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Table 1. Mean amounts of new bone formation in Control, Group 1

and 2 at 6 and 12 weeks after placement (mnf)
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

R

Histopathological findings of the 6-week control group. A small
amount of newly bone formed (asterisk) around the defect
margin (arrows) was observed. Hematoxylin-eosin stain; original

magniﬁcation X40 .......................................................................... 20

Histopathological findings of the 12-week control group. A
small amount of newly bone formed (asterisks) around the
defect margin (arrows) was observed. Hematoxylin-eosin stain;

original magnification X4, = wwswssessesseussmsssississisiisinsiine 20

Histopathological findings of the 6-week experimental group 1.
A small amount of newly bone formed (asterisk) around the
implant chips (arrows) was observed. Hematoxylin-eosin stain;

original magnification X100, «+wwssesssesseessesssmssemssemsssiiissiiininss 21

Histopathological findings of the 12-week experimental group 1.
A small amount of newly bone formed (asterisks) around the
implant chips (arrows) was observed. Hematoxylin-eosin stain;

original magnification X100, «++wseessessemssessemssmssesssissiissiiisinns 21
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Fig. 5.

Fig. 6.

Histopathological findings of the 6-week experimental group 2.
Newly bone formed (asterisks) around the implant chips
(arrows) and membrane was observed. Hematoxylin-eosin stain;

original magnification X100, «+ - wssesssesseessessssssemsseissiisiinsiiiiinss o)

Histopathological findings of the 12-week experimental group 2.
Newly bone formed (asterisks) around the defect margin
(arrows), implant chips and membrane was observed.

Hematoxylin-eosin stain; original magnification x100. -« 22
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Abstract

The purpose of this study was to evaluate the bone formation after
using the allogenic bone alone or with a membrane.

Sixty healthy Sprague—Dawley rats were divided equally into 6-week
12-week, and control groups and maintained under identical conditions.
Graft materials used in this experiment were the allograft Tutoplast
Spongiosa Mikrochip and a mineralized cancellous bone allograft
(MCBA), which had reduced antigenicity and virus cross infection
because it had been treated with a special process. Pericardium, which
is made from human pericardium and composed of collagen, was used
as an absorbable membrane. Grafting materials were not transplanted in
the control group, the Tutoplast® was transplanted in experimental
group 1, and the Tutoplast® was transplanted in experimental group 2.

The most abundant volume of new bone formation occurred in
experimental group 2. Noticeable new bone was observed in the defect
area of experiment group 1 when compared with the control group,
and this progressed between 6 and 12 weeks. After 6 weeks, the group
treated with Pericardium® showed infiltration of inflammatory cells into
the rim area, and inflammatory cells were still observed in the

12-week group. However, the membrane outline remained even in the
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12-week group, and the membrane facilitated bone regeneration by
blocking the influx of connective tissue that impeded bone regeneration
beneath the membrane.

Based on thesis results, the barrier membrane stimulated new bone
formation more than did a bone graft alone. It was considered that the
period for maintaining a barrier membrane was sufficient. The effect of

guided bone regeneration was sufficient at 6 weeks.
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I. Introduction

Many materials have been used for bone regeneration and research is
ongoing in the area of bone generation in bone defect areas. In
particular, with the wide use of implants, autogenous bone, allogenic
bone, and diverse synthetic bones have been used to treat bone defect
areas that develop in the temporomandibular area. The best bone
regeneration results are obtained using fresh autogenous bone due to
osteoinduction and osteoconduction. However, autogenous bone has
disadvantages such as pain and edema caused by additional injury to
the donor site, the limited volume that can be harvested, and high
graft-fragment resorptionl’z. Therefore, allogenic bone graft materials
that do not have bone regenerative capacity but do not require an
additional donor site for a bone graft have been widely used. Because
tissues harvested from other people are grafted, they may act as an
antigen in recipient tissues and induce an immune reaction. Therefore,
allogenic graft materials are frozen, freeze-dried, demineralized
freeze-dried, or irradiated in many cases™.

