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ABSTRACT

Background: Jaw bone quality plays an essential role in treatment planning and
prognosis of dental implants. Regarding several available methods for bone density
measurements, they are not routinely used before implant surgery due to hard acces-
sibility.

Objective: An in vitro investigation of correlation between average gray scale in
direct digital radiographs and Hounsfield units in CT-Scan provides a feasible method
for evaluating alveolar bone quality prior to implant surgery.

Methods: 26 sheep’s mandibles in which a square shape ROI marked by gutta per-
cha, were prepared. Three direct digital radiographs (CCD sensor) from every speci-
men were taken using 80, 100 and 200 milli-seconds. Then, the average gray levels
for ROIs were calculated using a costume-made software. Next, the specimens were
scanned using a 16-slice spiral CT and the Hounsfield Unit of each ROI was calcu-
lated. Pearson analysis measured the correlation between Hounsfield units and average
gray levels.

Results: There was a positive correlation between Hounsfield unit and average
gray level in the radiographs and the correlation was better in higher exposure times.
Conclusion: Ttis possible to estimate Hounsfield unit and bone density in the jaw
bones using average gray scale in a digital radiograph. This approach is easy, simple
and available and also results in lower patient exposure comparing other bone densi-
tometric analysis methods.
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Introduction

he term “bone quality” has been extensively used in the literature

to describe different aspects of bone characteristics with variable

definitions depending on the context. Among inseparable factors
which influence bone quality is the trabecular bone [1-4]. The trabecular
bone is the primary anatomical and functional unit of cancellous bone.
Cortical bone helps attain primary implant stability. The role of cancel-
lous bone, however, is also significant as cancellous bone has a higher
bone turnover rate than cortical bone [5]. Besides, a dental implant is
mainly in contact with cancellous part of the bone [6]. Accordingly, os-
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seointegration process and healing at the im-
plant bone surface is influenced by cancellous
bone [5].

Knowledge of bone density in various areas
of maxilla and mandible might help a clinician
to understand and correlate observed clinical
phenomenon. A close relationship exists be-
tween bone density and anchorage potential
as well as the rate of tooth movement in orth-
odontic [6, 7].

The studies reveal that high percentage of
dentists merely use panoramic images for
planning implant treatment and less than 10%
take advantage of CT. However, American
Academy of Oral and Maxillofacial Radiol-
ogy has made it an instruction to use a 3D im-
aging such as CT in order to examine implant
location [8].

The practical and substantial assessment
of bone quality often depends on subjective
procedures. These usually include the tac-
tile impression while drilling to prepare the
implant site and visual evaluation of CT and
topographic images. There are some methods
that are able to objectively assess bone quality
for example cutting resistance analysis (CRA)
which measures clinical bone torque threshold
where bone implant contact is destroyed. The
major limitation of CRA is that it does not give
any information on bone quality until osteoto-
my site is prepared [9].

Recently, the use of cone-beam (CBCT) in
dentistry has increased, because CBCT is as-
sociated with benefits such as increased pa-
tient comfort, lower radiation doses and lower
operation costs compared to conventional CT
[10]. However, Nackaerts et al. [11] demon-
strated that density profiles of conventional
CT showed stable HU values, whereas inten-
sity values in CBCT images are not reliable
because the values are influenced by the de-
vice used, imaging parameters and position-
ing. Accordingly, Naitoh et al. [12] found
that the trabecular bone volume per total tis-
sue volume obtained using CBCT images was

closely correlated with HU values generated
from conventional CT images.

Beam attenuation coefficient can be deter-
mined on a CT image. Measured quantities are
represented by Hounsfield units (HU) which
are also called CT numbers. HU also ranges
from -1000 (air) to +3000 (enamel), each cor-
responding to different levels of beam attenu-
ation [8].

Misch has classified bone density under 4
categories of D1, D2, D3 and D4 in edentu-
lous maxillary and mandibular areas. D1 is
compact cortical bone. D2 is attributed to non-
porous compact cortical bone on the crest and
body of bone including large trabecular bone.
D3 consists of thinner porous cortical crest and
a fine trabecular bone near implant. Most of-
ten, no cortical bone can be found in the crest
for the density of D4 and fine trabecular bone
forms nearly all the size of the bone next to the
implant (Table 1). Bone density may be deter-
mined by touching the area through surgery
based on edentulous situation or radiographic
evaluation [8].

