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In 2018, Autumn conference of the Korean Academy of Implant Dentistry had presented a lecture on the latest knowledge on the bone
grafts for implant dentistry. The author summarized the characteristics, advantages and limitation of four typical bone graft materials
which is autogenous bone graft, autogenous tooth bone graft, xenograft and alloplastic graft material. In addition, this study suggested
the theoretical background though literature review on bone graft surgery in current implant dentistry. (JOURNAL OF DENTAL IMPLANT
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INTRODUCTION

would be difficult to suggest a “gold standard” for every
case. Instead, there is a “standard protocol” for each clini-

Many different types of bone graft materials are avail-

cian that integrates their individual knowledge and

able commercially, but there is still controversy as to the

experience. The fact that good results are obtained de-

most suitable type for clinical practice. Although it has

spite the various methods is interesting.

been nearly 50 years since the introduction of bone grafts

For this reason, the Korean Academy of Implant

in implant dentistry, it is difficult to establish a single

Dentistry (KAID) invited four Korean clinicians to hold a

gold standard material or technique because of anatomi-

conference on “Bone grafts for implant dentistry” in

cal variations, cost effective treatment options, various

October 7, 2018. They discussed and suggested their stand-

clinical situations, and technological advances. The se-

ard protocol and preferred graft materials. This consensus

lection process for the most appropriate type of bone

paper summarizes the lecture contents and complement the

graft material to use would depend on the systemic gen-

theoretical background through a literature review for past,

eral condition, operation site, and socioeconomic con-

1)
present, and future graft materials in implant dentistry .

ditions. In particular, the preference and experience of the
surgeon appears to have a significant influence. For ex-

AUTOGENOUS BONE GRAFT

ample, in any periodontal defect, the technical choice for
guided bone regeneration (GBR), which is the most com-

As implant treatments become the first option for

monly used procedure, may be consistent. On the other

edentulous patients, many methods of implantation have

hand, the material choice, such as the selection and com-

been developed for various alveolar defects. Until now,

bination of types (autograft, allograft, xenograft, and allo-

however, the gold standard is the method using autoge-

plast), can differ according to the surgeon. Therefore, it

2)
nous bone . Vertical and horizontal distraction osteo-
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genesis can be one of the predictive treatment options

Autogenous bone has been controversial because it

and a Lefort I osteotomy can be performed simulta-

tends to be absorbed after a graft. Many studies have re-

neously in the maxilla in the severe jaw discrepancy

ported resorption rates of between 0 and 25%

7-10)

.

7)

cases. Among the graft materials, autogenous bone is the

Cordaro et al. reported that up to 42% were resorbed

only material with all characteristics of a bone graft, such

vertically 6 months after transplantation. Similar to pre-

as releasing growth factors, osteoconduction, osteoin-

vious studies, there was an average 30% volume change

2)
duction, and osteogenesis . Particulate type autologous

at 1 year after the implantation of 97 implants and gross-

bone grafts are relatively easy to harvest but require an

ly 1 mm and 2 mm of marginal bone loss were observed

additional technique for the stabilization of particulate

after 1 and 13 years, respectively. According to the

type, autogenous bone grafts. On the other hand, al-

1-stage and 2-stage procedures, there were no differences

though block type autogenous bone is easy to manipulate

until the first year but a significant difference in marginal

at augmentation, it is difficult to collect. Moreover, the

bone loss was observed between the 1-satge and 2-stage

bone implant contact ratio (BIC) at the initial stage of im-

procedures 6 years after the graft: 1.8±1.3 mm and 1.3±0.6

plantation is favorable with a veneer or onlay-type block

mm for the 1-stage and 2-stage procedures, respectively.

3)
bone graft in implant dentistry .