Freeze-dried allogenic bones are supplied in a both non-demineralized
and demineralized form. Demineralization may enhance osteoconductive
capacity by removing minerals within the graft and exposing collagen,

growth factors, and particularly, bone morphogenic proteins.””’

_1_



Freeze-dried bone allograft (FDBA) is mineralized, so it hardens faster
than demineralized FDBA (DFDBA). The Tutoplast Spongiosa
Mikrochip (Puros, Zimmer Dental, Carlsbad, CA, USA) is a
mineralized cancellous bone allograft (MCBA) in which the possibility
of antigenicity and viral cross infection is reduced by special
treatments.” "’

Barrier membranes mediate very important functions in guided bone
regeneration (GBR), and various membranes have been used. Among
these is e-polytetrafluoroethylene (Gore-tex), but it has shortcomings in
that it is non-absorbable, so a second surgery is required to remove
the membrane. It is also expensive, and the possibility for
inflammation is high.“’13 Therefore, absorbable membranes that
maximally exert effects similar to nonabsorbable membranes have been
used recently. We selected an absorbable membrane derived from
human pericardial membrane (Pericardium). Pericardium (Tutoplast
Pericardium®, Tutogen Medical GmbH) has been used widely for
regenerating the bone defect areas near implants or as a barrier
membrane to perforate the maxillary sinus, but too few clinical studies
have been conducted on these procedures.

The purpose of this study was to evaluate the bone formation after

using the allogenic bone alone or with a membrane.



II. Experimental materials and methods

A. Experimental materials

1. Animals

Sixty healthy Sprague-Dawley rats (200-300 g) were divided equally
into 6-week, 12-week, and control groups and maintained under

identical conditions.

2. Materials

Graft materials used in this experiment were the allograft Tutoplast
Spongiosa Mikrochip (Tutoplast®, particle size 1000-2000um, Tutogen
Medical GmbH, Neunkirchen, Germany) and a mineralized cancellous
bone allograft (MCBA). Pericardium (Tutoplast Pericardium”, Tutogen
Medical GmbH), which is made from human pericardium and

composed of collagen, was used as an absorbable membrane.

B. Experimental methods

1. Anesthesia of experimental animals

Anesthesia was induced with an intramuscular injection of 10 mg/kg
ketamine HCI (Ketara®, Yoohan Yanghang) and 0.3 mg/kg xylazine
(Rompun®, Bayer Korea). Inhaled ethyl ether anesthesia was applied

additionally if needed.



2. Surgical methods

Hair was removed from the skin of the rat cranium, and the area
was sterilized and locally anesthetized (2% lidocaine, 1:100,000
epinephrine, Gwang Myung Drugs). An approximately 2-cm incision
was made from the occipital bone to the frontal bone, subcutaneous
tissues were resected and elevated together with the periosteum
bilaterally, and the cranial bone was exposed. A full thickness defect
area was made using a low speed dental drill, being careful not to
injure the dura and blood vessels in the cranial parietal area. The area
was approximately 8 mm in diameter, which was the critical bone
defect size. To prevent excess heat, the areas were washed with saline
while forming the defect area. The incision for the control group was
sutured by closing the upper periosteum of the defect area without
either graft material membranes. Two treatment modalities were applied
for the defected area. In experimental group 1, the Tutoplast® was
transplanted to the defect area in a relatively even thickness and
sutured in place by closing the periosteum. In experimental group 2,
the Tutoplast® was transplanted to the defect area in a relatively even
thickness, covered with Pericardium® attached tightly to graft materials,
and sutured by closing the periosteum. After surgery, 5 mg/kg
gentamicin (Daesung Microbiological Labs. Co., Ltd, Uiwangsi, Korea)

was injected intramuscularly for 5 days to prevent infection.
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3. Preparation of tissue samples and examination

