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Abstract
The effect of chitosan and collagen membrane coatied

PLGA on bone regeneration in Rat Calvarial Defect

Resorbable membranes are being evaluated as pbtes@ndidates for
periodontal and bone regenerative therapy. Thectibge of this study was to
evaluate the effect of chitosan and collagen menghcmated with PLGA on bone
regeneration in Rat Calvarial Defect.

A standardized, circular, transosseous defect, 8imimameter, was created on
the cranium with the use of a saline cooled trephdnill”. After removal of the
trephined calvarial disk, each PLGA coated collatapd chitosan membrane was
applied to the defects. The animals were divided thgroups of 5 animals each
and allowed to heal for 2 (5 rats) or 8 (5 ratsgkge Each animal received one of
three experimental conditions: PLGA 0.5%, PLGA 1PLGA 3%. The animals
were sacrificed 8 weeks after surgery and compardtistometric analysis was
done.

Surgical implantation of chitosan and collagen meambs resulted in enhanced
local bone formation at both 2 and 8 weeks. WitRIDGA coating examined,
chitosan membrane did not exhibit an appreciabse dizpendent response. Defect
closure and new bone area were not significantfermint in chitosan and collagen

membranes group at 2 weeks. However, the defeduroand new bone in



collagen area were a significantly greater tharse¢hof the chitosan group at 8
weeks (P<0.01). The defect closures of the collag@mbrane group were
significantly greater than those of the chitosasugrat 8 weeks (P<0.01).

In conclusion, collagen membrane coated with PLG#era8weeks has a
significant potential to induce bone formation hetrat calvarial defect model.
Within the selected PLGA dose range and observititenval, there appeared to be

no meaningful differences in bone formation.

Key Words: collagen membrane, chitosan membrane, dose respebh&A
coating, rat calvarial defect model



The Effect of Chitosan and Collagen Membrane coatedith
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(Directed by Prof. Chong-Kwan Kim, D.D.S., M.S.D., PhD.)

l. Introduction

The main object of periodontal treatment is notdolrelieve symptoms but also
to regenerate the destroyed tissues (Stahll,197&)iodontal regeneration means
apposition of new cementum and new bone formatiouliseased root surface with
functional alignment of regenerated connectivaugsigbers and upper gingival tissue
regeneration. There are many approaches to redenaftfammatory periodontal
tissues. Root conditioning which enhances cell sigdieecapacity, bone graft used for
bony defect regeneration, guided tissue regenerasong specific cell migration and
bone morphorgenic protein and other various grolattors are the methods used.

Though clinical application of polypeptide growttacfor and application of



biomedicine are also being used in regeneratioraiye the exact treatment method
has not been founded yet.

The membrane barrier used in GTR should satisfydthewing factors. It should
be histocompatible, biocompatible and have capadity space maintenance
(Magnusson et al., 1988). It also must avoid celiration and should be easy to
handle. Non-absorbable membrane ePTFE almostsuliié factors mentioned above
and is most widely used till today giving out goedsults (Nyman et al.,
1982;Gottlow et al., 1986; Blumental, 1993; Beckeral., 1988; Pontoriero et al.,
1988; Handelsman et al., 1991; Becker et al., 1J99%3owever, ePTFE needd92
surgery for removal therefore has a disadvantagelamhaging immature tissues
(Simon et al., 1994;1994,;1995).

On the other hand, absorbable membrane does ndttoeendergo % surgery
and membrane exposure is rare (MacGinnis et &@8)1But controlling the time of
absorption is difficult and therefore could causealized inflammatory reaction
(Dahlin et al., 1988). In addition to the aboveadigantages poor membrane stability
at wet state causes space loss between the todtthammembrane producing bad
clinical results (Zitzmann et al., 2001).

To use absorbable membrane in GTR, the membranddshot only satisfy the
above factors but also must not cause unwantedmmflatory reaction to newly
regenerating tissues during absorption period. Alstvsorbable membrane should be

used in places where exact initial closure is fbsssince complete removal is
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difficult when exposed (Becker et al., 1996).