The onlay and veneer-type block bone graft were showed

Different surgeons in various hospitals have performed

0.8±1.1 mm and 0.9±0.7 mm of marginal bone loss, re-

unilateral ramal bone harvest for moderate to severe atro-

spectively, at the first year and 2.1±1.1 mm and 1.3±0.6

phy or defects involving one to four teeth. Iliac bone har-

9)
mm at 10 years after graft, respectively . A similar result

vests have been selected for further severe defects or atro-

was reported in 2007 in that most marginal bone loss oc-

4)

phy of the jaw .

curred in the first year. In addition, it appears to be a

Of the 216 patients who underwent ramal harvesting,

successful outcome based on the 2015 study, in which the

about 15% had the subjective feeling of sensory dis-

progression of peri-implant bone loss was reported to be

turbances immediately after surgery but no cases were

associated with marginal bone loss (＞2 mm at the initial

observed after six to nine months. Donor site infection oc-

12)
18 months or over 0.44 mm per year) .

curred in less than 10% of the patientswith inadequate

In 2007, Levin et al reported an 88% 5-year cumulative

drainage after surgery and around 6% had wound

survival rate of 129 implants that had been installed at

dehiscence. In 49 patients who underwent an iliac har-

an average of 5.2±1.1 months after the ramal block bone

vest, an average of 8 days of gait disturbance was ob-

13)
graft . In 2014, Schwartz-Arad et al reported an 83%

served in 24% of patients. Both ramus and iliac harvests

11.5-year cumulative survival rate of 633 implants that

had no permanent or serious donor site complications. In

were installed at an average of 4.5±2.6 months after the

the recipient site, there were also mild complications with

14)
ramus block bone graft . Despite the relatively un-

less than 10% with wound dehiscence, with graft removal

successful long-term implant survival rate with a block

5)

due to infection, and with partial graft failure .

bone graft, 97 implants with a ramus block bone graft in

When performing a 1-stage procedure with autogenous

this survey showed a 5-year, 10-year, and 13-year cumu-

block bone graft, the path and position of the implant

lative survival rate of 95.8%, 93.8%, and 93.8%, re-

could be selected more accurately considering the loca-

spectively, after implantation. An 82% survival rate was

tion of the block bone and screws, but there might be un-

observed in 23 implants with 1-stage procedure and

expected resorption around the implant. Implantation af-

94.3% survival rate of 166 implants with the 2-stage pro-

ter a graft is better as a possible delay for BIC because

cedure after an average of 6.4 months after the iliac bone

the grafted bone remained without remodeling even after

graft. The overall survival rate of 189 implants with an

6)

9 months of an autogenous graft . On the other hand, the

iliac block bone graft was 92% at 10 years after im-

2-stage procedure could be used for implantation under

plantation, which was significantly higher than in pre-

clinical stable conditions at 4 to 9 months after the autolo-

vious reports without a difference between the ramus and

gous bone graft.

8)
iliac block bone .
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Therefore, an autogenous block bone could be used re-

vulnerable characteristics of infection could also be a

liably to improve the horizontal and vertical conditions

17)
problem in a peri-implant patient . This section dis-

for implant placement in moderate to severe jaw atrophy

cusses the use of ATBG, which has been complemented

or defects. Some studies have shown that marginal bone

for the weaknesses characteristics.

loss of the implant would occur due to the resorbed ten-

The effects of using ATBG as a graft material have
18-20)

. The use of teeth as graft materials,

dency of grafted autogenous bone, but there was a suc-

been reported

cessful long-term follow-up result in terms of the implant

which was regarded as waste, was initially unfamiliar.

success criteria because of the low marginal bone loss and

On the other hand, there is evidence of the good proper-

high survival rate.

ties of teeth as a bone substitute material

18-20)

. An analysis

of the component showed that teeth have a high mineral

AUTOGENOUS TOOTH BONE GRAFT

content (75% of mineral, 20% of organic included 90% of
type I collagen, 5% of water) compared to bone (45% of

Autogenous tooth-bone graft materials (ATBG) are be-

mineral, 35% of organic included 90% of type I collagen,

ing used increasingly in Korea implant dentistry.

18)
20% of water) . This means that the proportion of fat

Nevertheless, the materials and procedures need to be re-

marrow and collagen in tooth tissue is low and high,

viewed at the KAID level. Before the review of ATBG,

respectively. Therefore, ATBG can be regarded as a bone

“good bone graft materials” have the following character-

substitute material composed of excellent collagen. In ad-

istics: 1) capacity of revascularization; 2) osteoconduction,

dition, ATBG gave a rigid form of tissue regeneration and

osteoinduction, and angiogenesis ability; 3) density and

had high infection resistance. The material could be pro-

remodeling of grafted bone matrix; 4) infection resistance;

duced in block or particulate form according to the proc-

5) cost-effective; and 6) easily handling. Among them, the

essing methods and application. Moreover, organic sub-

most important ability of a graft material would be angio-

stances, such as bone morphogenic protein (BMP), have

genesis and osteogenesis, and ‘good graft materials’

