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Abstract

The Effects of Hydroxyapatite- Chitosan Membrane
According to Proportion on Bone Formation

in Rat Calvarial Defects

Absorbable membranes are being evaluated as iteatididates for periodontal
and bone regeneration therapy. Absorbable membtenespoor membrane stability
in the wet state and may cause space loss buttdwead to undergo a second surgery,
and membrane exposure is rare. Recently, intaradtifosan has increased due to its
excellent biological properties such as biocomjitibantibacterial effect, and rapid
healing capacity. On the other hand, hydroxyapéitesed as a bone substitute in the
fields of orthopedics and dentistry. The hydroxyapachitosan(HA-CS) complex
containing hydroxyapatite nanoparticles was dewadofor synergy of both

biomaterials.

The objective of this study was to evaluate theectffof hydroxyapatite(HA)-

chitosan(CS) membrane on bone regeneration iratrealvarial defect.

Eight-millimeter critical-sized calvarial defectere created in 70 male Sprague-
Dawley rats. The animals were divided into 7 groopslO animals and received

either 1) chitosan(CS) 100% membrane, 2) hydroxyaeeA) 30%/CS 30%



membrane, 3) HA 40%/CS 60%, pressed membrane, 4098/CS 60% membrane,
5) HA 50%/CS 50% membrane, 6) HA 50%/CS 50%, pressembrane, or 7) a
sham — surgery control. The amount of newly foriede from the surface of the rat
calvarial defects was measured using histomorphgnaetd following 2- or 8- week

healing intervals.

Surgical implantation of the HA-CS membrane resliite@ enhanced local bone
formation at both 2 and 8 weeks compared to theraogroup. The HA-CS
membrane would be significantly more effective thlaa chitosan membrane in early

bone formation.

Further studies will be required to improve the hatdcal properties to develop a

more rigid scaffold for the HA-CS membrane.

In conclusion, concerning the advantages of biorzse the HA-CS membrane

would be an effective biomaterial for regeneratbperiodontal bone.

Key words: hydroxyapatite, chitosan membrane, rat calvaeéd model, bone

formation

Vi



The Effects of Hydroxyapatite- Chitosan Membrane
According to Proportion on Bone Formation
in Rat Calvarial Defects

Jung-a Shin, D.D.S., M.S.D.
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l. Introduction

To achieve the regeneration of a lost periodorttachment, various regenerative
therapies have been advocated; these began witbthbte{1976), and then guided
tissue regeneration (GTR) techniques were develtyedlymanet al. (1980) and
Gottlow et al(1986) A non-absorbable membrane, e-PTFE has aellent cell-
blocking effect and notable biocompatibility. Hoveey e-PTFE requires additional
surgery for removal and, therefore, has a potentidisadvantage of damaging
immature tissues(Simagt al,, 1994; Simoret al, 1995).

On the other hand, the absorbable membrane doesequire a second surgical

procedure, and membrane exposure is rare. Ageired (1999) showed new bone



formation in bony defects using absorbable membrdogever, controlling the time
of absorption is difficult and therefore could causlocalized inflammatory reaction
(Dahlinet al, 1988). In addition to the above disadvantagest membrane stability
in the wet state causes space loss between the aodtthe membrane, producing
poor clinical results(Zitzmanet al, 2001). An absorbable membrane should be used
in GTR in places where exact initial closure is giole, since complete removal is
difficult when exposed (Beckest al, 1996). To solve this problem, many studies
have been carried out on biodegradable membrames,aeceptable results were
presented. The ideal membrane should be absorbafilshould not require removal
after the tissue regenerates; it also should hiisske migration effectively and resist
inflammatory reaction. Lastly, it must have spac@ntaining capacity.

