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I. Introduction

Bone resorption continues when teeth are
lost. Forty to 60% of bone morphological
changes occur between 6 to 24 months after

. Implant placement in the

the extraction'
optimal positions allows us to obtain a be-
tter load distribution, inter-arch relations
and esthetics of the final prosthesis”. Thus
far, several techniques have been advocated
for the generation of new bone tissue within
or around a tentative implant site. For early
implantation, the guided bone regeneration
{OBR) procedure is performed at the extrac-

tion socket to prevent alveolar bone resorp-

tion after extraction, making implantation
possible later and increasing the success
rate of graft implantation. Extraction soc-
kets have been used as a model for wound
healing in many studies®. GBR techniques
utilize graft material alone or in combina-
tion with barrier membranes™® .

Human demineralized freeze-dried bone
allografts(DFDBA) have been widely used in
the periodontal regeneration procedure. Ber-
glundh et al.® reported Bio-Oss fulfills the
criteria of an osteoconductive material. Wet-
zel et al.” reported that Bio-Oss undergoes
a slow resorption process. Although there
have been studies on the use of various
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graft materials such as DFDBA and Bio-Oss
during periodontal regeneration surgery,
sources are lagging on histologic findings
from extraction sockets after a GBR proce-
dure in which the extraction socket is filled
with the mixture of DFDBA and Bio-Oss or
a GBR procedure in which GBR membrane
is placed over the extraction socket after
filling the socket with the mixture of DFD-
BA and Bio-Oss. Bio-Oss and DFDBA were
mixed at a 1:1 ratio to even out osteo-
conduction and osteoinduction during bone
formation. The combined two fillers may
promote the healing after GBR in human
extraction sockets. GBR membrane was used
for the purpose of secure the site for retain-
ing the graft and inducing osteoblasts.

The aim of this study is to classify the
healing pattern following GBR in human ex-
traction sockets, histologically.

II. Materials and Methods

Twenty sites from 14 patients, (8 men and 6
women), with a mean age of 44 years(range 17
to 64) were evaluated. All the patients were
medically healthy, exhibited good oral hy-
glene, and had no contraindications for den-
tal treatment. The patients signed informed
consent forms. Full-thickness flaps were
elevated, and the sockets were thoroughly
debrided with a surgical curette and a small
round bur to remove the granulation tissue
approximately 1 month after the extraction.
The defect sites were then filled with a 1:1
mixture (vol./vol.) of DFDBA(250-500 mm, PACI-
FIC COAST TISSUE BANK. U.S.A) and Bio-
0s8(0.25-1.0 mm. Ceistlich, Biomaterials and Osteo-

health. Switzerland), and were covered with a
resorbable collagen membrane Bio-Mesh
(SAMYANG CORPORATION, Korea). The flaps
were sutured using a vertical mattress su-
ture method with 4-0 resorbable suture ma-
terials(SAMYANG CORPORATION, Korea) and
3-0 silk. Primary flap closure was performed
through releasing incision. One dentist per-
formed all surgeries. We would recommend
postoperative guidelines such as the use of
medications including antibiotics and mouth-

wash using chlorhexidine.

1. Specimen preparation

The specimens were retrieved with a
trephine bur, a mean 6.7 months (range 4 to
13 months) after the placement of the grafts
within the mandibular extraction sockets for
future rehabilitation with endosseous im-
plants. They included hard tissue from the
alveolar ridge crest over the previously
grafted sockets. The specimens were taken
at the time of the implant placement in the
regenerating bone using a trephine bur (2x12
mm). These biopsies were all obtained with
informed consent from the patients, in
accordance with the ethical standards of the
Review Committee on the use of Human
Subjects at Chosun University, Gwangju,
Gwang—ju, South Korea.

2. Histologic and immunohistoche—
miccal staining

Each biopsy specimen from the retrieved
bone cylinders was immediately fixed in a

solution containing 4% paraformaldehyde
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and then decalcified in a 10% EDTA (pH 7.4)
solution at 4T for 4 weeks. All the spe-
cimens were routinely embedded in paraffin,
after which 5 pm sections were cut per-
pendicularly to the long axis of the bone
cylinders mounted on ethoxysilan-coated
glass slides. The sections were stained with
hematoxylin and eosin for general histolo-
gical observations.

