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Abstract

Background. During the study the relative bone density thickness in maxilla was evaluated in 20 patients.
Objectives. The aim of the study was to investigate relative bone density in maxilla by means of voxel value mea-
surements.

Material and Methods. The study comprised of 20 patients in whom cone beam computed tomography scans were
made for diagnostic purposes. The horizontal scans of the maxilla were used for analysis. The measurements of
density of both cortical plates and trabecular bone were taken in interdental spaces. To eliminate negative values
a modified grey scale was introduced in which radiological density of the air was determined as “0”. For every
patient relative bone density was calculated separately for anterior and posterior maxilla.

Results. Mean values of relative radiological density for cortical plates and trabecular bone were 0.849 for palatal
cortical plate, 0.8978 for vestibular cortical plate and 0.5988 for trabecular bone in anterior maxilla with standard
deviation (SD) 0.0931 - 0.0971 - 0.1091 respectively. In posterior maxilla the mean values were 0.5274 for palatal
cortical plate, 0.6047 for vestibular cortical plate and 0.3307 for trabecular bone with SD 0.1635 - 0.1515 - 0.126
respectively. The statistically significant difference (p < 0.001) was found for radiological density of dental alveolus
in anterior and posterior maxilla.

Conclusions. The mean of radiological densities of vestibular cortical plate is higher than that of palatal cortical
plate. The mean radiological density of trabecular bone is x2 lower than the mean radiological density of vestibu-
lar cortical plate in posterior region and x1.5 lower in anterior region of the maxilla. The clinical use of CBCT
radiological bone density measurement tool with modified grey scale voxel values creates possibility to evaluate the
relative bone density of dental alveolus (Adv Clin Exp Med 2015, 24, 6, 1071-1077).
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Cone-beam computed tomography (CBCT) is
one of the methods of radiological imaging of bone
structures in three-dimensional projection. The ad-
vantages of CBCT compared to medical CT include
lower radiation dose, shorter exposure time, low-
er cost of the device, while the limitations are con-
nected to geometry of the beam, higher noise level,
poorer imaging of soft tissues, beam hardening and
scatter radiation, which impair image quality [1].
CBCT starts to be widely used in all fields of den-
tistry especially in surgery, implantology, ortho-
dontics, endodontics and periodontology [2]. The
software allows 3D image reconstruction, obtaining
any section in all three planes and the evaluation

of bone density in the selected regions. Analysis
of the images helps in the assessment of the struc-
ture of trabecular bone (trabeculae number, their
diameter and position), which facilitates the evalu-
ation of tissue healing after endodontic treatment,
optimizing surgical procedures or implants place-
ment [3]. To evaluate the radiological density of tis-
sues the Hounsfield scale is commonly used, where
shades of grey in which structures are depicted are
presented in Hounsfield units (HU). Radiographic
density of any material in the scale of Hounsfield
units is calculated according to the formula:

Hx — Un,0

— 2 x 1000
MH,0 — Mair
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where i is a linear attenuation coefficient of the
material [4]. The first reference point on the scale
of the radiographic density is water (HU = 0). The
values of the tissues on the scale are positive or
negative when their attenuation coefficient is larg-
er or smaller than attenuation coefficient of water.
Another point of reference is the radiological den-
sity of air which takes the value -1000 HU.