19)
osteoinductive capacity . In an animal experiment study,

might be dependent on the reproducibility of these fea-

the osteogenic action of particulate dentin was re-

15)

tures . As a result, the long-term outcome might also be

20)
ported , which could be expected to have a similar ad-

good if the graft becomes healthy tissue that resists

vantage to allogenic graft material. This had an additional

wound dehiscence and infection with early stabilization

advantage in that the patient felt less heterogeneity be-

and epithelization. Because the histology of all cases

cause it originated from the patient’s body (Table 1).

could not be confirmed clinically, it is very important to
use any material as a bone graft for dental implants.

Considering the clinical applications of the ATBG, the
most important clinical result of using ATBG was that it

Autogenous bone, which has been regarded as the

could be obtained easily with a compact bone structure

gold standard for a long time, has excellent osteogenesis

because of the favorable composition, as described above.

and infection resistance. On the other hand, it is difficult

In a previous study, in various clinical situations

to harvest autogenous bone in all cases and volume re-

(Maxillary sinus augmentation, ridge augmentation), it

duction is inevitable at long term follow-up. Generally,
in the case of xenogenic bone graft material used widely
in clinical practice, sufficient bone formation can occur
under favorable regeneration conditions, such as socket
16)
preservation or sinus lift . Despite extensive vertical

and/or horizontal augmentation being performed, it was
unclear if bone formation had actually progressed to the
end despite sufficient volume being maintained. In addition, in the case of a sinus graft, infections could not be
17)
treated until complete removal of the xenograft . This

Table 1. Advantage of autogenous tooth-bone graft material
Advantage of autogenous tooth bone graft material
No marrow and fat
Simple histology
Low critical infection
Simple processing
Low level of sterility
Age independent
Abundant healthy collagen
21)
DPP (dentin phosphophoryn): Osteopromotion action
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was reported that excellent crestal bone stability could be

quantity, such as maxillary sinus floor elevation and bone

obtained with new bone and densified lamellated bone

grafting, ridge expansion osteotomy (REO), GBR, and on-

21,22)

formation histologically

.

lay and inlay (veneer) bone grafts, socket augmentation,

Among the various indications, it appears to have an

and orthodontics. However, all these procedures are tech-

advantage when used in transmucosal GBR with immedi-

nique-sensitive, and there has been no prospective study

ate implantation after extraction and when grafted in a

on randomized material to estimate the benefit of various

20)
volumetric augmentation with a peri-implant defect . In

procedures. The effects of different materials and techni-

particular, in the case of secondary healing (or open heal-

ques in clinical practice are difficult to compare in terms

ing) without a membrane covering, it healed without in-

of successful graft operation. There are many factors in-

fection because of its own tissue affinity even when de-

volved in the treatment of alveolar defects to understand

hiscence had occurred. The volume as a space maintainer

beforehand even though the shape of each alveolar defect

could be maintained by providing a rigid matrix on hori-

might be the most important issue to clinicians. Clinicians

20)

zontal bone augmentation . Successful bone regeneration

should understand possible interactions of these involved

could be achieved by combining particle and block type

factors around the surgical fields, such as origin of

ATBG in vertical augmentation without a space main-

growth factors, importance of extracellular matrix, role of

23)

tainer, such as titanium mesh . When ATBG was used

inflammatory cells, behavioral science of osteoblast, and

as a sinus graft, which generally required a large amount

macro- and micro-structure of bony substitutes to be

of bone substitute, there was a relatively low bone den-

25)
used . Clinicians tend to focus on the clinical results

sity at the initial phase but this increased gradually with

postoperatively, but should have more knowledge of his-

24)

increasing stability at the long term follow-up .
The development of ATBG should be toward a combi-

tologic results to compare the differences and prevent unpredictable complications after bone grafting procedures.

nation with computer-guided surgery as well as other

From a fundamental point of view, there should be 10∼

bone graft materials. In particular, there is necessary to

100 nm of interface range between the host cell and a par-

use the materials to accumulate the surrounding volume

ticle of bone substitute, and the size of cells ranges 30∼50

with immediate temporalization. In this case, the high af-

26)
m up to hundreds m , suggesting new bone formation

finity of the materials with the host tissue was considered

would not occur in a situation of mobile environment, or

24)
to be an important factor in the healing process .

