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Abstract

Effect of Fibrin-Fibronectin Sealing System in comimation
with 3-Tricalcium Phosphate as a Carrier for Recomimant
Human Bone Morphogenetic Protein-2 on Bone Formatioin

Rat Calvarial Defects

Bone morphogenetic proteins (BMPs) are being ewatlias potential candidates
for periodontal and bone regenerative therapy.pitesof good prospects for BMP
applications, an ideal carrier system for BMPs has yet been identified. The
purpose of this study was to evaluate the osteogeffiect of a fibrin-fibronectin
sealing system (FFSS) combined with R-tricalciunogpate (3-TCP) as a carrier
system for rhBMP-2 in the rat calvarial defect nlode

Eight-mm critical-size calvarial defects were ceeatin 100 male Sprague-
Dawley rats. The animals were divided into 5 groop20 animals each. The defects
were treated with rhBMP-2/FFSS, rhBMP-2/FFSS/B-TEPSS and FFSS/R-TCP
carrier control or were left untreated as a shargesy control. Defects were
evaluated by histologic and histometric parametdiswing a 2- and 8-week healing
interval (10 animals/group/healing intervals).

The FFSS/B-TCP carrier group was significantly gne&n new bone area at 2

iii



weeks (p <0.05) and augmented area at 2 and 8 vjpet&01) relative to the FFSS
carrier group. New bone area and augmented atéa mBMP-2/FFSS/3-TCP group
were significantly greater than in the rhBMP-2/FR$8up at 8 weeks (p <0.01). On
histologic observation, FFSS remnants were obseat/@dwveeks, but by 8 weeks, the
FFSS appeared to be completely resorbed. rhBMPrzbiced with FFSS/R-TCP
produced significantly more new bone formation amgmentation in this calvarial

defect model. In conclusion, FFSS/R-TCP may beidered as an available carrier

for rnBMP-2.

Key Words: Osteogenic effect; bone morphogenetic proteintirkfibronectin

sealing system; [3-tricalcium phosphate; rat cadvaefect model



Effect of 3-Tricalcium Phosphate in combination wih
Fibrin-Fibronectin Sealing System as a Carrier for
Recombinant Human Bone Morphogenetic Protein-2 on &ne

Formation in Rat Calvarial Defects

Sung-Jae Hong, D.D.S., M.S.D.
Department of Dental Science
Graduate School, Yonsal University

(Directed by Prof. Kyoo-Sung Cho, D.D.S., M.S.D., PhD.)

l. Introduction

In 1965, Urist observed that implanting demineradizbone matrix in
extraskeletal (e.g., subcutaneous) sites geneossebus tissue in rats (Urist, 1965).
The factors within the matrix responsible for theffect were named bone
morphogenetic proteins ((BMPs) Urist al.,, 1971). BMPs are growth and
differentiation factors that act on mesenchymals¢alausing them to differentiate
into mature osteoblasts and build new bone. Advait®NA technology permitted

cloning and characterization of several BMPs, yigjdarger quantities of purified



recombinant human BMPs (Wozney et al., 1988; Wangl.e 1988). Today, more
than 20 BMPs have been identified and several dweguBMP-2, -4, -5, -6, and -7
have been shown to be osteoinductive (Sampath .et18982; Wikesjo et al.,
1999;Kim et al., 2004).

Implantation of BMPs alone does not induce bonen&tion because the protein
rapidly diffuses from the site of implantation. Tafore, a carrier is needed to deliver
and release substantial quantities of BMPs to pleeiic location for osteoinduction.
Such a carrier material should be biocompatibleitamize local tissue response and
biodegradable to allow replacement by newly forrbede (Aldinger et al., 1991).
Addition, the requirements for an ideal carrier tegs include simplicity in
application and manufacture. Studies of such aarrfe date include biological
materials such as bone matrix (Toriumi et al., 19@dssco et al., 1992), absorbable
collagen sponge ((ACS) Sampath et al., 1981; Kira).e1998; Barboza et al., 2000),
fibrin sealant (Kawamura et al., 1988), synthetadymers (poly(glycolic acid-co-
lactic)acid) (Miyamoto et al., 1993; Miki et al.996), and ceramic materials, such as
tricalcium phosphate (Urist et al., 1984; Uristkt 1987; Gao et al., 1996; Alarat
al., 2001). Although various carriers for BMPs haween investigated, an ideal
carrier system has not yet been determined.

