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Bone density: comparative evaluation 
of Hounsfield units in multislice and 
cone-beam computed tomography

Abstract: The aim of this study was to evaluate the validity of the bone 
density value of potential implant sites in HU obtained by a specific 
cone-beam computed tomography (CBCT) device. In this study, the HU 
values obtained using a MSCT scanner were used as the gold standard. 
Twenty mandibles (40 potential implant sites) were scanned using an 
MSCT scanner (Somatom Sensation 40) and a CBCT scanner (i-CAT). 
The MSCT images were evaluated using the Syngo CT Workplace soft-
ware and the CBCT images, using the XoranCat software. The images 
were evaluated twice by three oral radiologists, at 60 day intervals. The 
trabecular bone density of the same area was evaluated on both images. 
Intraclass coefficients (ICC) were calculated to examine the agreement 
between the examiners and between the two periods of evaluation. The 
bone density and area of the ROI were compared by the Student t test 
and Bland-Altman analysis. ICCs were excellent. The mean HU value 
obtained using CBCT (418.06) was higher than that obtained using 
MSCT (313.13), with a statistically significant difference (p < 0.0001). 
In addition, Bland-Altman analysis showed that the HU measures were 
not equivalent. In conclusion, the bone density in HU with CBCT images 
obtained using the device studied proved unreliable, since it was higher 
than that obtained using MSCT.

Descriptors: Tomography, X-Ray Computed; Cone-Beam Computed 
Tomography; Bone Density; Dental Implants.

Introduction
The quantity and the quality (density) of available bone influence the 

clinical success of dental implants. Computed tomography (CT) is an 
established method for acquiring bone images before performing dental 
implant surgery. It allows precise three-dimensional evaluation of ana-
tomic structures and direct measurement of bone density, expressed in 
Hounsfield units (HU),1 characteristics that provide important informa-
tion about the bone.

Hounsfield units (HU) are standard numbers originating from CT im-
aging. HU represent the relative density of body tissues according to a 
calibrated gray-level scale, based on values for air (−1000 HU), water (0 
HU), and bone density (+1000 HU).2 Many studies have evaluated the 
use of HU to assess the relative bone density of the jaws in CT, and HU 
seem to be a useful method to analyze bone density, despite the high ra-
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diation doses associated with CT imaging.3,4

Today, cone-beam computed tomography 
(CBCT) is increasingly replacing multislice CT 
(MSCT) in dentistry for evaluating mineralized tis-
sues, because it provides adequate image quality 
associated with a lower exposure dose. Other ad-
vantages of CBCT are low cost, as compared with 
CT, fast scanning time and lower number of image 
artifacts.5 Several authors have reported the use of 
CBCT intensity values as a measurement to assess 
bone density.1,6-10 However, other studies concluded 
that the HU derived from CBCT and from MSCT 
is not identical.2,11 Moreover, there are many dif-
ferences in the methodology used in these studies, 
concerning the sample and the CBCT device. Isoda 
et al.9 defended that it is not clear whether the den-
sity values obtained by a CBCT device could be ap-
plied to another device. Nackaerts et al.2 found that, 
when five CBCT scanners were studied, the inten-
sity values varied depending on the device.

We also believe that projection data discontinu-
ity, image artifacts and the scatter levels produced 
by CBCT scanners can vary depending on the de-
vice, and can affect the accuracy of CBCT intensity 
values. This could make CBCT images unreliable 
for assessing bone density. To the best of our knowl-
edge, only one study evaluated images of i-CAT;10 
however, they compared them with micro-CT. This 
evaluation provides accurate bone density measure-
ments, but it cannot yet be applied clinically. This 
indicates that more studies are required in order to 
confirm the proposition that CBCT images obtained 
by the CBCT scanner can successfully substitute the 
MSCT scanner in evaluating bone density.

Therefore, given the importance of the subject, 
the lack of consensus of other studies and the lack of 
studies on the i-CAT scanner, the aim of this study 
was to evaluate the validity of the bone density val-
ue of potential implant sites in HU obtained by a 
specific CBCT device. In this study, the HU values 
obtained using a MSCT scanner were used as the 
gold standard.

Methodology
This study was approved by the Research Eth-

ics Committee of the State University of Campi-

nas, Protocol No. 124/2010. Twenty dry partially 
or completely edentulous mandibles were used. A 
gutta-percha marker was fixed into each mandible 
angle at the same height in order to obtain the same 
axial images using CBCT and MSCT.