Absorbable membrane made of collagen, polylactid,dactide and glycolide
copolymer are developed until today and many rebearon healing effects has been
carried out (Wang et al., 1994;1996; Kay et al97,Peleg et al., 1999; Araujo et al.,
1998; Polson et al., 1995; Caffese et al., 19941@i et al., 1996; Bouchard et al.,
1997). Among these, collagen aggregates platelatmaccelerates stabilization and
maturation of periodontal tissues in wounded s#éted has a chemotatic effect on
PDL cells inducing cell migration. It also availalib prepare in various shapes and
has a histologically acceptable property. Howewdere to rapid absorption period
there could be a problem in space maintaining dégpteereby not suitable to use as
a barrier.

Recently, interest on chitosan has been focusedtalits excellent biological
properties such as biocompatibility, antibactegtiect and rapid healing capacity.
Chitosan is a derivertive made by treating witlorsty alkali and deacetlylization and
has a molecular weight of 800-1500KD. It is biogesble and has similar structural
characteristics with glycosaminoglycan (GAG), spigihyaluronic acid which is
largely founded in extracelluar matrix. Though agkn limits cell migration and
disrupts regeneration, hyaluronic acid is thought accelerate progenitor cell
migration involved in tissue regeneration (Adzidkak, 1992). Moreover, chitosan
inhibits fat absorption and helps in weight logsalso controls cholesterol level and

has an antimicrobiotic, anticarcinogenic and heatasteffect (Brandenberg et al.,
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1984; Kind et al.,1990; Klokebold et al., 1999; Maeelli et al., 1988;1989; Sandford
et al.,, 1989). Earlier studies show that chitosah anly increases migration and
differentiation of progenitor cells (eg. Osteobjast also inhibits cells like
fibroblasts which disturbs bone formation resultingdirect increase in bone
regeneration (Balassa et al., 1978; Klokkevold &t 4996; Muzzarelli et
al.,1993;1994; Ueno et al., 1999). Chitosan is kmdéavaccelerate cell migration and
tissue maturation leading to would healing prommti€hitosan could be used in
various forms like powder, gel, film sponge, sautiand etc. and adhesion to
bioactive materials such as PDGF and BMP is eabgrefore, chitosan could be
clinically widely used in addition to bone substitit and barrier and many studies are
being carried out in fields of dentistry and ortedjz surgery.

Among absorbable membranes, membrane composednpiosite copolymer of
polylactic acid and polyglycolic acid membrane wiaseloped few years ago and its
safety was proofed by using as suture materialsamgical mesh from past. This is
degraded and safely absorbed in the tissue arsl riégorted to have no antigen-
antibody reaction or any inflammation except fornami tissue reaction during
absorption. In 1994, Caffesse applied polylactiyglgcolic copolymer (PLA/PGA)
membrane to beagle dog and analyzed the absorptiocess of the membrane
histomorphologically and histometrically, and comgghtissue reaction with ePTFE
membrane. At 1, 3 and 6 month after surgery, mininioflammatory reaction took

place, and new cementum integrated with collageer fivas founded on exposed root
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surface when both ePTFE membrane and PLA/PGA mermalware used.

Though many materials are used to regenerate paaldtissues there is yet no
material which satisfies all the conditions. Orsthasis, the object of this study is to
allow the absorbable membrane to absorb adequatelynaintain sufficient space by
adding subsequent concentration of PLGA to collaged chitosan membrane
thereby finding out the effect of damaged periodbriissue regeneration after

applicating to mouse calvarium.



[l. Materials & methods

A. Materials

1. Animals

Ninety male Sprague-Dawley rats (body weight 200g3@vere used in this study.
They were maintained in plastic cages in a roonh witl2 h-day/night cycle and an
ambient temperature of 21°C, and were alloveed libitum access to water and
standard laboratory pellets. Animal selection armthagement, surgical protocol, and
preparation followed the routines approved by tistitutional Animal Care and Use

Committee, Yonsei Medical Center, Seoul, Korea.

