (r = 
0.32, P ≤ 0.01).

CT Values
Evaluation of CT values taken from six separate areas of 
the jaw bone, including the right and left maxilla, right 
and left mandible, and the right and left condyle, was 
performed. Measurements of the right maxilla, the left 
maxilla, the right mandible, the left mandible, the right 
condyle, and the left condyle were obtained from 71, 74, 
75, 78, 32, and 69 patients, respectively. The mean CT 
values of the left maxilla (P = 0.018), left mandible (P = 
0.001) and right mandible (P = 0.001) from the osteopo-
rosis patients were significantly lower than measurements 
obtained from the osteopenia and the control groups.

Evaluation of the left maxilla measurements revealed 
that the CT values in the osteoporosis group were 
significantly lower than measurements obtained in the 

Fig. 3   (A) ROIs were cropped and transferred to Image J. (B) Cropped ROIs were dupli-
cated; (C) Duplicated images were blurred with a Gaussian filter (kernel size = 35); (D) 
Blurred images were then subtracted from the original image; (E) Resultant image was 
converted to binary by thresholding at a gray value of 128, and regions that represented 
trabecular bone were set to black and marrow spaces were set to white; (F) Finally, the image 
was skeletonized and used for fractal analysis.



189

osteopenia (P = 0.043) and control groups (P = 0.006). 
Furthermore, evaluation of the left mandibular measure-
ments revealed that the CT values in the osteoporosis 
group were significantly lower than values in the osteo-
penia (P = 0.034) and control groups (P = 0.001). A 
comparison of the osteopenia and control group measure-
ments revealed that the osteopenia group CT values were 
significantly lower (P = 0.003). Lastly, evaluation of the 
right mandible measurements revealed that the CT values 
in the osteoporosis group were significantly lower than 
those in the osteopenia (P = 0.042) and control groups (P 
= 0.001), and that the CT values in the osteopenia group 
were significantly lower than those in the control group 
(P = 0.016; Table 2).

According to the DXA results obtained, an evalu-
ation of potential correlations between the vertebral 
and femoral head BMD and CT value measurements 
obtained from the six defined areas revealed significant 
positive correlations between vertebral BMD and the left 
maxilla (r = 0.28, P ≤ 0.05), the right mandible (r = 0.58, 
P ≤ 0.01) and the left mandible (r = 0.63, P ≤ 0.01) CT 
values. A positive correlation was also detected between 
the femoral head BMD and both the left mandible (r = 
0.25, P ≤ 0.05) and the left condyle CT values (r = 0.27, 
P ≤ 0.05).

Histogram analysis
Measurements from the right maxilla, left maxilla, 

right mandible, left mandible, right condyle and left 
condyle were obtained from 85, 84, 76, 80, 77, and 82 
patients, respectively. Mean HA measurements from the 
left maxilla (P = 0.002), left mandible (P = 0.001) and 
right mandible (P = 0.001) of osteoporosis patients were 
significantly lower than the osteopenia and control group 
values.

Evaluation of the left maxilla HA values from the 
osteoporosis group revealed significantly lower values 
than those from the osteopenia (P = 0.008) and control 
groups (P = 0.002). Furthermore, the right mandible HA 
values from the osteoporosis group were significantly 
lower than those from the osteopenia (P = 0.004) and 
control groups (P = 0.001). A comparison of the osteo-
penia group and the control group revealed that the 
osteopenia group HA values were significantly lower 
(P = 0.009). Finally, evaluation of the left mandible HA 
values from the osteoporosis group revealed significantly 
lower values than those from the control group (P = 
0.001; Table 3).

According to the DXA results obtained, evaluation of 
potential correlations between the vertebral and femoral 
head BMD and HA measurements obtained from the six 
defined areas revealed a positive correlation between the 
vertebral BMD and the right maxilla (r = 0.24, P ≤ 0.01), 
left maxilla (r = 0.38, P ≤ 0.01) right mandible (r = 0.61, 
P ≤ 0.01) and left mandible HA measurements (r = 0.54, 
P ≤ 0.01).

Table 1  Radiomorphometric index measurements obtained from the jaw, and results of Tukey’s and Tamhane 
analyses

Osteoporosis Osteopenia Normal O:o O:N o:N
n Mean ± SD n Mean ± SD n Mean ± SD P P P

CTMI (mm) 26 2.76 ± 0.50 29 3.42 ± 0.58 26 3.62 ± 0.59 0.007** 0.001*** 0.491

CTI(I) 26 0.20 ± 0.06 30 0.25 ± 0.05 28 0.27 ± 0.04 0.004** 0.001*** 0.479

CTI(S) 26 0.16 ± 0.05 30 0.19 ± 0.04 28 0.20 ± 0.03 0.038* 0.002** 0.521
N, group with normal BMD; O, group with osteoporosis; o, group with osteopenia; SD, standard deviation; BMD, bone mineral density; 
n, number of patients or normal; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.