Panoramic or periapical radiography cannot
be used to determine bone density, because
lateral cortical plates will make the density of
trabecular bone an ambiguous criterion. More-
over, minor changes from D2 to D3 cannot
be evaluated by such modes of radiography.
Therefore, initial treatment plans usually be-
gin with such modes of radiography and are
followed by density evaluation method on the

Table 1: Bone density classification and
Hounsfield number

Bone Density at CT Misch’s Classification

Image
Hounsfield Number >1250 D1
850-1250 D2
350-850 D3
150-350 D4
Hounsfield Number < 150 D5
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Gray Scales and Hounsfield Units

implant location. Bone density range can be
more accurately determined by tomography
methods of radiography, especially CT.

Generally speaking, the higher the CT num-
ber, the more compact the tissue. There are
software utilities that are able to place the
implant on CT image electronically and then,
Hounsfield number would evaluate implant
location [8].

Merheb et al. [13] showed that a significant
linear relationship existed between damping
values and HU values at implant insertion
and suggested that preoperative evaluation of
cortical thickness and trabecular bone HU ap-
peared to be the most reliable method for pre-
dicting implant stability.

In the present study, we tried to examine the
animal samples by CT-Scan, as the most accu-
rate and repeatable diagnostic method for bone
density testing, and to study digital images of
samples in order to investigate the relationship
between these two measurement methods and

also to translate the Hounsfield unit measured
by CT-Scan into Gray Scale code. Clearly, the
priority for this study was not to suggest a very
accurate method of bone density testing but to
offer a simple, inexpensive, fast, available and
applicable method with an acceptable preci-
sion to be used at clinic.

Material and Methods

This research was carried out on 26 samples
of mandibles of sheep. All soft tissues were re-
moved from the mandible. Gutta-percha cones
were used to form a square window (1x1cm)
on buccal surface to enable precise selection
of the areas on each sample (Figure 1). The
samples were put into a container of melted
wax for covering all the surface of samples
with a thin layer of wax. This was done to
simulate soft tissue and to avoid direct contact
of air with the bone in order to postpone decay.
Wax layers were used with various thickness-
es within the range of 10-20 mm.

Figure 1: Gutta-percha cones were used to form a square window (1x1cm) on buccal surface of

mandibles.
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In the first step, the digital radiographs were
performed with CCD sensor (size 2; sensor
model: SUNY) at tube voltage of 70 KVP,
Cone 12 cm, mA=8, Time: 80, 100, 200 milli-
seconds. The sensor was placed on the lingual
surface and the tube was placed on the buccal
side of mandible with 10 cm distance to the
object. Images were recorded in BMP format.

In the next step, CT scans were performed
using a spiral CT machine (Light Speed Ul-
tral6; General Electric, Milwaukee, WI,
USA). Then, one-millimeter slices were pre-
pared. The scanner was calibrated a day before
it was used for the first sample according to
manufacturer’s guidelines.

For evaluation of radiographic images, the
pixels inside the square were read by our de-
veloped software for this purpose in MATLAB
environment and assigned a number accord-
ing to the gray scale level. Finally, the average
gray level was calculated for the square. The
assessment calculates the attenuation by the
buccal, lingual cortices, cancellous bone and

(L

wax layer, altogether. Results were recorded
for three times of 80, 100 and 200 millisec-
onds.

HU was measured in two different methods.
(A) One method was to measure HU in three
different slices at 2mm intervals (Figure 2);
(B) the other way was to estimate HU on one
slice in the middle of the selected area and to
consider it as mean HU (Figure 3).

In the first analysis (A) which included
the mean average of three spots, the squares
(formed by gutta-percha cones) were analyzed
for every sample and the average gray scale
was calculated. Therefore, the impacts of the
buccal and lingual cortical plates as well as the
cancellous area are considered in the calcula-
tion of HU. Then, Pearson’s correlation test
was applied to analyze the data.

