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Periodontal disease is a disease, affected by various factors. And the pathology is
relatively clear. Periodontal disease is a chronic inflammatory disease induced by
biofilm and occurs when the oral flora is equilibrated at the time of continuous
plaque deposition. In other words, periodontal disease is the result of immunolo-
gical inflammatory reaction between host and microorganism. However, host
susceptibility is an important factor for this to appear as a clinical indication. If
the amount of bacteria on the tooth surface is small, the disease does not appear
regardless of the host susceptibility. However, if the amounts of biofilm are
increased, clinical reactions such as probing depth, attachment loss, and bone loss
can be observed. Therefore, in order to prevent this, the dentist needs to control
the disease through removal of plaque and calculus, and it is necessary to keep an

understanding of the pathology.
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Maxillary sinus augmentation with alloplastic
material (Ovis BCP®): histomorphometric results
from clinical trial

Lee-Rang Lim', Su-Gwan Kim’

'Department of Oral and Maxillofacial Surgery, School of Dentistry, Chosun University, Sangmu Su Dental Clinic, Gwangju, Korea

The purpose of this study was to evaluate the appropriateness of implant placement
when alloplastic material (Ovis BCP") was used as a bone graft material during
maxillary sinus augmentation surgery prior to implant placement. Twelve sinuses
were treated in eleven patients. There was bone atrophy in the posterior part of
maxillary edentulous region and the remaining alveolar bone was 4 mm or less in
height. Lateral window sinus elevation technique was used and Ovis BCP" was
grafted. After the operation and the healing period of six months, the graft site
was identified and harvested with trephine bur for histological analysis and biopsy
was performed. The obtained specimens were stained by hematoxylin and eosin
(H&E) and analyzed histologically and histomorphometrically, which assessed
within the area fraction of new bone (%) and residual graft (%). In all sinuses,
healing was good without any problems. Total ten sinuses were evaluated in nine
patients. Histomorphometric analysis showed that the percentage of new bone was
43.947.62% in nine sinuses except for one sample that was no new bone formation.
The percentage of residual graft was 34+16.36% in seven sinuses except for two
samples that the residual material could not be evaluated. The average value of the
increased residual bone height was 6.57+1.22 mm. Our results indicated that Ovis
BCP" may be useful as a bone substitute for maxillary sinus augmentation.

Received June 10, 2019

Revised July 16, 2019

Accepted July 25, 2019

Corresponding author Su-Gwan Kim

Sangmu Su Dental Clinic, 91, Mareukbokgae-ro, Seo-
gu, Gwangju 61998, Korea

Tel: +82-62-371-4028, Fax: +82-62-371-6028

E-mail: sugwankim@daum.net

Keywords: Bone grafting, Bone substitute, Maxillary sinus augmentation, Ovis
BCP

Copyright © 2019 by Korean Society of Oral Implantologists
@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

materials, and mixtures of various materials.>?

INTRODUCTION

An autogenous bone has osteoinduction, osteocon-

In the maxillary posterior edentulous area, it may be
inappropriate for implant placement because of the
pneumatization of the sinus. In such cases, a maxillary
sinus lift is performed to increase the bony volume.'?
Various bone graft materials have been used for
maxillary sinus lift. It has been introduced that there

are autografts, allografts, xenografts, alloplastic
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duction, volume stability, no risk of metastasis, not
having the rejection of the immune response and
showing predictable results in clinical trials.” For this
reason, autografts are considered the gold standard for
bone replacement therapy.? However, obtaining an
autogenous bone may result in sustained pain on post-

operation and nerve damage in the donor site.” Also,
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they tend to be absorbed quickly and unexpectedly
after surgery.” These disadvantages has led to the
use of other bone materials. In contrast, synthetic
bones have the advantages of biocompatibility, safety,
availability, low morbidity and cost effectiveness.

Bone graft substitutes have been used to replace
autogenous bone. Bone graft materials should induce
biocompatibility, proliferation of new vessels, and
growth of new bone. The ideal bone graft material
should be biological support during healing period,
be remodeled and replaced with new bone gradually.”
The bone graft material was made up of corals
or algae artificially and was developed to date.'”
Synthetic bone is composed of calcium, silicon, or
aluminum.” These materials have chemical similarities
with natural bones made up of calcium phosphate
hydroxyapatite and have been considered as an
alternative since then.'” It is also more economical
than the autogenous bone or the xenogenic bone.