Table 2  CT values obtained from the jaw, and results of Tukey’s and Mann-Whitney U analyses
Osteoporosis Osteopenia Normal O:o O:N o:N

n Mean ± SD n Mean ± SD n Mean ± SD P P P
Right maxilla 15    294.07 ± 190.02 28    252.57 ± 163.42 28    258.96 ± 180.23 0.826 0.779 0.935

Left maxilla 20    200.80 ± 187.81 27    265.89 ± 156.61 26    300.27 ± 146.02 0.043* 0.006** 0.383

Right mandible 23 1,309.86 ± 124.23 27 1,390.63 ± 106.23 26 1,479.27 ± 112.91 0.042* 0.001*** 0.016*

Left mandible 26 1,334.8   ± 21.05 28 1,409.14 ± 85.12 25 1,500.76 ± 82.31 0.034* 0.001*** 0.003**

Right condyle   9    100.33 ± 58.51   9      77.56 ± 45.42 14      95.79 ± 57.41 0.546 0.877 0.284

Left condyle 21    121.43 ± 71.13 22    125.91 ± 59.63 26    167.19 ± 61.42 0.971 0.046* 0.074
N, group with normal BMD; O, group with osteoporosis; o, group with osteopenia; SD, standard deviation; BMD, bone mineral density; n, number of 
patients or normal; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.
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Fractal Dimension Analysis
Evaluation of FD analysis measurements taken from 
four separate areas of the jawbone, including the right 
and left maxilla and the right and left condyles, was 
conducted. Measurements were obtained from the right 
maxilla, left maxilla, right condyle and left condyle from 
83, 84, 76, and 81 patients, respectively. The mean FD 
analysis measurements from the left maxilla of osteopo-
rosis patients were significantly lower than those in the 
osteopenia (P = 0.039) and control groups (P = 0.011; 
Table 4).

According to the DXA results obtained, the correla-
tions between vertebral and femoral head BMD and FD 
Analysis measurements taken from the four defined areas 
revealed a positive correlation between vertebral BMD 
and right condyle FD analysis measurements (r = 0.23, 
P ≤ 0.05).

Discussion
Previous reports have indicated that as with other 
osteoporotic bones, there are negative effects on implant 
treatment in the socket of an extracted tooth, including 
a decrease in the rate of bone formation, alveolar bone 
interdental bone thickness, and in the density and thick-
ness of the mandibular inferior cortex (18-20).

In this study, osteoporosis was evaluated using the 
DXA method, which is considered to be the gold standard 
for diagnosing osteoporosis. Based on DXA results, three 

experimental groups comprising the osteoporosis group, 
the osteopenia group and the healthy control group were 
defined. The inclusion of the osteopenia group, which 
showed symptoms occurring before osteoporosis onset, 
was aimed at determining changes that can be identified 
in the bone prior to the development of osteoporosis.

Several studies have involved the application of 
different methods to examine bone structure using 
panoramic radiography (13,14,21-24). However, only a 
limited number of studies have evaluated bone structure 
using CT (25,26). Nonetheless, the superior radiographic 
imaging properties of CBCT have led to an increase in 
application of the technology among dental practitioners 
(27). Furthermore, research on the evaluation of jaw 
bones using CBCT CT value measurements (6,10,9,28), 
radiomorphometric indices (15) and computer software 
is ongoing (29-32). 

In the present study, radiomorphometric index 
measurements, CT value, and the HA and FD methods 
were used to evaluate jaw bones on CBCT images. 
CT and HA measurements were made in the maxilla, 
the spongeous bone of the condyle head, and in the 
mandibular cortical bone. FD measurements, which are 
trabecular bone measurements, were obtained from the 
maxilla and condyle head. 

Koh has reported the use of CBCT images 
(CTI(I),CTI(S),CTMI) to evaluate mandibular bone 
quality (15). This study has an additional osteopenia 

Table 4   FD analysis measurements obtained from the jaw, and results of the Mann-Whitney U analysis
Osteoporosis Osteopenia Normal O:o O:N o:N

n Mean ± SD n Mean ± SD n Mean ± SD P P P

Right maxilla 25 0.94 ± 0.08 29 0.96 ± 0.05 29 0.91 ± 0.17 0.380 0.926 0.293

Left maxilla 25 0.93 ± 0.05 29 0.95 ± 0.05 30 0.96 ± 0.04 0.039* 0.011* 0.909

Right condyle 25 1.37 ± 0.07 24 1.39 ± 0.03 27 1.40 ± 0.02 0.838 0.237 0.104

Left condyle 25 1.39 ± 0.04 28 1.40 ± 0.02 28 1.39 ± 0.07 0.464 0.657 0.176
N, group with normal BMD; O, group with osteoporosis; o, group with osteopenia; SD, standard deviation; BMD, bone mineral density; n, number of 
patients or normal; *P ≤ 0.05.

