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PURPOSE. The purpose of this prospective study was to evaluate the effectiveness of newly developed
autogenous tooth bone graft material (AutoBT)application for sinus bone graft procedure. MATERIALS AND
METHODS. The patients with less than 5.0 mm of residual bone height in maxillary posterior area were enrolled.
For the sinus bone graft procedure, Bio-Oss was grafted in control group and AutoBT powder was grafted in
experimental group. Clinical and radiographic examination were done for the comparison of grafted materials in
sinus cavity between groups. At 4 months after sinus bone graft procedure, biopsy specimens were analyzed by
microcomputed tomography and histomorphometric examination for the evaluation of healing state of bone graft
site. RESULTS. In CT evaluation, there was no difference in bone density, bone height and sinus membrane
thickness between groups. In microCT analysis, there was no difference in total bone volume, new bone volume,
bone mineral density of new bone between groups. There was significant difference trabecular thickness (0.07
pm in Bio-Oss group Vs. 0.08 pm in AutoBT group) (P=.006). In histomorphometric analysis, there was no
difference in new bone formation, residual graft material, bone marrow space between groups. There was
significant difference osteoid thickness (8.35 ym in Bio-Oss group Vs. 13.12 pm in AutoBT group) (P=.025).
CONCLUSION. AutoBT could be considered a viable alternative to the autogenous bone or other bone graft
materials in sinus bone graft procedure. [J Adv Prosthodont 2014;6:528-38]
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INTRODUCTION

It is generally accepted that autogenous bone is the gold
standard among the many different types of bone graft
materials for hard tissue defect restoration in maxillofacial
area, although there are several shortcomings such as sec-
ondary defect of donor site and limited amount of avail-
able bone. Therefore, in order to overcome such shortcom-
ings of autogenous bone, homogeneic bone, xenogeneic
bone and alloplastic materials were developed and widely
used in clinics. However, there are still unsolved problems
related with graft materials such as unpredictable bony
healing, immune response, risk of inflaimmation and high
cost.
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Anorganic bovine bone was used for a long time and
confirmed as osteoconductive material. Bio-Oss (Geistlich
Pharma AG, Wolhusen, Switzerland) is the representative
commercial product. Anorganic bovine bone supplies scaf-
fold for de novo bone formation. It was reported that anor-
ganic bovine bone showed better bone healing properties in
compatison to other hydroxyapatite materials."*

In 2008, autogenous tooth bone graft material which
was made from the extracted patient’s own teeth was devel-
oped in Korea, and the commercial product was named as
AutoBT (Korea Tooth Bank Co., Seoul, Korea). In previous
experimental study, AutoBT was proved as biocompatible
material showing both osteoinductive and osteoconductive
healing process.”” Since 2009, successful clinical outcomes
of AutoBT were reported when used in cases of sinus
bone graft, ridge augmentation, guided bone regeneration,
tooth transplantation, and extraction socket graft.*'* Also,
from the retrospective clinical study, it was confirmed that
there was no immune reaction and low risk of infection in
AutoBT graft site.”

However, until now, there was no systematic clinical
study for the evaluation of clinical efficacy and safety of
AutoBT. The purpose of this study was to evaluate effec-
tiveness of AutoBT application in comparison with Bio-
Oss for sinus bone graft procedure.

MATERIALS AND METHODS

This study and the consent forms were approved by Seoul
National University Bundang Hospital Institutional Review
Board (IRB Number: E-1110-067-003), and the guidelines
for Good Clinical Practice were respected. Clinical and
radiographic examination of the participants was done for
the initial screening procedure to confirm inclusion and
exclusion criteria. Inclusion criteria were 1) minimum age
requirement of 18 years, 2) generally healthy or with con-
trolled systemic disease, 3) less than 5.0 mm of residual
bone height (RBH), 4) existing occluding dentition, 5) nor
temporomandibular joint symptom neither occlusion prob-
lems. Exclusion critetia wete 1) any pathologic condition of
maxilla including acute maxillary sinusitis, 2) previous radia-
tion therapy history on maxilla, 3) any psychological prob-
lem, 4) accidental occurrence of large perforation during
sinus lift procedure.

