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ABSTRACT

Background: This study compared the effect of various grafting materials on the area and volume
of minerals attached to dental implants.

Materials and Methods: In this animal study, | 3 dogs were divided into three groups according
to the time of sacrificing (2 months,4 months, or 6 months).The implants were placed in oversized
osteotomies, and the residual defects were filled with autograft, bovine bone graft (Cerabone),
or a synthetic substitute (Osteon ll). At the designated intervals, the dogs were sacrificed and
the segmented implants underwent micro-computed tomography analysis. The bone-implant
area (BIA) and bone-implant volume (BIV) of bone and graft material were calculated in the region
of interest around the implant.The data were analyzed by two-way analysis of variance (ANOVA)
at P < 0.05.

Results: There was no significant difference in BIA and BIV between the healing intervals for
any of the grafting materials (P > 0.05). ANOVA exhibited comparable BIA and BIV between the
grafting materials at 2 and 4 months after surgery (P > 0.05), although a significant difference was
observed after 6 months (P < 0.05). Pairwise comparisons revealed that BIA was significantly greater
in the autograft-stabilized than the synthetic-grafted sites (P = 0.035).The samples augmented with
autograft also showed significantly higher BIV than those treated by the xenogenic (P =0.017) or
synthetic (P = 0.002) particles.

Conclusion: All graft materials showed comparable performance in providing mineral support
for implants up to 4 months after surgery.At the long-term (6-month) interval, autogenous bone
demonstrated significant superiority over xenogenic and synthetic substitutes concerning the bone
area and volume around the implant.
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synthetic bone graft, xenograft
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INTRODUCTION

The request for replacing partial or complete
edentulous dentitions with implants is ever-increasing.
The optimal quantity and quality of the host bone
are influential factors in the survival of endosseous
implants. However, the bone condition may be
inadequate in some cases such as those requesting
immediate implant placement in large extraction
sockets, patients with atrophied alveolar ridges as a
result of old extractions or developmental anomalies,
and subjects with localized infections or periodontal
diseases. Bone augmentation with a grafting material
is generally planned under these conditions to
minimize the gap between the implant surface and
the bone walls and thus increasing the success rate of
treatment.['3]

Various types of grafting materials have been proposed
and applied for esthetic and regenerating purposes
in medicine and dentistry. Bone substitutes may
be autogenic, xenogenic, or synthetic (alloplastic),
based on the origin of production.*3 Autogenous
bone is generally considered the gold standard for
bone augmentation because of the cellular viability
to provide osteoconductive, osteoinductive, and
osteogenic features. However, the application of
autograft is generally limited by the quantity of bone
that could be harvested from the patient’s skeleton,
and by the associated morbidity due to the two
surgical procedures (donor and recipient sites).[*5!
Xenografts are obtained from the inorganic portion of
the bone of other species than the host, and provide
osteoconductive properties.®'” The bovine-derived
xenograft has gained remarkable popularity in
recent years as a suitable replacement for autograft.
Cerabone (Botiss Biomaterials GmbH, Zossen,
Germany) is an osseous matrix obtained from the
bovine trabecular bone after removing organic portions
through heating above a temperature of 1200°C.M
Synthetic (alloplastic) bone substitutes are produced
from calcium phosphate and present osteoconductive
potential as well.'¥ They have interesting features
such as unlimited supply and eliminating the risk
of immunologic reactions or disease transmission.
Osteon II (Genoss, Seoul, Korea) is an alloplastic
bone substitute that consists of 70% hydroxyapatite
and 30% [-tricalcium phosphate (B-TCP).[13-13]

The success of osseointegration around dental
implants can be assessed by measuring the size of
mineralized tissues attached to the implant surface.

There are differences in the resorption rate and
bone regenerating capability between various bone
substitute materials. Micro-computed tomography
(UCT) is a modern and nondestructive technology
to examine bone volume and architecture around
dental implants.[*' This technique benefits from
high-resolution (6-72 um) imaging to create
numerous cross-sections from an object. The data are
later employed to produce three-dimensional (3D)
models without inducing detrimental effects on the
original sample.[®)

There are few studies on the use of uCT to assess
the effects of different bone substitutes on the
osseointegration around dental implants. Therefore,
the present WCT study aimed to compare the effect
of various grafting materials (autograft, bovine bone
graft, and synthetic graft) on the surface area and
volume of bone and graft material attached to dental
implants after a concurrent implantation and grafting
procedure in dogs.