Ten animals were anesthetized as described above and sacrificed in
each experimental group. Then, the defect area including the upper
periosteum, the scalp, and adjacent healthy bone was resected, fixed in
10% neutral formalin, and decalcified by acid immersion (Calci-Clear
Rapid®, National Diagnostics, Atlanta, USA) for approximately 4 hours.
In the middle of the bone defect area, three sections of 3-mm
thickness were harvested consecutively, washed, and embedded in
paraffin using an automatic tissue preparation instrument (Hypercenter
XP, Shandon, UK). Paraffin blocks 4-5 pum in thickness were prepared,
attached to glass slides, maintained at 68°C on a heat plate for longer
than 1 hour, and stained with hematoxylin-eosin or Masson’s trichrome
stains. The prepared specimens were observed under microscopy and
images were captured with the MagnaFire digital camera system
(Optronics, Goleta, CA, USA). The region of interest was measured
and analyzed for new bone formation using the Visus Image Analysis

System (Image and Microscope Technology, Daejeon, Korea).

4. Statistical analysis

The area of bone formed from the edge of defect area to the center
was measured (n = 3/sample), and an ANOVA was performed.
Scheffe’s test was performed to assess significance among the

experimental groups.



III. Experiment results

A. Histological findings

In the 6-week control group, new bone was formed, which was thin
toward the center. New bone was not detected in the rim and center
of the defect area, and most areas were filled with loose connective
tissue (Fig. 1).

Compared with the 6-week group, the 12-week control group
showed an increase in thickness at the edge of new bone that formed
near the defect margins. An increase in the loose connective tissue was

also observed compared to the 6-week group (Fig. 2).

2. Experimental group 1 (allogenic bone)

In the 6-week group, limited new bony spurs proliferated
substantially in the defect margins, and infiltration and activation of
osteoblasts was observed in the grafted bone. Edges between grafted
bone fragments and old bone were indistinguishable due to ingrowth of
osteoblasts, a type of organization (Fig. 3). New bone showed
noticeable fusion with adjacent bone fragments, and bone marrow
formation was detected in some new bony spurs.

In the 12-week group, the pattern of new bone formation had

progressed substantially, and bone from new bony spurs and host bone
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were observed on the edge of the defect area (Fig. 4). Proliferation of
blood vessels was abundant, and active bone formation features were
evident. Resorption and bone formation were ongoing simultaneously at
the edge of the grafted bone due to osteoclast and osteoblast activity,
and a change was noted in the original shape of the grafted bone.
Compared to the 6-week group, denser bone fusion was present due to
the remodeling. However, in all animals, the center of the defect area
remained in an immature ossified condition showed delayed bone

fusion compared with the rim area.

3. Experimental group 2 (allogenic bone and absorbable barrier
membrane graft)

In the 6-week group, the membrane was partially absorbed in the
graft area, numerous inflammatory cells had formed colonies and
infiltrated, and phagocytes and multinucleated cells colonies were
observed (Fig. 5). Substantial new bone formation was observed on the
grafted bones in the center of the graft. Similarly, an increase in new
bone formation was noted at the rim area and, compared with
experimental group 1, a noticeably greater increase in new bone
formation was found in the center area.

In the 12-week group, the membrane boundary had disappeared in

several areas, indicating that membrane absorption had progressed



substantially (Fig. 6). The center defect area was connected with the
rim area and was proliferating continuously when compared with the
6-week group. In all animals, a bone-filling pattern was observed at
the center of the defect area, and connective tissues were hardly

detected.

B. Histomorphometric analysis

In the 6-week groups, the amount of new bone formation in the
control group, experimental group 1, and experimental group 2 were
0.22 + 0.03mm, 0.43 + 0.04mr, and 0.71 + 0.64mr, respectively (control
vs. groups 1 and 2, p = 0.00; group 1 vs. group 2, p = 0.34).

In the 12-week groups, the amount of new bone formation in the
control group, experimental group 1, and experimental group 2 were
0.29 £ 0.02mn, 0.55 £ 0.06mm, and 0.70 £ 0.03mn, respectively (control
vs. groups 1 and 2, p = 0.00; group 1 vs. group 2, p = 0.00).