According to the sample size calculation on the focus
of new bone formation, total 43 participants (21 in control
and 22 in experimental group) were enrolled. The allocation
of the participants was done by random sequence genera-
tor. The participants were allocated either in the control
group (Bio-Oss group, group 1) or experimental group
(AutoBT group, group 2). The first computed tomography
(CT) was taken pre-operatively to all the participants for the
determination of baseline characteristics. After the alloca-
tion, two participants in Bio-Oss group and three partici-
pants in AutoBT group were declined to participate. Finally,
data from 38 participants (19 in Bio-Oss group and 19 in
AutoBT group) were collected and analyzed.

Considering the preparation time of autogenous tooth
for the participants allocated in experimental group, the
teeth needed to be extracted (such as hopeless teeth
involved in advanced periodontal disease, non-restorable
decayed teeth or non-functional third molars) were extract-
ed 2 weeks before sinus bone graft procedure. Extracted
teeth were put into a storage container and kept refrigerat-
ed or frozen. The material was produced in the form of
powder (0.5-1.0 mm) through the process of removing the
soft tissue attached to the collected teeth. Tooth was sec-
tioned as crown and root portion and pulp tissue was
removed. The ground teeth powder was washed to remove
adhering contaminants and remaining soft tissues. The
washed AutoBT is then dehydrated, defatted, and freeze-
dried. Next, it was sterilized using ethylene oxide gas,
packed, and sent back to the hospital.

We are investigating the written documents of screening
test every quarter for the quality control such as the particle
test on facility to keep Class 10,000 as well as measure-
ments of remained reagent after processing, i.e. demineral-
ization, defatting, sterilization and remained water content
after freeze drying on the processed tooth. In addition,
documents of the microbiologic test are conducting on
random samples of tooth materials after the processing.
For non-contamination, each tooth should be enrolled into
the process separately and independently. Microbiologic
culture test on tooth materials after processing are also pet-
formed and documented as a tool for quality control and
assurance according to Technical Manual of Korea Tooth
Bank. The safety of the AutoBT is guaranteed through
proper quality assurance procedures.!®

All patients who underwent surgery took antibiotics
(Augmentin, Ilsung Pharmaceuticals Co., Seoul, Korea) and
a non-steroidal anti-inflammatory drug (Somalgen, Kunwha
Pharmaceutical Co., Seoul, Korea) starting from 1 day
before surgery to 5-7 days after surgery. They were made to
gargle with 0.1% chlorhexidine solution (Hexamedine,
Bukwang Pharm. Co., Ltd., Seoul, Korea) right before sur-
gery and were instructed to gargle 3 times a day for 5 days
after surgery. Surgery was performed under local anesthe-
sia. Crestal incision with anterior releasing and mucoperios-
teal flap elevation was done on edentulous area. A small
oval-shaped window was prepared in the sinus wall. After
the meticulous elevation of sinus membrane, Bio-Oss 1.5-
2.0 cc in control group and AutoBT powder 1.5-2.0 cc was
grafted in experimental group. The suture was removed 10
days after surgery.

At 4 months after sinus bone graft procedure, implant
surgery was planned.”'® Under the additional consent of
participants, biopsy was preceded using 3.0 mm diameter
trephine bur (Dentium Co., Suwon, Korea) at the site of
implant placement to evaluate the grafted site for the
microcomputed tomography (microCT) and histomorpho-
metric analysis. All implants were placed according to the
manual that was recommended by the manufacturer.

For the baseline, pre-operative CT' (Brilliance 64, Philips
Medical, Cleveland, OH, USA) was taken in all the patients.
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At the time of patient screening process, panoramic radiog-
raphy (Orthoceph OC 100 CR, Instrumentarium Imaging,
Tuusula, Finland) was taken. At 4 months after sinus bone
graft procedure, post-operative CT follow-up was done for
the evaluation of grafted bone density, grafted bone height,
and sinus membrane thickness.