Table 1. Afigure of animal

2 weeks 8 weeks

Control 5 5

Collatape only 5 5
Collatape (PLGA 0.5%) 5 5
Collatape (PLGA 1 %) 5 5
Collatape (PLGA 3 %) 5 5
Chitosan only 5 5
Chitosan (PLGA 0.5%) 5 5
Chitosan (PLGA 1%) 5 5
Chitosan (PLGA 3%) 5 5

Sum=5x9x2=90(Rats)



2 Membranes.

1) Collagen membrane

Collagen membrarfe dried in drying machine for 24 hours after open.

2) Chitosan

Biodegradable chitosan membrahgl-4, 2-amino,2-deoxy-3 -D-glucosamine)
was dried using distilled water three times at’50

3) PLGA solution

PLGA" (poly[lactide-co-glycolide], 25:75.) was dissolveedmethylene chloride

4) PLGA coating was carried out by precipitationtinegl using solution above for

10 minutes and sterilized with E.O gas after cagatin

9 Collatap& Calcitek, Carlsbad, CA
"Texan MedTech, Korea

"Sigma, Co., U.S.A



B. Experimental Procedures

1. Surgical procedures

The animals were anaesthetized by an intramusoyétion (5 mg/kg body wt.)
consisting of ketamine hydrochloridéRoutine infiltration anesthesiavas used at the
surgical site. An incision was made in the sagjtahe across the cranium and a full
thickness flap reflected, exposing the calvariahéboA standardized, circular,
transosseous defect, 8 mm in diameter, was crestdle cranium with the use of a
saline cooled trephine dfill After removal of the trephined calvarial disk,cBEa
PLGA coated collatape and chitosan membrane waliedp the defects. The
animals were divided into 9 groups of 5 animalshesnd allowed to heal for 2(5 rats)
or 8(5 rats) weeks. Each animal received one ektlexperimental conditions: PLGA
0.5%, PLGA 1%, PLGA 3%. The periosteum and skineatben closed and sutured

with 4-0 coated Vicryl violet.

8 Ketalaf, Yuhan Co., Seoul, Korea

" 2% lidocaine, 1:100,000 epinephrine, Kwangmyungrfh, Seoul, Korea

*3i, FL, USA

" Polyglactin 910, braided absorbable suture, Ethictbhnson & Johnson Int.,

Edinburgh,UK



2. Histologic and histometric Analysis

The animals were sacrificed by g@sphyxiation at 2 and 8 weeks postsurgery.
Block sections including the experimental sitesememoved. Samples were fixed in
10% neutral buffered formalin solution for 10 dagamples were decalcified 5%
formic acid for 14 days, and embedded in paraffierial sections, n thick, were
prepared at intervals of Afh, stained with hematoxylin/eosin (H-E) and exardine
using a light microscope. The most central sectfom® each block were selected to
compare histologic findings between groups.

Computer-assisted histometric measurements weggnebt using an automated
image analysis systémcoupled with a video camera on a light microsé¢bpe
Sections were examined at 20x magnification. Atdigi was used to trace the defect
outline versus new bone formation, and a perceraéfene fill was determined. The
following histomorphometric parameters were meastnam each sample (Fig. 1);

® Defect closure (mm) : the distance between theaehargin and ingrowing
bone margin.

® New bone area (nfin: all tissues within the boundaries of newly fedrbone,
i.e., mineralized bone and fatty marrow and fibsmedar tissue/marrow and residual

biomaterial.