in a situation of affluent tissue fluid environment. As the

Therefore, it appeared that ATBG could be used as a suit-

early pioneer companies producing bone substitutes fo-

able material for maintaining the soft and hard tissue

cused on the macroscopic structure of their products sim-

morphology in a jaw defect.

ilar to human bone, many followers have tried to do the

ATBG in current implant dentistry can be summarized
as follows.

same way and even more so about the microscopic
structure. However, it has been known that fabrication of

1. An ATBG has high affinity to soft tissue and osteo-

channels, the mesoscopic structure, are more important to

genic activity on an extracted socket, periodontal defect

help faster angiogenesis and expedite the remodeling

and sinus graft without infection.

27)
process to make the trabecular anastomosis . Which bo-

2. The ATBG can induce rigid bone regeneration on a
sinus graft and periodontal augmentation.

ny substitute is the best? To answer this question, it has
been suggested any bony substitute with non-porous sur-

3. Successful bone formation around immediate tempo-

face, high-temperature damaged and glassified surface,

ralization can be achieved and ATBG is a suitable bone

and pebbled appearance should not be selected as bone

substitute for digital bone graft.

grafting materials.
There are a few environmental factors for clinicians to

XENOGRAFT BONE SUBSTITUTES

consider before the bone grafting procedure:
1. Opening of wound: consideration whether the

Several methods have been used to increase the bone

Journal of Dental Implant Research 2020, 39(1) 1-10
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2. Shape of defect: consideration whether the defect
shape is contained type, or non-contained type.

5

pattern of anastomosing of trabecular bones as shown in
Table 2.

3. Grafting material: consideration whether the grafting

In addition to the above-mentioned considering factors,

material is going to be mixed with the other material, or

it is definitely recommended to find and make use of pa-

not.

tient’s own pristine natural bone areas, if any, at all times

4. Type of barrier membrane: consideration whether

when a dental implant is placed into the previously aug-

the defect is going to be covered with a resorbable type

mented site with bone grafting materials. The cases in

of membrane, or a non-resorbable type of membrane.

which the histologic results are not evaluated before im-

5. Wound closure: consideration whether the wound is
going to be open, or closed.

plant placement surgery are even more so no matter
where the surgical site would be.

As far as the histologic results after bone grafting pro-

There are not many clinicians to be concerned about

cedure are concerned, it is not easy to clearly differentiate

the physicochemical properties of a certain grafting

good, or bad result compared to the clinical findings from

materials. It may be helpful to check the pH value of

the clinician’s viewpoint. Clinicians cannot help but cate-

grafting materials before the surgery and to correlate the

gorizing the certain level of density of the newly-formed

clinical findings with the pH value especially in a case

tissue when they make an osteotomy because it generally

that the pH value is not within the normal range. Ham

takes a few days to weeks to get the biopsy result. For

(2018)

example, clinicians may be confused to correlate the clin-

bone substitutes including bovine, porcine, and equine

ically good, or well findings to the histologically bad, or

origin as test group and 3 different alloplastic bone sub-

questionable results in terms of evaluating the long-term

stitutes as control group. In the report most of bone graft-

prognosis of a certain case. It is highly recommended to

ing substitutes available in the market showed somewhat

28)

27)

examined the pH value of 12 different xenograft

in order

neutral zone of pH value ranging from 6.79 to 8.07 except

to categorize the different levels of remodeling pattern of

the two substitutes, TiOss (Chiyewon, Korea) and

the newly-formed tissue. The biopsy results are catego-

Cerabone (Botiss Dental, Germany) showing the rela-

rized into one of 5 different remodeling patterns based

tively higher basic pH value of 9.80 and 10.32, re-

on the activity level of grafting materials on osteogenic

spectively (Table 3).

pay attention to Kim and Lee’s report (2017)

bony induction, the level of mesenchymal organization,

Biopsy samples obtained from clinical cases of bone

the amount of infiltration of inflammatory cells, and the

substitutes with relatively higher basic pH value showed
28)

Table 2. Classification of bone remodeling for implant site development (SK Lee, 2017)
Classification
Excellent bony remodeling

Favorable bony remodeling

Partial bony remodeling

Degenerative bony remodeling

Poor bony remodeling

Histological findings
1.
2.
3.
1.
2.
3.
1.
2.
1.
2.
3.
1.
2.
3.
4.