Pre-operative and post-operative bone density and bone
height were measured using Simplant™ (Columbia Scientific
Inc., Columbia, MD, USA) software. Sinus membrane thick-
ness was evaluated using INFINITT PACS (INFINITT
Healthcare Co., Seoul, Korea) software.

For the bone density evaluation, mean Hounsfield unit
(HU) of residual bone was measured at the sinus lift and
implant placement planned site from pre-operative CT.

Then mean HU of grafted bone site was measured from
post-operative CT and compared (Fig. 1). Based on the
guideline of bone quality suggested in the software (HU =
1250 = D1, 850-1249 = D2, 350-849 = D3, 150-349 =
D4), bone density was calculated. This measurement was
performed by one oral and maxillofacial surgeon who does
not know the control/experimental group.

For the evaluation of bone height, RBH was measured
at the sinus bone graft and implant placement planned site
from pre-operative CT. Then grafted bone height (the dis-
tance between alveolar crest and the most upper part of
bone graft) was measured from post-operative CT and
compared with pre-operative height at the same location
(Fig. 2).

Fig. 1. Measurement of bone density by Simplant software.

Fig. 2. Measurement of bone height by Simplant software.
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Fig. 3. Measurement of sinus membrane thickness by INFINITT PACS software.

For the evaluation of sinus membrane thickness, the
thickest area of sinus membrane of pre-operative bone
graft planned site was measured in sagittal view."”" Then
the thickest area of sinus membrane of post-operative
bone graft site was measured and compared (Fig. 3).

As described, at 4 months after sinus bone graft proce-
dure, biopsy specimen were taken at the site of implant
placement using 3.0 mm trephine bur. Five participants in
Bio-Oss group and one participant in AutoBT group were
declined to take out trephine biopsy before implant place-
ment. So, 14 specimens from Bio-Oss group and 18 speci-
mens from AutoBT group were taken. After fixation of tre-
phine bur in 10% buffered formalin solution, bony speci-
mens (including trephine bur) were sent to Department of
Dental Biomaterials Science and Dental Research Institute,
School of Dentistry, Seoul National University for microCT
analysis. Bone tissue contained in trephine bur was embed-
ded in methyl-methacrylate resin. Trephine bur and outer
resin embedding was removed using diamond disk without
tissue damage. Cylindrical specimen was fabricated.
Cylindrical samples embedded in resin were imaged with a
microCT system (SKYscan 1172, Bruker-Microct, Kontich,
Belgium) in high resolution scanning mode (pixel matrix:
683x2000x1048, pixel size: 10.89 um). X-ray source was
set at 70 kV and 141 A with the aid of 0.5 mm thick alu-
minum filter to optimize the contrast, a 360° rotation step
of 0.3° and 590 ms exposure time. Before microCT taking
of specimens, two phantoms (0.25 and 0.75 BMD) were
taken for the calibration. NRECON reconstruction soft-
ware (NRecon v.1.4.4, SkyScan) was used to create two-
dimensional, 20001048 pixel images. After image recon-
struction, the region of interest (ROI) was selected within
the reconstructed images of water to calibrate the standard

unit of X-ray CT density (HU) using CTAn Ver. 1.6.0
(SkyScan, Bruker-Microct, Kontich, Belgium) analysis soft-
ware. Firstly, total core height composed of residual bone
and new bone portion was measured, and then image analy-
sis was performed after setting up graft material and new
bone area as ROI. To distinguish new bone from graft
material, graft material was taken and range of HU was
analyzed. Minimum HU value of new bone was set as 350
considering Tajima e a/*’s suggestion and HU of D3 bone.
Maximum HU value of new bone was calculated by sub-
traction of HU of graft material. The area higher than low
ranked 5% of HU value distribution of binary image was
considered as HU of graft material. HU value of Bio-Oss
was more than 1900. In the case that the range of HU val-
ue was 350-1900 in Bio-Oss specimen, it was considered as
new bone and analyzed. As the same concept, the HU of
AutoBT was more than 2100. Applying HU guideline as
described, total bone amount and new bone amount of
Bio-Oss and AutoBT specimen were calculated. Also, mean
HU value, BMD and mean trabecular thickness of new
bone were calculated.