For the immunochistochemistry, polyclonal
anti-mouse ALP antibodies were purchased
from ID Labs inc. (London, ON. Canada). The
paraffin sections were pre-incubated with
1% BSA in 1x PBS for 30 min, and incu-
bated for 1 h with anti-ALP antisera diluted
1:100 in 1% BSA in 1x PBS. After washing
in 1x PBS, the sections were incubated for 1
h at room temperature with biotinylated goat
anti-mouse IgG antibodies diluted 1:200 in
1x PBS. as the secondary antibody. The sec-
tions were then rinsed briefly with 1x PBS,
reacted with an avidine-biotin—peroxidase
complex(Vector Lab., Burlingame. CA, U.S.A) in
1x PBS for 1 h. After color development with
0.05%  DAB(diaminobenzidine  tetrahydrochlo-
ride), the sections were washed and counter-

stained with hematoxylin.

II. Results

Of the twenty sites, new bone formation
was observed in only 9 sites without mem-
orane exposure. /U period in relation to
healing varied according to each site and
histologic healing types also varied. Table 1
shows differences according to extraction si-
tes. Differences during the healing process of
single root teeth and multiple root teeth are

listed in Table 1. Among 20 sites, there were
4 single root teeth and 16 multiple root
teeth. The healing type of single root teeth
was Type I in 2 sites, Type Il in 2 sites. In
the case of multiple root teeth, the type va-
ried from Type T to Type V. The histological
sections showed five different healing pat-
terns according to the bone forming proper-
ty, fibrous tissue proliferation and inflamma-
tion around the graft materials. Histologic
differences of these 5 types are listed in Ta-
ble 2. In type I, there was no new bone for-
mation in or around the graft materials, and
necrotic graft materials were surrounded by
thick fibrous tissues showing mild inflam-
mation(Figure. 1). In type II, no appreciable
bone formation occurred in or around the
graft materials, which were encapsulated by
dense fibrous tissues(Figure. 2). In type III,
the graft materials were densely packed in
connective tissue that was rich in collagen
fibers with only some very small, circumscri-
bed areas of remineralization characterized
by a lack of osteocyte nuclei(Figure. 3). In
type IV, the newly formed bone could be dis-
tinguished from the graft materials embedd-
ed in some fibrous tissues, and the osteobla-
sts were exclusively located at the surfaces of
newly formed bone, and the osteocytes were
also laid in the lacunae of the new bone
(Figure 4). In type V, the graft materials were
surrounded by newly formed bone and bone
deposition by osteoblast rimming was evident,
which was also interconnected by newly
formed bone(Figure 5). The ALP activities
were not identified in the type I, 1T and III
healing patterns, but were intensely express-
ed in the type IV and V healing patterns.
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Figure 1. Histological section
following augmentation with
human DFDBA and Bio—Oss
showing type | healing pat-
tern. Graft materials showed
necrosis and were surrounded
by inflammatory connective ti—
ssues(arrows)(H-E stain, ma-
gnification x100).

Figure 4. Histological sectio
following augmentation with
human DFDBA and Bio— Oss
showing type IV healing
pattern. Dense fibrous tissues
were in contact with some
osteoblasts (H-E stain, mag—
nification x100).

Figure 2. Histological section
following augmentation with
human DFDBA and Bio—Oss
showing type Il healing pat-
tern. There was no new bone
formation in or around the
graft materials encapsulated
by dense fibrous tissues(H-E
stain, magnification x100).

Figure 5. Histological section
following augmentation with
human DFDBA and Bio-Oss
showing type V healing pat-
tern with bone dust. The
newly formed bone(NB) could
be unambiguously distingui—
shed from the graft materi—
als(arrows)(H-E stain, magni—
fication x100).
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Figure 3. Histological section
following augmentation with
human DFDBA and Bio-Oss
showing a type Il healing
pattern. Graft materials were
surrounded by new bone(ar—
rows) characterized by a lack
of the osteocyte nuclei and
connective tissues(H-E stain,
magnification x100).

Figure 6. Immunohistochemica
| localization of ALP in the
sections showing a type V
healing pattern. ALP localiza-
tion denoting the active new
bone formation(arrows)(x100).