" Image-Pro PIf§ Media Cybernetics, Silver Spring, MD, U.S.A

* Olympus BX50, Olympus Optical Co., Tokyo, Japan
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] original bone
| I |
1 biomaterials = m

Defect closure (mm) = a-b

new bone =n
New bone area=n+ m

Figure 1. Schematic drawings of calvarial osteotomy defduiwsng histometric

analysis

3. Statistical Analysis

Histomorphometric recordings and radiodensitometrécordings from the
samples were used to calculate means and staneaations (m+SD). To analyze
the effect of both time and condition and to dethetinteraction effect between time
and condition, two-way analysis of variance wasdu@e<0.05). ANOVA and Post-
hock test was used to analyze the difference betile® groups at each time point
(P<0.05). For the comparison between 2 and 8 wéelks same group, statistical

significance was determined by paired t-test (P0.0
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[1l. Results

A. Clinical observations
Wound healing was generally uneventful and appesimdar for PLGA 0.5, 1,
3% experiments. Material exposure or other comfiioa of the surgical sites were

not observed.

B. Histologic observations

Control: At 2 and 8 weeks postsurgery, defectedilvith thin loose connective
tissue with a minimal amount of new bone formatmiginating from the defect
margins were observed. The defect center had caith(figure 1a).

Collagen groups: In both the collagen only and PLGa#ated collagen, the
defects were filled with loose or dense, fibrousreective tissue and limited new
bone formation was observed at the defect mardirisweeks. But at 8weeks, the
collagen groups were almost completely bridged it new bone and appeared to
be almost resorbed (Figure 5b). At 8 weeks the agmee of the new bone was more
lamellar than that observed at 2 weeks. IrrespeaivPLGA dose, all defect sites
exhibited similar bone formation. At 2 weeks posgsuy, ACS fragments were
observed embedded within the new bone without atiiveetissue intervention. No
residual ACS could be detected at 8 weeks.

Chitosan groups: A large number of residual chitddaers were observed within

-11 -



the new bone at 2 weeks and appeared to be le8swaeks without apparent
differences between PLGA coating doses. Irrespectf dose, all defect sites
exhibited bone formation, and volume was increa€dntosan fibers showed round-
stick like appearance and were surrounded by cdimeetissue. At 8 weeks the
appearance of the new bone was more lamellar th@nobserved at 2 weeks. But
compared to that of collagen group, new bone fdonatvere less. At 2 weeks
postsurgery, ACS fragments were observed embeddadwhe new bone without

connective tissue intervention. No residual ACSldde detected at 8 weeks.

C. Histometric analysis

Tables 1-4 show the results of the histometric yasl Only limited new bone
formation was observed in the controls. Defectuiesand new bone in collagen and
chitosan was significantly different from that iongrols.(P<0.05)

Irrespective of PLGA coating dose, there was ndtigmificant bone growth
differences. New bone area and defect closure narsignificant different between
these two groups at 2 weeks. In defect closune,bene area at 8 weeks, collagen
group had a significantly greater value than chitogroup (P<0.01) and, there were
no differences between the different PLGA doselleve

There were statistically significant differencegvilen the results obtained at 2

and 8 weeks in collagen groups (P<0.05).
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Table 2. Defect closure (group means + SD; n=5, mm)

2 weeks 8 weeks
Control 1.2+0.2 1.3+0.2
Collatape only 26+1.0 5.7+ 04
Collatape (PLGA 0.5%) 3.8+15 7.3+ 1.0M
Collatape (PLGA 1 %) 45+079 5.8 +1.4%
Collatape (PLGA 3 %) 5.0+ 2°F 71+2.0M
Chitosan only 3.1+06 3.0+0.8
Chitosan (PLGA 0.5%) 41+1.2 3.3+0.8
Chitosan (PLGA 1%) 40+15 34+1.2
Chitosan (PLGA 3%) 3.0+07 3.1+1.2
" Statistically significant difference comparedctntrol group (P<0.05) ™ (P<0.01)

" Statistically significant difference comparecctilagen group (P<0.05) M(P<0.01)

* Statistically significant difference comparedchitosan group (P<0.05) *(P<0.01)