After microCT analysis, in the process of specimen
preparation for histologic evaluation, 2 specimens in Bio-
Oss group and 2 specimens in AutoBT group were exclud-
ed due to bad quality. These specimens were not homoge-
nous enough for proper analysis, resulting in analysis of a
total of 28 biopsy specimens (12 in Bio-Oss group, 16 in
AutoBT group). After microCT taking, secondary embed-
ding of core sample was done using Technovit 7200
(Heraeus Kulzer, Wehrheim, Germany). Block type speci-
men were trimmed and then attached on acrylic slide using
EXAKT 4230 attach machine. After middle cutting and
grinding of attached block, acrylic slide was attached. Slide
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cutting and grinding was done on the slide attached side
and 20-30 um thickness histologic specimens were fabri-
cated. Slide review for histologic evaluation was done by
two authors (Lee & Jun) with two different staining tech-
niques. Masson’s trichrome (MT) and toluidine blue (IB)
stains were used. For the histomorphometric analysis, the
tissue stained with M'T was examined at high magnification
(X100). Representative area of graft material and new bone
were selected, and then using KAPPA mage base program,
area of newly-formed bone, area of graft material, area of
bone marrow space was calculated and expressed as a pet-
centage to total area. The tissue stained with TB was exam-
ined at high magnification (X200). Five sites of osteoid
forming site surrounding graft material were selected and
measured and mean osteoid thickness surrounding graft
matetial was calculated.

Statistical analysis was performed using SPSS 18.0 soft-
ware (SPSS Inc., Chicago, 1L, USA). Continuous variables
were expressed using mean £ SD. Differences in propot-
tions were tested with the chi square test or Fisher’s exact
test. Independent t-test or Mann-Whitney U test were used
for the comparison between groups of clinical, radiological
and histological evaluation on bone volume-related, bone
density-related or bone architecture-related parameters.
Paired t-test was used for the evaluation of time dependent
changes such as sinus membrane thickness. The univariate
normality assumptions were verified with the Shapiro-Wilk
test and the Brown and Forsythe’s variation of Levene’s test
statistics were used to verify the homogeneity of variances.
Mann Whitney U test was performed when these assump-
tions were not fulfilled. P<.05 was considered statistically
significant.

RESULTS

There were 24 male participants (11 in Bio-Oss group and
13 in AutoBT group) and 14 female participants (8 in Bio-
Oss group and 6 in AutoBT group). There was no group

difference of gender distribution in this study (P=.501).

The mean age of participants was 58.21 years in Bio-
Oss group (#=19) and 53.15 years in AutoBT group (#»=19).
There was no age difference between groups (P=.158).

Implant primary stability measured using Osstell
Mentor was in the range of 41-88 ISQ (mean=70.59 ISQ)
(=28 implants) in Bio-Oss group and 39-85 ISQ
(mean=64.92 1SQ) (#=29 implants) in AutoBT group.
There was no significant difference between groups (P=
166).

Pre-operative mean bone density of residual alveolar
bone area was 421.73 HU in Bio-Oss group and 380.28 HU
in AutoBT group. Mean pre-operative bone density of
residual alveolar bone area was included in the category of
D3 in both groups. Post-operative mean bone density of
grafted bone area was 968.15 HU in Bio-Oss group and
981.80 HU in AutoBT group. Mean post-operative bone
density of grafted bone area was included in the category
of D2 in both groups.