Table 1. Healing patterns around the graft materials

Patient  Sex o Sit;e :’
1 M #31, #38 13/16 No Type V
2 M #36 7/25 No Type V
3 M #46 6 No Type V
4 F #36 4/7 No Type V
5 M O #36 4/15 No Type V
6 F #46, #47 4/12 No Type IV
7 F #46 4/10 No Type V
8 M #25, #26 13 Yes Type I & I
9 M #36 4/15 Yes Type T
10 M #36 4/5 Yes Type I
11 M #11, #21 7 Yes Type I
12 F #45, #46 4/12 Yes Type 1I
13 F #46, #47 4/6 Yes Type I
14 F #25 6/3 Yes Type 1

Table 2. Interpretive standard for typing of healing patterns around the graft materials

Healing patterns x;z::: '
Type 1 - + + -
Type I - +
Type M + +
Type IV + + - +
Type V + - - +

ALP: alkaline phosphatase, —: absent. +: present, ' partially present
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IV. Discussion

Tooth extraction as a result of advanced
periodontitis often leads to osseous deform-
ities of the alveolar ridge. These deformities
can present significant complications per-
forming implant surgery. Periodontal and
alveolar ridge defects resulting from several
factors often require a surgical correction
prior to a prosthodontic reconstruction'"”.
It has been suggested that extraction sock-
ets are ideal defects for evaluating bone
healing.

The efficacy of guided bone regenera-
tion(GBR) therapy for rebuilding of atrophic
alveolar bone prior to implant placement
has been well-established in the literature.
The technique of guided bone regeneration
using barrier membranes are frequently
combined with the application of autogenous
bone or bone substitutes' . Cancellous auto-
genous bone is an ideal graft material for
use in surgical procedures aimed at enhan-
cing a deficient alveolar ridge particularly

ERRI S

for vertical ridge augmentation
ever, patients frequently do not accept auto-
genous bone transplants because it requires
2 surgical sites, and may require general
anesthesia. For these reasons, many authors
have suggested the use a variety of mate-
rials for grafting'®*".

DFDBA appears to affect bone formation
because of the presence of bone morphogenic
proteins™ . Piattelli et al.”’ reported that
significant new vital bone formation was oh-
served 6 months after the placement of a
DFDBA. DFDBA is used in the preservation

of extraction sockets and in the repair of re-

sorbed alveolar ridges to provide a sufficient
quantity of bone for the placement of endo-
sseous implants®™ . Bio-Oss is a natural bo-
vine bone mineral, which has the osteo-
“70 Valentini et al.?’

reported the use of Bio-Oss as a grafting

conductive properties

material to augment the sinus floor. Ber-
glundh et al.® examined the healing process
after 3 and 7 months of bone defects filled
with natural cancellous bovine bone mineral.
They reported that with time Bio-Oss, as an
ostoconductive material, becomes integrated
and subsequently replaced by newly formed
bone. Wetzel et al.” reported that Bio-Oss
undergoes a slow resorption process in the
sinus area. Valentini et al.”® suggested use
of the composite grafts, DFDBA and Bio-
Oss, as an alternative to autografts in the
sinus floor lifting procedure, and natural
bovine bone mineral matrix could be in-
dicated alone in the case of sufficient re-
maining bone around the sinus.

We believed that the mixture of Bio-Oss,
for the purpose of securing the space by re-
taining a graft for a limited period of time,
and DFDBA, for the purpose of inducing os-
teoblasts in the surrounding autogenous
bone, would be effective in maximizing the
effect of GBR procedures. In this study,
Bio-Oss and DFDBA were osteoconduction
and osteoinduction, respectively, during
bone formation. Therefore, the combined two
fillers may promote the healing after GBR
in human extraction sockets.

It was reported that histologic healing
state after GBR procedures is analyzed at
extraction sockets but the histologic healing
type wasnUt classified. Therefore, we classi-
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fied the histologic healing types from Type
I to Type V in hope of aiding future stud-
ies on GBR. F/U period in relation to heal-
ing varied according to each site and histo—
logic healing types also varied in this study.
Differences between Type land Type V are
listed in Table 2. GBR results are based
upon space maintenance, clot protection,
clot isolation, maintenance of primary soft
tissue closure, and management of overlying

29-33)
. The early exposure

postoperative forces
of the barrier membrane was considered to
be an actual complication that can hinder
the effectiveness of the GBR for future im-
plant placements. Retention of the con-
nective tissue or necrotic and inflamed tis-
sue in the grafted sites may weaken the
bone at the sites. It is likely that the re-
sults from a variety of techniques may
differ. Within limited studies, suggests that
membrane exposure in GBR is related to a
negative effect in new bone formation follow—

ing grafting in the extraction sockets™'.

