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Alveolar ridge preservation of an extraction
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This case series evaluated the clinical efficacy of autogenous tooth bone graft material (AutoBT) in alveolar ridge

preservation of an extraction socket. Thirteen patients who received extraction socket graft using AutoBT
followed by delayed implant placements from Nov. 2008 to Aug. 2010 were evaluated. A total of fifteen implants

were placed. The primary and secondary stability of the placed implants were an average of 58 1SQ and 77.9
ISQ, respectively. The average amount of crestal bone loss around the implant was 0.05 mm during an average of
22.5 months (from 12 to 34 months) of functional loading. Newly formed tissues were evident from the 3-month
specimen. Within the limitations of this case, autogenous tooth bone graft material can be a favorable bone
substitute for extraction socket graft due to its good bone remodeling and osteoconductivity. [J Adv Prosthodont

2014;6:521-7]
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INTRODUCTION

The dimensional change of an alveolar ridge is inevitable
over time after tooth extraction. Bone resorption is more

Corresponding author:

Young-Kyun Kim

Department of Oral and Maxillofacial Surgery, Section of Dentistry,
Seoul National University Bundang Hospital

300, Gumi-dong, Bundang-gu, Seongnam 463-707, Republic of Korea
Tel. 82 31 787 7541: e-mail, kyk0505@snubh.org

Received 12 February, 2014 / Last Revision 5 June, 2014 / Accepted 25
August, 2014

© 2014 The Korean Academy of Prosthodontics

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original
work is properly cited.

This study was supported by a grant of the Korea Healthcare Technology R&D
Project, Ministry of Health and Welfare, Republic of Korea (A102065).

pISSN 2005-7806, elSSN 2005-7814

rapid in cases of existing periodontal disease, inflammatory
periapical lesions, or serious previous bone wall defects after
the extraction.' The soft tissue collapses into the defect hin-
dering normal and natural healing.'?

Bone resorption after tooth extraction can make the
implant placement difficult. It also makes oral hygiene care
around the prosthesis difficult. Therefore, various methods
were attempted to minimize alveolar bone resorption.
Different types of bone substitutes such as demineralized
freeze-dried bone allograft (DFDBA), bioglass, and/or
hydroxyapatite were used ecither with resorbable or non-
resorbable membrane. And the reported cases showed the
reduced alveolar bone resorption.*”’

Here, a ridge preservation using the recently developed
autogenous tooth bone graft material (AutoBT, Korea
Tooth Bank, Seoul, Korea) at an extraction socket with
osseous defects was performed for an implant site develop-
ment. AutoBT is made from patient’s own extracted non-
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restorable tooth or third molars. The processed AutoBT is
grafted back to the same patient when bone substitue is
necessary in procedures such as guided bone regeneration
for implant site development. Previous studies demonstrat-
ed favorable clinical results with osteoconductive and
osteoinductive potentials.*'’ We clinically and histologically
evaluated cases wherein implant had been placed success-
tully after a certain healing period.

MATERIALS AND METHODS

This prospective case series was conducted after obtaining
an approval from the Seoul National University Bundang
Hospital Institutional Review Board (No.: B-0905/076-
010). Each patient received sufficient explanations regard-
ing study purpose, AutoBT fabrication process, treatment
procedure, histological evaluation, and possible complica-
tions. The surgery was performed once the patient signed
the informed consent.

This study was conducted to evaluate the patients who
had received AutoBT grafting at an extraction socket for
delayed implant placement from November 2008 to August
2010. A total of thirteen patients were recruited. Ten
patients were men and three were women with an average
age of 54 (from 44 years old to 66 years old). Although five
patients had hypertension and diabetes mellitus, they were
receiving adequate medical treatment and were well con-
trolled.