MATERIALS AND METHODS

Animals

This animal study was approved by the Animal Care
and Use Committee at Mashhad University of Medical
Sciences and coded as IR.mums.SD REC.1394.130.

Thirteen Iranian male dogs (aged 18-36 months,
with body weights 20-35 kg) were collected.
The dogs were housed in special-designed rooms
at the Animal Center of Mashhad Dental School
and fed with a standard dog feed and fresh water
ad libitum. To ensure health and acclimation,
the animals were quarantined for 2 weeks before
experimentation.

Surgical procedure
The dogs were numbered and assigned to three groups
based on the time of euthanasia. Five animals were
sacrificed after 2 months (Group 1) whereas four
dogs were sacrificed after 4 months (Group 2) and the

other four after 6 months (Group 3).

The surgical procedure was conducted under general
anesthesia and aseptic conditions. At first, acepromazine
1% (0.01-0.02 mg/g; Alfasan, Woerden, Netherlands)
was injected intramuscularly to allow for the
placement of an angiocatheter. Then, a combination
of ketamine 10% (10 mg/kg; Alfasan) and diazepam
10 (10 mg/2 mL; Caspian Tamin Co, Tehran, Iran) was
intravenously administered to induce general anesthesia.
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Figure 1: Placement of an implant at the center of the
osteotomy defect.

The anesthesia was continued through inhalation of
2.5% isoflurane in O,. Antibiotic therapy was started by
slow intravenous injection of 1 g cefazolin (Loghman,
Iran) before and after surgery. To achieve pain control,
meloxicam 2.0% (0.2 mL/kg body weight; Razak, Iran)
was administered during the operation.

The osteotomies were prepared in the sternum (chest
bone) of dogs, which typically consists of an anterior
segment (the presternum), five cylindrical segments or
sternebrae (the body of the sternum), and a uniform
process (the hind segment). The surgical field was
shaved and disinfected with a 7.5% povidone-iodine
solution. Using a number 15 surgical blade, the incision
started at the site of the second rib and continued until
the fifth rib. The tissues were separated layer by layer
and the periosteum was reflected by a periosteal elevator.

After exposure to the sternum, 3—5 oversized defects
were made in the sternebrae of each animal by
trephine osteotomy. The bur was applied several times
to create defects measuring 10 mm in length, 4 mm in
width, and 6 mm deep, for placement of the implant
and graft material.

Implant and graft placement

The ICX surgical kit was employed to drill the 2 mm
end of each defect. Afterward, a titanium screw
implant (ICX, Medentis Medical GmbH, Dernau,
Germany), with a diameter of 3.45 mm and length
of 6.5 mm was placed at the center of the defect
[Figure 1]. A total of 3-5 implants were inserted
per animal, according to the surgical conditions.

Each group of animals contained three subgroups based
on the bone graft material employed. In subgroup 1

(autograft), the implant was surrounded by autogenous
bone particulates (particle size: 1-2 mm). These
particles were harvested during the drilling of the bone
at the time of operation. In subgroup 2 (xenograft),
deproteinized bovine bone mineral (particle size: 0.5—
1.0 mm, Cerabone; Botiss Biomaterials GmbH, Zossen,
Germany) was grafted into the osteotomy site to
stabilize the implant. In Group 3 (synthetic graft), the
gap surrounding the implant was filled by a synthetic
biphasic calcium phosphate substitute (particle size
0.5-1.0 mm, Osteon II, Genoss, Seoul, Korea). The
bone grafts were hydrated with saline solution before
packing into the osteotomy site. Following excess
removal, a resorbable collagen membrane (Jason
Membrane, Botiss Biomaterials GmbH) was employed
to cover the graft and implant.

The same order of graft placement was continued, so that
each animal received all three types of graft materials.
Finally, the five dogs that were planned to be euthanized
at 2 months received 21 implants augmented by three
types of graft materials (n = 7 per subgroup). The four
dogs in Group 2 (planned to be sacrificed at 4 months)
and also the four dogs in Group 3 (planned to be
sacrificed at 6 months) received 18 implants supported
by three bone graft materials (n = 6 per subgroup).