In
this study, the healing type of membrane
non-exposure group was Type V in 7 sites,
Type IV in 2 sites. In the case of membrane
exposure, the type varied from Type 1 to
Type M. The specimens with a type I, II and
111 healing pattern might not show any evi-
dence of new bone formation and the ALP
activities because of membrane exposure.
Type V showed new bone formation and
positive ALP but did not show the pro-
liferation of connective tissue, inflammation
and necrosis. The proliferation of connective
tissue differed between Type IV and Type V.
n other word, the histology was that of
normal bone in Type V compare with Type

IV according to the pattern of bone healing.
Many studies reported that early exposure
of the membranes during healing hinders
the effectiveness of the GTR in the peri-im-
plant tissues. It was reported that mem-
brane exposure is more prevalent in smokers
but all of the subjects in this study were
non-smokers. In this study, most extraction
sockets resulted from tooth extraction due
to periodontitis. In some cases, endodontic
treatment was done in the tooth adjacent to
the extraction socket. In this study, the
healing type of single root teeth was Type I
in 2 sites, Type Il in 2 sites. In the case of
multiple root teeth, the type varied from
Type I to Type V. Single root teeth were
either extracted due to chronic periodontitis
or endodontic treatment was done in the ad-
jacent teeth. We believe that the tooth being
extracted and the status of adjacent teeth
would affect histologic healing types when
comparing the histologic healing types of

single root teeth and multiple root teeth.

V. Conclusions

In this study, we classified the histologic
healing types after GBR in human ex-
traction sockets. And we compared the his—
tologic healing pattern in two groups, i.e.,
the membrane exposure and membrane non-
exposure group. The histologic healing types
were classified from Type I to Type V. The
healing type of membrane non-exposure
group was Type V in 7 sites, Type IV in 2
sites. In the case of membrane exposure, the
type varied from Type [ to Type LI New

bone formation was showed only Type IV and
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Type V without membrane exposure. Within
the limitation of this stu- dy, these results
demonstrated that membrane exposure is re-
lated to a negative effect in new bone for-
mation following grafting in the extraction
sockets. Our results suggest that the classi-
fication of healing pattern may be useful in
the evaluation of outcome of the GBR.

VI. References

1. Anitua, E. Implant surgery and prosthe-
sis: a new perspective puesta al DIA
publicationes, S. L. 1998;103-151.

2. Covani, U., Cornelini, R. and Barone A.
Bucco-Lingual Bone remodeling around
implants placed into immediate extrac-
tion sockets : A case series. J Periodon-
tol 2003;74:268-273.

3. Lazarra, R. Immediate implant place-
ment into extraction site: Surgical and
retorative advantages. Int J Periodontics
Restorative Dent 1989:9:333-343.

4. Pripatnanont, P., Nuntanaranont, T.
and Chungpanich, S. Two Uncommon
Uses of Bio-Oss for GTR and Ridge Aug-
mentation Following Extractions: Two
Case Reports. Int J Periodontics Res-
torative Dent 2002;22:279-285.

5. Zubillaga, G., Von Hagen, S., Simon B.
I., et al., Changes in alveolar bone
height and width following post-extrac-
tion ridge augmentation using a fixed
bioabsorbable membrane and demineral-
ized freeze-dried bone osteoinductive
graft. J Periodontol 2003: 74:965-975.

6. Berglundh T, Lindhe J. Healing around
implants placed in bone defects treated

10.

11.

12.

956

with Bio-Oss. An experimental study in
the dog. Clin Oral Impl Res 1997:8:117-
124.

Landi, L., Pretel Jr, R. W., Hakimi, N.
M., et al., Maxillary Sinus Floor Eleva-
tion Using A Combination of DFDBA
and Bovine-Derived Porous Hydroxya-
patite: A Preliminary Histologic and
Histomorphometric Report. Int J Perio-
dontics Restorative Dent 2000;20:575-
583.