The Hounsfield index was originally devel-
oped for the analysis of images obtained by medi-
cal CT, especially soft tissue [5]. In dentistry CT is
still used to evaluate the alveolar bone before im-
plant placement, and the HU values are considered
to give the objective and reliable information on
the amount and quality of bone [6, 7] compared to
the subjective in its nature classification system of
Lekholm and Zarb [8, 9] The increasing applica-
tion of CBCT to bone density assessment impelled
researchers to evaluate the new system in relation
to CT. Some studies showed that bone density
measurements of the same selected regions in jaws
made by means of both methods were not corre-
sponding to each other [10, 11] displaying high-
er HU values for CBCT images [8, 10]. The HU
values were also different for two different CBCT
devices [12]. As a consequence, the grey scale of
CBCT was applied by manufacturers as a not de-
fined equivalent of Hounsfield scale and reffered
as “grey levels” or “voxel values”. These two dif-
ferent units should not to be mistaken with each
other. Mah et al. [13] in their in vitro study con-
verted CBCT grey levels into Hounsfield units us-
ing calculated linear attenuation coefficients. They
were derived from linear regression equation be-
ing a result of plotting original attenuation coef-
ficients of 8 materials provided by National Insti-
tute of Standards and Technology (NIST) against
the grey levels of these materials obtained from
the CBCT scanner. The calculated attenuation co-
efficients were transformed into HU according to
standard formula. The difference between HU ob-
tained from original attenuation coefficients (ac-
tual HU) with those calculated was very small and
depended on the manufacturer of CBCT scan-
ner and conditions in which the scan was tak-
en. In vivo study conducted by the same authors
showed the difference between the calculated and
actual HU less than 3%, whereas the relationship
between grey levels (voxel values) and HU was de-
fined as linear [14]. It should be noted that the au-
thors used a mathematical model only, without
comparing CT and CBCT scans. Linear relation-
ship between HU values obtained in multislice
computed tomography (MSCT) and CBCT grey
levels was confirmed by Parsa et al who compared
images made by both devices [15]. Nomura et al.
described the relationship between CT numbers

and the grey values as non-linear [16] and pointed
out poorer reproducibility of measurements per-
formed by the CBCT, with the potential error of
measuring reaching 15.7%.

The question appears whether it is always nec-
essary to transform grey voxels into Hounsfield
units by means of calibration scales. In our study
we decided to use a modified grey scale, where
number “0” is ascribed to air, not water, and in-
vestigate the variability in maxilla cortical and tra-
becular bone density of every single patient in re-
lation to the highest reading of his measured bone
density which created relative grey values used for
bone density evaluation in the region of interest.

The Aim of the Study

The aim of this study was to investigate the
clinical possibility to measure the maxilla relative
radiological bone density through clinical use of
the grey scale voxel values of two cortical and tra-
becular alveolus bone tissue using CBCT radiolog-
ical bone density measurement tool.

Material and Methods

Twenty CBCT scans made for clinical exami-
nation were used in this study. The group of pa-
tients consisted of 8 male and 12 female aged
19-73. Nineteen scans were obtained from PaX-
-Reve3D (E-Woo Vatech, Seoul, Republic of Ko-
rea) and one from i-CAT (Imaging Sciences Inter-
national, Hatfield, PA). Data were analysed with
Ez3D Plus software (E-Woo Vatech, Seoul, Re-
public of Korea). Parameters of exposition are dis-
played in Table 1.

Measurements were performed on a hori-
zontal cross-section of the maxilla using spatial

Table 1. Parameters of exposition

Amperage, anode voltage No. of scans acquired
8 mA, 85 kVp 5
8 mA, 90 kVp 5
5 mA, 85 kVp 3
2 mA, 90 kVp 2
2 mA, 85 kVp 1
6 mA, 85 kVp 1
7 mA, 85 kVp 1
6 mA, 90 kVp 1
5 mA, 120 kVp 1
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Fig. 1. The example of grey value
measurement in anterior maxilla by
use of Profile tool (Ez3D Plus soft-
ware)
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Fig. 2. The example of grey value
measurement in posterior maxilla
by use of Profile tool (Ez3D Plus
software)

coordinate tool (x-y). The image was positioned
on 3 windows: coronal, saggital and axial view.
One of vertical planes (saggital in posterior maxil-
la and coronal in anterior maxilla) was positioned
parallel to the long axis of the alveolus in the mid-
dle of its width. In the posterior part of the max-
illa the alveolus was cut horizontally in the mid-
dle of its height. In the anterior part of the maxilla
the horizontal plane runs in the middle of the dis-
tance between the alveolar crest and the radiologi-
cal apexes of adjacent teeth. The horizontal plane
was perpendicular to the long axis of the alveo-
lus. The measurements were taken in the interra-
dicular space where both cortical plates and tra-
becular bone were available. In case of the lack of
teeth, the measurement was taken in edentulous
alveolus merely in the middle of its height. On