Wound  closure  was  performed in  four
layers (periosteum, muscle, subcutaneous tissue,
and skin). The first three layers were sutured by an
absorbable 2-0 vicryl (Supabon, Supa Medical devices,
Tehran, Iran) and the skin with a nonabsorbable 2-0
nylon (Supabon).

Postsurgical procedure

Postoperatively, the animals were transferred to a
warm place. The surgical field was dressed in sterile
gauze, which was changed daily for 7 days. To
inhibit licking of the incision area, a cervical collar
was employed. Antibiotic therapy was continued by
intramuscular injection of 1 g cefazolin every 12 h
for 7 days. Furthermore, a meloxicam tablet (7.5 mg,
Loghman Co, Tehran, Iran) was administered every
24 h for 2 days to control pain.

The sutures were removed after 10 days in animals
that showed favorable wound healing. In the presence
of dehiscence, the incision area was treated by
repeated suturing and antibiotic treatment.

Sample preparation for micro-computed
tomography

At the designated intervals (2 months, 4 months,
and 6 months), the dogs were euthanized by
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an overdose of sodium pentobarbital, and the
sternum was reopened. After measuring the
implant stability (the result has been presented
elsewhere),!'”! the sternebrae containing the implant
and surrounding tissues were excised by a saw. The
block sections were placed in 10% neutral-buffered
formalin and were sent to the Oral Technology
Department at the University Hospital of Bonn
for further analysis. The result of WCT testing is
reported here. Three representative samples were
selected from each subgroup for pCT assessment.
A flowchart of the methodology is illustrated in
Figure 2.

Micro-computed tomography analysis

A high-resolution pCT scanner (UCT Skyscan
1174™_ Skyscan, Kontich, Belgium) was used to
achieve a 3D reconstructed view of the grafted
specimens. The equipment had a voxel size of
6.8 um, an X-ray tube voltage of 50 kV, and a
current of 800 WA. Altogether, 1024 uCT slices
were imaged and the total scanning time was up to
300 min. The scanned data were exported in Digital
Imaging and Communications in Medicine format and
imported into 3D software (Amira, Visage Imaging
GmbH, Berlin, Germany) for further analysis of the
architecture within the region of interest (ROI) around
the implant.

The ROI was established as the implant surface and
the region at the 1 mm distance from the implant
surface. Using the software, the superior tissue part
and the 2 mm apical part of the fixture in the coronal
view were considered the limit line and were excluded
from the analysis. Then, the fixture, the “bone and
graft material,” and the soft tissues were differentiated,
based on visual inspection and histogram analysis.
The maximum and minimum grayscale threshold
values were adopted as 70-255 for the fixture, 3570
for the bone and graft material, and 0-35 for soft
tissues.

The image was then segmented into two parts: the
outside section (bone and graft tissue around the
fixture) and the inside section (the segmented fixture).
The 3D reconstruction of the two sections prepared by
the Amira software is illustrated in Figure 3. Afterward,
the surface area of the fixture was calculated by the
software and considered the X parameter. Furthermore,
the volume between the fixture and a zone expanded
by 1 mm circumferentially around the fixture was
calculated and defined as the A parameter.

To achieve the bone and graft material attached to
the implant surface, the inside and outside files were
combined and the noncommon points were deleted.
In this way, all points in common between the two
files (on the fixture surface) were retained [Figure 4].
Finally, the surface area of the common points

13 Iranian male dogs

Group 2:
Euthanasia
after4 months
N=4

Group 3:
Euthanasia
after 6 months
N=4

Group1:
Euthanasia
after 2 months
N=5
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placement of implants and graft materials
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Figure 2: A flowchart of the methodology. Three representative
samples were selected for micro-computed tomography (UCT).

Figure 3: The three-dimensional reconstruction by
micro-computed tomography for a sample retrieved after
concurrent implantation and grafting procedure by deproteinized
bovine bone mineral (cerabone). (a) Inside section (fixture
view). (b) Outside section (bone and graft view).
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Figure 4: Micro-computed tomography analysis of a segment
retrieved after concurrent implantation and grafting procedure
by deproteinized bovine bone mineral (cerabone). (a)
Combination of inside and outside files and deleting all
noncommon points. (b) Reconstruction of the bone and graft
material attached to the fixture surface.

between the inside and outside files was calculated
and considered the Y parameter. In addition, the
volume of bone and graft material in the ROI around
the implant was measured and defined as the B
parameter.