-13-



Table 3. New bone area (group means + SD; n=5, Mn

2 weeks 8 weeks
Control 0.3+0.2 0.6 +0.2
Collatape only 1.3+0.8 2.4+0.57
Collatape (PLGA 0.5%) 1.4 +05 2.9+0.4"
Collatape (PLGA 1 %) 1.6+ 07 2.3+0.97
Collatape (PLGA 3 %) 1.4+033 3.9+1.3"
Chitosan only 1.5+0.4 1.5+0.8
Chitosan (PLGA 0.5%) 1.5+0.8 1.5+0.5
Chitosan (PLGA 1%) 1.6+06 1.0+ 0.4
Chitosan (PLGA 3%) 1.1+0.4 1.1+0.3

*: Statistically significant difference comparedctmtrol group (P<0.01) **(P<0.01)
T Statistically significant difference comparecctlagen group (P<O.01)TT(P<O.01)

*: Statistically significant difference comparedcttitosan group (P<0.01f¢(P<0.01)

-14 -



V. Discussion

The ultimate object of periodontal treatment besidgymptom relief is to
functionally regenerate damaged periodontal tissuehere are many methods
introduced for regenerating damaged periodontaudés. Starting with Melcher
(1976) first, development of GTR technique by Nym@a®80) et al and Gottlow
(1986) et al., non-absorbable membrane e-PTFE faunellent cell blocking effect
and predominantly good biocompatibility is knownhbi® the most effective material.
Nevertheless, e-PTFE is not absorbed in the tisserce surgery for membrane
removal is necessary. These results damage to rfewhed immature periodontal
tissues causing unfavorable effects which makestitdeal membrane barrier.

Ideal membrane should be absorbable, block tissigeation effectively and
have resistance to inflammatory reaction. Moreowgrace maintaining capacity
should be high.

According to Minabe (1991), if the membrane getsoabed very early or causes
inflammatory reaction while absorbing, it would mmarnewly formed tissues.
Therefore 3-4 weeks after surgery is very importaBiumenthal (1991) also
presented that absorbable membrane should maitgdimction and not be absorbed
till cell colonization, and inflammatory reactiomaild not affect the regenerated
tissues. Gottlow (1993) introduced that membran@ukh be designed for

biocompatibility, absorption period, space maintain Zellin (1995) et al.presented
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that absorption period, space maintaining capagity tissue reaction is important in
absorbable membrane barrier. Caffesse (1997)etamhpared clinically between
absorbable and non absorbable membrane in GTRrraget al (1999) showed new
bone formation in bony defect using absorbable rmand

The main disadvantage of absorbable membrane whsrexposed clinically is
difficulty of membrane removal. If inflammation & place membrane acts as a
medium for inflammation and affect regeneratedugssbelow it. Therefore, strict
control on plague and smoking should be conductbdugh absorbable membrane
does not need to underg8® Zurgery for removal, the time taken for absorption
becomes a problem. If the membrane is absorbedetoly, regenerated tissues
become immatured and amount of bone formation awel lof attachment gain is
reduced. On the other hand, if the membrane israbdotoo late, healing of the
tissues is delayed and complications such as absoesd be formed.

To solve this problem many researches on biodepgladaembrane was carried
out and acceptable results were presented. Biodaigleamembrane could be largely
divided into natural and synthesized polymer. Natyrolymer includes collagen,
durameter, periosteum, connective tissue and etd. synthesized polymers are
mainly PLA (polylactic acid), PGA (polyglycolic ati or compomer of PLGA.
Chitosan is a natural polymer having similar bogdstructure to human tissue. It is
biodegraded in the tissues and has an excellegbinipatible property. Chitosan

reduces fat absorption, controls cholesterol lewetseases connective tissue healing
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capacity and has an antibiotic, antibacterial,-eatcinogenic and hemostatic effect.
Moreover, many studies proved the effect of chitosa healing and bone formation
process.

Collagen is well associated within the tissues hasgl an enhanced chemotactic
effect on fibroblast to migrate upwards toward thembrane during the initial
healing stage. It reduces membrane exposure andsalblot clot formation by
platelet aggregation, thereby acting as a supmpliody for initial angiogenesis and
tissue formation. However, collagen is less likeded for barrier since its absorption
rate is faster than its regeneration time.