The inclusion criteria were as below:

1) Extraction cases of single premolar or molar

2) Osseous destruction after tooth extraction

3) When the residual bone height is less than 4 mm to

the sinus floor or inferior alveolar canal after tooth
extraction

4) Patients who are healthy overall or who have con-

trolled systemic disease (ASA I or II)

The Exclusion criteria was as below:

1) Smoker

2) Patient who has received bone graft on the site to be
operated

3) Patient who has received radiation therapy

4) Pateient who has history of sinus disease or symptoms

5) Patient who has acute infection

When the decision was made to extract a non-restorable
tooth, procedures of socket graft using his or her own
tooth were explained to the patient. Once the patient
agreed, he or she signed the request form allowing to fabri-
cate his or her tooth into AutoBT. Extracted tooth was
stored in 75% alcohol sample bottle and kept refrigerated
or frozen. The dentist could request either AutoBT powder
form (from 0.5 to 1 mm particle size) or block form
depend on the purpose of procedures. In order to process
into AutoBT, an anatomical crown portion of the tooth
was dissected after removal of attached soft tissues.
Remaining soft tissues and contaminants were removed
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with distilled water. The washed AutoBT was then dehy-
drated, defatted, and freeze-dried. Next, it was sterilized
using cthylene oxide gas, packed, and sent to the hospital
that requested the treatment. A block form was fabricated
in the same process as processing powder form without
being crushed, thus maintaining the original tooth root
shape.

The tooth extraction was performed by one oral and
maxillofacial surgeon at Seoul National University Bundang
Hospital. Complete curettage and wound irrigation were
performed after tooth extraction. Extracted tooth was fab-
ricated into powder or block type graft material and stored
until the next operation. The implant site developement at
an extraction socket was performed an average of 1.2
months (from 0.5 to 4 months) after tooth extraction.
AutoBT block and/or powder was grafted (Fig. 1, Fig. 2,
Fig. 3, Fig. 4, Fig. 5). Depend on the size of bony defects,
the clinician decided to use additional other types of bone
graft material and to cover the site with a barrier mem-
brane. Primary wound closure was performed using 4-0 vic-

Fig. 1. A panoramic radiograph of 45 years old male
patient. The right mandibular second molar was assigned
to be extracted. The extracted tooth was fabricated into
autogenous tooth block and powder were made. Due to
insufficient bone level near the inferior alveolar canal,
delayed implant placement was planned after AutoBT
grafting.

Fig. 2. AutoBT block was transplanted at the extraction
socket 4 weeks after extraction.
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ryl. After a healing period of an average of 3.7 months
(from 2 to 7 months), an implant was placed by one petrio-
dontist and one oral and maxillofacial surgeon at Seoul
National University Bundang Hospital Institutional Review
Board (No.: B-0905/076-010). Histologic specimen was
taken in patients who consented the biopsy procedure. An
average implant healing period was 3.3 months (from 2 to 5
months). Prosthodontic treatment was performed by one
prosthodontist at the same hospital (Fig. 6, Fig. 7, Fig. 8).
The implant stability, adjunctive surgery, additional bone
graft material and barrier membrane use, postoperative
complication, implant success rate, and crestal bone loss of
all subjected patients were carefully evaluated. Implant pri-

Fig. 4. A periapical radiograph
immediately after AutoBT socket
grafting.

Fig. 3. AutoBT powder was
grafted around the block to fill the
bony defect. The grafted site was

mary and secondary stability were measured by Osstell
Mentor (Integration Diagnostics, Goteborg, Sweden).

The height of crestal bone was measured on the peri-
apical radiograph taken immediately after the implant place-
ment. Based on the length of the placed implant, the mag-
nification rate of the periapical radiograph was calculated.
Changes of marginal bone were evaluated by comparing
the digital periapical radiographs at the first prosthetic load-
ing and during a 1-, 2-, and 3-year follow up periods after
the functioning of the final prosthesis as collected via
PACS (INFINIT Co., Seoul, South Korea). After calibra-
tion, the amount of marginal bone resorption was mea-
sured vertically from an implant shoulder to the uppermost

Fig. 5. A flap was raised again for
an implant placement 5 months
after AutoBT socket grafting.

covered with a resorbable
collagen membrane. The primary
closure was achieved.