The outcome variables were bone-implant area (BIA)
and bone-implant volume (BIV). BIA was defined by
dividing the area of bone and graft material at the
implant surface (Y parameter) by the total implant
surface (X parameter) and multiplying the result by
100 (BIA = Y/X x100). BIV was also calculated,
being the percentage of bone and graft volume that
was present in the total volume of interest around
the implant (BIV = B/A x100; B = The volume
of bone and graft material in the ROI around the
implant, A = The volume between the fixture and a
zone expanded by 1 mm circumferentially around the
fixture, i.e. the total volume of ROI).

Statistical analysis

After confirming the normal distribution of the data by
a Shapiro—Wilk test (P > 0.05), the data were subjected
to a two-way analysis of variance (ANOVA) to denote
any significant difference in BIA (the percentage of
bone and graft area per total implant area) and BIV (the
percentage of bone and graft volume per total volume)
variables between the different grafting materials and
healing intervals. As there was a significant interaction
between the two factors, the differences between
and within groups were analyzed separately through
one-way ANOVA. The data analyses were performed
through computer software (SPSS version 16.0; SPSS
Inc, Chicago, IL, USA), and the level of significance
was set at P < 0.05.

RESULTS

One dog died before the completion of the follow-up
period and three inserted implants were lost. In
total, 54 implants were observed until the end of
the experiment (n = 21 implants in Group 1, n = 18
implants in Group 2, and n = 15 implants in Group 3).
The success rate of implants was 83%, as 45 implants
were integrated and 9 were lost. For uCT assessment,
three representative samples were selected from each
subgroup of animals.

Table 1 presents the mean and standard deviation
of BIA (the percentage of bone and graft area per
implant area) for the implants supported by the three
graft materials at different follow-up periods. The
data for the BIV variable (the percentage of bone
and graft volume per total volume) are presented in
Table 2.

The autograft-stabilized sites demonstrated the lowest
BIA and BIV at the 2-month interval. Afterward, BIA
and BIV increased, so that the autogenous bone was
the best material concerning the area and volume of
the bone graft complex at 4- and 6-month intervals.
The bovine-grafted segments provided the greatest
bone graft area and volume at 2 months after surgery.
Both variables experienced some decrease at 4 months
and then increased at the 6-month time point. The
synthetic graft granules rendered small variations in
BIA and BIV throughout the experiment. ANOVA
revealed no statistically significant difference in BIA
and BIV measurements between the different healing
intervals (2 months, 4 months, and 6 months) for any
of the grafting materials [P > 0.05; Tables 1 and 2].

ANOVA was also run to compare BIA and BIV
variables between the different grafting materials at
each healing interval. The results showed no significant
difference in BIA and BIV among the grafting materials
either at 2 or at 4 months after surgery (P > 0.05),
although a significant difference was found at the
6-month interval [P < 0.05; Tables 1 and 2]. The Tukey
test revealed that the surface area of bone and graft
material attached to the implant surface (BIA) was
significantly greater in the autograft-stabilized sites,
as compared to those augmented by the synthetic graft
material at 6 months [P = 0.035; Table 1]. Concerning
BIV, the samples treated by autograft particles showed
significantly higher graft and bone volume than that
of the xenogenic (P = 0.017) or synthetic (P = 0.002)
granules. Furthermore, BIV was significantly greater
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Table 1: The mean (%) and standard deviation of the bone implant area variable (BIA = the percentage of
bone and graft area per total implant area) according to the grafting materials and healing intervals

Group Mean+SD (%)
2 months 4 months 6 months Statistical significance (P)
Graft material
Autograft 29+8 58+15 56+42 0.123
Xenograft 39+1 28+14 46430 0.167
Synthetic graft 37+4 41£2 37+1° 0.488
Statistical significance (P) 0.329 0.147 0.039*

*A statistically significant difference at P<0.05. Different superscript letters indicate statistical significance among the grafting materials. SD: Standard deviation

Table 2: The mean (%) and standard deviation of the bone implant volume variable (BIV = the percentage
of bone and graft volume per total volume) according to the grafting materials and healing intervals

Group Mean+SD (%)
2 months 4 months 6 months Statistical significance (P)
Graft material
Autograft 38+14 60+5 63+22 0.127
Xenograft 43+1 3114 52420 0.125
Synthetic graft 42+4 51+4 40+1¢ 0.121
Statistical significance (P) 0.819 0.078 0.002*