Pre-operative mean residual bone height was 3.17 mm
in Bio-Oss group and 3.12 mm in AutoBT group. Also,
post-operative mean grafted bone height was 13.90 mm in
Bio-Oss group and 13.56 mm in AutoBT group. Pre-
operative mean sinus membrane thickness was 1.60 mm in
Bio-Oss group and 1.57 mm in AutoBT group. Post-
operative mean sinus membrane thickness was 1.62 mm in
Bio-Oss group and 1.55 mm in AutoBT group. There was
no significant differences between groups (Table 1).

In volume-related parameters, mean total bone volume
(new bone + graft material) was 77.06% in Bio-Oss group
and 64.98% in AutoBT group. There was no significant dif-
ference between groups (P=.051). Mean new bone volume
was 41.93% in Bio-Oss group and 37.91% in AutoBT
group. There was no significant difference between groups
(P=.192). The proportion of new bone volume to total
bone volume (new bone/total bone) was 55.58% in Bio-
Oss group and 60.34% in AutoBT group. There was no sig-
nificant difference between groups (P=.377).

Table 1. CT evaluation on bone density, bone height, and sinus membrane thickness

Bio-Oss group (n=19) AutoBT group (n=19) t P value
Preoperative HU (HU) 421.73 £ 202.09 380.28 + 176.02 0.674 504
Postoperative HU (HU) 968.15 £ 85.10 981.80 + 99.85 -0.454 .653
HU Change (HU) 546.41 + 204.25 601.52 + 161.57 -0.922 .363
Preoperative RBH (mm) 3.17 +1.26 312 +1.17 0.140 .889
Postoperative GBH (mm) 13.90 + 2.53 13.56 + 2.62 0.408 .686
BH Change (mm) 10.73 £ 2.08 10.45 + 2.56 0.377 .709
Preoperative SMT (mm) 1.60+1.16 1.57 £ 0.86 0.106 916
Postoperative SMT (mm) 1.62 + 0.91 1.65+£0.72 0.269 .790
SMT Change (mm) 0.02 +£0.40 -0.02 £ 0.73 0.190 .851

RBH: residual bone height, GBH: grafted bone height, BH: bone height, SMT: sinus membrane thickness.
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Fig. 4. MicroCT image.

In density-related parameters, mean total core density
was 1486.27 HU in Bio-Oss group and 1232.02 in AutoBT
group. There was no significant difference between groups
(P=.245). Also, mean bone mineral density (BMD: volumet-
ric density of calcium hydroxyapatite) of total core was
0.34 g/cm? in Bio-Oss group and 0.28 g/cm? in AutoBT

group. There was no significant difference between groups
(P=.245). Mean new bone density was 1223.08 HU in Bio-
Oss group and 1274.31 in AutoBT group. There was no
significant difference between groups (P=.217). Also, mean
BMD of new bone was 0.27 g/cm? in Bio-Oss group and
0.29 g/cm? in AutoBT group. There was no significant dif-
ference between groups (P=.245).

In architecture related parameter, trabecular thickness
was 0.07 um in Bio-Oss group and 0.08 pm in AutoBT
group. There was significant difference between groups
(P=.006) (Table 2).

In low magnification (X35) microscopic findings of
AutoBT sample, the border between residual bone and new
bone of sinus graft site was identified. Matured lamellar
bone showing bony integration between residual bone and
maxillary sinus was detected. Bone formation was found
surrounding both enamel and dentin portion of graft mate-
rial. New bone bridges between graft materials were also
detected (Fig. 5). In high magnification (X400) microscopic
findings of AutoBT sample, newly-formed and matured
lamellar bone was detected surrounding graft material,
osteoblasts covering newly-formed bone accumulated oste-
oid. Active woven bone formation was also detected.
Medullary space formation composed of well vascularized
connective tissue was also detected within new bone (Fig
0).