The biphasic calcium phosphate (BCP) bioceramics
is calcium phosphate-based (CaP) biomaterial and
it is composed of two components.'? B-tricalcium
phosphate (3-TCP, Cay(PO4),) is one of the ingredients
that has been used as bone graft materials since early
on. B-TCP shows compressive strength and tensile
strength similar to that of cancellous bone."”” p-TCP
is quickly dissolved in soluble phase, stimulating new
bone formations and promoting osteogenic activities.?
On the other hand, hydroxyapatite (HA, Cas(PO,);OH)
has excellent compressive strength but it has weak
tension and shear.”” HA is stable phase and acts as a
scaffold that is resorbed slowly and maintains space.'?
The biodegradation rate and bioactivity vary with the
composition of HA and B-TCP ratios.'® Recently, two
substances have been mixed in various proportions
and are used in various sizes and forms. When the
ratio of B-TCP is high, absorption is fast, and when
the ratio of HA is high, the absorption rate is low.
When the ratio of HA / B-TCP is 20/80, osteogenesis
and degradation similar to those of autogenous bone

are observed and histomorphological characteristics

similar to that of autogenous are shown.'”

Ovis BCP used in this study is composed of 80% of
B-TCP and 20% of HA, and this ratio has proven to be
good in vivo and in vitro.'®"” The purpose of this study
was to evaluate histologically using Ovis BCP, a bone

graft material for maxillary sinus augmentation.

MATERIALS AND METHODS

1. Patients

This study was approved by the Institutional Review
Board, Chosun University Dental Hostpital (CUDHIRB
1604 026 RO1). All patients were informed about
the procedure and signed a consent form prior to
the sinus augmentation surgery. Nine patients who
required sinus augmentation on maxillary posterior
area and subsequent implant placement and who met
inclusion and exclusion criteria were included in the

study.

1) Inclusion criteria were:

(1) upper premolar or partial posterior edentulous
area, which needs sinus floor augmentation to the
placement of one or more dental implants

(2) the height of the residual alveolar crest is 4 mm or
less;

(3) patient age, 18-78

(4) sinus floor augmentation surgery with lateral

window approach.

2) Exclusion criteria were:

(1) smoking more than 10 cigarettes a day:;

(2) systemic disease or maxillary sinus disease

(3) extraction of teeth related to the region within 3
months

(4) current pregnancy

(5) alcoholism

(6) medication which affects bone formation.

2. Experimental materials
Ovis BCP® (Dentis, Daegu, Republic of Korea) is
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osteoconductive biphasic calcium phosphate synthetic
bone graft with 80% of p-tricalcium phosphate and
20% of hydroxyapatite. It has well-formed macro/
micro porous with porosity 70%.

3. Surgical procedure

All surgical procedure were performed and planned
by one surgeon in this study. Before performing the
maxillary sinus augmentation, panoramic radiography
and CT were taken to evaluate the height of the resi-
dual alveolar crest to select patients who needed bone
grafting. The surgical procedure was performed under
local anesthesia.

A crestal incision is performed in the upper premolar
or posterior edentulous area and a buccal releasing

incision is performed on the mesial and distal sides.
With the elevation of full-thickness flap, it has the
alveolar crest and the lateral wall of the maxillary

sinus be exposed. The osteotomy is performed using
a diamond round bur while performing sterile saline
irrigation.

The elevator instrument is used to lift the Schnei-
derian membrane completely apart from the lateral
and inferior wall of the maxillary sinus. In the control
group, Ovis BCP® was used for the maxillary sinus
augmentation (Fig. 1). After 1 week, the suture was
removed.

After 6 to 11 months (average 6.8+1.7 months) of
the healing period, a second operation is performed.
At this time, local anesthesia, a full thickness
mucoperiosteal flap was elevated in order, and bone

harvesting is performed using 3-4 mm trephine bur.

4, Radiological evaluation
Cone beam computer tomography (CBCT) was
performed before sinus augmentation surgery and

Fig. 1. Operation procedure. A: full
thickess flap elevated via crestal and
buccal side incision, B: lifting the
Schneiderian membrane and bone
grafting, C: sutured state, D: after 6
months.
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6 months after. The residual bone height at the first
was defined as the distance between the alveolar
bone crest margin and the highest point of the floor
of the maxillary sinus. And bone height six months
after surgery was defined as the distance between the
alveolar bone crest margin and the highest point of
the maxillary sinus graft.