*A statistically significant difference at P<0.05. Different superscript letters indicate statistical significance among the grafting materials. SD: Standard deviation

in the xenogenic- than in the synthetic-grafted
defects (P = 0.014).
DISCUSSION
This animal study investigated the amount of

bone formation after concurrent implantation and
augmentation with different graft types (autogenic,
xenogenic, and synthetic). The study model tried to
mimic the situation when an implant is placed in a
large bony defect, and thus concurrent regeneration
with graft and a membrane is mandatory. All three
bone substitutes were placed in the same dog
to negate variations in the healing process and
physiology between animals. A resorbable collagen
membrane was employed to cover the defect, thus
promoting guided bone regeneration by stimulating
the migration of osteogenic cells and inhibiting the
invasion of soft-tissue cells.!'”!

UCT analysis is an accurate, useful, and nondestructive
technique that allows a 3D assessment of the total
circumferential ~space.*!®!®1  In this study, uCT
analysis was employed for scanning the segmented
implants. The area and volume of bone and graft
material were measured in the region of interest (ROI)
around the implant surface to serve as an indicator of
osseointegration. The grayscale threshold for bone and
graft material was considered the same in measurements,
because segmentation between the two may be associated

with a minor overlap in some areas.” Histologic
studies have shown that the grafted bone undergoes the
remodeling process and is partially replaced by new
bone after a few weeks.*! Therefore, the integrated
parts of newly formed bone and remaining biomaterial
may have similar mineral contents near the interface.'®!
Despite its benefits, the uCT evaluation is associated
with some limitations. It has been demonstrated that
the accuracy of uCT analysis depends on the human
ability to correctly determine the thresholds for different
tissues. In addition, a blurred border may be observed in
proximity to the implant surface in uCT data due to the
occurrence of metal artifacts.!*?%

In the autogenous group, the percentage of the bone
graft area attached to the implant surface was 29% + 8%
at 2 months and then increased to 58% + 15% and
56% + 4% at 4 and 6 months, respectively. The
ratio of bone graft volume to total volume was
38% = 14% at 2 months, which enhanced to 60% =+ 5%
and 63% + 2% at intervals of 4 and 6 months after
implantation, respectively. It is believed that the viable
cells in the autogenous bone provide a high potential for
new bone formation and regeneration in bony defects.
Despite the remarkable increase in the quantity of bone
and graft material between 2 and 4 months and between
2 and 6 months, neither of the changes was statistically
significant in the autogenous group.

Deproteinized bovine bone mineral (Cerabone)
displayed BIA of 39% + 1%, 28% =+ 14%, and
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46% + 4% at intervals of 2, 4, and 6 months after
surgery. The BIV in the Cerabone group was
43% =+ 1%, 31% = 14%, and 52% =+ 2% at the
corresponding intervals. The bone graft area and
volume were not significantly different between the
various healing intervals. The bovine bone graft is
assumed to be a suitable alternative to the autograft
because of its great similarity to the structure of
human bone. The proteins and bone-forming cells
are casily adhered to the rough surface of Cerabone,
thus facilitating the integration of graft with newly
formed bone. In contrast to the autogenous bone,
the bovine-bone mineral shows a slow resorption
rate?'?! and may be preferred in situations when a
high volume stability and preservation of the graft
material are critical. On the other hand, the slow
rate of resorption may cause interference with the
healing process and delay bone formation in the
Cerabone-grafted area.l*>*

In the alloplastic material group (Osteon II), the
ratio of bone graft area to total implant area (BIA)
was 37% = 4%, 41% £ 2%, and 37% £ 1% at
intervals of 2, 4, and 6 months after implantation.
The ratio of bone-implant volume to total volume
was 42% + 4%, 51% =+ 4%, and 40% = 1% at the
corresponding intervals. These values demonstrated a
small increase in bone graft area and volume between
2 and 4 months, which was followed by a reversal at
the 6-month time point. The changes in BIA and BIV
variables in the Osteone Il group were small and not
significant between the healing intervals. Osteon II
consists of a hydroxyapatite scaffold and B-TCP at
the ratio of 70/30, respectively. Hydroxyapatite has
low solubility and provides a relatively firm scaffold
to maintain stability, whereas B-TCP shows fast
biodegradability and is rapidly remodeled and replaced
by newly formed bone.['®! Tt is assumed that the pores
in the B-TCP particles stimulate the infiltration of
osteogenic cells. Furthermore, B-TCP particles are
mainly degraded through the chemical dissolution of
the material instead of osteoclastic resorption.!'®!