In histomorphometric analysis, the portion of new
bone formation was 26.49% in Bio-Oss group and 31.07%
in AutoBT group. There was no significant difference
between groups (P=.556). The portion of residual graft
material was 31.12% in Bio-Oss group and 29.00% in AutoBT
group. There was no significant difference between groups
(P=.896). The portion of bone marrow space was 42.38%
in Bio-Oss group and 39.93% in AutoBT group. There was
no significant difference between groups (P=.471). The
mean osteoid thickness was 8.35 pm in Bio-Oss group and
13.12 pm in AutoBT group. There was significant differ-
ence between groups (P=.025) (Table 3).

Table 2. MicroCT evaluation on volume-related, density-related and architecture-related parameters

Bio-Oss group (n=14) AutoBT group (n=18) P value
Total Bone (%) 77.06 = 14.21 64.98 + 18.54 .051
New Bone (%) 41.93 £ 7.06 37.91 £ 8.49 192
New Bone/Total Bone (%) 55.58 + 10.49 60.34 + 11.51 377
Total Core HU (HU) 1486.27 + 405.58 1232.02 + 529.37 245
Total Core BMD (g/cm?) 0.34 +0.09 0.28 £0.12 245
New Bone HU (HU) 1223.08 + 107.44 1274.31 £ 107.92 217
New Bone BMD (g/cm?) 0.27 +0.02 0.29 + 0.02 245
Trabecular thickness (um) 0.07 £0.02 0.08 £ 0.01 .006™*

P value: ** <.01 by Mann-Whitney U test.
BMD: Bone mineral density.
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Dentine
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Fig. 5. Matured lamellar bone showing bony integration between residual bone and maxillary sinus was detected. Bone
formation was found surrounding both enamel and dentin portion of AutoBT material. New bone bridges between graft
materials were also detected (Masson’s trichrome staining, x35).

Medulhly-;pace K Woven bone

Auto BT

Fig. 6. Newly-formed and matured lamellar bone was detected surrounding AutoBT material, osteoblasts covering
newly-formed bone accumulated osteoid. Active woven bone formation was also detected. Medullary space formation
composed of well vascularized connective tissue was also detected within new bone (Masson’s trichrome staining, x400).

Table 3. Histomorphometric analysis

Bio-Oss group (n=12) AutoBT group (n=16) P value
New bone formation (%) 26.49 +7.13 31.07 + 14.52 .556
Residual graft material (%) 31.12 £ 14.51 29.00 = 10.27 .896
Marrow space (%) 42.38 + 16.37 39.93 + 18.92 471
Osteoid thickness (um) 8.35 +3.94 13.12+£5.16 .025*

P value: * <.05 by Mann-Whitney U test.
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DISCUSSION

Maxillary sinus cavity is a contained defect. However, max-
illary sinus is not natural bone-forming area. These charac-
teristics are why maxillary sinus is often selected for the
evaluation of healing process of bone graft materials.? So,
in this study, as a model for the evaluation of healing pro-
cess of two different bone graft material, maxillary sinus
cavity was selected. In this study, there was no significant
difference between groups in pre-operative RBH and bone
density, which was the evidence that there was no selection
bias. Also, implant primary stability measured at 4 months
after graft was at favorable state, suggesting that the
strength of bone graft site was excellent.

Transient swelling of the Schneiderian membrane
occurred just after the sinus graft procedure post-operative-
ly due to the inflammatory reaction. However, with the
lapse of time, the change was recovered to normal thick-
ness. In case that the biocompatibility of bone graft materi-
al was not good, there is a risk of post-operative infection
and sinus membrane remained thickened state. In this
study, although there was considerable increase of bone
height, the thickness of sinus membrane maintained not-
mally in both AutoBT and Bio-Oss groups post-operatively.
The findings that sinus mucosa thickness was maintained
stably over time could be an evidence of biocompatibility
of graft materials. So, it was proposed that both AutoBT
and Bio-Oss were biocompatible in application in the sinus
graft procedure.