Acquisition of images
The images were acquired in the following 

manner. Each mandible was positioned in a Styro-
foam container (dimensions: 16 × 16 × 9 cm) filled 
with water, which covered the container to simu-
late the soft tissues. MSCT image acquisition was 
performed using a Somatom Sensation 40 scanner 
(Siemens AG, Erlangen, Germany) according to the 
following technical protocol: 120 kVp and 200 mA, 
160 mm field of view, 0.7 mm thick slice, 0.5 mm 
increments, 968 × 968 matrix, 0° gantry angulation. 
CBCT images were acquired using a Classic i-CAT 
scanner (Imaging Sciences International, Inc., Hat-
field, USA), operating at 120 kVp and 8 mA, voxel 
0.2  mm, 40  s rotation time, 80  mm field of view, 
512 × 512 matrix, and no added filtration.

Image analysis
The MSCT images were evaluated using the Syn-

go CT Workplace software (Siemens AG, Erlangen, 
Germany). The CBCT images were analyzed using 
the XoranCat version 3.1.62 software (Xoran Tech-
nologies, Ann Arbor, USA).

Three sequential axial images were used: 
1.	 the image corresponding to the gutta-percha 

marker, which was considered the central image, 
2.	the superior view of the central image, and 
3.	the inferior view of the central image of each of 

the 20 mandibles (40 potential implant sites).

The operator used the spatial coordinate tool 
(x,y) to determine the region of interest (ROI). The 
y-coordinate, which could vary vertically, was held 
constant, and the x-coordinate, which could vary 
horizontally, was initially positioned tangential to 
the posterior region of the gutta-percha markers. 
The posterior region of the gutta-percha markers 
was used as reference for the operator to start the 
evaluation of both images. The x-coordinate was 
displaced 4 cm in the anterior direction, where a cir-
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cular area was defined in each hemi-mandible tan-
gential to the internal cortical bones, corresponding 
to the ROI (Figure 1). Then the mean densities and 
standard deviations in HU, as well as the circumfer-
ential area of the ROI (mm2) in the trabecular bone, 
were automatically calculated by the software. The 
procedures used to retrieve the bone density and the 
area measurements were identical for the MSCT 
and the CBCT images (Figures 2 and 3).

Three previously calibrated oral radiologists 
with CBCT experience measured the bone density 
of each ROI three times on each of the three axial 
images, totaling nine measurements for each poten-
tial implant site. The HU value and the area of each 
site were obtained by the mean of the nine measure-
ments. The evaluation was repeated by the three ex-
aminers within an interval of 60 days to ascertain 
the reproducibility of the HU and the area measure-
ments.

Statistical analysis
The statistical analyses were performed using 

SPSS Statistics 17.0J software (SPSS Inc., Tokyo, Ja-
pan). Intraclass correlation coefficients (ICC) were 
calculated to examine the agreement between the 
examiners and between the two periods of evalua-
tions. Between-group comparison of bone density 
and area of the ROI were made with the paired Stu-
dent t test (p values < 0.05 were considered statisti-
cally significant). In addition, the difference between 
the measurements was plotted against their average 
as recommended by Bland and Altman12 when a new 
method of measurement is to be compared against a 
gold standard. If the two measurements are equiva-
lent, the difference should show values closer to zero 

Figure 2 - Example of central axial images of the mandible: 
mean densities in HU (222.8 and 139.1 for left and right 
regions, respectively) and the circumferential area of the ROI 
in mm2 (66 and 51 for left and right regions, respectively) 
were calculated by the software on the MSCT image.

Figure 1 - Determining the ROI: the x-coordinate was posi-
tioned tangential to the posterior region of the gutta-percha 
markers initially; then, it was displaced 4 cm in the anterior 
direction, where a circular area was defined in each hemi-
mandible tangential to the internal cortical bones.

Figure 3 - Central axial images of the same mandible of 
Figure 2, with mean densities in HU (215.08 and 159.21 
for left and right regions, respectively) and the circumferen-
tial area of the ROI in mm2 (62.83 and 50.27 for left and 
right regions, respectively) calculated by the software on the 
CBCT image.
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mean and no significant trends.

Results
The intraobserver agreement was 0.99 for both 

HU and area measurements, whereas the interob-
server agreement ranged between 0.98 and 1.00. 
Therefore, the ICCs were excellent.