At 2 months and 4 months after surgery, the three
graft materials showed comparable performance in
providing mineral support for implants placed in
large defects. However, at the 6-month time point, the
autogenous particles exhibited significant superiority
over the synthetic bone substitute concerning the
bone graft area (BIA variable), and performed
significantly better than both the synthetic and
bovine bone granules, cornering the volume of bone

and graft material (BIV variable). Furthermore, the
defects treated with the bovine-derived xenograft
displayed significantly higher BIV than those of the
synthetic-grafted sites.

Overall, the autogenous particles performed the best,
and the synthetic bone substitute demonstrated the
worst performance at the long-term interval. The
findings of this study implied that both xenogenic
and synthetic grafts performed similarly to the
autograft up to 4 months after implantation, but
autograft-treated sites revealed greater amounts of
bone and graft material at the 6-month time point.
The superior performance of autograft particles
may be related to the presence of osteogenic cells,
which can lead to a higher rate of bone formation
in the grafted area. In contrast, both xenogenic and
synthetic bone substitutes are just osteoconductive
and thus require a longer time for regeneration than
autograft.’) Comparison of xenogenic and synthetic
grafts at 6 months also revealed a small but significant
superiority of the xenograft concerning the bone
volume around the implant, which may have some
implications in the clinical situation.

Although autograft was superior in bone regeneration
than other materials at the long-term interval, both
bovine bone and alloplastic grafts performed well
and could be considered suitable alternatives to the
autogenous bone for supporting the implants placed in
bony defects. This is especially important in clinical
conditions when other parameters such as availability,
patient morbidity, biocompatibility, or expense lead
the clinician to choose a grafting material other than
the autogenous bone.

The outcomes of this study are corroborated by
previous studies that reported the superiority of
autografts compared to other grafting materials for
supporting implants placed in bone defects.*'® Using
UCT analysis, de Faria Vasconcelos et al.l'*! reported
that autografts outperformed xenografts in maxillary
sites grafted with these materials. In contrast to the
outcomes of this study, Friberg®! demonstrated that
all types of graft materials (autografts, allografts,
xenografts, and alloplastic materials) created
comparable augmentation results, which allowed
for the placement of implants in bone defects. Oh
et alP displayed similar biocompatibility and
osteoconductivity for biphasic calcium phosphate and
deproteinized bovine bone mineral when applied for
maxillary sinus augmentation. In the study of Antunes
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et al. " deproteinized bovine bone mineral in the
form of sponge or granules demonstrated similar or
higher bone formation as compared to the autogenous
bone within the defect. The controversy between the
results of this study and those of previous authors
could be ascribed to variations in several factors
including the method of evaluation, the size of the
bone defect, and the surgical procedure employed.

The limitations of this study were the small
sample size, and the insertion of implants in the
sternum instead of the maxillary or mandibular jaw.
Another limitation was that in the measurements,
bone and graft material was considered a mixture
and the amount of mineralized bone was not
differentiated from the residual graft material.
Since bovine bone graft displays slow and
superficial resorption, new bone formation and
osseointegration around Cerabone may be poor
and with inadequate strength.”! Further long-term
studies with larger sample sizes are warranted to
assess the efficacy of various grafting materials in
enhancing osseointegration around dental implants
placed through concurrent implantation and grafting
procedure in extensive bone defects.

CONCLUSION

Within the limitations of the present uCT study, the

following conclusions can be drawn:

1. There was no significant difference in bone area
and volume measurements between specimens
obtained at 2 months, 4 months, and 6 months after
concurrent implantation and regeneration with any
of the grafting materials (autogenic, xenogenic, or
synthetic).

2. The three graft materials showed comparable
performance in providing mineral support for
implants placed in large defects at 2 months and
4 months after surgery. However, at the 6-month
interval, the defects augmented by autograft
demonstrated significant superiority over the
xenogenic- or synthetic-grafted sites concerning
the bone area and volume around the implant
surface.