Recently, interest in chitosan has increased dite &xcellent biological properties
such as biocompatibility, antibacterial effect, aagid healing capacity. Chitin and
chitosan (poly-N-acetyl glucosaminoglycan), a chsalsate biopolymer extracted
from chitin, are the second most abundant natuigbdbymers next to cellulose.
Chitin is a primary structural component of the skeleton of arthropods, (e.g.
crustaceans), the cell wall of fungi, and the detmf insects. Chitin is a very stable
polysaccharide and is a linear polymer of N-acBiydtucosamine monomers joined
in a 1,4-glucosidic linkage (Aspinall, 1986). Chitosan isdarivative of chitin
obtained by N-acetylating chitin (Sandford, 1988 with polymers in general,
enzymes can hydrolyze chitin and chitosan. The nadfgctive enzyme for this

process is lysozyme (Amano and Ito, 1978; Pangbuah, 1982).

2



Although the healing effects of chitin and chitosan mammalian wounds have
been known for centuries, it was not until the 196Bat the ingredients were
documented (Reynolds, 1960).

Other studies since have suggested that chitodaeneas the formation of bone
tissue. For example, Malet&t al (1986) presented early evidence of improved radii
bone regeneration in dogs. In this case, the uskitdsan resulted in regeneration of
the marrow through the cortex. The considerabldingaffect of a chitosan gel for
the wounds resulting from extraction or apicoectomgs also confirmed by
radiography and a biopsy (Muzzaredli al., 1993). Paiket al. (2001) reported that
chitosan enhanced typé collagen synthesis in #ry etage, and facilitated
differentiation into osteogenic cells in the hungriodontal ligament fibroblasia
vitro. In addition, a chitosan/collagen sponge appledre-wall intrabony defects
surgically created in beagle dogs inhibited theapinigration of the epithelium and
enhanced the growth of new bone and new cementark ¢Pal., 2003).

Another biomaterial of interest is hydroxyapatidjich is a major component of
human bone. Hydroxyapatite is used as bone sufesiituthe fields of orthopedics
and dentistry because of its good osteoconductibiactivity and biocompatibility
(Salataet al, 1998). But hydroxyapatite is brittle and easyr&xture so it is difficult
to mould into a specific shape. The hydroxyapatitiéesan (HA-CS) complex,
containing hydroxyapatite nanoparticles, was tloeeefdeveloped to overcome the

original disadvantage of hydroxyapatite (Guebtal, 2007 ; Zhang Y[t al, 2007).



Although many materials are used to regenerat®g@nial tissues, there is as yet
no material that satisfies all conditions. This grapeports on the fabrication of the
HA-CS membrane in diverse proportion. The objectif¢his study was to evaluate

bone regeneration capacity of HA-CS membrane inalarial defects.



[l. Materials and Methods

1. Materials

1.1 Animals

This study included 70 male Sprague-Dawley ratsdybaveight 250-3009)
maintained in plastic cages in a room with a 12rhay/night cycle and an ambient
temperature of 21°C. The rats were allowed freeessedo water and standard
laboratory fool pellets. Animal selection, managetnesurgical protocol, and
preparation followed the routines approved by tisitutional Animal Care and Use

Committee, Yonsei Medical Center, Seoul, Korea.

1.2 Hydroxyapatite — Chitosan Membrane

Chitosan was dissolved in a 2% acetic acid solutamd then mixed with
phosphoric acid solution. After Ca (OHyas added to this solution, HA was able to
be synthesized. At that time, HA proportion wasuteted, and 0:100, 30:70, 40:60,
50:50 (HA weight: CS weight) HA-CS composites weeseloped.

After citric acid was added to each HA-CS compgsidginal solution for
threading was developed. The HA-CS solution waseréld and threaded in a 10%

NaOH solution and then washed and dried to devislegHA-CS membrane (Figure



2). Some of the membrane, HA 30 %/ CS 70 % and BPA/SCS 50%, were pressed
for advanced mechanical properties. The size oflidAoparticles was 20 — 100 nm.
All HA-CS membranes passed the cytotoxic test, MiE§ay, from the Department
and Research Institute of Dental Biomaterials ammkiyineering, Yonsei University

College of Dentistry, Seoul, Korea.