the horizontal cross-sections, one of the coordi-
nates was perpendicular to both cortical plates in
the middle of the interradicular space or endentu-
lous alveolus (Fig. 1, 2). The thickness of the slices
did not exceed 1 mm. The Profile tool available in
Ez3D software was used to estimate the radiolog-
ical density of the bone. A diagram displayed the
mean and maximum value of density. Every pa-
tient had 3-4 measurements taken in interradic-
ular spaces in the frontal part of the maxilla and
3-5 in the posterior maxilla depending on the vol-
ume of the available bone. Every time 2 segments
were selected: the first one across the alveous in-
volved both cortical and trabecular bone, the sec-
ond one overlapping the first with only trabecular
bone. Two maximum values for two cortical plates
were read from the first diagram, and the mean
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value of density of the trabecular bone from the
second diagram. The density line was drawn from
the palatal cortical plate, so the first peak on the di-
agram always corresponds with the palatal cortical
plate. Every measurement was made in Ez3D Plus
CT scan browser and after that saved as a screen-
shot in PNG format. The results were collected in
table (Table 2). The total number of measurements
was 165: 76 in the anterior maxilla and 89 in the
posterior maxilla.

As grey values used in Ez3D are not compat-
ible with Hounsfield units, so a modified scale
was used. The value for air was determined as
“0”. Measurements of radiological density of air
outside the oral cavity were taken on every scan.
The region where the measurement was taken was
chosen on the horizontal scan, in the front of the
upper lip. The line segment selected for the mea-
surement was crossed by the saggital axis in the
middle of its length. The obtained negative grey
values of the air were subtracted from the val-
ues for cortical plates and trabecular bone that
resulted in a new wide grey scale without nega-
tive numbers. Results were collected in columns
A (palatal cortical plate), B (vestibular cortical
plate) and C (trabecular bone) as values in new
scale and base for further calculations. For every
patient the highest value from cortical plate set of
data was found, defined as the maximum density
of the bone. This number worked as a reference

measurement (D) for each patient. The ratio of
radiological density of cortical plates and trabec-
ular bone to D was calculated (respectively de-
scribed as A/D, B/D and C/D). This manner al-
lows us to reduce the potential error coming from
different X-ray exposition parameters applied for
different patients. The results were grouped in
a table, separately for the anterior and the posteri-
or part of the maxilla. Statistical analysis was per-
formed using STATISTCA 10 software (StatSoft,
Inc., Tulsa, OK, USA). The ANOVA test was used
to determine the differences in relative bone den-
sity between the anterior and the posterior maxil-
la and between palatal and cortical plates. A value
of p < 0.05 was considered significant. The mean,
standard deviation, maximum and minimum
were calculated.

Results

The whole range of measurements in res-
caled grey values was displayed on a diagram sep-
arately for the anterior and the posterior maxil-
la (Fig. 3, 4). Mean values of relative radiological
density for cortical plates and trabecular bone
were 0.849 for A/D, 0.8978 for B/D and 0.5988
for C/D in anterior maxilla with standard devi-
ation (SD) 0.0931-0.0971-0.1091 respectively.
For the posterior maxilla corresponding values