Fig. 6. An implant was placed.

placement.

Fig. 7. The second stage surgery was
achieved 5 months after the implant

=

Fig. 8. A follow-up periapical
radiograph 14 months after the final
prostheses.
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part where radiopacity was observed distinctly in mesio-dis-
tal crestal segment on the periapical radiograph taken with
paralleling technique. For the minimum discrepancy, all
measurements in this study were recorded by two clinicians
who were not involved in any type of surgeries. Any of
patient’s medical or social history was not exposed to them,
cither. The amount of mesial and distal alveolar crest bone
resorption was calculated considering the enlarged ratio of
cach individual radiograph.

Among the subjects in socket grafting, four patients
who signed the additional informed consent on histological
evaluation were subjected to bone biopsy. A biopsy was
harvested by a 2 mm diameter trephine bur from the center
of the extraction site. The time of bone biopsy depended
upon the bony defected size, and the area of grafting site.
The oral surgeon and periodontist who performed the sur-
gery solely decided the time of implant placement surger-
ies. One specimen after three months and three specimens
after four months of the bone graft surgery were harvest-
ed. The harvested specimens were immediately fixed with
10% formalin. The specimens were decalcified with Calci-
Clear Rapid™ (National Diagnostics, Atlanta, GA, USA)
for 12 hours. Next, the decalcified specimens were washed
in running water and subjected to tissue treatment via the
automatic tissue processor (Hypercentre XP, Shandon,
Cheshire, UK) followed by Paraffin embedding. After par-
affin embedding, the specimens were cut 5 pm sections and
stained with Hematoxylin-Eosin for an examination under a

bright-field microscope (Nikon Optical, Tokyo, Japan).

RESULTS

After extractions of 15 teeth from 13 patients, AutoBT
powder and/or block grafting was performed at an extrac-
tion socket for implant site development. AutoBT powder
only was grafted in 10 sites. The combination of AutoBT
powder and block were used in 4 sites. There was one case
using only AutoBT block. There were two cases where
additional allograft (DBX, Edison, NJ, USA) was used due
to an insufficient amount of AutoBT only to completely fill
a bony defect. A resorbable collagen membrane (BioGide:
Geistlich Pharma AG, Wolhausen, Switzerland) was used in
13 sites out of 15 sites (Table 1). For postoperative compli-
cations, wound dehiscence developed in 2 cases, both of
which exhibited favorable secondary healing. After an aver-
age healing period of 3.7 months (from 2 to 7 months), 14
implants were placed in 12 patients (Table 2). One patient
became unreachable during the research period (Patient
#3). The mean primary stability of placed implants was 58
ISQ (from 30 to 75) ISQ, and secondary stability was 77.9
ISQ (from 63 to 90 1SQ). One implant placed at left man-
dibular second molar site showed mobility after one month
of prosthetic loading (Patient #5). Consequently, the
implant was removed, and placed again with a 1 mm wider
implant after 2 months of healing period. The average peri-
implant crestal bone loss during 22.5 months (from 12 to
34 months) of prosthetic loading was 0.05 mm. No crestal
bone loss was observed except for 3 cases (Table 2). Patient
#8 showed 0.2 mm, patient #12 showed 0.3 mm, and
patient #13 showed 0.2 mm of crestal bone loss.