Table 1. Experimental design

Group 2 weeks 8 weeks
Control 5 5

Exp.1:  Chitosan 100% 5 5
Exp. 2:  Hydroxyapatite 30%+ Chitosan 70% 5 5
Exp. 3: Hydroxyapatite 30%+ Chitosan 70% , pressed 5 5
Exp. 4: Hydroxyapatite 40%-+Chitosan 60% 5 5
Exp. 5: Hydroxyapatite 50%-+Chitosan 50%
Exp. 6:  Hydroxyapatite 50%+ Chitosan 50%, pressed 5 5

Sum=5x7x2 = 70 (Rats)

2. Methods

2.1 Surgical protocol
The animals were anaesthetized by an intramusitigation (5mg/kg body wt.) of
4:1 solution of Zoletll and RompuH. An incision was made in the sagittal plane

across the cranium, and a full thickness flap wadenexposing the calvarial bone. A



standardized, circular, transosseous defect, 8 mmiameter, was created on the
cranium using a saline-cooled trephine drilAfter the trephined calvarial disk was
removed, an HA-CS membrane was applied to eacletddfiee animals were divided

into 7 groups of 10 animals each and were allowekletal for 2 weeks (5 rats) or 8
weeks (5 rats). Each animal received either shagesy control in which no material

was applied to the defect, a chitosan membraneggnoHA-CS membrane as the
experimental condition (Table 1). The periosteund akin were then closed and

sutured with 4-0 Monosyhsutures.

2.2 Histologic procedures

The animals were sacrificed by g@sphyxiation at 2 or 8 weeks post-surgery.
Block sections that included the experimental sitese removed. The samples were
fixed in a 10% neutral buffered formalin solutiar fLO days. The samples were then
decalcified in 5% formic acid for 14 days, and edde in paraffin. Serial sections,
5um thick, were prepared at 80 intervals, stained with hematoxylin/eosin (H-E),
and examined using an optical microscope. The g®wd#ral section from each block

was selected to compare histological findings betwgroups.

Zoletil20, Virbac Laboratoires, Carros, France
"Rompun®, Bayer Korea, Seoul, Korea

™ 3i, Palm Beach Gardens, FL, USA

# Monosyn 4/0, Braun Aesculap AG & CO. KG, Tuttlimge



2.3 Histometric analysis

Computer-assisted histometric measurements wer@nebit using an automated
image analysis systéfcoupled with a video camera attached to an optical
microscop®. The sections were examined at 20x magnificaiodigitizer was used
to trace the defect outline versus new bone foonatind the percentage of bone fill
was determined. The following histomorphometric goaeters were measured for
each sample.

- Defect closure (%): the distance (at each sidd@fdiefect) between the defect
margin and the in-growing bone margin in mm. Thecget defect closure may
be obtained by subtracting this value from the Itakefect distance, then
dividing by the total defect distance and multiplyiby 100.

- Augmented area (mih all tissues within the boundaries of the newdynied
bone i.e. mineralized bone, fatty marrow, fibrowdac tissue/marrow, and

residual biomaterial.

*Image-Pro PIU§ Media Cybernetics, Silver Spring, M.D.
8 Olympus BX50, Olympus Optical Co., Tokyo, Japan



B original bone Defect closure (%) = (a - b) / a X 100

I newbone=n Augmented area (mnf) = n+ m+M

= " biomaterials = m
PN Fatty marrow = M

Figure 1. Schematic drawings of calvarial osteotomgefect showing

histometric analysis.



2.4 StatisticalAnalysis

Histometric recordings from the samples were ueezhiculate mean and standard
deviations (mxSD). One-way ANOVA was used to analylze differences between
treatment groups at each healing interval (p<0.B&).multiple comparisons of each
healing interval, the LSD (Least Significant Dif&ice) method was used (p<0.05).