3. Although autogenous bone graft particles could
produce better bone regeneration than other
materials at the long-term interval, both xenogenic
and synthetic bone substitutes could be considered
suitable alternatives for autografts to be employed in
conjunction with dental implants in extensive defects.

Acknowledgments

The authors would like to thank the vice-chancellor for
research of Mashhad University of Medical Sciences
for the financial support of this project (grant number
941412). The implant materials for this project were
kindly provided by the ICX Company. The authors
also wish to express their deep gratitude to Mrs. Anna
Weber for extensive help in specimen preparation and
UCT scanning.

Financial support and sponsorship
A grant from the vice chancellor for research at
Mashhad University of Medical Sciences.

Conflicts of interest

The authors of this manuscript declare that they have
no conflicts of interest, real or perceived, financial or
non-financial in this article.

REFERENCES

1. AlKudmani H, Al Jasser R, Andreana S. Is bone graft or
guided bone regeneration needed when placing immediate
dental implants? A systematic review. Implant Dent
2017;26:936-44.

2. Cochran DL, Jones A, Sugita R, Brown MC, Guda T, Prasad H,
et al. Immediate dental implant stabilization in a canine model
using a novel mineral-organic adhesive: 4-month results. Int J
Oral Maxillofac Implants 2020;35:39-51.

3. Cohen DJ, Scott KM, Kulkarni AN, Wayne JS, Boyan BD,
Schwartz Z. Acellular mineralized allogenic block bone graft
does not remodel during the 10 weeks following concurrent
implant placement in a rabbit femoral model. Clin Oral Implants
Res 2020;31:37-48.

4. Kon K, Shiota M, Ozeki M, Yamashita Y, Kasugai S. Bone
augmentation ability of autogenous bone graft particles with
different sizes: A histological and micro-computed tomography
study. Clin Oral Implants Res 2009;20:1240-6.

5. Nasrabadi N, Forouzanfar A, Farsi MR, Babaei K, Ahrari F.
Effect of bone grafting on hard and soft tissue changes following
immediate implant installation in mandibular molar sites:
A double-blind randomized clinical trial. ] Long Term Eff Med
Implants 2023;33:87-96.

6. Chopra PM, Johnson M, Nagy TR, Lemons JE. Micro-computed
tomographic analysis of bone healing subsequent to graft
placement. J Biomed Mater Res B Appl Biomater 2009;88:611-8.

7. Ribeiro M, Fraguas EH, Brito KI, Kim Y], Pallos D, Sendyk WR.
Bone autografts & allografts placed simultaneously with dental
implants in rabbits. J Craniomaxillofac Surg 2018;46:142-7.

8. Masuda K, Silva ER, Apaza Alccayhuaman KA, Botticelli D,
Xavier SP. Histologic and micro-CT analyses at implants placed
immediately after maxillary sinus elevation using large or small
xenograft granules: An experimental study in rabbits. Int J Oral
Maxillofac Implants 2020;35:739-48.

9. Zhou F, Zheng X, Xie M, Mo A, Wu H. Radiographic and
histological evaluation of the healing of extraction sockets filled

Dental Research Journal / 2023-




10.

11.

12.

13.

14.

15.

16.

17.

18.

Gholami, et al.: uCT scanning of implant surfaces augmented by grafts

with bovine-derived xenograft: An experimental study in rats.
Implant Dent 2017;26:400-4.

Gholami M, Ahrari F, Sedigh HS, Bourauel C, Ahmadi L.
Stability of implants supported by three types of bone grafting
materials in dogs. Teikyo Med J 2022;45:5081-91.

Jerbi¢ Radeti¢ AT, Zoric¢i¢ Cvek S, Tomas M, Erjavec I, Ogui¢ M,
Perié Kadarevi¢ Z, et al. CSBD healing in rats after application
of bovine xenogeneic biomaterial enriched with magnesium
alloy. Int J Mol Sci 2021;22:9089.

Miron RJ, Sculean A, Shuang Y, Bosshardt DD, Gruber R,
Buser D, et al. Osteoinductive potential of a novel biphasic
calcium phosphate bone graft in comparison with autographs,
xenografts, and DFDBA. Clin Oral Implants Res 2016;27:668-75.
Kim YK, Lee J, Yun JY, Yun PY, Um IW. Comparison of
autogenous tooth bone graft and synthetic bone graft materials
used for bone resorption around implants after crestal approach
sinus lifting: A retrospective study. J Periodontal Implant Sci
2014;44:216-21.