Table 1. Summary of a ridge preservation of an extraction socket using autogenous tooth bone graft material (AutoBT)

and its complications

Area

Patient Age Gender # Type of AutoBT  Membrane use Other BG Complication
1 45 M 47 Powder/Block Yes No No
2 44 M 47 Powder Yes No No
3 50 M 47 Powder/Block Yes No No
4 60 M 47 Powder Yes No No
5 56 M 37 Powder Yes No No
6 50 F 46 Powder Yes No Wound dehiscence
7 59 M 47 Powder Yes No No
8 50 F 35 Powder Yes No Wound dehiscence
9 56 F 36 Powder Yes No No
10 62 M 47 Powder No No No
11 56 M 37 Powder Yes No No
12 66 M 27 Powder/Block Yes No Pain
37 Powder/Block Yes No Pain
16 Powder No Allograft No
13 47 M 25 Block Yes Allograft No

BG: bone graft material; M: male, F: female.
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All histology specimens showed newly formed bone
with loose fibrous tissue rich in angiogenesis. AutoBT pat-
ticles were completely mixed with newly formed bone (Fig.
9). In 4-month histological specimens, the formation of
osteoid was evident around AutoBT particles. AutoBT was
agglutinated directly with newly formed bone, and high-
quality loose areolar tissue rich in angiogenesis was well
developed. Moreover, newly formed osteoid replaced spac-
es where AutoBT particles were absorbed (Fig. 10).

DISCUSSION

Alveolar ridge preservation was desirable in cases where a
buccal cortical bone plate was less than 1.5-2 mm thick."
Many scholars introduced their unique ridge preservation
techniques to maximize the alveolar ridge preservation
result. Platelet-rich plasma, resorbable barrier membrane,
acellular dermal matrix, collagen sponge, or calcium sulfate
was mixed with a bone graft material for more favorable

Table 2. Summary of placed implants and crestal bone loss during follow up periods

Patient Area Implant Diameter Length PS SS Bone loss F/U
(mm) (mm) (1SQ) (1SQ) (mm) (month)
1 47 Superline 75 85 13.5
2 47 Superline 71 85 25
3 47 - - - - - - Dropout
4 47 Oneplant 5.3 8.5 - - 0 19
5 37 Superline 6 8 51 65 - Failure
6 46 Superline 7 10 - - 0 34
7 47 Superline 5 10 - - 0 12
8 35 CMI 4.5 10 - - 0.2 34
9 36 Superline 4.5 10 - - 0 18
10 47 Superline 6 8 46 65 0 12
11 37 Superline 7 8 50 63 0 17
12 27 GS I 5 11.5 73 88 0 24
37 GS il 5 10 30 90 0 24
16 GS I 5 10 75 79 0.3 24
13 25 Superline 4.5 12 51 81 0.2 34

PS: primary stability; SS: secondary stability; F/U: follow-up; -: missing data.

Superline (Dentium, Suwon, Korea), Oneplant (Warantec, Seoul, Korea), GS IIl (Osstem Implant Co., Busan, Korea), CMI (Neobiotec, Seoul, Korea).

Fig. 9. Histology of 3-month bone specimen. AutoBT
particles were completely mixed with newly formed
bone. Loose fibrous tissues rich in angiogenesis were
observed as well (H-E stain, x100). 1. Existence of dentin
tubules in AutoBT particles; 2. Newly formed bone; 3.
Loose fibrous tissue; 4. AutoBT particle.

Fig. 10. Histology of 4-month bone specimen. It showed
that the area where AutoBT had been resorbed was filled
with newly formed osteoid (H-E stain, x200).1. AutoBT
particle; 2. Fibrous connective tissue; 3. Resorbed area
filled with newly formed osteoid.
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results. 71213 Wang and Tsao' transplanted freeze-dried
bone allograft (FDBA) for a socket grafting. Their 5 to
6-month histological specimens showed the formation and
remodeling of trabecular bone in areas of mineralized can-
cellous allografts with no signs of inflaimmation. In addi-
tion, vital bone and connective tissues wetre seen in close
contact with the remaining allograft. Another study also
showed new bone formation in 9-month old biopsy sample
when they used a deproteinized bovine bone mineral
(DBBM) as a socket site filler material. Authors observed
that DBBM particles adhered to a highly osteocyte-rich
woven and lamellar-type bone."