Table 3  HA measurements obtained from the jaw, and results of Tukey’s and Mann-Whitney U analyses
Osteoporosis Osteopenia Normal O:o O:N o:N

n Mean ± SD n Mean ± SD n Mean ± SD P P P
Right maxilla 25   59.76 ± 17.01 30   62.43 ± 12.87 30   66.17 ± 14.23 0.272 0.080 0.318

Left maxilla 25   55.82 ± 15.91 29   63.79 ± 12.72 30   67.87 ± 11.84 0.008** 0.002** 0.205

Right mandible 23 139.55 ± 8.74 27 147.56 ± 8.15 26 153.54 ± 8.57 0.004** 0.001*** 0.009**

Left mandible 26 142.52 ± 10.62 28 147.93 ± 7.27 26 154.04 ± 7.21 0.077 0.001*** 0.026*

Right condyle 24   44.46 ± 8.41 26   43.35 ± 6.55 27   46.37 ± 6.71 0.840 0.612 0.282

Left condyle 25   52.72 ± 6.23 28   51.00 ± 6.25 29   54.79 ± 7.37 0.783 0.345 0.093
N, group with normal BMD; O, group with osteoporosis; o, group with osteopenia; SD, standard deviation; BMD, bone mineral density; n, number of 
patients or normal; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.
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group and larger study group than Koh’s study, which 
focused on mandibular radiomorphometric index 
measurements.

Several studies have involved the application of 
different methods to examine bone structure using 
panoramic radiography (13,14,21-24). However, only a 
limited number of studies have evaluated bone structure 
using CT (25,26). Anatomic landmarks such as fossa 
fovea cannot be seen on panoramic radiographs due to its 
two-dimensional properties. Moreover, these landmarks 
(foramen, nasal cavity, maxillary sinus, tooth roots, 
mandibular canal) were considered to prevent super-
position in the measurement of CT, HA and FD values 
(5,16,17). 

There have been numerous in vitro studies (6,8,9,28) 
and some in vivo studies (10) evaluating the utility of CT 
values in density measurement. Cross-sectional CBCT 
images show a thickness of 2-3 mm, and this demon-
strates the significant advantage of CT for panoramic 
images. Therefore anatomic landmarks do not affect the 
measurement of CT values, HA and FD. In addition, 
there have been numerous osteoporosis studies that have 
used panoramic radiography with the HA method (4,5). 
CT values and HA are not classified according to spon-
geous and cortical bone for osteoporosis in these studies. 
In the present study, the effects of osteoporosis on the jaw 
bone were separately evaluated in cortical and spongeous 
bone. To the best of our knowledge, no previous studies 
have involved the simultaneous application of different 
methods in the same bone regions.

In the present study, the use of CTI(I), CTI(S) and 
CTMI measurements indicated a significant differ-
ence between osteoporosis patients, and the osteopenia 
and control groups (P ≤ 0.01). The paired comparison 
of the osteoporosis and osteopenia groups and of the 
osteoporosis and control groups indicated that significant 
differences were apparent in all of the index measure-
ments. However, the paired comparison of the osteopenia 
and control group revealed no significant differences in 
the index measurements between the two groups. The 
results indicate that in the presence of osteopenia, no 
changes in the jaw indices were apparent, whereas in 
the presence of osteoporosis, significant differences 
were detected in the index measurements. Furthermore, 
while significant positive correlations between CTMI, 
CTI(I) and CTI(S) measurements and vertebral BMD 
were determined by DXA, when the femoral head BMD 
measurements were analyzed, a positive correlation was 
only noted between femoral head BMD and CTMI index.

When studies that compared radiomorphometric 
indices with BMD or T-scores defined by DXA were 

examined, the results of a single index study conducted 
using CBCT (15) and several studies that included 
panoramic radiography (12,33,34) supported the present 
findings. However, the results of other panoramic 
radiographic studies did not support the present findings 
(14,35). Possible explanations for the apparent differ-
ences in radiomorphometric index measurements include 
incorrect positioning of the patient, non-standardization 
of positions during imaging, and variations in anatomic 
structures (36). Nonetheless, measurements obtained 
from CBCT cross-sectional imaging may yield more 
accurate evaluations.