Bae JH, Kim YK, Kim SG, Yun PY, Kim JS. Sinus bone graft
using new alloplastic bone graft material (Osteon)-1I: Clinical
evaluation. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2010;109:e14-20.

Gholami M, Poorgonabadi S, Ahrari F, Rahimi F, Zabeti P,
Babaei K, er al. Angiogenesis around dental implants augmented
by autogenous, xenogenous, and synthetic bone graft materials:
An animal study in dogs. Teikyo Med J 2022;45:7299-308.

de Lange GL, Overman JR, Farré-Guasch E, Korstjens CM,
Hartman B, Langenbach GE, et al. A histomorphometric and
micro-computed tomography study of bone regeneration in
the maxillary sinus comparing biphasic calcium phosphate and
deproteinized cancellous bovine bone in a human split-mouth
model. Oral Surg Oral Med Oral Pathol Oral Radiol 2014;117:8-22.
Soni R, Priya A, Agrawal R, Bhatnagar A, Kumar L. Evaluation
of efficacy of platelet-rich fibrin membrane and bone graft in
coverage of immediate dental implant in esthetic zone: An in vivo
study. Natl J Maxillofac Surg 2020;11:67-75.

de Faria Vasconcelos K, Dos Santos Corpas L, da Silveira BM,
Laperre K, Padovan LE, Jacobs R, ef al. MicroCT assessment
of bone microarchitecture in implant sites reconstructed with
autogenous and xenogenous grafts: A pilot study. Clin Oral

19.

20.

21.

22.

23.

24.

25.

26.

27.

Implants Res 2017;28:308-13.

Antunes AA, Grossi-Oliveira GA, Martins-Neto EC, Almeida AL,
Salata LA. Treatment of circumferential defects with
osseoconductive xenografts of different porosities: A histological,
histometric, resonance frequency analysis, and micro-CT study
in dogs. Clin Implant Dent Relat Res 2015;17 Suppl 1:¢202-20.
Vandeweghe S, Coelho PG, Vanhove C, Wennerberg A, Jimbo R.
Utilizing micro-computed tomography to evaluate bone structure
surrounding dental implants: A comparison with histomorphometry.
J Biomed Mater Res B Appl Biomater 2013;101:1259-66.
Gultekin BA, Cansiz E, Borahan O, Mangano C, Kolerman R,
Mijiritsky E, et al. Evaluation of volumetric changes of
augmented maxillary sinus with different bone grafting
biomaterials. J Craniofac Surg 2016;27:e144-8.

Jensen T, Schou S, Svendsen PA, Forman JL, Gundersen HJ,
Terheyden H, et al. Volumetric changes of the graft after
maxillary sinus floor augmentation with Bio-Oss and autogenous
bone in different ratios: A radiographic study in minipigs. Clin
Oral Implants Res 2012;23:902-10.

Mordenfeld A, Hallman M, Johansson CB, Albrektsson T.
Histological and histomorphometrical analyses of biopsies
harvested 11 years after maxillary sinus floor augmentation with
deproteinized bovine and autogenous bone. Clin Oral Implants
Res 2010;21:961-70.

Yildirim M, Spieckermann H, Handt S, Edelhoff D. Maxillary
sinus augmentation with the xenograft Bio-Oss and autogenous
intraoral bone for qualitative improvement of the implant site:
A histologic and histomorphometric clinical study in humans.
Int J Oral Maxillofac Implants 2001;16:23-33.

MaD, WangY, ChenY, Yang G, Liu X. Promoting osseointegration
of dental implants in dog maxillary sinus floor augmentation
using dentin matrix protein 1-transduced bone marrow stem
cells. Tissue Eng Regen Med 2020;17:705-15.

Friberg B. Bone augmentation for single tooth implants: A review
of the literature. Eur J Oral Implantol 2016;9 Suppl 1:S123-34.
Oh JS, Seo YS, Lee GJ, You JS, Kim SG. A comparative study
with biphasic calcium phosphate to deproteinized bovine bone
in maxillary sinus augmentation: A prospective randomized
and controlled clinical trial. Int J Oral Maxillofac Implants
2019;34:233-42.

-Dental Research Journal / 2023