In spite of employing evidence-based ridge preservation
techniques, minimal vertical bone resorption seemed to be
unpredictable. Socket preservation could minimize the
change of bone volume but could not prevent bone resorp-
1617 Studies further showed that the effect of prevent-
ing horizontal alveolar bone resorption was positive, but
that of preventing vertical resorption was not predict-
able."18

In the present case series, we used the newly developed
bone substitute as another grafting technique at an extrac-
tion socket for the future implant site development.
AutoBT was developed and clinically applied from 2008 in

Korea. In vitro and animal studies confirmed its biocompati-
9-23

tion.

bility, osteoinductive and osteoconductive potentials.'
Clinical studies provided clinical usefulness of AutoBT in
reconstructive dentistry.*'"'"*** Here, AutoBT grafting was
performed in 15 extracted sites of 13 patients. There were
no post-operative complications related to AutoBT grafting
except wound dehiscence on two patients (Patient #6 &
#8)(Table 1). But, both of them exhibited complete heal-
ings after all. There was one case of implant failure. The
first implant placed to the patient #5 failed due to a lack of
osseointegration (Primary stability: 51 ISQ, secondary sta-
bility: 65 ISQ). Although the first implant was removed due
to mobility, the remained bone still retained its healthy sta-
tus to place the second implant. As a result, the new
implant with wider diameter (7 mm) was placed after 2
months of remodeling period. Yet, the data of patient #5
was excluded in bone resorption calculation. The patient
#5 had a history of Type II diabetes mellitus. Although sys-
temic health was in controlled state, the signs and symp-
toms of diabetes mellitus could have hindered the new
bone formation and thus implant failed.

Except for the one implant failure case and a drop out
case due to absence, AutoBT maintained a stable state around
the implant with very minimal crestal bone loss (Table 2).
Based on previous studies, AutoBT resorbed from 4 to 6
months after grafting. And the remodeling process with new
bone formation continued up to 1 to 2 years.*'*"" The bone
resorption in presented cases was very minimal, because
AutoBT was mainly made from roots of the extracted
tooth. A root portion is consisted of low crystalline calci-
um phosphate, which is known to have good bony remod-
eling by osteoconduction.”? When AutoBT was processed
including a crown portion of an extracted tooth, the
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resorption of AutoBT was delayed. Enamel in a crown
mainly consists of high crystalline calcium phosphate,
which is not easily decomposed by osteoclasts, thus inhibit-
ing bone remodeling process.”

Histological evaluation conducted 3 to 4 months after
socket grafting showed a favorable osteoconductive bone
healing and remodeling as AutoBT particles started to be
absorbed. Newly formed osteoid filled the absorbed area.
Abundant blood vessels and active cellular activities were
also observed in connective tissues around AutoBT parti-
cles, confirming an active remodeling and osteoconductive
healing. Further, a loose areolar tissue was considered to
form bone marrow in the future (Fig. 9, Fig. 10).

Some limitations still remain, such as small sample size
(n=15), small number of histological specimens (n=4), and
non-standardized type of implant. 2D X-ray evaluation also
provided the limited information in marginal bone loss
around implant. It can only provide the mesial and distal
bone level. Additionally, randomized controlled clinical tri-
als with comparison of different types of bone substitutes
are needed for a full evaluation of AutoBT in hard tissue
reconstructive dentistry. Yet, it is important to note that
this is the first prospective case series demonstrating effec-
tiveness of AutoBT in ridge preservation at an extraction
socket for implant site development clinically and histologi-
cally.

CONCLUSION

Within the current studies so far, AutoBT can be a good
alternative bone substitute due to its good bone remodeling
and osteoconductivity in ridge preservation of an extrac-
tion socket for an implant site development. AutoBT can
be an attractive option to patients who are in need of tooth
extraction but afraid of bone substitute from different origin.
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