Table 1 shows the means, standard deviations 
and p values of the HU for MSCT and CBCT. The 
HU value obtained using CBCT was higher than 
that obtained using MSCT, with a statistically sig-
nificant difference (p < 0.0001).

The means, standard deviations and p values of 
the area measurements for MSCT and CBCT are 
shown in Table 2. There was no statistical difference 
between them (p = 0.11).

Figures 4 and 5 show the Bland-Altman analysis 
for HU and area of the ROI respectively. Analysis 
for HU revealed a positive mean (bias) of 104.9 for 
CBCT. This indicates that the measurements were 
not equivalent. Moreover, the limits of agreement 

were not close, further indicating that the methods 
are not interchangeable. When we evaluated the 
analysis for area, it could be observed that the mea-
surements were in agreement, insofar as the mean 
was closer to zero (mean = −0.6) and the limits of 
agreement were close.

Discussion
The evaluation of bone density is essential for im-

plant planning and for the success of this treatment. 
An adequate radiographic examination is required 
to obtain this information. To this end, several stud-
ies have assessed the evaluation of bone density.13,14 
Evaluation of bone density was performed initially 
by subjective analysis.13,14 Later, studies correlated 
HU and objective assessment of bone density.3,4,15–17 
Studies have also shown the relationship between 
high bone density and a high rate of success with im-
plants.3,4,15,18 There is also good correlation between 
high bone density and the primary stability of the 
implants.9,19 Because MSCT is an established meth-

Table 1 - Means, standard deviations and p value of the HU 
for MSCT and CBCT.

MSCT CBCT

Mean 313.13 418.06

Standard deviation 213.03 237.46

Range 38.65–883.39 56.37–948.13

p value < 0.0001

Table 2 - Means, standard deviations and p value of the 
area measurements (mm2) for MSCT and CBCT.

MSCT CBCT

Mean 63.96 63.40

Standard deviation 23.78 24.25

Range 27.41–135.74 23.51–135.27

p value 0.11

0 200 400 600 800 1000 1200

-200

-100

0

100

200

300

400

Mean of HU CBCT and HU MSCT

H
U
C
B
C
T
-H

U
M
S
C
T

Mean

104.9

-1.96 SD

-82.2

+1.96 SD

292.0

20 40 60 80 100 120 140 160

-12

-10

-8

-6

-4

-2

0

2

4

6

Mean of area CBCT and area MSCT

ar
ea

C
B
C
T
-a

re
a
M
S
C
T

Mean

-0.6

-1.96 SD

-4.9

+1.96 SD

3.7

Figure 4 - Bland-Altman analysis for HU. Upper and lower 
limits of agreement = 292 and -82.2 respectively.

Figure 5 - Bland-Altman analysis for the area. Upper and 
lower limits of agreement = 3.7 and -4.9 respectively.
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od to assess bone density in implant planning,2,3,15,18 
we used MSCT images as the gold standard. His-
tomorphometric and densitometric evaluations pro-
vide accurate bone density measurements, but they 
cannot be applied in implantology routinely.15

Since CBCT has been replaced by MSCT in sev-
eral areas of dentistry for evaluating mineralized tis-
sues, it was important to determine whether it would 
be reliable in assessing bone density. However, the 
average value for CBCT was 418.06 HU, which 
was overestimated by 33.51% when compared with 
the MSCT value. Furthermore, the two statisti-
cal analyses showed that these measurements were 
not equivalent. This is in accordance with a previ-
ous study which found that CT values from CBCT 
images are not accurate. Nackaerts et al.2 observed 
that the intensity values were variable for CBCT 
imaging using different CBCT scanners, whereas 
MSCT showed stable HU values. This demonstrates 
that CBCT provides less accurate quantitative val-
ues for HU. These authors used 3D Accuitomo 
XYZ, Galileos Comfort, Kodak 9000 3D, Picasso 
Duo and Scanora 3D, whereas we used the i-CAT 
scanner. We also found that the CBCT values were 
not comparable to the MSCT values. However, we 
could not compare the values found by these authors 
with those of our study, because the authors used 
a phantom with water and calcium hydroxyapatite. 
Mah et al.20 also defended that CBCT systems do 
not display HU correctly. Accordingly, they studied 
the relationship between gray levels and HU by eval-
uating images of a phantom of 11 CBCT scanners. 
However, the authors pointed out that the results 
were obtained in an ideal situation in which the lo-
cation and the size of each material was known, a 
very different situation from the clinical one.