CT value measurement on CBCT images is somewhat 
controversial. While various studies have found that bone 
density could be measured by CT values (6,10), others 
have reported that it is not possible because of metallic 
artefacts, and noted differences in CT values in bone 
densities of the same bone regions caused by positioning 
(7-9). In the present study, a significant difference in the 
left and right mandible CT value measurements in the 
cortical bone was detected between the osteoporosis, 
osteopenia and control groups (P ≤ 0.001). In addition, 
a correlation was observed between the vertebral BMD 
value and left-right CT value of the mandible (P ≤ 0.01), 
and between the femoral BMD and left mandible CT 
value (P ≤ 0.05). When the correlations between the 
vertebral and femoral head BMD measurements and 
CT values were compared, a more significant positive 
correlation was detected between the vertebral BMD 
and CT values. While vertebral fractures are detected 
more often in post-menopausal women, the frequency 
of femoral fractures is greater in individuals over the 
age of 70 years. Therefore, in osteoporosis evaluations, 
the measurement of vertebral BMD is preferred in post-
menopausal females, while measurement of the femoral 
head BMD is favored in individuals over 70 years (37). 
Most of the current study participants were female 
(62%) with a mean age of 52.11 ± 13.72 years; thus, the 
majority of females in the present study might have been 
post-menopausal. Therefore, the correlation between 
vertebral BMD and CT values was considered to be a 
more significant finding than the correlation between 
femoral BMD and CT values. The strong correlation 
noted between vertebral BMD and both the right and left 
mandibular CT value measurements indicated that the 
CT values from both sides of the mandible were similar.

The correlation found between the lumbar vertebra 
BMD and the CT value of the right side of the mandible 
agreed with the findings of a study by Klemetti et al., 
which was conducted using CBT (22). In a study by 
Marquezan et al., although no relationship was detected 
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between BMD and cortical bone CT value, a correlation 
was noted between BMD value and the total bone CT 
values (38).

There should be no data loss in studies focusing on 
image analysis. TIFF format is the best method for 
performing HA and FD analyses, and when data is 
converted from JPEG to TIFF format, data loss can occur. 
Unfortunately, it was not possible for the CBCT cross-
sectional images to be recorded in TIFF format with the 
software used in this study. Total file size of TIFF images 
is reduced when these images are compressed to JPEG 
images (39,40). 

In the present study, the mean HA values of the osteo-
porosis patients in the right and left mandible and in the 
maxilla were lower than the values in the osteopenia 
and control groups. In addition, the results of the paired 
comparisons revealed that the HA values in the osteopo-
rosis patients were lower, which agreed with the results 
of previous studies that involved panoramic radiography 
(5). Furthermore, significant positive correlations were 
found between vertebra BMD measurements and HA 
measurements in the right and left mandible and the left 
maxilla demonstrated that changes reflected in BMD 
measurements of the jaw are similarly reflected by HA 
measurements. 

Fractal analysis uses statistical texture analysis in 
order to examine the spongeous bone microarchitecture 
with a numerical expression of the FD as a measure of 
image complexity. Alman et al. and Demirbaş et al. have 
reported that FD analysis was performed on spongeous 
bone of the first molar and second premolar (41,42). In 
this study, FD analysis was performed on spongeous 
bone, as mentioned above.

Some studies have reported that osteoporosis patients 
have higher FD values than controls (43,44). This was 
thought to be related to increased microfractures in 
trabecular bone in osteoporosis patients (44). In the 
present study, it was found that the left maxilla FD 
measurements in osteoporosis patients were significantly 
lower than the osteopenia (P ≤ 0.05) and control group 
measurements (P ≤ 0.05). In addition, we found a positive 
correlation between vertebral BMD and the right condyle 
FD analysis measurements (P ≤ 0.05), which agreed with 
the results of previous studies (41,42,45,46). 

As a result of the present study, CTMI, CTI(I), CT 
and HA values may be used to compare osteoporosis, 
osteopenia and control groups (P = 0.001) on CBCT 
images of the mandible. HA values on CBCT images of 
right mandible may also be used in paired comparisons. 
HA values in the left maxilla may be used to compare 
osteoporosis, osteopenia and control groups (P = 0.002) 

on the CBCT images of maxilla and condyle, while HA 
values on CBCT images of the left maxilla may be used 
in paired comparisons.

The results of the present study supported the notion 
that changes in the jaw bone associated with osteoporosis 
can be defined by radiomorphometric index measure-
ments, CT values, and HA and FD analysis on CBCT 
images. Similarly, the findings indicated that the evalu-
ation of CT values, and HA and FD measurements may 
provide an advantage in the determination of jaw bone 
status, particularly prior to implant treatment. Further-
more, the importance of the mandibular cortical bone 
CT values and HA measurements are apparent when 
considering unsuccessful implant treatment, and the bone 
resorption that occurs in the cortical bone in the cervical 
section of an implant. CT values generated by CBCT 
instruments should be standardized, and further studies 
should be conducted on individuals from different socio-
demographic backgrounds at centers with available 
CBCT instruments. 
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