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I. Introduction

Adequate alveolar ridge dimension is required for conventional prosthesis and
dental implant to accomplish their proper function and improved esthetic. But,
unfortunately, after the loss of teeth, healing of extraction socket leads to the
loss of alveolar ridge width and height.1 The estimated structural loss is about
40% and 60% of preextraction alveolar ridge height and width, respectively.”
And the healing process after tooth extraction apparently results in a more
pronounced resorption on buccal aspect than the lingual/palatal aspects of the
1ridge.3 This loss makes 1t hard for dentists to have optimal esthetic and
functional result because this can lead to the lack of available bone and soft
tissue for implant placement, an unfavorable crown-implant ratio, and esthetic
problems in the anterior area.

To cope with this kind of complication, various techniques have been used.
Augmentation of the extraction socket has been used to maintain or enhance
the dimensions of the alveolar bone and soft tissue based on the principles of
guided bone regeneration (GBR).*” Among them, socket preservation is a
technique that the graft material is placed in the socket at the time of
extraction to preserve the alveolar ridge. Various types of graft materials can
be utilized for this technique, such as autograft, allograft, xenograft, and
alloplast materials 1n combination with or without a barrier membrane.
Autogenous bone has been recognized as the "gold standard” of bone grafting
material because of the viability of transferable osteogenic cells within the graft
but the disadvantage of second donor site morbidity and patient discomfort
have led to a decline in the popularity of this material ®

Allografts have demonstrated their osteoconductive potential but there is
much controversy about its clinical significance of this potential.” ™ And

uncertain immune response and risk of disease transmission can not bhe
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excluded. Currently, xenografts are usually used because of the benefits of its
unlimited availability and reduced flaws associated with the autografts. Some
investigators indicated that bovine bone-grafted sites demonstrated good results
for implant placement and this material could be a good bone substitutes for

15 Byt this material also has

bone augmentation before implant placement.
drawbacks which includes its slow resorbability, healing with the form of
fibrous encapsulation and the potential vrisk of bovine spongiform
encephalopathy.16718 Alloplast material, though with the disadvantage of slow
resorbability, has many advantages over other types of material. It can be
supplied easily, manufactured with various types and free of inflammation."
Among many types of synthetic bone substitutes, biphasic calcium phosphate
(BCP) which is composed of hydroxyapatite and beta-tricalcium phosphate has
been used for surgical procedures such as sinus lifting, bone augmentation,

“®2 This material can facilitate

periodontal surgery, and ridge preservation.
bone regeneration by osteoconduction. Beta-tricalcium phosphate can be
completely resorbed and replaced by regenerative bone, which provides for
faster bone remodeling. In the mean time, hydroxyapatite is slowly resorbed
and serves as a scaffold for new bone formation. In this study, a newly
invented synthetic bone substitute composed of 60% hydroxyapatite and 40%
beta—tricalcium phosphate (Genesis—-BCP; DIO, Busan, Korea) was used for
socket preservation technique. The purpose of this study was to evaluate
cliniclal and histologic effectiveness of this material as graft material in socket

preservation technique and further, to determine if this material might be a

suitable substitute for existing bone graft material.



[I. Materials and methods

A. Patient selection

This study was for a prospective study with clinical trial. The study protocol
was approved by The Institutional Review Board of Chosun Uriversity Dental
HospitaldCDMD111255).  Written  informed consent was signed by all
participants. Total 5 patients enrolled in this study who had teeth that can not
be conserved or mobile implants and subsequently restored with implant
treatment. The reasons for extraction were tooth fracture, endodontic failure, or
failed osseointegration of implant. Exclusion criteria included patients with
systemic diseases that may affect normal healing, current pregnancy or

breast-feeding, and being a heavy smoker (>10 cigarettes/day)

B. Surgical procedures

After taking periapical radiograph, local anesthesia and extraction followed.
For atraumatic extraction, flapless technique was performed. After careful
extraction, Clinical parameters including buccolingual width, buccal crest height
and lingual crest height were evaluated. Buccolingual width measurement was
performed at 3mm apical to the cemento—enamel junction of the adjacent tooth.
Buccal and lingual crest height measurements evaluated the distance from the
gingival margin in the middle area of the extraction socket to the reference
point. And the reference point was the cemento—enamel junction of the adjacent
tooth (Fig.1). Thorough debridement and saline irrigation in the socket were
done for the removal of granulation tissues. Following the socket repair
technique proposed by Elian et al.,27 a resorbable collagen barrier membrane
(Bio—Gide, Geistlich Pharma AG, Wolhusen, Switzeland) was inserted into the

inner side of the bone wall which had severe hone loss. Then the socket was



grafted with BCP and the other end of the membrane covered the socket to
maintain the graft material. The surgical site was sutured with by horizontal
figure—of-eight suture or several interrupted sutures (Fig.2).