Biodegradable membranes like PLGA are also usefudled in animal and
human experiments. Studies show that it has norseveffects during healing
process and has a good periodontal regenerativacitpp(Caffesse et al.,1997;
Fleisher et al., 1995; Magnusson et al., 1994; &eal.,1999; Huh et al.,2000). But
due to many inflammatory reactions during absorpperiod, usage as a membrane
is currently reduced today.

Absorbable membranes used cannot be preferreddnenand other since each of
them has its own specific characteristic and adgmt In this study, each
characteristic was equally considered to make aalithembrane. The membrane
used in the present study was prepared by usitgsem and collagen membrane with
consequently different PLGA concentration coatilognake different membrane

stiffness. And this was used to find out the effeicspace maintaining capacity on
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bone formation.

The experimental model used in this study has Iskemwn effective to evaluate
the potential for bone formation (Schmitz et al98@; Caton et al., 1994;
Kleinschmidt et al.,; Selvig et al., 1994; Freenshml.,1973). We selected this model
for the following reasons: 1) rats were readilyielde; 2) the surgical procedures on
the rat calvarial bone are relatively simple tofgen; 3) spontaneous healing would
not occur at the control site (critical size defed) the observations can be focused
on the healing process of the bone, since thera@major nerves or blood vessels
around the rat calvaria; 5) the calvarial defectdeichas many similarities to the
maxillofacial region, as anatomically the calvar@msists of two cortical plates with a
region of intervening cancellous bone similar te thandible, and physiologically,
the cortical bone in the calvaria resembles amphtcomandible; 6) the preparation of
the tissue specimens is easy; and 7) the paramederde simply and accurately
measured in each specimen.

In histometric analysis, the length and the arean®i bone formation was
compared. The measurement was done by using a ¢temgmogram named Image
Pro Plus program. The specimen was obtained froddlmicoronal section. The
measurement of length of new bone formation is dmgare the amount of cell
migration. The more further the cells migrate, ¢hes a high possibility for bone
union. As the length growth of the cells incredse;onsidering the thickness, more

bone formation could be predicted. Therefore, toisld be said to be a good marker
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for membrane’s bone regenerative capacity.

The ' and 2° group using collatape and chitosan respectivebyveld a higher
mean value than the control group at both 2 weals8aweeks. The use of collatape
only and PLGA coated did not show statisticallyndfigant difference. Changing
concentration of coated membrane even did not simywdifference.

Since the stiffness of collatape is low, PLGA waated to increase the stiffness
when concentration of PLGA was increased from 0t6%%, and 3% there was 1%
of significant difference. The results were simifar defect closure and new bone
formation measurement.

In the 2° group, the group with chitosan only and PLGA awgtélid not show
significant statistical difference and changing @amration of coating also did not
show a different result.

Comparison between defect closure measuremerit gmalip and %' group at 2
weeks did not show a difference between collageth e@mtosan but showed a
significantly higher bone formation effect in cadpe than chitosan. Even in
measuring new bone formation area, there was nugehat 2 weeks but had a higher
value at 8 weeks.

At 2 weeks, collatape membrane was located belevefithelium surrounded by
connective tissue without absorption while mairitagra reasonable form. There was
few bone formation and no difference were seenLiGA coated membranes. At 8

weeks, collatape absorption was certainly progeeasel there was no inflammatory
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cells infiltrated. The amount of new bone formatimas increased but integration of
surrounding tissues was not seen.

In the case of chitosan, there was an increaselume and the external margin
was well separated with the surrounding tissue® pérticles composing chitosan
was located as circular stick shape and each fi@ surrounded by connective
tissue.

At 8 weeks, though absorption of chitosan waselittogressed maintaining the
its form, the entire size of the membrane seemdaetdiminished. This shows that
the density of chitosan components was reduced 8atosan and collatape did not
show a difference with PLGA coated membrane andadncentration difference.
PLGA coating is important in space maintaining ané regeneration. The object of
using PLGA was to increase the stiffness of memdbitaut unfortunately the results
did not show much effect in this study. This maydue to low space maintaining
capacity of the membrane and since there was moedfdcts such as inflammatory
reaction, it could be thought that PLGA coatinglddee effective in bone formation
when stiffer membrane is used in an another bofexdmodel.