Kuhl e a/® repotted that increased bone density after
sinus bone graft procedure with autogenous bone or mixed
with other bone graft material was detected in microCT.
Huang et al** reported that BMD and bone volume of
native bone (0.22 and 24.4%) were higher than BMD and
bone volume of grafted bone (0.12 and 15.43%) at the time
point of 4-5 months after iliac bone graft. Lundgren ez a/”
evaluated bone volume using microCT analysis with core
biopsy specimen at 6 months (40 * 12%) and 12 months
(48 £ 10%) respectively after sinus graft procedure with
particulated mandibular symphysis bone. Chackartchi ez a/*
performed microCT analysis with tissue specimen at 6-9
months after sinus graft procedure with bovine bone and
reported that the volume of bone (7.99-14.64%) and
bovine bone material (22.89-23.12%) seemed underestimat-
ed in comparison with histomorphometric evaluation.
Chackartchi ¢7 a/* suggested that partly due to the difficul-
ty of distinguishment of exact borders showing direct con-
nection between new bone and graft materials in microCT
image, microCT technique had a chance to underestimate
the volumes of the histological bone and graft materials.

In this study, all the same condition for CT taking was
kept in detail. Under the guideline of HU value of graft
material and previous study, the range of new bone was set
up scientifically, bone graft material and new bone was ana-
lyzed separately. For the determination of lower limit of
HU of new bone, bone quality guideline of previous study
of Tajima et al?' was referred. For the determination of

upper limit of HU, using statistical method, microCT image
of graft material were analyzed and the range of 95% HU
was regarded as graft material. And equivalent to the lowest
5% HU was regarded as new bone.

In the microCT analysis of this study, though it was not
statistically significant, total bone volume in the grafted area
was higher in Bio-Oss group (77.06 £ 14.21) than in
AutoBT group (64.98 = 18.54). However, new bone pot-
tion in the total bone was higher in AutoBT group (60.34 +
11.51%) than in Bio-Oss group (55.58 + 10.49%).
Furthermore, trabecular thickness in AutoBT group was
significantly higher than Bio-Oss group, suggesting that the
ability of new bone formation of AutoBT graft material
was not inferior to Bio-Oss. Also, at 4 months, bone vol-
ume and bone density were relatively higher in comparison
with other studies. HU and BMD of new bone at 4 months
were corresponding with clinical findings showing D2 bone
quality.

Histomorphometric researches related with bone graft
evaluated and reported various parameters including total
bone volume, new bone formation, woven/lamellar bone
ratio, residual graft material amount, bone marrow includ-
ing connective tissue. In this study, new bone formation,
residual graft material ratio and bone marrow and osteoid
thickness were measured. There have been many reports on
histomorphometric analysis using tissue specimen harvest-
ed after sinus bone graft with various bone graft material.

Many studies on allograft such as demineralized bone
matrix with cancellous bone chips, human mineralized
bone, cancellous block, and demineralized freeze-dried
bone (DFDB) graft were performed. In the analysis of
bone tissue specimens harvested at 6-11 months, wide
range of new bone (24-75%) and residual bone graft mate-
rial (9-25%) were measured and D3 bone density was
detected with relatively high marrow portion.”” In the
studies of autogenous bone graft for sinus bone graft pro-
cedure, it was reported that newly formed bone portion
was 38-40% and residual graft material was about 18%.%"

Histomorphometric study with bone tissue samples hat-
vested after healing period was performed using various
alloplastic materials for the sinus bone graft. In the studies
of HA and TCP graft mixed at 6:4 ratio, it was reported
that new bone formation was 26-40% and residual bone
graft material was 27% at 4-9 months healing period.”?*
On the other hand, in studies of TCP graft at 6-8 months
of healing period, 21-55% of new bone and 13-34% of
residual graft material was detected.”*** Whereas, in the
studies of HA graft at 4-6 months, 20-35% of new bone
formation and 30-45% of residual graft material were
reported.””’