Nevertheless, there are authors that defended the 
opposite. Aranyarachkul et al.1 also found overes-
timated values of HU, just like we did when these 
authors used human cadavers fixed in formalin or 
New Tom CBCT scanners. Despite the results, the 
authors concluded that CBCT could be considered a 
diagnostic tool for bone density evaluation. Naitoh 
et al.8 considered CBCT images useful for estimat-
ing bone density; however, they evaluated trabecu-
lar bone volume between the roots of the posterior 

inferior tooth on images obtained using the Alphard 
Vega scanner. Nomura et al.21 concluded that there 
was a high correlation between the values obtained 
using CBCT and MSCT images, when they mea-
sured voxel values on images of a water phantom 
with aluminum and iodine solutions scanned in 3D 
Accuitomo. However, the authors also claimed that 
the relationship was not entirely linear, and that the 
measurements obtained by CBCT were not as repro-
ducible as those obtained by MSCT, and should be 
explored further.

The imprecision of the intensity values using 
CBCT may be attributed to several factors. The 
increased scatter generated by CBCT systems com-
pared with MSCT systems results in inaccurate 
calculations.2,22,23 The cone angle x-rays of CBCT, 
another characteristic that differs from MSCT, in-
fluence the scatter. As the cone angle is widened to 
allow larger ROIs to be imaged, the scatter-to-pri-
mary ratio increases significantly. Furthermore, as 
the cone angle is widened, the scatter fluence at the 
center of the image plane increases relative to the pe-
riphery due to increased scatter from out-of-plane. 
The cone angle has also been seen experimentally 
to affect the presence and magnitude of the cupping 
artifact, due to a combination of scattered radiation 
and beam hardening.24 Nackaerts et al.2 reported 
that the intensity values in CBCT images are not re-
liable, because they are influenced by the device, the 
imaging parameters and the position of the area be-
ing evaluated.

When we compared the results of this study with 
the Misch classification,14 we observed that density 
values obtained using MSCT (313.3 HU) were clas-
sified as D4 (150–350 HU), whereas the values ob-
tained using CBCT (HU 418.06) were classified as 
D3 (350–850 HU). Therefore, the increase in value 
produced different results. The quality of D2 and 
D3 classifications is better than that of D4, which 
demands attention during surgery.

In this study, the mandible images obtained are 
explainable because they approach the real-life situ-
ation and may be used on both scanners without be-
ing damaged by radiation. Since the aim of the study 
was not just to obtain density values but to compare 
both scanners, the use of dry bone is acceptable. It is 
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important that all jaws be positioned in containers 
filled with water to simulate soft tissue, as reported 
by Katsumata et al.25

Despite the different methods of acquisition by 
MSCT versus CBCT scanners, there was no vari-
ance in the sample, and the same potential implant 
sites were examined by both scanners. Moreover, 
there were no differences between the three examin-
ers and the two periods of evaluation, proving that 
these variables did not interfere with the results. 
Therefore, the HU values should be similar in both 
images for CBCT to be considered reliable in assess-
ing bone density. The calculation used to determine 
HU should be universal and should not be influ-
enced by image acquisition.

There are some limitations to an in vitro study. 
First, only the images and not the clinical param-
eters were evaluated. Second, dry mandibles with-
out soft tissue simulation were used. Further stud-
ies with cadavers are necessary. In addition, in vivo 
research could be further developed, but this may 
be difficult to undertake. Another potential source 
of error could be the ROI. It is nearly impossible 

to eliminate the human error factor in selecting 
the ROI.20 Moreover, standardizing the ROI could 
be difficult because of the anatomical differences 
among jaws. For this reason, we used the circumfer-
ential area of the internal cortical bone and ascer-
tained whether there was a difference between the 
areas on MSCT and CBCT posteriorly. Since the re-
sults showed that there was no statistical difference, 
we believe that the size and the position of the ROIs 
had no or little influence on the results, proving that 
the HU results are reliable.

Conclusion
The bone density value in HU on CBCT images 

obtained by the device studied is not reliable, since 
it was higher than that obtained on MSCT images. 
Improvements in the CBCT technique and the de-
velopment of new software that allows uniform cor-
rection in CBCT images could contribute to reduc-
ing the differences between scanners, so that CBCT 
images can become a reliable tool for bone density 
assessment.
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