Osteogenic bony induction is active
Cancellous bones are anastomosed with thick trabecular bones
Loose connective tissue without infiltration of inflammatory cells
Osteogenicbony induction is active, but incomplete
Cancellous bones are anastomosed, but immature
Loose connective tissue without infiltration of inflammatory cells
Osteogenic bony induction may be present occasionally and grafting materials rarely produce
new bones
Infiltration of inflammatory cells are seen in stromal tissues
No new bone formation is found around the grafting materials
Marked infiltration of chronic inflammatory cells
Stromal fibrous tissue may be edematous and degenerative
The grafting materials do not induce any osteo-inductive effect, nor osteo-conductive effect
on the marrow tissue
Most of grafting materials are scattered and surrounded by fibrous tissue
Sclerotic collagen bundles are deposited and the stromal fibrosis may be severe to encircle
and separate the grafting materials
Throughout the lesion there is no evidence of inflammatory reaction

Journal of Dental Implant Research 2020, 39(1) 1-10

6

Jang K, et al: Bone graft materials

Table 3. The pH value of various alloplastic and xenograft bone substitutes which are available in Korea
Product Name
(type)
OSTEON (GBG0510)
OSTEON II
(DTT70G0510200)
OSTEON III
(3G0510050)
OCS-H (4-0210-025)
THE Graft
(TG-A05(0.5cc))
InterOss (IOSG050)
Ti-Oss (25-0512)

OssCon-G (REF G5025)
A-Oss (BBS02)
OCS-B (1-0210-025)
InduCera Dual Coat
(REF 3201)
BioCera (REF 1106)
Bio-Oss
(Geistlich Bio-Oss)
Cerabone (REF 1510)

Donor

Origin

Company

pH average
(pH experimental 1/
experimental 2)

GENOSS
GENOSS

7.10 (7.09/7.11)
7.01 (6.90/7.11)

GENOSS

7.28 (7.30/7.28)

Equine
Porcine

Bioactive -TCP coating (HA:-TCP=70:30)
Synthetic bone grafting material
(HA:-TCP=30:70)
Ca-P coated bone grafting material
(HA:-TCP=60:40)
Natural bovine bone
Porcine base, cancellous granules

Nibec
Purgo

7.61 (7.63/7.59)
7.28 (7.26/7.29)

Bovine
Bovine

Natural bovine bone
Natural bovine bone

SigmaGraft
Chiyewon

Bovine
Bovine
Bovine
Bovine

Spongious bone
Natural bovine bone
Natural bovine bone
Ca-P coated deproteinated bovine bone powder

ALLSBIOMED
Osstem
Nibec
Oscotec

Bovine
Bovine

Ca-P coated deproteinated bovine bone powder
Spongious bone

Oscotec
Geistlich

Bovine

Natural bovine bone

Botiss dental

Alloplast
Alloplast
Alloplast

7.99 (7.97/8.01)
Old (product 2011-09-07):
9.80 (9.79/9.81)
New (product 2014-06-27):
7.20 (7.20/7.19)
8.07 (8.02/8.12)
7.61 (7.67/7.55)
7.74 (7.76/7.71)
6.79 (6.80/6.77)
7.01 (7.01/7.01)
7.75 (7.75/7.75)
10.32 (10.31/10.33)

no evidence of new bone formation and the fibrous stro-

ed area needs spaces of stromal tissue, but also because

ma was severely degenerated in the absence of host re-

the channels, mesoscopic structures for angiogenesis in

action, i.e., inflammation. It is interesting to look at bub-

the bone grafting materials may be broken.

bled appearances and severely sclerosed fibrous tissue

Nowadays bony substitutes from animal origin have

without inflammatory reaction in the biopsy samples of

been widely used in the dental field without any clinical

one case where collagenous foreign material, Gelfoam

event to augment a small socket defect, a huge vertical

(Pfizer, USA) was used to preserve the socket profile im-

and horizontal defect, and a maxillary sinus

mediately after tooth extraction. Some surgeons have in-

site development. Nonetheless clinicians should select

sisted that it would be better to put a collagenous materi-

any xenograft material with a lot of good clinical and his-

al into the extraction socket to preserve the soft tissue

tological documentations. It can be used solely to aug-

profile so that they could place a dental implant in 4∼8

27)
ment the intra-oral defect , or mixed with the other type

weeks and do the bone grafting procedure easily at the

of bone substitutes, or autogenous bones

same time, if necessary. However, there is no research da-

shape, size, location of the defect.