From the studies on anorganic bovine bones graft,
12-50% of new bone formation and 20-30% of residual
graft material were reported after 4-10 months of healing
period.’™ Orsini e a/*" performed the histologic and
ultrastructural analysis of regenerated bone in maxillary
sinus augmentation using a porcine bone-detrived biomate-
rial and reported that the portion of newly formed bone
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was 30.0 £ 2.8% and residual grafted material was 31.0 £
1.6%. The result of Orsini ez al’s study was relatively similar
with the result of this study.

After mixing and grafting 2 different bone graft materi-
als, many researches were reported on histomorphometric
analysis. At 6-10 months after sinus bone graft with autoge-
nous bone and xenograft, the proportion of new bone for-
mation was reported as 27-46%, whereas residual bone
graft material was 16-37%.** Hanisch e a/* measured
new bone formation ratio after the graft with DFDBA and
bovine HA at a one to one ratio, and reported 8.1 £ 3.0%
at 6 months, 9.0 * 3.8% at 8 months, 20.7 * 8.3% at 12
months respectively.

Gonshor e al* performed histologic and histomorpho-
metric evaluation of allograft stem cell-based matrix sinus
augmentation procedure. After mean 3.7 months of healing
period, allograft cellular bone matrix (ACBM), containing
native mesenchymal stem cells and osteoprogenitors graft
group showed that vital bone content was 32.5 £ 6.8% and
residual graft content was 4.9 + 2.4%. On the other hand,
conventional allograft group showed that vital bone con-
tent was 18.3 £ 10.6% and residual graft content was 25.8
+ 13.4%.

Some researchers proposed that histologic features of
grafted site were influenced by harvesting technique of
biopsy specimen. In comparison with crestal approach, the
less bone formation tendency was detected in lateral win-
dow biopsy.***" In this study, crestal approach with 3.0 mm
trephine and surgical stent was selected for harvesting biop-
sy specimen.

A slowly resorbable biomaterial might be suitable in
sub-sinusal bone augmentation for preventing the re-expan-
sion process and for augmenting the density of the regen-
erated tissues. Bovine HA seems to be the most efficient
fillers for 3 dimensional stability of sub-sinusal bone aug-
mentation.* In this study, AutoBT and Bio-Oss showed
similar healing pattern, excellent graft volume maintenance
and active new bone formation, in microCT and histomot-
phometric evaluation of biopsy specimen 4 months after
graft procedure. So, if it was applied for sinus bone graft, it
would be useful material struggling repneumatization
against intra-sinus pressure. Bone formation was found sur-
rounding both enamel and dentin portion of AutoBT
material. New bone bridges between graft materials were
also detected in AutoBT group. Also newly-formed and
matured lamellar bone was detected surrounding AutoBT
material, osteoblasts covering newly-formed bone accumu-
lated osteoid.

Bone healing of human sinus cavity showed different
features according to the types of graft materials and heal-
ing time. Also, vital bone formation ratio increased gradual-
ly over time.***" In histomorphometric evaluation, the mean
osteoid thickness was higher in AutoBT group (13.12 um)
than in Bio-Oss group (8.35 pm). Also, though it was not
statistically significant, portion of new bone formation was
higher in AutoBT group (31.07%) than in Bio-Oss group
(26.49%).
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CONCLUSION

In this prospective clinical study, sinus membrane thickness
maintained stable in both graft materials. Also, there was no
significant difference between groups on CT, microCT or
histomorphometric analysis, except thicker trabecular and
osteoid thickness in AutoBT group. Conclusively, AutoBT
was not inferior to Bio-Oss as bone graft material for sinus
bone graft procedures. So, AutoBT could be considered a
viable alternative to the autogenous bone or other bone
graft materials in sinus bone graft procedure. In terms of
recycling autogenous tissue that would be usually discarded
as medical waste, AutoBT is the new concept of graft
material. It is marvelous that there is no donor site morbid-
ity in spite of using autogenous tissue, and that there is no
risk of immune response or spread of disease. In the
future, more studies will be succeeded for the evaluation of
AutoBT application for other bone graft procedures.
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