For comparison between the 2- and 8-week healitregval within the same group,

the statistical significance was determined byequhirtest (p<0.01).
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[1l. Results

1. Clinical observations

Wound healing was generally uneventful and appesiradar for all nonpressed-
membrane experimental groups (Exp. 1, 2, 4 andrbsome pressed-membrane
experimental groups (Exp. 3 and 6), slight inflartoma reaction was observed at 2
weeks, but inflammation was not detected at 8 weblaterial exposure or other

complications of the surgical sites were not obsérv

2. Histologic observations

- Control
At 2 and 8 weeks post-surgery, defects filled viiim, loose connective tissue,

with minimal new bone formation originating frometdefect margins, were observed.

The defect center had collapsed (Figure 3).

- Experimental groups
In both the chitosan-only and HA-CS membrane grptips defects were filled
with loose or dense, fibrous connective tissue, lanidled new bone formation was

observed at the defect margins at 2 weeks. A laugeber of residual chitosan fibers
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and hydroxyapatite particles were observed witha new bone at 2 weeks (Figure
10), but there appeared to be fewer of these aeksv(Figure 11). Irrespective of the
hydroxyapatite and chitosan dose levels, all defites exhibited bone formation, and
volume was increased. At 8 weeks, the appearanctheofnew bone was more
lamellar than that observed at 2 weeks.

Membrane remnants are composed of chitosan filbetdgdroxyapatite particles.
The membrane remnants were surrounded by conndidsie. As the HA dose of

membrane increased, the size of membrane remnathtddtreased at 8 weeks.

3. Histometric analysis

Three animals were excluded from the histometrialyamis due to technical
complications in the histologic processing. Onlyited new bone formation was
observed in the controls.

Irrespective of the HA-CS dose, there were no it differences in defect
closure eat either 2 or 8 weeks post-surgery. Tlwagealso no statistically significant
difference between the results at 2 and 8 weetexims of defect closure.

However, one-way ANOVA revealed that new bone amgh#ented areas did show
significant differences in each healing intervat @R 1).

Tables 2 and 3 show the results of histometric yaisal New bone deposition

between 2 and 8 weeks was significantly differenthe Exp. 1 and Exp. 2 groups

12



(Figure 4, 5). Augmented areas were significandlgrdased from 2 weeks to 8 weeks

post-surgery in the pressed-membrane group (Figyde

Table 2. Augmented area (group means * SD; n=5, nfjn

2 weeks 8weeks

Control*** 0.23+0.05 0.51+0.09

Exp 1 12.74+1.98 15.06+2.74*
Exp 2 14.84+4.87 10.38+2.06'
Exp 3*** 23.74 +2.84 10.08+2.06'
Exp 4 14.0043.02 6.740.920/
Exp 5 17.60+5.37 6.45+0.60""
EXp 6*** 25.94+2.84 6.88+3.55'"/

" Statistically significant difference comparedsttam-surgery control group (P<0.05)
1. Statistically significant difference comparedgrp 1 group (P<0.05)

" Statistically significant difference comparedgep 2 group (P<0.05)

- Statistically significant difference compareddxp 3 group (P<0.05)

™. Statistically significant difference between Haghweeks (P<0.01)

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

2 weeks 8weeks
Control™ 0.22+0.05 0.49+0.10
Exp 1™ 1.53+0.53 2.88+0.11
Exp 2"~ 1.84+0.34 2.8320.26
Exp 3 2.22+0.48 2.53+0.59
Exp 4 2.27+0.48 2.68x0.14
Exp 5 2.44+0.14" 2.64+0.13
Exp 6 2.46+0.24" 2.49+0.09'

"+ Statistically significant difference comparedsttam-surgery control group (P<0.05)
T Statistically significant difference comparedgrp 1 group (P<0.05)
T Statistically significant difference comparedgep 2 group (P<0.05)
™. Statistically significant difference between 2ighweeks (P<0.01)
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V. Discussion

The main object of periodontal treatment is notydol relieve symptoms but also
to regenerate the destroyed tissues. Many methed®e Hbeen introduced for
regenerating damaged periodontal tissues. Guidsddiregeneration (GTR) therapy
was introduced in the 1980s to achieve a repopuladif the periodontal ligament
fibroblasts, and was shown to promote periodonégleneration. The membrane
barrier used in GTR should be histocompatible, drggatible and have the capacity
for space maintenance (Magnussdbml, 1988).