Uyeda, G. T., Vernino, A. R. and
Brand, J. W. Combination Treatment
Using Decalcified Freeze-Dried Bone
Allograft With Guided Tissue Regene-
ration in Human Periodontal Defects:
Two Case Reports. Int J Periodontics
Restorative Dent 1994;14:355-363.
Wetzel, A. C., Stich, H. and Caffesse,
R. G. Bone apposition onto oral im-
plants in the sinus area filled with dif-
ferent grafting materials. A histological
study in beagle dogs. Clinical Oral
Implants Research 1995:6:155-163.
Harris, R. J. Human Histologic Evalua-
tion of a Bone Graft Combined with
GTR in the Treatment of Osseous Dehis-
cence Defects: A Case Report. Int J
Periodontics Restorative Dent 2000:20:
511-519.

Reynolds, M. A. and Bowers, G. M.
Fate of Demineralized Freeze-Dried
Bone Allografts in Human intrabony De-
fects. J Periodontol 1996:67:150-157.
Simion, M., Trisi, P. and Piattelli, A.
GBR With an e-PTFE Membrane Asso-
ciated With DKFDBA: Histologic and
Histochemical Analysis in a Human



13.

14.

15.

16.

17.

18.

19.

Implant Retrieved After 4 Years of
Loading. Int J Periodontics Restorative
Dent 1996:16:339-347.

Wang, H. L. and Shammari, K. A. HVC
Ridge Deficiency Classification: A The-
rapeutically Oriented Classification. Int
J Periodontics Restorative Dent 2002:
22:335-343.

Zitzmann, N. U., Scharer, P., Marinello,
C. P.. et al., Alveolar Ridge Augmen-
tation with Bio—Oss: A Histologic Study
in Humans. Int J Periodontics Resto-
rative Dent, 2001:21:288-295.
Matsumoto, M. A., Filho, H. N., Fran-
cischone, C. E., et al., Microsopic A-
nalysis of Reconstructed Maxillary Al-
veolar Ridges Using Autogenous Bone
Grafts from the Chin and Iliac Crest.
INT J ORAL MAXILLOFAC IMPLANTS
2002;17:507-516.

Becker W, Beker B, Caffesse R. A Com-
parison of Demineralized Freeze- Dried
Bone and Autologous Bone to Induce
Bone Formation in Human Extraction
Sockets. J Periodontol 1994: 65:1128-
1133.

Blank B, Levy AR. Combined Treatment
of a Large Periodontal Defect Using
GTR and DFDBA. Int J Periodontics
Restorative Dent 1999:19:481-487.
Blumenthal NM, Alves MEA. The Use of
Demineralized Freeze-Dried Bone-Glyco-
protein Matrix Grafts in Treating Ba-
boon Periodontal Infrabony Defects. Int
J Periodontics Restorative Dent 2000;
20:61-69.

Bunyaratavej, P. and Wang, H. L.
Collagen Membranes: A Review. J Pe-

20.

21.

22.

23.

24.

25.

26.

957

riodontol 2001; 72:215-229.

Doblin, J. M., Salkin, L. M., Mellado, J.
R.. et al., A Histologic Evaluation of
Localized Ridge Augmentation Utilizing
DFDBA in Combination With e-PTFE
Membranes and Stainless Steel Bone
Pins in Humans.” Int J Periodontics
Restorative Dent 1996: 16:121-129.
Froum, S., Cho, S.C., Rosenberg, E., et
al., Histological Comparison of Healing
Extraction Sockets Implanted With Bio-
active Glass or Demineralized Freeze
-Dried Bone Allograft: A Pilot Study. J
Periodontol 2002; 73:94-102.

Urist, M. R. Bone formation by osteoin-
tegration. Science 1965: 150:893-899.
Piattelli, A., Scarano, A. and Piattelli,
M. Microscopic and Histochemical Kval-
uation of Demineralized Freeze-dried
Allograft
Implant Placement: A Case Report. Int
J Periodontics Restorative Dent 1998:18
:355-361.

Brugnami F, Then PR, Moroi HM., et
al., GBR in Human Extraction Sockets

and Ridge Defects Prior to Implant

Bone in Association with

Placement: Clinical Evidence of Osteo-
blastic and Osteoclastic Activities in
DEDBA. Int J Periodontics Restorative
Dent 1999:19:259-267.