Postoperatively, systemic antibiotics were prescribed for 5 days and the
patient was advised to rinse with 0.196 chlorhexidine gluconate mouthwash, 1
minute, twice daily for 2 weeks. Patients were evaluated for whether they have
any unexpected response at 1 month, 2 month, and 3 month.

After healing period of 3 months, clinical evaluation was performed by the
parameters which were used before socket preservation procedure. Then the
flaps were reflected for implant placement. The specimens were harvested with
a 2.0mm trephine bur at the core of the socket in the process of surgery

(Fig.3).

C. Histologic analysis

Specimens were immediately fixed in 109 buffered formalin solution for 24

hours and decalcified in 10% EDTA acid for 10 days. After dehydration in

ascending alcohol series, the specimens were embedded in paraffin and then 5

[ thick sections parallel to the longitudinal axis of the biopsy specimen were

prepared using a microtome. Sections were stained with Mayer's hematoxyline
& eosin for light microscopy.

Histomorphometry  was  performed by a  computerized  technique;
Photomicrographs were taken by an Olympus BHZ2 microscope equipped with
an Olympus DP50 digital camera (Olympus Optical Company Ltd, Japan).
Measurement fields were selected by visual monitoring of the microscopic
image on screen. After digitization of the picture, Image processing was
performed  with image analysis system (iMTimageanalysissoftware,

iMTechnology, Daejeon, Korea).



D. Statiscal analysis

Clinical parameters of ridge width, buccal crest height, and lingual crest
height were used for statistical analysis. Comparisons between baseline and 3
months later were performed with the Wilcoxon Signed-Rank test. The data
were presented as meantstandard deviation with a significance level of P<0.05.
A statistical software program was used for data analysis(SPSS, SPSS Ver.
17.0 Inc., Chicago, IL, USA).



[II. Results

The five patients who had undergone socket preservation using synthetic
BCP bone-grafting material were analyzed. No patient dropped out. All patients
subsequently received a dental implant treatment. At the time of extraction,
none of the sites had acute or active inflammation. In one case, there was mild
inflammation on the gingival tissue but no severe reactions like infection and
suppuration were detected.

After a 3—month healing period, there was little change in clinical parameters
and all sites maintained satisfactory bone and soft tissue contours. At the time
of re-entry, newly formed hard tissues and BCP granules were well
consolidated but the regenerated bone was distinguishable from the surrounding

natural bone. Collagen membranes were not found at the surgical site.

A. Clinical evaluation

The result comparing clinical parameters of postextraction and 3 months later
showed that there were no statistically significant changes in buccolingual
width and lingual crest height. But, in buccal crest height, there was
statistically significant change. (Table 1, 2)

B. Histologic and histomorphometric evaluation

The specimens taken at the time of implant placement showed that the
newly formed bone tissue is fused directly to the graft material without fibrous
tissue insertion. And the graft material was partially resorbed as the new bone
tissue grows into the material. At some graft particles, the resorption by
polymorphonuclear leucocytes showed but there was no specific infiltration of
inflammatory cells (Fig.4). The mean percentage of soft tissue, residual graft

particles, and newly formed bone were 61.4296, 15.50%, and 28.84%6.(Table 3, 4)
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IV. Discussion

Previous studies had shown that significant alveolar bone volume reduction
as a result of bone resorption after tooth loss. Approximately one third of this
loss occurred in the first 3 months with a loss of up to 50% of alveolar ridge
volume over a 12-month period." This loss has a detrimental effect on
potential treatment with a dental implant or conventional prosthesis, especially
in the maxillary anterior area.

Various procedures have been proposed to prevent this alveolar ridge

% and bone grafting”

resorption. Procedures like immediate implant placement,
are attempted to prevent ridge remodeling. But any method cannot completely
eliminate this change.

The need and efficacy of socket preservation has been debated. Some
researchers believe that socket preservation cannot prevent the resorption of
extracted socket walls and the quality of new bone cannot be guaranteed. But
still, many other researchers agree with the necessity of socket preservation
because this procedure can maintain the shape of soft tissue and hard tissue.
And also, the need for additional augmentation can be reduced.”

This clinical study evaluated the efficacy of socket preservation performed
with BCP combined with resorbable collagen membrane. The key difference in
this study 1is that, unlike existing BCP synthetic bone, selected bone
substitute{Genesis—BCP) has particular surface structure. The surface of each
particle 1s composed of several pieces of HA and heta TCP like a soccer hall.

In comparison of the clinical parameters between baseline and 3 months,
ridge width, buccal crest height, and lingual crest height showed some changes.
But in statistical analysis, the data of buccolingual width and the lingual crest
height change showed no significance. Although the change in ridge dimension

after tooth extraction is unevitable, the result of these clinical parameters



indicate that socket preservation with BCP can effectively reduce ridge
dimension resorption following tooth extraction. On the buccal side, there was
statistically significant change in ridge height. Arafjo et al® concluded that
there is a more pronounced resorption on buccal aspect than lingual aspects of
the ridge.