Many absorbable membranes made of collagen or warkinds of polymers,
including chitosan, have been developed to theeptatay, and many studies on their
healing effects have been carried out (Wangl, 1994; Wanget al, 1996; Kayet al,
1997; Pelecet al, 1999; Polsoret al, 1995; Caffeset al, 1994; Boucharet al,
1997).

Chitosan is known to accelerate cell migration &iedue maturation, leading to
wound healing; therefore, many studies relatinthi® property are being undertaken
in the fields of dentistry and orthopedic surge@hitosan could be adhesive to
bioactive materials such as PDGF and BMP, and ¢bufd be widely used clinically
in addition to bone substitutes and barriers. Tdeortype of hydroxyapatite can also
be attached to chitosan fibers.

Nano-sized HP may have other special propertiestdues small size and huge

14



specific surface area. Webstdral (2000) have demonstrated a significant increase
in protein adsorption and osteoblast adhesion emémo-sized ceramic. Studies have
shown that nano-HA/chitosan composite scaffolds msawe as a good three-
dimensional substrate for cell attachmantitro and migration in engineered bone
and periodontal tissue (Zhang ¥Fal, 2007). Some researchers experimented with a
composite of chitosan and nano-HA paste, but itndithave porosity and could not
be loaded with cells. Others have reported thabfip scaffolds had a much greater
surface-to-volume ratio than scaffolds with solatg@walls, which might have further
increased protein adsorption capacity (Kongtlal, 2005; Guobao W. and Ma PX,
2004).

In this study, we attempted to show the clinicéicaty of a newly-formed fibrous
hydroxyapatite-chitosan (HA-CS) membrane in a ratieh.

The experimental model used in this study has Isfmwn to be effective for
evaluating the potential for bone formation (Sclareit al, 1986; Catoret al, 1994;
Selviget al, 1994). The rat calvarial defect model is conganhfor examining bone
regeneration because of its effective accessilality lack of fixation requirements.

In our histometric analysis, the length and thearfethe new bone formation were
compared. Measurements were taken by using compatevare, called Image Pro
Plus. Specimens were obtained from the middle @rsaction. The length of new
bone formation was measured to compare the amdweadlanigration. The more the
cells migrate, the higher the possibility of bondom. As the cells’ length growth

increases, in considering the thickness, more Honmation could be predicted.
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Therefore, this could be regared to be a good mafidke the membrane’s bone
regenerative capacity. Many rat studies have shewignificant increase in the area
and density of newly formed bone when water-solatitp-chitosan was applied to a
calvarial defect (Junget al, 2000); and chitosan reconstituted with absosbabl
collagen sponge has significant potential to indtiee regeneration of bone in rat
calvarial critical-sized defects (Parad al, 2005). A previous study showed the
augmented area, including new bone, of a grougetewith chitosan/absorbable
collagen sponge at 2 weeks post-surgery was 6.03afrf, and at 8 weeks post-
surgery was 4.84+0.88nfmAll experimental groups in the present study sidw
enhanced augmented area at both 2 and 8 weeks\pgsty.

Many studies suggested that BMP-2 is effectivednebformation (Hong Sét al,
2006) and that the best carrier used for BMP-2lkagen. In one of the studies (Song
et al, 2005), the new bone area measured 2.4+0°%5atr@ weeks. This was almost
identical to the present study.

New bone formation for the 50% HA dose groups (Expnd Exp. 6) at 2 weeks
post-surgery was significantly greater than for k#0% group (Exp. 1) or HA 30%
group (Exp. 2). There were significant differendegween 2 and 8 weeks in new
bone formation in HA 0% group (Exp. 1) and HA 30%0up (Exp. 2). But Exp. 5 and
Exp. 6, which received the high HA dose, were tatigtically significant. As the HA
dose increased, there was more new bone formatighel early healing period, 2
weeks after surgery, while there was no signifiadifierence as time went on. This

suggests that HA nanoparticles may resrorb quiakly induce new bone in the early

16



stage of healing.