Table 2. The table with the data of the patient no. 12

Original measurements Rescaled grey values
Tooth | pala- vestibu- | trabec- | air (ex- palatal | ves- trabec- | the palatal vestibular | trabecu-
tal cor- | lar cor- | ular traoral cortical | tibu- ular highest | cortical | cortical lar bone
tical tical bone measure- | plate lar cor- | bore value plate to | plate to to the
plate plate ment) (A) tical (C) (D) the high- | the high- | highest
plate est value | estvalue | value
(B) (A/D) (B/D) (C/D)
posterior maxilla
14 1180 1424 -96 -1017 2197 2441 921 3573 0.6149 0.6832 0.2578
17 1137 1474 729 -1017 2154 2491 1746 0.6029 0.6972 0.4887
25 911 1323 242 -1017 1928 2340 1259 0.5396 0.6549 0.3524
26 1299 1348 -161 -1017 2316 2365 856 0.6482 0.6619 0.2396
anterior maxilla
27 1425 1741 941 -1017 2442 2758 1958 0.6835 0.7719 0.548
11 2350 2244 1706 -1017 3367 3261 2723 0.9423 0.9127 0.7621
12 1956 2518 1364 -1017 2973 3535 2381 0.8321 0.9894 0.6664
21 2355 2556 1530 -1017 3372 3573 2547 0.9437 1 0.7128
22 2458 2225 966 -1017 3475 3242 1983 0.9726 0.9074 0.555
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Measurements in anterior maxilain modified grey scale

Fig. 3. The whole range of measurements
in rescaled grey values for anterior maxilla
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were 0.5274 for A/D, 0.6047 for B/D and 0.3307
for C/D, with SD 0.1635 - 0.1515 — 0.126 respec-
tively (Table 3). The statistically significant differ-
ence (p < 0.05) was found between anterior and
posterior maxilla for palatal cortical plate, ves-
tibular cortical plate and trabecular bone. When
compared to palatal cortical plate, higher relative
bone density values were found for vestibular cor-
tical plate both in anterior and posterior part of
the maxilla (p < 0.05).

X-ray examination is still the most frequent-
ly used mean for assessing geometrical shape and
quality of the bone structure which was researched
in medical fields of science. Medical CTs, avail-
able in larger medical centers, utilize prominent
radiation dose in comparison to CBCTs which
are gaining more popularity in dental offices. The
growing number of CBCT application creates the
possibility to explore this technique not only for

Table 3. Means, standard deviations and p value of the relative bone density for palatal cortical plate, vestibular cortical plate

and trabecular bone in anterior and posterior maxilla

Anterior maxilla Posterior maxilla ANOVA

range mean + SD range mean + SD
Palatal cortical plate to the | 0.6716-1.0 0.849 + 0.0931 0.1593-0.9134 0.5274 + 0.1635 p <0.05
highest reading (A/D)
Vestibular cortical plate to | 0.5662-1.0 0.8978 £ 0.0971 0.1651-1.0 0.6047 + 0.1515 p <0.05
the highest reading (B/D)
ANOVA p <0.05 p <0.05
Trabecular bone to the 0.3054-0.809 0.5988 £ 0.1091 0.0805-0.6696 0.3307 £ 0.126 p<0.05
highest reading (C/D)
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bone shape evaluation, but also for bone den-
sity assessment. As the grey values can be mea-
sured the possibility to measure radiological den-
sity of bone appears. This is well correlated with
its biomechanical properties [17]. There is a lin-
ear correlation between bone density (measured
in g/cm™ of hydroxylapatite - HA) and the grey
values of CBCT [11]. In this study the modified
grey value scale was used instead of Hounsfield
unit scale for bone tissue evaluation. The densi-
ty of two bone structures is easy to compare using
grey values, but appearing negative HU or non-
-modified grey values create a kind of confusion.
Trabecular bone structures, which are also filled
with certain amount of fat, contain hydrogen and
oxygen atoms in the same way water does, so try-
ing to compare them on the water reference point
is difficult. Some values appear to be above or be-
low zero. This is the way how the Hounsfield units
scale works to differentiate soft tissue structures.
The cortical plates are far away from water point
of reference. On the other hand, trabecular bone
filled with bone marrow is a fat rich tissue and
some measurements reveal negative values while
using profile tool in this study. It was impossible
to compare positive and negative numbers un-
til all the values were converted to positive units.
That is why the modified scale was used. Hav-
ing one point of reference was not enough, so the
second one was established as a maximum value
from all performed measurements. This was done
for every single patient, which gave the possibility
for relative density comparison between patients.
This kind of simplifications allowed us to over-
come problems of different grey values for differ-
ent exposure conditions. From a clinical point of
view it is impossible to compare directly grey val-
ues readings from different exposure conditions
of the same CBCT machine and, moreover, from
different machines [12]. Grey values range is di-
rectly tied with applied 12 or 14 bit picture grey
depth and these results in maximum range of
4,096 or 16,384 shades values. Only part of this
range is used for imaging bone structures. Every
change in kVp settings shifts the used image range
which has direct influence on HU readings or grey
scale voxel values [18]. Changes in tube current
have no prominent changes on tissue attenuation
in MSCT [19] but because of the prominent scat-
ter radiation in CBCT some changes can appear.
Without precise calibration procedure of CBCT
equipment there is no possibility of direct densi-
ty measurements. It may be noted that the second
reference point should be included as a known ar-
tificial minifantom object (with known attenua-
tion coefficient similar to the attenuation coef-
ficient of the cortical plate) to make any further