Coronal cross sections were used for the es-
timation of HU (Figure 4). In the next step,
only one slice is selected from the middle of
the square, instead of 3 cross-sectional slices,
and the calculated HU was recorded. After-

Figure 2: Measuring HU in three different slices at 2mm intervals

J Biomed Phys Eng



www.jbpe.org Gray Scales and Hounsfield Units

Figure 4: A spot is allotted to coronal plate (which was selected earlier on the lateral view) and
then CT software gives the HU for this spot.
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wards, Pearson’s Correlation Coefficient was
calculated for the new data.

Results

The correlation coefficients between HU and
Average Gray Level obtained via various mea-
surements is listed in Table 2.

Pearson’s statistical test revealed that there
was a positive correlation between HU and
Average Gray Scale in all cases and as it can
be observed in Table 2, the correlation increas-
es when radiation time increases.

Discussion

Since available human samples were not
sufficient to carry out this study and regard-
ing ethical concerns, we decided to use sheep
mandible as a holding media for performing
CT. The sheep mandible is similar to human
mandible in format size and structure and un-
availability of sufficient human mandible, the
mandible of sheep has been used in several
in-vitro experiments on osteotomies and rigid
internal fixation as well as dental implantol-
ogy [14, 15].

We used wax on surface of the bone because

a wax layer attenuates X-Ray to some extent,
just like soft tissue. Dental wax [16, 17] and
different acrylic [18, 19] are among the most
frequent materials which have been used for
simulating soft tissues during in- vitro studies.
Recently, Schropp et al. examined the validity
of wax and acrylic resin as soft-tissue simula-
tion. They concluded that for in vitro radio-
graphic studies, the radiographic density of
average human cheek could be simulated by
13-17 mm thickness of dental wax or 14.5 mm
thickness of acrylic resin [20].

We used Coronal cross section for the esti-
mation of HU because the mandibular buccal
and lingual cortical plates as well as interstitial
cancellous space can affect separately in the
calculation of HU. Turkyilmaz et al. [21] used
this method (investigation of HU in coronal
views) to calculate HU in order to study the
spots between HU and the highest torque as
well as frequency augmentation.

The increase of correlation coefficient has a
linear correlation with the increase of radia-
tion time since, as the radiation time increases,
the effect of soft tissue on the image decreases.
Hence, the graphic data are mostly indicative

Table 2: Correlation coefficients between HU & Average Gray Level obtained via various mea-

surements

Pearson correlation between HU &
Average Gray Level

26 selected areas (average mean of 3 slices); 80 milliseconds (A) 0.577 **
26 selected areas (average mean of 3 slices); 100 milliseconds (A) 0.656 **
26 selected areas (average mean of 3 slices); 200 milliseconds (A) 0.695 **
26 selected areas (1 slice); 80 milliseconds (B) 0.660 **

26 selected areas (1 slice); 100 milliseconds (B) 0.759 **

26 selected areas (1 slice); 200 milliseconds (B) 0777 **
Correlation Coefficient between two methods of HU calculation 0949 *

*Correlation is significant at the 0.05 level (2-tailed)

**Correlation is significant at the 0.01 level (2-tailed)
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of hard tissue situation.

Other factors affecting the correlation be-
tween the data are KVP and the distance be-
tween x-ray tube and the sample.

Kvp and its effects have not been addressed
in this study because of its complexity as well
as time limitation; however, RVG machine
used in this study also suffered from the limi-
tation in selecting Kvp. Clearly, the higher the
Kwvp is (but within the acceptable range in den-
tistry), the higher its penetration power will be,
and the lesser amount of its energy will be ab-
sorbed by the soft tissue. Consequently, the in-
crease of kVp will probably result in increased
relationship between gray level and HU.

The factor of distance should also be in-
vestigated as the distance between the X-ray
source and the object because as the changes
are trivial (about 2 cm as compared to 30-40
cm), its effect can be negligible based on the
inverse-square law. However, the absence of
a significant correlation between Gray Scale
and HU might be attributed to the changes in
this factor.

As the X-ray scatters and the image gets
more opaque, the soft tissue inevitably affects
the results and this, in turn, reduces the cor-
relation among the data. The researchers are
suggested to increase kVp in the future studies
in order to reduce the influence of soft tissue.

