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Radiopacity of alloplastic bone grafts measured with
cone beam computed tomography: An analysis in
rabbit calvaria
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ABSTRACT

Availability of adequate bone structure for dental implants is still a problem in dentistry. Alloplastic grafts, which promote bone regeneration,
are used as bone substitutes in orthopedic and oral surgical procedures. The aim of this study was to evaluate the radiopacity of three difterent
synthetic bone grafts in rabbit calvaria, over 3 months, using cone beam computed tomography (CBCT). Four critical-size defects were made
on the calvaria of 11 rabbits. The lesions were classified into three groups according to the alloplastic grafts they received: Osteon® 70/30,
Osteon collagen®, and Osteon I1® groups. The fourth group received blood clot, and served as a control. The bone samples were collected and
analyzed with CBCT after the 1%, 2™, and 3™ month. One month after surgery, the lesions that received Osteon® 70/30 and Osteon collagen®
grafts showed the highest radiopacity compared to the lesions with Osteon II® and blood clot. After the 2™ month, the radiopacity values
between the three groups that received the grafts were more similar compared to the group with blood clot. After the 3™ month, the lesions
with Osteon® 70/30 graft showed the highest radiopacity values, followed by Osteon collagen® and Osteon I1® groups. The group that received
blood clot showed the lowest radiopacity values. In conclusion, the grafts used in this study had higher radiopacity values compared to blood

clot. Among the grafts used, the Osteon® 70/30 graft showed the highest radiopacity values in the 3-month period.
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INTRODUCTION histological analysis is necessary to determine the actual
nature of the tissue of interest, in most cases, such analysis is
Alloplastic grafts are commonly used as bone substitutes ~ not performed due to economical and practical reasons. In
in orthopedic and oral surgeries to treat osseous defects [1,2],  this sense, the cone beam computed tomography (CBCT) is
due to their capability to promote bone regeneration within ~ aless-invasive method, and highly used by surgeons and den-
an acceptable time frame [3]. In particular, calcium phosphate ~ tists. It provides the three-dimensional (3D) analysis of bone
based ceramics have similar characteristics as the crystal — and other tissues [9,10], as well as the means to determine
structure and chemistry of bone mineral phase [2,3]. Among  their radiopacity.
synthetic calcium phosphate ceramics are hydroxyapatites The radiopacity is a representation of tissue mineral den-
(HAs), tricalcium phosphates (TCP), and calcium phosphate sty [11] The radiopacity of an alloplastic bone graft vary over
cements [4]. These bone grafts need to be osteoconductive to  time due to the fraction of TCP and calcium phosphate that is
provide a scaffold structure, as well as, to have bioactive prop-  resorbed and replaced by osteoid tissue [4]. However, because
erties, which means being capable of adhering to the bone [5].  of the low resolution and limitations of conventional radio-
After graft placement, approximately 70% is resorbed and ~ graphs, the change in radiopacity during this time is not visible
replaced by newly formed bone [6]. Different methods have — until 50% of the biomaterial is replaced by bone [4]. Current
been used to measure the resorption rates [7,8]. Although literature lacks studies that use CBCT to quantify the varia-

tions in radiopacity that occur in a particular time period after
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MATERIALS AND METHODS

Surgical procedure

The following study was approved by the Scientific Ethics
Committee from the Universidad de La Frontera (Protocol
015/13) and performed according to the Declaration of Helsinki.

Eleven adult New Zealand rabbits (Oryctolagus cunicu-
lus - weights of 3.9 + 0.2 kg) were selected from the Experimental
Surgery Center of the Universidad de La Frontera.

The animals were premedicated according to their weight
with ketamine (35 mg/kg) and xylazine (2 mg/kg). In addi-
tion, the head was shaved, and a local anesthetic (0.4 ml lido-
caine 2%) was applied to this region. A median lineal incision
was made from the frontal to occipital region, elevating the
periosteum, and exposing both parietal bones. Subsequently,
four bicortical defects were created with an 8 mm external
diameter trephine bur.

The samples were divided into four groups depending on
the material used to fill in the defects:

1. Osteon® 70/30 group - 70% HA + 30% p-TCP (Genoss,
Suwon, Korea);

2. Osteon II® group - Biphasic calcium phosphate coated
with B-TCP (Genoss, Suwon, Korea);

3. Osteon collagen® group - HA + B-TCP + collagen
(Genoss, Suwon, Korea);

4. Blood clot group - control.

The periosteum and skin were separately sutured, with
a 5-0 absorbable Vicryl® suture (Ethicon, Novartis Animal
Health US, Inc.,, Greensboro, NC, USA). Following the sur-
gery, the animals were medicated for the first 3 days with
amoxicillin (50 mg/kg) and metamizole (0.2 ml/s kg, twice
a day; Drag Pharma, Chile) and maintained with ad libitum
feeding in closed cages with controlled temperature.