precise data comparison between different CBCT
possible.

By analyzing the received data, it can be vis-
ible that the range of measured values is notice-
ably wide from 300 to 4,600 modified grey values
(Fig. 3, 4). Looking for the mean of relative mea-
sured value for both cortical plates and trabecu-
lar bone and its standard deviation it is visible that
the results fit to the clinical expectations (Table 3).
Relative mean values for cortical plates are close
to each other and the relative mean value for tra-
becular bone takes aproximately 0.6 and 0.5 of rel-
ative cortical plates values for anterior and poste-
rior maxilla respectively. Relative mean values for
the posterior maxilla are approximately 40-50%
smaller than those for the anterior maxilla. Pala-
tal cortical relative mean value is lower than ves-
tibular one while the thickness of the palatal plate
seems to be clinically greater than vestibular one.
The standard deviation is nearly the same for all
three measured groups, ranging from 0.09 to
0.16 (Table 3). The observations from this study
seem to be very promising for clinical bone den-
sity evaluation using CBCT. The use of reference
minifantom object instead of maximum reading
value could probably improve direct data compar-
ison and minimize the measuring error. Density
conversion factors, introduced in this way, could
probably solve this issue for a given CBCT ma-
chine [20]. Some further investigations are needed
to confirm this possibility.

Clinical Significance

The data from this study demonstrates that
clinical evaluating of the maxilla bone quality on
the basis of relative radiological bone density mea-
surements is possible but it has limitations. Higher
values in voxel grey scale in anterior maxilla sug-
gest better quality of the bone only in terms of its
density and mineralization. Introducing modified
scale of voxels is convenient, because it helps in
evaluating the radiological density of bone in rela-
tion to air, which becomes sort of referential point.

Study Limitations

One of the limitations of this study is the lack
of a referential point — an item with known phys-
ical density and radiological density measured in
a different parameters setting. Another limita-
tion is the lack of a scale which would describe the
range of voxel values corresponding to higher or
lower quality of bone. There is no data presenting
the exact relation between voxel grey values and
parameters of exposition on this particular CBCT
device. There is also a limited number of scans to
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examine. In spite of this, there is great potential for
using CBCT in estimating bone quality on the ba-
sis of grey scale voxel values.

The authors concluded that mean of radiolog-
ical densities of vestibular cortical plate is higher
than that of palatal cortical plate. The mean radio-
logical density of trabecular bone is x2 lower than

the mean radiological density of vestibular cortical
plate in posterior region and x1.5 lower in anteri-
or region of the maxilla. The clinical use of CBCT
radiological bone density measurement tool with
modified grey scale voxel values creates the possi-
bility to evaluate the relative bone density of den-
tal alveolus.
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