Camelo, M., Nevins, M. L., Schenk, R.
K., et al., Clinical Radiographic, and
Histologic Evaluation of human Perio-
dontal Defects Treated with Bio-Oss and
BioGide. Int J Periodontics Restorative
Dent 1998:18:321-331.

Valentini, P. and Abensur, D. Maxillary
Sinus Floor Elevation for Implant Place-



27.

28.

29.

30.

ment With Demineralized Freeze- Dried
Bone and Bovine Bone(Bio-Oss): A clin-
ical Study of 20 Patients. Int J Perio-
dontics Restorative Dent 1997:17:233-
241.

Valentini, P., Abensur, D., Wenz, B., et
al.., Sinus Grafting with Porous Bone
Mineral (Bio—Oss)
ment: A H-year Study on 15 Patients.
Int J Periodontics Restorative Dent 2000
1201245253,

Valentini, P., Abensur, D., Densari, D.,
et al., Histological evaluation of Bio-Oss

for Implant Place-

in a 2-stage sinus floor elevation and
implantation procedure. A human case
report. Clin Oral Impl Res 1998.9:59-
64.

Bartold PM, Narayanan AS. Biology of
the Periodontal Connective Tissue. Chi-
cago, Quintessence, 1998:241-267.
Fugazzoto, P. A. GBR using bovine bone
matrix and resorbable and nonresor-
bable membranes. Part 1: Histologic re-

sults. Int J Periodontics Restorative

31

33.

34.

958

Dent 2003:23:361-370.

Klinge, B., Nilveus, R. and Egelberg, J.
Effect of crown attached sutures on
healing of experimental furcation defects

in dogs. J Clin Periodontol 1985:12:
369-373.
. Murphy, K. G. Postoperative Healing

Complications Associated With Gore-Tex
Periodontal Material. Part II. Effect of
Complications on Regeneration. Int J
Periodontics Restorative Dent 1995:15:
549-561.

Tonetti, M. S., Pini-Prato, G. and Cor-
tellini, P. Periodontal Regeneration of
1IV. Deter-
minants of Healing Response. J Perio-
dontol 1993:;64:934-940.

Simion, M., Baldoni, M., Rossi, P., et
al., A Comparative Study of the Effecti-
veness of a e PTFE Membranes With
and Without Early Exposure During the

Human Intrabony Defects.

Healing Period. Int J Periodontics Res—
torative Dent 1994:14:167-180.



—-Abstract-

o ojzkem, Bo] : 4449l 20782 EX|9b el S }ﬁ]‘j—}(Biol\{esh. Sam Yang Corporation, Korea)ﬂ}

[e}
A %ﬂ%% Zﬂi%%‘ Z(dem-ineralized freezedried bone allografts, 250-500um. Pacific Coast Tissue Bank,
=

1 1(Re) 8 =3 6}04 1“6:} 1 xhro ]

OF. o

At g g As) $isle] %»@;17}10;0] sk 50 ol Aok SRS, A
& 9Jt0] oS AR 7] oF 67§ Fol ATk Asl7] A ABPSIIA trephine bur® FE
AZsitztl, 2058 F TEdol QRS Hish] Aol o) wBERCh Aol 1A e

74&‘_ EHz;lo Léz w] 7].o. A]@ilog /gﬂ{g}oﬂp. 51_311 ﬁ}x%o PAL 9

i
il
BF
&
Q
2L

4l el
5 7
5

TS 2519930, alkaline phosphotase(ALP) S o]-43lo] Mo z2l5l8)A ?3*—’;’% /\]?3'31

2 Wrlele] thga) 2 duks Q9irh £ dqlMs wAoelA ShEde ¥ ks AR GEE
57K gElR 58 4 qi2ick Type I, 19+ IIE A& = Ax}

-{o F‘F
4

Al

>

LP &4 278 Yehidich Type Vi A2
Agtzzle] 24 58 Ik Type [V} Type Ve ] zjo)i= 7.5_%%&‘91 Fajoji e Rt Ho] -2y
dlollM= Type Vel 24 HelE, 254

= Type I, 11, 1I19] vk xl Eﬂi HERHSITY

Uloll ZHEAiles: Alsgat 3 ajEuke] wd o7t AAa Ao T8k JTE 1]

oiola] Bdh x5 Fevh FF SeAle o] Ax 24 #8d 5 e A

om

Foo] s ulsh, HHEAYE

959