After healing period, the animals were euthanized with an
overdose of pentobarbital (150 mg/kg) after the 1** (n = 3), 2™
(n = 4), and 3™ months (n = 4), and the defects were extracted
immediately with safety margins of 2 mm and perfused with
10% paraformaldehyde.

CBCT evaluation

After the rabbits were euthanized, the cranium was ana-
lyzed using CBCT (Pax Zenith, Vatech, Korea) with an expo-
sition time of 23 s, 100 kvp, and 5 mA. The window size used
in all samples was 12 cm x 9 ¢cm, and voxel size was 0.12 mm.
Data were imported in DICOM format and analyzed with
specific software (EZ3D2009, E-Woo Technology Co., Korea).

Image analysis

Each defect was analyzed separately by locating the course
at the center of defect, and the views were readjusted to
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perform a multiplanar reconstruction. Subsequently, tracings
were performed parallel to the bone with an interval of 0.5 and
1 mm thickness. From all the images obtained, the main cen-
tral images were selected for the analysis, and the other images
were discarded.

APFill Ink Coverage Calculator software (V.5.2, Insight,
AZ,USA) was used to measure the radiopacity of each defect,
using a scale from o (black) to 250 (white). The radiopacity of
each defect corresponded to the mean of radiopacity values of
the three cuts or central planes.

Statistical analysis

Statistical analysis was performed using SigmaPlot v.12.0
software (Systat Software, Inc., CA, USA) and a value of p < 0.05
was considered statistically significant. The Shapiro—Wilk test
was used to test the normality of data distribution. After deter-
mining the normal distribution of the sample, one-way analysis
of variance (ANOVA) was used with the Holm-Sidak post-test,
which allows the simultaneous analysis of multiple groups. All
data are presented as mean + standard deviation.

RESULTS

Clinically, no allergic reactions or other local complica-
tions were observed in the three groups.

Figure 1A and B show the radiopacity values and tendency,
respectively, of the blood clot and alloplastic bone grafts over
the three time periods. The radiopacity of all defects filled
in with the alloplastic bone grafts was the highest after the
3 month. The Osteon® 70/30 grafts demonstrated the high-
est radiopacity, while the blood clot showed the lowest radi-
opacity during the three time periods (Figure 2). The statistical
analysis for each time period is summarized in Figure 3A-C.

After the 1* month of healing, similar radiopacity values
were detected in Osteon® 70/30 (162.17 + 20.37) and Osteon
collagen® groups (160 + 14.03) (p = 0.745). In addition, similar
radiopacity values were detected in Osteon I1® (136.17 + 8.93)
and blood clot groups (124.17 + 5.56). However, the first two
groups showed significant differences in the radiopacity val-
ues compared to the second two groups (p = 0.003).

After the 2™ month of healing, similar radiopacity values
were detected in Osteon® 70/30 (165.72 + 16.81), Osteon col-
lagen (155.72 + 13.2), and Osteon 1I® groups (150.09 + 11.6). In
addition, the radiopacity values in these groups were signifi-
cantly higher than the values in blood clot group (121.76 + 18.4)
(p=0.001).

After the 3 month of healing, Osteon® 70/30 group
(177.92 + 20.18) showed significantly higher radiopacity val-
ues than the other three groups (p = 0.001). Osteon collagen®
(161.42 + 16.47) and Osteon 11® (149.3 + 11.53) groups showed
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FIGURE 1. Radiopacity values of three bone grafts and blood clot. (A) Radiopacity data grouped by each month. (B) Radiopacity values

over the 3-month period.

Osteon ® 70/30 Osteon Il ®

Osteon Collagen ® Blood Clot

FIGURE 2. Cone beam computed tomography image showing the radiopacity (black arrows) of the three biomaterials and blood clot.

(A-D) After the 1t month and (E-H) after 3 months of application.

similar radiopacity values which were higher than the radi-
opacity values in blood clot group (124.71 £ 13.99) (p = 0.012).