A series of investigations have been conductedzetil ACS, R-tricalcium

phosphate (3-TCP), and a fibrin-fibronectin sealsaygtem (FFSS) as carriers for
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BMPs delivery (Kim et al., 2002; Choi et al., 20@hn et al., 2003; Kim et al., 2004;
Pang et al. 2004; Han et al., 2005; Hyun et alQ520In space-providing skeletal
defects, ACS appears to be an effective carriekvéder, in cases in which space
could not be provided, compressive forces acteawanfibly on ACS, resulting in

compromised effectiveness. A R-TCP carrier showefficeent resistance to

compressive force and resulted in successful augtien. However, delayed

resorption of the particles appeared to hinder heme formation and it was difficult

to manipulate.

FFSS, also called “fibrin sealant” or “fibrin gltiés a human plasma derivative
that mimics the final stages of blood coagulati@nming a fibrin clot. FFSS has a
potential for promoting wound healing, hemostasid &issue adhesion. Therefore,
FFSS has been used as an adjunct in a wide vafistyrgical procedures (Whiteman
et al., 1997; Davis et al., 1998; Jackson et D12 Tribod et al., 2004).

In this present study, FFSS was mixed with paldied 3-TCP to serve as a
carrier for BMPs. The rationale behind this wasutitize the sticky properties of
FFSS, which is resorbable glue, and to mix it W3tTCP to create a new carrier
system that was easy to mold and manipulate. Itaxpscted that the synergic effect
of the two osteoconductive materials would resuldifferent resorption rates and

release kinetics.



The purpose of this study was to evaluate the gstdo effect of fibrin-
fibronectin sealing system combined with 3-triaatciphosphate (FFSS/3-TCP) as a

carrier system for rhBMP-2 in the rat calvarialettfmodel.



[l. Materials & methods

1. Animals

One-hundred male Sprague-Dawley rats (weight 28Def}Qvere used. Rats were
maintained in plastic cages in a room with a 1Zaphdight cycle and an ambient
temperature of 21°C, withd libitum access to water and standard laboratory pellets.
Animal selection and management, surgical proto@sid preparation ere in
accordance with the routines approved by the uigiital Animal Care and Use

Committee, Yonsei Medical Center, Seoul, Korea.

2. rhBMP-2 Implant Construction

FFSS areavailable as vapor-heated, freeze-dried 2-compopegparation: a
fibrinogen/fibronectin/factor Xlll concentrate and thrombin concentrate. The
fibrinogen concentrate is dissolved in an antifibtytic solution (aprotinin), and the
thrombin concentrate is dissolved in dilute calcicimoride.

rhBMP-Z was reconstituted and diluted in buffer to prodaceoncentration of
0.05 mg/ml. The rhBMP-2/FFSS implants were madamixing equal volumes of
FFSS and rhBMP-2 (0.05 mg/ml) in buffer. The fimtaBMP-2 concentration in

rhBMP-2/FFSS implants was 0.025 mg/ml.



For the rhBMP-ZFFSS/R-TCP implants, B-TERarticles were placed in a
sterile cylinder type mold and loaded with a rhBIWFFSS solutiorf-or the FFSS/I3-
TCP implants, R-TCP particles were loaded with FES/Etion only. All implants
were made by clotting in a cylinder type mold. Timal disc-shaped implant was 3
mm in height and 8 mm in diameter. Following a Swaté binding time, the implant

was placed into the calvarial defects (Figurel).