Many studies presented that chitosan is effectiveane formation. But in this
present study, the results prove that collatapeaie effective. This was more clearly
seen at 8 weeks than 2 weeks. Chitosan and collagsorption was not seen at 2
weeks but at 8 week. Collagen was mostly absorbedifig new bone but partial

absorption of chitosan seems to disturb bone regdar. However, problem of rapid
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absorption period, ability of maintaining membrarstability or any other

disadvantage of collagen seem to be aided by PLG&ing. To make an ideal
absorbable membrane, further studies using valoasing materials with different
concentration is needed and since amount of alisorist different among animals a

human model with bone defect should be carried out.
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V. Conclusion

The object of this study is to find out the effettperiodontal tissue regeneration
on damaged tissues in rat calvarial defect by usolljigen and chitosan membrane
coated with 0.5, 1, 3% of PLGA respectively. Theatcol group was designed by
forming an 8mm bony defect on rat calvarian. Grdugncludes collatape only,
collatape + 0.5% PLGA, collatape + 1% PLGA, coltstar 3% PLGA and Group 2
includes chitosan membrane only, chitosan membrad&% PLGA, chitosan
membrane+ 1% PLGA, chitosan membrane+ 3% PLGA eacti was sacrificed and
observed at 2 weeks and 8 weeks. In this studg| a§t90 mouse, with 5 in each
experiment were used and defect closure (mm), reme brea (mA) were analyzed

1. In defect closure measurement, ACS and chitegsne more effective than
control group at 2 weeks, but there was no diffeeein between chitosan and ACS.
At 8 weeks, ACS and chitosan were also more effedihan the control but ACS
showed a higher bone formative effective.

2. In new bone area measurement, ACS and chitosa@ more effective than
control group at 2 weeks, but there was no diffeeein between chitosan and ACS.
At 8 weeks, ACS and chitosan were also more effedihan the control but ACS
showed a higher bone formative effective.

3. PLGA coating in chitosan did not show much dffemess on bone
regeneration, while collatape showed 1, 3% of dettsure at 2 weeks and 1% of

difference at 8 weeks. In new bone area, 0.5, 1#fisrence was shown at 8 weeks.
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Figures

Figure 2. Representative photomicrographs of defect sitemiving
control at 2 and 8 weeks postsurgery. (x20).

Figure 3. Representative photomicrographs of defect sitemiving
collatape only at 2 and 8 weeks postsurgery. (628).

Figure 4. Representative photomicrographs of defect sitesiving collatape
coated PLGA 0.5% at 2 and 8 weeks postsur¢gera X 20).
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Figure 5. Representative photomicrographs of defect sitesiving collatape
coated PLGA 1% at 2 and 8 weeks postsurgery. ¥2®).

Figure 6. Representative photomicrographs of defect séesiving collatape
coated PLGA 3% at 2 and 8 weeks pagésyr (a, bx20).

Figure 7. Representative photomicrographs of defect sitesivigg chitosan
only at 2 and 8 weeks postsurgery. (& 20).
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Figure 8. Representative photomicrographs of defect séesiving chitosan
coated PLGA 0.5% at 2 and 8 weeks postsurger. ¥20).

Figure 9. Representative photomicrographs of defect séesiving chitosan
coated PLGA 1% at 2 and 8 weeks postsurgery. $2®).

Figure 10. Representative photomicrographs of defect siesiving chitosan
coated PLGA 3% at 2 and 8 weeks postsurgery. ¥2®).
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Figure 11 Representative photomicrographs of defect s@esiving
collatape coated PLGA 3% at 8 weeks postsurgery.
(a: X20, b: X100) (NB: New bone)

Figure 12 Representative photomicrographs of defect s@esiving

chitosan coated PLGA 1% at 2 weeks postsurgery.
(a: X20, b: X100) (NB: New bone)
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