Ideally, the bone substitute should conduct or @edbone formation at the same
time as it is completely resorbed and substitutgdbbne tissue. Evidence from
previous studies suggests that HA resorption camduiated by cells (degradation by
macrophages and osteoclasts) or by disintegratimugh the action of extracellular
fluids (chemical dissolution) (Oonishi &t al, 1999; Manjubala &t al, 2002). Our
histologic study also showed the presence of nudtear giant cells in close contact
with the HA and chitosan surface and bone formatoljacent to the particles.
Lilienstenet al.(2003) stated that even for HAs considered absteb#ie resorption
process is slow and its finalization is not weltestenined.

Levels of wound healing and bone formation wereilamin the non-pressed
membrane experimental groups. But in some pressgdbmane experimental groups,
inflammation was observed at 2 weeks after surgpertyhad subsided at 8 weeks.
Andradeet al. (2002) studied dense and porous HA cylinders amskmvied the
fibrous tissue development surrounding dense intpland the direct contact of the
new bone formed in the porous implants. Takeseital. (1997) used dense HA
granules (300 to 600 pum) in bone defects creamahdrosseointegrable implants and
reported fibrous encapsulation of the granules.yTbencluded that dense HA
granules negatively interfered with bone formatiblany other studies have reported
improved bone-HA integration when the particlessprged micro- and macropores.
Our study also suggests that pressed-membranehigithproportion of HA particles

in a unit area could cause inflammation in earlgling period.
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The augmented area of the pressed-membrane g(Bups 3 and Exp. 6) was
significantly decreased after 8 weeks. As the H&edincreased, the augmented
areas decreased at 8 weeks because the HA nanlgsaviere absorbed earlier than
the chitosan fiber.

From a histological view, it seems that the membéricked any major role as a
scaffold. There was no statistical significancedfect closure that we could evaluate
from length-growth of cells. Therefore, it appetrat the HA-CS membrane does not
stimulate cell migration to the center of defentsummary, HA-CS membrane could
collapse early in the healing period and seemsitirfere in the formation of new
bone in the central zone of surgical defects.

The pressed-membrane groups were developed pymaribvercome the weak
mechanical properties of the conventional membranelsto be easy to handle. After
the pressed-membrane absorbed water, however, waesr@o difference in handling
from non-pressed, conventional membranes. Furthe;npoessed-membrane showed
swollen shape at 2 weeks after surgery. To playadihg role in a scaffold,

membranes should have improved mechanical propentigerms of water absorption.
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V. Conclusion

The present study evaluated the effect of the hydnpatite-chitosan (HA-CS)
membrane in rat calvarial defects. The animals veivaled into 7 groups of 10
animals, and received either chitosan (CS) 100% bnane, various doses of the HA-
CS membrane, or a sham — surgery control. The anadurewly formed bone on the
surface of the rat calvarial defects was measusethistomorphometry, following
healing intervals of 2 or 8 weeks.

1. Surgical implantation of the HA-CS membrane kesuin enhanced local bone
formation at both 2 and 8 weeks compared to thé&ralogroup.

2. The HA-CS membrane with high dose level of HAuwdobe significantly
effective than that of low dose level of HA in gallone formation.

3. Further studies will be required to improve timechanical properties for

development of a more rigid, pressed scaffoldierdlA-CS membrane.
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Legends

Figure 1. Schematic drawings of calvarial osteotomy deBfeiwing histometric

analysis
Figure 2. Photograph of hydroxyapatite-chitosan membrane

Figure 3. Representative photomicrographs of control gratu®(a) and 8 (b) weeks
postsurgery. At both 2 and 8 weeks, the augmentea was covered with dense
connective tissue. Arrows indicate the margin dede Minimal new bone formation
was observed. (HE stain: an original magnificatiéf0) (HE stain: an original

magnification X20)