Figure 1.Cylinder type mold (8mm in diameter) used in thigdy (A). For peripheral
seal, additional solution was injected into thecklmargin (B). The final disc-shaped

implant was 3 mm in height and 8 mm in diameter (C)

Il Tisseel®, Immuno AG, Vienna, Austria
§ R&D Systems Inc., Minneapolis, MN, USA
1 Cerasorb®, 150-50@m, Curasan, Kleinotheim, Germany



3. Surgical Procedures

The animals were anaesthetized by an intramustyétion (5 mg/kg body wt.)
of a 4:1 solution of ketamine hydrochloridXylazine'™. Routine infiltration
anaesthesfawas used at the surgical site. An incision waseriadhe sagittal plane
across the cranium and a full thickness flap wleated, exposing the calvarial bone.
A standardized, circular, transosseous defect, 8imdiameter, was created on the
cranium using saline-cooled trephine dfillThe animals were divided into 5 groups
of 20 animals each and allowed to heal for 2 (18)rar 8 (10 rats) weeks. Each
animal received 1 of 5 experimental treatmentsmskargery control in which no
material was applied to the defect, FFSS carriatroh FFSS/3-TCP carrier control,
rhBMP-2/FFSS and rhBMP-2/FFSS/R-TCP. The periostendiskin were closed and

sutured with 4-0 coated Vicryl sutuféfor primary intention healing.

** Ketalar®, Yuhan Co., Seoul, Korea

tT Rompun®, Bayer Korea, Seoul, Korea

11 2% lidocaine, 1:100,000 epinephrine, KwangmyRBhgrm., Seoul, Korea

# 3i, Palm Beach Gardens, FL, USA

8§ Polyglactin 910, braided absorbable suture,cBthi Johnson & Johnson Int., Edinburgh,
UK



4. Histologic and Histometric Procedures

The animals were sacrificed by g@sphyxiation at 2 and 8 weeks post-surgery.
Block sections, including the experimental sitesyavremoved and fixed in a 10%
neutral buffered formalin solution for 10 days. s were decalcified by 5%
formic acid for 14 days and embedded in parafferiéd sections 5um in thickness
were prepared at intervals of 80 um, stained w#mdatoxylin/eosin (H-E), and
examined using a light microscope. The most cestations from each block were
selected for histological evaluation.

Computer-assisted histometric measurements weggneot using an automated
image analysis syste‘H coupled with a video camera on a light microsé¢bpe
Sections were examined at magnifications of x 20>t 00. Histometric parameters

were defined as follows (Figure 2). :

Defect closure (%): the distance between the defexgin and ingrown bone
margin in mm. The percent defect closure was caledl by subtracting this figure
from the total defect diameter, divided by theltdfect diameter x 100.

New bone area (m the area of newly formed bone within the totagjmented

area.

Il Image-Pro Plus®, Media Cybernetics, Silver Sprvi@, USA
11 Olympus BX50, Olympus Optical Co., Tokyo, Japan
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Augmented area (mfin all tissues within the boundaries of newly forhrteone,
i.e. mineralized bone and fatty marrow and fibrewdar tissue/marrow and residual

biomaterial.

] Original bone Defect closure (%) = (a - b) /ax 100
TR New bone =n New bone area =n
1] Biomaterials = m Augmented area=n + m

Figure 2. Schematic drawing of calvarial osteotaheyect showing the histometric
analysis



5. Statistical Analysis

Histometric recordings from the samples were useddlculate means and
standard deviations (m£SD). To detect interactioetsveen the healing interval and
treatment condition, a two-way analysis of variam@s used (two-way ANOVA).
ANOVA and post hoc t-tests were used to analyzalifierences between treatment
groups at each healing interval. For the compasidogtween the 2- and 8-week

healing interval within the same group, a paire¢elst-was used. A p-value <0.05 was

considered significant.

_10_



[1l. Results

1. Clinical Observations
Wound healing was generally uneventful and was lainfor all groups. No

material exposure or other complications were oleskat the surgical sites.

2. Histologic Observations

Sham-surgery control group: At 2 and 8 weeks posgiesy, defects were filled
with thin loose connective tissue. Also, minimalneone formation originating from
the defect margins was observed. The defect capfarared to be collapsed, possibly

due to tissue compression (Figure 3).