5. Histological preparation and histological

analysis

The bone samples contained in the trephine bur
during surgery were fixed in 10% buffered formalin
solution for 24 hours and dehydrated with increasing
concentrations of HCI and ethylene diamine tetra
acetic acid (EDTA). The dehydrated specimen was
embedded in paraffin. The obtained specimen
was finally polished to a thickness of 4-6 ym. And
the surface was stained with hematoxylin-eosin.
Histological evaluation was performed using a light
microscope connected to a digital camera. The
original bone and augmented bone area are dis-
tinguished by the presence of bone substitute
material particles. Special software was used for
histomorphometric measurements. Investigator
was a person who was good at histological and
histomorphometrical evaluation in blind. Each
augmentation site is classified into a new bone matrix
and a bone substitute material. The percentage of
new bone formation (area of new bone/total area
of the region) and the percentage of residual graft
(area of residual graft/total area of the region) were

measured.”

6. Statistical analysis
The results of the histomorphometric analysis were

expressed as means=*standard deviations (SD).

RESULTS

1. Clinical results
There was no perforations of the membrane and no

signs of maxillary sinus disease including sinusitis. six
months after surgery, the CBCT was taken to confirm
the presence of the presence of the bone in the maxil-
lary sinus where Ovis BCP® was placed.

A total twelve patients (7 male and 5 female) parti-
cipated in this clinical trial. Three patients did not
visit after the operation and the progress was over.
And one sample was excluded because no new bone
formation was observed. As a result, nine sinuses were
evaluated in eight patients (4 male and 4 female). The
mean age was 57.1+16.8 years (range: 19 to 78 years).
The samples were obtained after 6.8+1.7 month
(range: 6 to 11 months).

2. Radiographic analysis

The average bone height was 2.82+0.86 mm (range:
0.74 to 4.00 mm) at the time of surgery. After surgery,
the average bone height was 9.39+1.78 mm (range:
6.40 to 11.51 mm). The average bone gain was 6.57+
1.22 mm (range: 5.57 to 8.37) (Table 1).

3. Histologic and histomorphometric analysis

No infiltration of inflammatory cells was present
around the bone material or at the bone. Newly
formed bone was contained in nine specimens.
Trabecular woven bone formation was observed
around graft particle. The vital bone was composed
of woven bone with partly lamellar bone. In five
specimens, the trabecular structure was reinforced
by lamellar bone in some areas (Fig. 2). The newly
formed bone with osteocyte was in tight contact with
the bone material. A total of seven specimens were

Table 1. Average (%) of new bone formation, residual graft
and average (mm) of vertical bone gain after maxillary sinus
augmentation using Ovis BCP®

N
ew bc?ne Residual Vertical bone
formation ft (%) in (mm)
(%) graft (% gain (mm
Mean 43.89 34.00 6.57
Standard deviation 7.62 16.36 1.21
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Fig. 2. Biopsy sample after 6 months. T: trabeculae; arrow:
osteocyte in lacunae. H&E stain, magnification X100.

evaluated because the residual bone graft could not be
identified from the two specimens.

The percentage of new bone formation was 43.9
+7.62% in nine specimens. And the percentage of
residual graft was 34+16.36% in seven specimens

(Table 1).

DISCUSSION

The maxillary sinus augmentation is an effective
method to form an appropriate amount of bone for
placement of the implant on the maxillary posterior
area.” The bone graft material used in this surgery
is one of the important factors affecting the final
outcome.?” Although the comparison of bone graft
materials after the sinus floor elevation has been done
through many studies, the clinical and histological
results of success of bone graft materials and implants
remains questionable.22'23) As a result, there is no
clear standard for bone graft material. The ideal con-
dition for bone graft materials used for the sinus
floor elevation includes biological stability, space
maintenance, and induction of bone remodeling.?”

Biphasic calcium phosphate (BCP) was first men-
tioned in 1985 at the 11th Annual Meeting of the
Society for Biomaterials and was used by Nery et
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al. in 1975.%% BCP is composed of two different
calcium phosphate-based (CaP) biomaterials which
are the most common bioceramic used as a synthetic
bone replacement for the autogenous bone and
xenogenic bone. CaP includes hydroxyapatite (HA),
a- and B-tricalcium phosphates (a-TCP, -TCP)
and biphasic calcium phosphate (BCP). TCP is a
material with stoichiometry and biologic response
similar to amorphous bone precursors.” There is no
osteogenesis or osteoinduction but osteoid is formed
on the surface when it is attached to healthy bone by
acting as a scaffold and acting as a structural support.
As a result, the new bone is remodeled. When the
bone grows into the scaffold, porous TCP disappears
from the implanted area. Because the bone healing
in the vertical and horizontal alveolar bone loss areas
occurs only at the bottom of the defect area, the use
of pure TCP as bone graft material cannot maintain
enough support for bone formation because the
degrade progresses very rapidly.” Hydroxyapatite
(HA), which is less absorbable, was mixed to compen-
sate for these disadvantages. HA is a major mineral
constituent of bone. Unlike bones which are strong
against brittleness and cracking, synthetic HA is easy
to break down due to weak tension and shearing
force, and is prone to breakage by impact load.” Since
it is very important to choose the proper phase to mix
the two components, bone grafting with BCP has been
studied extensively.?