Overall, the new bone formation in the 12-week groups was

significantly higher than that in the 6-week groups (p = 0.00) (Table 1)



Table 1. Mean amounts of new bone formation in control, experimental

group 1 and 2 at 6 and 12 weeks after placement (mm)

Mean + SD
Time Conirol Experimental Experimental
group 1 group 2
6 weeks 020 £ 0.13 041 + 0.14" 069 + 064"
12 weeks 027 + 0.11 054 = 0.16" 0.70 = 0.03""

* Statistically significant difference relative to control (p<0.05).

T Statistically significant difference relative to experimental group 1

(p<0.05).

SD = standard deviation.




IV. Discussion

Various bone graft materials have been used to restore bone defect
areas. The use of autogenous bone is the most effective for bone
regeneration, but its use is restricted due to the required second
surgery on the donor area and the consequent discomfort of patients.
Therefore, the use of commercialized bone graft materials has increased
substantially. The limitations of autogenous bone are unstable fixation,
rapid resorption, poor local tissue reaction, and graft materials reacting
only passively. Furthermore, autogenous bone does not undergo
osseointegration with host bone'>'.

Lindhe’ and Dahlin et al."” recommended the use of allogenic bone
as a substitute for autogenous bone. Allogenic graft materials are
obtained from cadavers or living donors and are treated with
sterilization procedures at tissue banks approved by the American
Association of Tissue Banks, where they are stored and dispensed.
Allogenic graft materials have advantages in that they are available at
any time, and a donor area for the bone graft is not required, which
may shorten anesthesia and surgery time, resulting in fewer
complications.

Osteoinductive regeneration is a method to augment bone healing

_10_



and regeneration, and the use of a barrier membrane is essential for
successful osteoinductive regeneration. Nyman et al.” and Karring et
al."® introduced GBR by placing a physical barrier membrane that
blocked invagination of connective tissue in the alveolar tissue defect
area to facilitate migration of alveolar ligament cells or osteoblasts
required for alveolar bone regeneration. Dahlin et al."* reported a study
in which 5-mm penetration windows were formed on both right horn
areas of rats, and e-PTFE membranes were placed on the medial and
lateral side, with the other side serving as the control with no
membrane. Nyman et al."” reported that complete new bone formation
was obtained in 6 months in a defect area using Teflon membranes in
the vicinity of implants. Numerous studies have reported that the
biocompatibility of such barrier membranes is excellent, and the
procedure can be performed readily during surgery; thus, clinical
outcomes were excellent. Nevertheless, because the material is not
degradable, it has shortcomings in that a second surgery is required to
remove the barrier membranes from alveolar tissues. The second
surgery itself exerts harmful effects on growing granular tissue and
causes financial and physical burdens on patients. To resolve such
problems, the use of an absorbable membrane is increasing.

The results from experimental group 2 at 6 weeks showed that the

membrane was partially absorbed in the bone graft area, and by 12

_11_



weeks, absorption of the membrane had progressed substantially. The
membrane inhibited connective tissue invasion, which impedes bone
formation, and thereby facilitated new bone formation.

Brunel et al.'® reported that severe inflammation around an
absorbable collagen barrier membrane in the rat cranium stimulates
membrane degradation. In this study, animals in experimental group 2
at 6 weeks revealed numerous phagocytes and multinucleated giant
cells forming infiltrating colonies, and the inflammatory cell infiltration
was observed even in the 12-week group. Such inflammatory cell
infiltration may be associated with membrane absorption; however,
these findings were not observed in the bone graft area below the
membrane and were restricted to the membrane rim. Thus, the
infiltration appeared not to have a significant effect on bone
regeneration. In cases in which absorbable barrier membranes are used,
a period during which the membrane is not absorbed is required to
prevent interference with new bone regeneration. Hurzeler et al.”
referred to this as the critical maintenance period, and approximately 2
-8 weeks are required for alveolar tissue regeneration. Becker et al.”’
reported that sufficient bone regeneration could be induced in 4-6
weeks in experiments using e-PTFE membranes. Similarly, we found
that new bone formed in 12 weeks. Thus, the membrane should be

maintained for a minimum of 4 weeks. However, the experiment was
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performed on rat cranium, and other areas in humans may be different.