DISCUSSION

The calcium phosphate grafts are biodegradable, bioactive,
and osteoconductive, with a similar composition as the min-
eral phase of bone [2]. However, a highly soluble graft is not
recommended because a high release of calcium may inhibit
the osteoclast function [s5].

Because of the increasing radiopacity values observed
over the study period, the three bone grafts used in this study
appear to be osteoconductive. In a reconstructive 3D study
from 2015, Dadsetan et al. [12] observed that the three coatings
(magnesium-substituted p-tricalcium phosphate, carbonated
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HA, and biphasic calcium phosphate) loaded in combination
with recombinant human bone morphogenetic protein-2
were osteoconductive in critical-size defects, after 6 weeks of
implantation.

The Osteon® and Osteon collagen® grafts showed sim-
ilar radiopacity values at 1 month after the implantation.
Furthermore, 2 months after the implantation, Osteon 1I°
graft showed radiopacity values similar to the values observed
for the first two groups, without statistically significant differ-
ences between the three grafts. This result might be explained
by the fact that Osteon® and Osteon collagen® have the same
composition, except for the addition of bovine collagen in
Osteon collagen®. The lower radiopacity values of Osteon 11°
during the first two months could be due to a slow resorption
rate when compared with Osteon® and Osteon collagen®.
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FIGURE 3. Statistical analysis of radiopacity values for each month. (A) 1t month; (B) 2" month; and (C) 3 month. a, b, and ¢ — statisti-

cally significant difference (p < 0.05).

After the 3 month, the Osteon 1I® and Osteon collagen®
grafts showed similar radiopacity values, while Osteon®
showed significantly higher radiopacity, indicating that col-
lagen or the block presentation of this graft could affect the
mineralization of bone graft when compared with the pure
Osteon® graft. The graft composition and its presentation
directly affect its solubility and the ability to differentiate the
osteoclast precursor cells into mature osteoclasts [2,5]. These
mature osteoclasts have the ability to release cytokines that
influence osteoblasts and bone formation [2]. Furthermore,
the bone graft presentation may be influenced by the particle
geometry, porosity, and interconnectivity [13].

B-TCP is a resorbable ceramic that bonds to the bone
directly. The B-TCP granules are rapidly dissolved and newly
formed bone fill in the area of dissolved granules [14]. The
graft releases calcium and phosphate ions that stimulate the
bone healing [15]. However, if the graft resorption takes place
before the new bone is formed, the bone healing rate may be
affected [16]. When this ceramic is mixed with HA, which is a
low resorption rate graft [2,17], it improves the formation and
remodeling of new bone by providing adequate mechanical
resistance [18].

The difference in the resorption rate between p-TCP and
HA is due to the fact that HA adheres directly to the bone
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through a collagen-free layer interface with no preferred ori-
entation [14], and thus is more stable than p-TCP. This colla-
gen-free layer has an active role absorbing extracellular pro-
teins such as growth factors [19]. Thus, bone grafts containing
more HA show more radiopacity during the time of heal-
ing [18]. The effect of Osteon® (70% of HA) graft observed in
our study seems to be related to this process.

The blood clot used as the control exhibited the lowest
radiopacity over the study period. It might have acted as a
critical size-defect, which is a defect that will not heal sponta-
neously during the lifetime of an animal [20]. The critical size
defect used in this study concurs with defects having an exter-
nal diameter of 8 mm, as suggested by other authors [7,8,16,21].
Despite some controversies regarding the critical-size defect,
the results of this study confirmed that the prepared area was
sufficient for analysis. The same results for blood clot were
observed in a two-dimensional radiographic study by Oporto
et al. [8] for a follow-up period of 3 months, where they
observed <10% of ossification.

CBCT allows a more accurate analysis of bone com-
pared to conventional radiographs [22,23], making it a useful
method to quantify bone density [9,24]. Each slice of a CBCT
image is composed of pixels that represent the tissue density,
thus providing better accuracy [25].
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A limitation of this study is lack of information on the per-
centage and distribution of HA and p-TCP in the Osteon 11®
graft. This is a limitation because the chemical properties of a
graft depend on the HA/B-TCP ratio [5]. Moreover, a histo-
logical analysis is necessary to determine the possible causes
of differences in radiopacity values between defects filled with
different bone grafts [8]; however, this analysis was not the
main objective of our study.

As assessed by CBCT, the grafts used in this study had
higher radiopacity values compared to blood clot. Among
the grafts applied to the bone lesions, the Osteon® 70/30
graft showed the highest radiopacity values over the 3-month
period.
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