Solubility or degradation of BCP is probably one of
the most important factors in new bone formation.
Since these properties of BCP depend mainly on
the ratio of HA to B-TCP, several studies have been
conducted to select the most suitable ratio. In vitro
studies of BCP with HA and TCP ratios suggest that
the degree of attachment of osteoblasts and osteoclast
/ monocytes to the bone graft surface is influenced
by the ratio of TCP.?” According to study by Yamada
et al., absorption activity was observed in pure B-TCP
and HA 25% / B-TCP 75%, but osteoclast did not
resorb HA 75% / p-TCP 25% and pure HA.>? Also, as
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the ratio of TCP increased, the adhesion of cells to the
CaP surface was reduced, resulting in a lesser extent
of osteogenesis.’*? Jensen et al. compared the use of
autogenous bone, deproteinized bovine bone (DBBM)
and HA/TCP rates of 20/80, 60/40, 80/20 in minipig.
According to this study, 20/80 showed bone formation
and degradation similar to autogenous bone, and
60/40 and 80/20 showed the same results as DBBM.'”
In addition, Yun et al. reported that when 30/70 and
20/80 were used as bone graft material in rabbit,
30/70 was decreased faster than 20/80, but new bone
formation and space retention were better.” On the
other hand, the effect of reabsorption and new bone
formation according to the ratio of HA/TCP is not
statistically significant.*”

Previously, 30.2% of new bone formation was observed
in 30/70 group in a study about histological and
histomorphometric analysis in which three different
bone material and HA/TCP 30/70 were used in the
maxillary sinus augmentation. This study suggested
that it is suiutable for successful use in surgery
compared to the organic bovine bone (ABB) was
20.1%, mineralized solvent-dehydrated bone allograft
was 16.4% and equine bone was 21.9%.>” In a
subsequent study, when HA/TCP 30/70 was grafted in
the maxillary sinus lift, histomorphometric analysis
showed 26.2% residual material and 29% new bone
formation.*”

The Ovis BCP® used in this study is a alloplastic bone
composed of 20% of HA and 80% of B-TCP. Porosity
is 70%, which facilitates penetration by bone plasma
cells, nutrients, and growth factors to restore bone.””
It also has good wettability, easy handling, good
biocompatibility and bioactivity. This clinical trial
reports on the application of Ovis BCP® for maxillary
sinus augmentation in twelve patients. In this study,
the waiting period between bone grafting and biopsy
was 6 months, which is the same as the waiting period
in autogenous bone (4-6 months) and xenogenic

38)

bone graft material (6-8 months).”” Before 6 months,

low level of bone neoformation level can be observed

due to low level of vital mineralized tissue.” In the
specimen examined in this study, the new bone was
formed as a trabecular woven bone and the specimen
with partly lamellar bone was observed. In this study,
we observed 43.9+7.62% of new bone formation
and 34+16.36% of residual graft through histological
and histomorphometric analysis. In addition, the
average bone gain was 6.57+1.22 mm in radiographic
analysis.

In this study, radiological, histological and histomor-
phometric results of Ovis BCP® as bone graft for
maxillary sinus augmentation were observed. Com-
pared with previous studies, there were limitations.
Because the specimen was too small for harvesting,
the region of interest could not be analyzed and the
stability of the implant was not evaluated after implant
placement.

Despite the small number of patient samples and many
limitations, the present results indicate histologically
the biocompatibility and osteoconductivity of Ovis
BCP®, and clinically its successful use for maxillary
sinus augmentation surgery. And then a good prog-
nosis will be obtained when the implant is placed
at the bone graft site. In addition, more research is
needed on the degree of absorption of Ovis BCP® and

its clinical suitability with soft tissue.
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Orthodontic molar uprighting using miniscrews in
patients with missing maxillary or mandibular first
molar who were planned for dental implants
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