Since the buccal bone plate was thinner than the lingual plate, this
“horizontal resorption” may also cause “vertical reduction” of the buccal wall.
The noticeable change of buccal crest height in this study may result from the
characteristics of buccal bone.

In histologic analysis, all of the examined biopsies had connective tissue as a
predominant component of the specimen and it was In accordance with
previous studies. De Coster et al® studied specimens from BCP-augmented
sockets and found the tissue was mainly composed of loosely arranged
connective tissue and mineralized bone. Although the main component was
connective tissue, in this study, newly formed bone was in direct contact with
the grafted particles without any insertion of fibrous connective tissue. The
mean percentage of new bone formation was 2884 + 5.33% and this result is
in the range of previous studies of the same graft material used in maxillary

L% or socket preservation procedures.4 The grafted materials

sinus grafting,
were partially resorbed with new bone formation. When focusing on the
amount of residual particles, the mean percentage of residual BCP particles was
1550 + 7.68% after 3—-month healing period. This was in the same range as
other bone substitutes used for preserving alveolar ridge procedures ranging
between 13.5% and 42.0%.° As previous study proposed, the limit set for
acquiring successful implant installation is 40%26, and socket preservation with
BCP may play a positive role in future site development of implant installation.

In this study, the healing time was limited to 3 months because the purpose

of this study was to determine the effectiveness of the selected grafting

material for socket preservation procedures over this short period of healing
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time. In this short period of healing time, not only proper amount of residual
graft material for successful implant installation but also new bone formation
through graft material resorption were confirmed. Previous study indicated that
an increasing vital bone volume had been found in a BCP augmented sinus
from 6 to 8 months.® And this finding implies that a longer period of healing
time is helpful for new bone formation in a BCP augmented site. This is in
line with the observation of this study. Although there was some degradation
of graft material in a shorter period of time, still there were graft particles left
unchanged and the newly formed bone tissue was evidently different from the
existing bone tissue. With an increased healing time, we can expect more

amount of newly formed bone and increased bony textural maturity.



V. Conclusion

The clinical and histological investigation of socket preservation with bipahsic
calcium phosphate showed an positive result in preserving alveolar ridge
dimension after tooth loss. Also, moderate vital bone formation could be
observed after 3-month healing period and the amount of unresorbed graft
particles were acceptable for implant installment. In conclusion, socket
preservation with BCP can effectively maintain ridge dimension after tooth
extraction, promote new bone formation by means of osteoconductivity and

reduce the need for future ridge augmentation before dental implant placement.
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Figures

Figure 1. Schematic diagram of clinical parameters. (A) Occlusal view of
buccolingual width(red arrow). After marking the point 3mm apically away
from CE]J, buccolingual width was measured with periodontal probe. (B) Lateral
view of reference point(CEJ) and clinical parameter of buccal/lingual crest

height(red arrow).

Figure 2. Clinical photograph of the socket preservation procedure. (A) Clinical
evaluation of the target tooth. (B) Resorbable collagen membrane was placed
into the extraction socket. (C) BCP was grafted inside the extraction socket.

(D) Resorhable collagen membrane covered the graft material and was sutured
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with horizontal figure—-of-eight suture.

=

Figure 3. Procedure of taking specimen and placing implant. (A) After flap
elevation, newly formed bone was incorporated with graft particles. (B)

Specimen core was taken with 2mm trephine bur. (C) Implant was placed.

Figure 4. Histology from BCP grafted sites after 3 months. Newly formed bone

was in contact with graft particles.
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Table

Table 1. Values from clinical evaluation

Buccolingual Buccal crest Lingual crest
width(mm) height(mm) height(mm)
Pt. 1
Baseline 3 3 3
3 month 7.5 5} 3
Pt. 2
Baseline 10 0 0
3 month 9.5 2 0
Pt. 3
Baseline 9 2 2
3 month 3 3 2
Pt. 4
Baseline 3 0 0
3 month 3 1 0.5
Pt. 5
Baseline 3 2 2
3 month 3 4 2

Table 2. Changes in ridge dimensions (mean+SD)

Baseline(mm) 3 months(mm) P-value
Buccolingual width 860 £+ 0.89 820 £+ 0.76 0.99
Buccal crest height 140 + 134 3.00 £ 158 0.003

H

Lingual crest height 1.40 1.34 1.50

H

1.22 0.374
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Table 3. Histomorphometric composition of each specimen{%s)
Residual graft particles Newly formed bone Soft tissue
Pt. 1 13.6 30.4 56
Pt. 2 21 21.5 57.5
Pt. 3 18.8 29 81
Pt. 4 21.2 27.1 51.7
Pt. 5 2.9 36.2 60.9
Table 4. Histomorphometric results (mean £ SD)
Percentage(%)
Residual graft particles 1550 + 7.68
Newly formed bone 28.84 + 5.33
Soft Tissues 6142 + 11.43
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