ta showing differences between a wide variety of collagenous materials to choose in the market.
As far as the surgical techniques are concerned, it has
been recommended that surgeons need to focus on two

31)

30)

as implant

depending on

In conclusion, it goes without saying that xenograft
bone substitutes can be selected as one of good candidates of bone grafting materials to augment the intra-oral
bony defects.

things, angiogenesis and wound stabilization. Bleeding is
definitely necessary for the healing process, but hemorrhage is not good because the tissue wants to be stable.

ALLOPLASTIC GRAFT BONE
SUBSTITUTES

Therefore, wound stabilization is the most important factor, but any activity of high pressure onto the grafting

Alloplastic grafts have been used increasingly because

materials is not recommended not only because the graft-

of their excellent productivity and function as a scaffold

Journal of Dental Implant Research 2020, 39(1) 1-10
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with the development of the growth factors. This chapter

which was a combination of HA and -TCP. The material

reviews the requirement of an alloplastic graft, applica-

had low radiopacity at the initial phase but the density

tion of clinical practice, limitation of the graft, and devel-

33)
increased to the crest part . In view of the volume, how-

opment of a future oriented to overcome these limitations.

ever, Osteon II showed a decreased aspect compared to
the first generation because of the composition of -TCP.

1. Requirement of alloplastic graft

This could be overcome easily by over build-up by as

According to the consensus proposed by the World

34)
much as the anticipated absorption . To prevent this ab-

Congress of Biomaterial, the requirement for an allo-

sorption tendency, the relative proportion of HA in-

32)

plastic graft are as follows .
- Interconnected macro-porosity
- Surface micro-roughness
- Combination of Beta-TCP, HA, Calcium silicate

creased with a change in the manufacturing process
when developing the next generation.
In the third generation (Osteon III), the composition of
60% of HA and 40% of -TCP with enhanced inter-connectivity was changed to higher porosity and inter-

2. Characteristics and variety of alloplastic grafts
Alloplastic bone was developed in various ways from
manufacture to microstructure. An example of their deTM

connection. The particulate form of osteon III showed excellent

interconnectivity

and

increased

crystallinity

caused by an increase in sintering temperature to over-

(Genoss), which is an alloplastic

come the lower strength. The material showed excellent

bone material made in Korea. Osteon I (initial model of

scaffold properties in terms of its osteoblast and osteo-

Osteon), corresponding to the hydroxyapatite (HA) scaf-

clast activity compared to a conventional alloplastic bone

fold made using the replica method, showed 77% poros-

34)
graft in an animal (rabbit calvaria) study . In a dog mod-

ity with a 300 to 500 m pore size. This was released with

el, excellent bone regeneration could be obtained from a

a tricalcium phosphate (TCP) coating and showed ex-

Ⓡ
combination of resorbable membrane (BioGide ) and al-

cellent properties in block form but had limited to use

Ⓡ 35)
loplastic graft compared to a xenograft (Bio-Oss ) .

in particulate form.

Therefore, good results could be achieved in not only

velopment is Osteon

Osteon II altered to a reinforced microstructure with

horizontal and vertical GBR, but also in peri-implantitis

inter-connective porosity and small pore size of ＜250

without a membrane using Osteon III only, which had

m. This was called a biphasic scaffold (HA＋-TCP)

34)
the advantages of excellent interconnective porosity .

made using the sacrificial template method including 70%
of resorbable TCP. On the other hand, it was difficult to
remove the impurities in the manufacturing process com-

3. Clinical applications and limitation of alloplastic
graft

pletely; hence, further improvement is necessary. The

Conventionally, the application of an alloplastic graft

next step, Osteon III, was the same biphasic scaffold that

has been limited only to small or contained defects due

was manufactured with improved bone formation using

to the lack of osteoinductivity. The long-term outcome of

a simpler air-bubble technique.