Figure 4. Representative photomicrographs of chitosan menggroup. (a) At 2
weeks, the defects were filled with loose or derfibepus connective tissues. (HE
stain: an original magnification X20) (b) At 8 weglchitosan membrane was slightly
resorbed. There was an increase in new bone voldHE. stain: an original

magnification X20)

Figure 5. Representative photomicrographs of hydroxyap@@#/ chitosan 70%
membrane group. (a) At 2 weeks, there was almosesorption of membrane and

there was slight new bone formation.(HE stain: agimal magnification X20) (b) At
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8 weeks, chitosan and hydroxyapatite particles weelitle resorbed. (HE stain: an

original magnification X20)

Figure 6. Representative photomicrographs of hydroxyap@d%/ chitosan 70%,
pressed membrane group. (a) At 2 weeks, inflammatelts infiltrate the defect sites.
(HE stain: an original magnification X20) (b) Aw&eks, inflammation was subsided

and new bone formation was moderate. (HE staimrigmal magnification X20)

Figure 7. Representative photomicrographs of hydroxyapdiit#/ chitosan 60%
membrane group. (a) At 2 weeks, limited new bomm&tion was observed at defect
margin. (HE stain: an original magnification X2@) @At 8 weeks, HA-CS membrane

resorbed obviously. (HE stain: an original magificn X20)

Figure 8. Representative photomicrographs of hydroxyap&iit#/ chitosan 50%
membrane group (a) At 2 weeks, there was almosesorption of membrane and
there was slight new bone formation.(HE stain: agimal magnification X20) (b) At
8 weeks, HA-CS membrane resorbed obviously.(HEhsti original magnification

X20)

Figure 9. Representative photomicrographs of hydroxyap&®$/ chitosan 50%,
pressed-membrane group (a) At 2 weeks, photogiaplvssthat center of membrane
has collapsed. (HE stain: an original magnificat(20) (b) At 8 weeks, the defect

was filled with new bone-like cartilage. (HE staam original magnification X20)
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Figure 10. Representative photomicrographs of hydroxyapdtgé/ chitosan 60%,
membrane group at 2 weeks postsurgery. The areawfbone is wider than low-

dose HA level groups. (HE stain: an original maigation X100)

Figure 11. Representative photomicrographs of hydroxyap&tigé/ chitosan 50%,
pressed-membrane group at 8 weeks postsurgeryafjpearance of new bone was
more lamellar than at 2 weeks. Osteoblast-like scednd very few giant
multinucleated cells could be detected at the perip of the margin. (HE stain: an

original magnification X100)
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Figures

Figure 2. Hydroxyapatite-chitosan membrane.

@) (b)

Figure 3. Control at 2 and 8 weeks postsurgen(X20).

(@) (b)

Figure 4. Exp-1: chitosan membrane group at 2 and 8 weeks postsurgei(X20).
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(a) (b)

Figure 5. Exp-2: Hydroxyapatite 30%/ chitosan 70% nembrane group at 2 and
8 weeks postsurgery (X20).

(@) (b)

Figure 6. Exp-3: Hydroxyapatite 30%/ chitosan 70% pressed membrane group
at 2 and 8 weeks postsurgery (X20).

() (b)

Figure 7. Exp-4: Hydroxyapatite 40%/ chitosan 60% nembrane group at 2 and
8 weeks postsurgery (X20).
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@) (b)

Figure 8. Exp-5: Hydroxyapatite 50%/ chitosan 50% nembrane group at 2 and
8 weeks postsurgery (X20).

(@) (b)

Figure 9. Exp-6: Hydroxyapatite 50%/ chitosan 50% pressed membrane group
at 2 and 8 weeks postsurgery (X20).

Figure 10. Exp-4, 2 weeks (X100). Figure 1Exp-6, 8 weeks (X100).
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HI€O0| CH® Hydroxyapatite-chitosan *}Et2}0|
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71Eatge] AUA a3E dux HA-CS EFHAFE Adsisich
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