In a study reported by Dahlin et al.," using graft materials to secure
the maintenance of space was recommended for cases using absorbable
membranes alone, because a depression in the membrane within the
defect area frequently occurs. In cases in which absorbable barrier
membranes are used and bone graft materials are used together with
GBR, the interval for bone formation should be maintained because the
membrane also has osteoinductive or osteoconductive abilities, so better
bone formation could be obtained. In a study reported by Anderegg et
al.,”' better bone formation was obtained in cases using barrier
membranes together with demineralized freeze-dried bone. Similarly, we
found that the new bone formation amount of experimental group 2
was significantly higher than that in experimental group 1. The
histological findings revealed firmer bone union in the 12-week group
of experimental group 2 than in experiment group 1, which was in
good agreement with the results reported by Brugnami et al.”> who
reported that a barrier membrane prevents the coverage of graft bones
with fibrous connective tissues, resulting in improved formation of new
bony spurs by osteoblasts.

In the 6-week experimental groups, a difference was observed in the
volume of new bone formed compared with the control group. When

compared with results at 12 weeks, more new bone was formed in
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experimental group 1 than the other groups. It was considered that
during the early phase of bone formation, the barrier membrane
blocked the invasion of connective tissue, facilitating new bone
formation. Additionally, the amount of bone formation was higher in
the experimental group in which only a bone graft was used compared
with the control group, suggesting that the bone graft materials exerted
an osteoconductive effect that induced the growth of blood vessels and
fibrous tissues and contributed to the proliferation and stability of the
bone™?*,

The results of this study showed when the absorbable membrane
(Pericardium®) and allogenic bone (Tutoplast®) were used in combination

during GBR, better bone formation resulted than cases in which bone

graft materials alone were used.
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V. Conclusion

1. The experimental group 2 showed the greatest amount of new bone
at both 6- and 12- week compared with control and experimental
group 1.

2. The experimental group 1 showed the greater amount of new bone
at both 6- and 12- week compared with control group.

3. After 6 weeks, the group treated with Pericardium® showed
infiltration of inflammatory cells into the rim area, and
inflammatory cells were still observed in the 12-week group.
However, the membrane outline remained even in the 12-week
group, and the membrane facilitated bone regeneration by blocking
the influx of connective tissue that impeded bone regeneration

beneath the membrane.

Based on theses results, the barrier membrane enhanced the new
bone formation and believed to be potentially useful in combination
with allogenic bone in GBR. In addition, it was considered that the 6

weeks for maintaining a barrier membrane was sufficient.
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Figure Legends

Fig. 1. Histopathological findings of the 6-week control group. A small
amount of newly bone formed (asterisk) around the defect margin

(arrows) was observed. Hematoxylin-eosin stain; original magnification
x40 .

Fig. 2. Histopathological findings of the 12-week control group. A
small amount of newly bone formed (asterisks) around the defect
margin (arrows) was observed. Hematoxylin-eosin stain; original
magnification x40 .
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Fig. 3. Histopathological findings of the 6-week experimental group 1.
A small amount of newly bone formed (asterisk) around the implant
chips (arrows) was observed. Hematoxylin-eosin stain; original
magnification x100 .

Fig. 4. Histopathological findings of the 12-week experimental group 1.
A small amount of newly bone formed (asterisks) around the implant
chips (arrows) was observed. Hematoxylin-eosin stain; original
magnification x100 .
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Fig. 5. Histopathological findings of the 6-week experimental group 2.
Newly bone formed (asterisks) around the implant chips (arrows) and
membrane was observed. Hematoxylin-eosin stain; original magnification
x100 .

Fig. 6. Histopathological findings of the 12-week experimental group 2.
Newly bone formed (asterisks) around the defect margin (arrows),
implant chips and membrane was observed. Hematoxylin-eosin stain;
original magnification x100 .

_22_



	I. Introduction 
	Ⅱ. Materials and Methods 
	Ⅲ. Results 
	Ⅳ. Discussion 
	Ⅴ. Conclusion 
	References 


<startpage>14
I. Introduction  1
¥±. Materials and Methods  3
¥². Results  6
¥³. Discussion  10
¥´. Conclusion  15
References  16
</body>