To the best of authors’ knowledge, no exact
similar studies have been conducted to ana-
lyze the relationship between HU in CT and
Gray Scale in direct digital radiography; how-
ever, some studies resemble ours which will
be briefly discussed here.

Our findings were also in agreement with the
findings of Morea et al. (2010). They evalu-
ated quantitative variations of in-vitro mineral
density by varying the exposure time of direct
digital radiographs using a computer-assisted
densitometric image analysis (CADIA) pro-
gram. They suggested that as radiation time
increased, CADIA calculated more accurate
results; however, the radiation time should not

be increased too much (more than relative film
latitude), because the data would be lost [22].

GUL et al. [23] (2008) investigated the rela-
tionship between optical density in Panoramic
scanning images and HU of the same areas
in CT scan. They suggested a linear relation-
ship between these two measurement methods
which is in agreement with the results yielded
by the current study.

Norton and Gamble (2001) proposed an
image-based bone density classification that
used grey-scale values (HU) from CT. They
demonstrated that an objective scale of bone
density based on the Houndsfield scale, could
be established and there was a strong correla-
tion between bone density value and subjec-
tive quality score as well as between the bone
density score and the region of the mouth.
They reported the mean bone density from CT
was 682 HU for 139 sites. They recorded the
mean bone densities in the anterior mandible,
the posterior mandible, the anterior maxilla,
the posterior maxilla were 970, 669, 696 and
417 HU, respectively [24].

Shapurian et al. (2006) reported that the av-
erage bone density values in the anterior man-
dible, the anterior maxilla, the posterior max-
illa, the posterior mandible were 559, 517, 333
and 321 HU for 219 implant sites, respectively
[25]. Since the Hounsfield scale varies ac-
cording to the scanner used, the determination
of HU is not helpful for pre-operative evalua-
tion of bone density.

Mah et al. (2008) carried out an in-vitro
study to investigate the relationship between
Gray Scale in CBCT and HU and the results
showed that the method could be a simple
method for estimating HU through Gray Scale
obtained by CBCT [26]. A study conducted by
Nomura et al. (2010) revealed that there was a
high correlation between the voxel values of
CBCT and the CT numbers of multi-slice CT
[27].

Miles and Danforth concluded that CBCT
grey levels were inaccurate to rely upon for

J Biomed Phys Eng

/ VII



Khojastepour L., Mohammadzadeh S., Jazayeri M., Omidi M.

www.jbpe.org

decisions on implant placement. The values
assigned to the voxels (volume elements) are
relative HU and cannot be used precisely to
estimate bone density [28].

Nackaerts et al. demonstrated that density
profiles of conventional CT showed stable HU
values whereas intensity values in CBCT im-
ages are not reliable because the values are in-
fluenced by the device used, imaging parame-
ters and positioning [29]. So, it seems that HU
of CT images are more reliable than CBCT.

Sakakura et al. (2006) took advantage of Di-
rect Digital Imaging and Gray Scale analysis
by software. These results also verify Gray
Scale estimation and its application for esti-
mating bone quality; however, standardiza-
tion or application of a more accurate method
for establishing the relationship of Gray Scale
numbers has not been used [30].

Conclusion

The findings reveal that HU or bone density
of the mandible can be approximately esti-
mated through the average gray levels of digi-
tal intra-oral radiographs, and as the radiation
time increases (to the extent that the data is
not lost and the measurement accuracy is not
reduced), the correlation and calculation accu-
racy will increase. Moreover, in spots where
there is no completely distinguishable opaque
structure other than the trabecula of the can-
cellous bone (such as edentulous areas), mean
Gray Scale measurement can more essentially
show bone density or HU of the area.

There is a remarkable reduction of X-ray ra-
diation dose in this method compared to other
common bone density measurement methods.
It is more reasonable for the risk groups whose
bone density is diagnosed to be insufficient
by this method, to try more accurate tests for
evaluating osteoporosis or other systemic dis-
eases.

Finally, this method is assessed to be effec-
tive, convenient and useful for obtaining a
relative and acceptable measurement of bone

quality prior to implantation.
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