forming functional bone needs to be determined. In par-

In a clinical view, long-term maturation is important

ticular, the particle size plays an important role in an allo-

for an alloplastic bone graft. In the first generation

plastic graft. If the size is too small, it might affect the

(Osteon I), there was a good outcome with a block-form

absorption of the adjacent tissue during the modeling

graft, which showed a stable result in maintaining the

period. A size of 0.5 to 1 mm was found to be most suit-

27)
volume with a non-resorbable composition of HA . On

34)
able . Because of its disadvantage of moldability com-

the other hand, the second generation (osteon II) was de-

pared to other bone substitutes, it was manufactured by

veloped because the first generation was difficult to use

combining porcine collagen, which might be absorbed

in particulate form. Osteon II could be used in particulate

within 2 weeks and the size of the alloplastic graft was

form from socket preservation to sinus graft and ridge

limited to 0.5 to 1 mm. Contouring augmentation could

augmentation. The material was a biphasic scaffold,

be considered as an indication of an alloplastic bone graft
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for a sufficient volume because of its excellent mold-

34)
after 3D printing . To overcome the limitations of an al-

ability and volumetric stability. Excellent results of socket

loplastic graft, many attempts have been to enhance bone

36)

and sinus graft33) with an alloplastic graft

quality by adding DNA or glycoprotein. The addition of

have been reported in many studies. Alloplastic grafts

components, such as polydeoxyribonucleotide (PDRN),

have been used continuously because of their advantages

which is DNA with an anti-ischemic and anti-in-

of bioabsorption and replacement with autogenous bone

flammatory function, could accelerate the healing process

preservation

35,36)

over a long-term period

.

on angiogenesis. A recent rabbit calvaria study revealed

Contouring augmentation can be divided into two meth-

the possibility of accelerating regeneration but the effect

ods: covering with a collagen membrane or without a mem-

7)
was less than that of rhBMP-2 . The development of cus-

brane (direct application to the graft sites without hydra-

tomized grafts combined with these growth factors could

tion). In the past, the procedure was performed mainly

be the right direction. Additional accumulated data with

without a membrane, but recently, the membrane has been

technological development will be needed before this

34)

used widely for wound stability . Even in an alloplastic

type of graft can be used clinically.

graft, each graft showed different advantages according to

CONCLUSION

their composition. A higher rate of bone formation was observed in particulate bone composited with collagen rather
34)
than that with a particular shape . Therefore, the recently

Each bone substitute material developed thus far has

recommended protocol was to apply Osteon III on the first

its advantages and disadvantages. Despite the rapid tech-

layer adjacent to the implant below the contour augmenta-

nological developments, there is no material manufac-

tion with Osteon III collagen and cover the grafts with a

tured that combines all the advantages of various

27)

membrane . The collagen-enriched bone showed slow os-

materials. The actual process of maturation, which is the

teogenesis, approximately 1.5 times, but excellent volu-

most fundamental part of clinical applications after each

metric stability. The application range of alloplastic bone

graft, has been studied by clinicians with different prefer-

graft has been increasing, such as ridge augmentation, in

ences when selecting the type of bone substitutes. In ad-

which the collagen-enriched bone covering the membrane

dition, clinicians have been supplementing the dis-

is built up using an implant fixture as a tenting effect with

advantages of the preferred bone substitute through an

34)
a long healing period .

appropriate operation method (transmucosal or submerged GBR, membranous or non-membranous techni-

4. Development of future alloplastic graft

que). The decision of a treatment plan is always im-

Alloplastic grafts have been also developed in the form

portant regardless of the bone substitute type. Although

of block bone, which can be used as a tenting role with

it is difficult to characterize the properties of all bone sub-

a screw on augmentation for large defects. In this case,

stitutes accurately, it is important to identify the progress

it should be manufactured in such a way that allows easy

of technology and the advantages/disadvantages of each

trimming, drilling, and screw fixation for operability.

type of bone substitute. All bone graft procedures should

Many grafts have been developed with a collagen coating

be used to better predict the long-term success of dental

for these reasons. In addition, it would be necessary to de-

implants. This consensus report suggests that basic surgi-

velop an anchoring device, such as a screw type because

cal principles, such as the choice of appropriate materials

the fixation of alloplastic block bone is more difficult with

and the provision of an adequate healing period, be ad-

a conventional screw than with autogenous block bone.

hered to.

A 3D printed bone graft is expected if the technology
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