FFSS carrier control group: At 2 weeks post-surgtrg defect sites were filled
with dense connective tissue and small particleesilual FFSS. Macrophages and
inflammatory round cells were observed around tR&%F remnants. Minimal new
bone formation was observed. At 8 weeks, defees sikhibited more bone formation
from the defect margin to the center than was s¢@weeks. The FFSS appeared to

be resorbed completely (Figure 4).

FFSS/R-TCP carrier control group: At 2 weeks pastiary, a large number of

residual 3-TCP particles were present within deasmective tissue at the defect site.

_11_



In addition, some new bone formation adjacent teatemargins was observed.
Histological observations at 8 weeks were similar dbservations at 2 weeks.
Compared with the 2 week observations, residualCB-Particles were fewer in

number and the quantity of newly formed bone wasigr (Figure 5).

rhBMP-2/FFSS group: All defect sites were almoshpletely bridged at 2 and 8
weeks. At 2 weeks, newly formed bone with ostexytas evident mainly at the
periphery of the defects, and osteoblast-like cekbibited a dense arrangement
adjacent to the newly formed bone. At 8 weeks,ghantity of newly formed bone
was greater than that observed at 2 weeks ang#wnsens showed more advanced
stages of remodeling and consolidation. CementsJim®ncentric rings of the

Haversian system and fatty marrow were observéidemew bone area (Figure 6).

rhBMP-2/FFSS/R-TCP group: At 2 weeks postsurgelgrge number of residual
B-TCP particles were observed within the newly fednbone at the defect site.
Occasionally, B-TCP particles were surrounded byemobone. The newly formed
bone was found not only in direct contact with [PTRarticles, but also throughout
the defect. At 8 weeks, fewer residual 3-TCP pagieere observed compared to the
2 week observations. The quantity of the newly fednbone was greater than that

observed at 2 weeks, and the appearance of théamesvwas more lamellar than that

_12_



at 2 weeks. Cement lines and fatty marrow were rgbsgein the new bone area

(Figure 7).

3. Histometric Analysis

Ten animals were excluded from the histometric ysisl due to technical
complications in the histologic processing (onevatigroup/healing intervals).

Tables 1-3 show the results of histometric analy$tee FFSS/R-TCP carrier
group was significantly greater than the FFSS eagioup in terms of new bone area
at 2 weeks (p <0.05) and augmented area at 2 arekBs (p <0.01). Defect closure,
new bone area, and augmented area in the rhBMPBE&RIRd rhBMP-2/FFSS/R-TCP
groups were significantly greater than in the slsamgery control group at each
healing interval (p <0.01). The defects were alnooshpletely closed in the rhBMP-
2/FFSS and rhBMP-2/FFSS/R-TCP groups. In termseof bone area, there was no
significant difference between these two rhBMP-8ups at 2 weeks. However at 8
weeks, the rhBMP-2/FFSS/R-TCP group was signifigagiteater than the rhBMP-
2/FFSS group (p <0.01). The augmented area irhBBIP-2/FFSS/R-TCP group was
significantly greater than in the rhBMP-2/FFSS grei 2 and 8 weeks (p <0.01).

A two-way ANOVA revealed that there was an intei@ttbetween the healing
interval and treatment condition in defect closarel new bone area (p <0.01).

Treatment had a strong influence on defect closuegy bone area and augmented

_13_



area (p <0.01), whereas healing interval had dnédnte on defect closure and new

bone area (p <0.01).

Table 1. Defect closure (group means + SD; n=9, %)

2 weeks 8 weeks
Sham-surgery control 11.7+29 13.7+4.6
FFSS 38.1+264 68.9 + 30.0°
FFSS/ R-TCP 55.9 + 2574 86.2+10.5
rhBMP-2/FFSS 89.4 + 11T 95.4 + 8.1
rhBMP-2/FFSS/ B-TCP 91.4 + 8% 96.9+2.5

*: Statistically significant difference comparedsorgical control group (P<0.01)
1 Statistically significant difference compared€SS group (P<0.05)
T: Statistically significant difference compared®#®SS/R-TCP group (P<0.01)

¢ . Statistically significant difference compared2taveeks (P<0.05)

Table 2. New bone area (group means SD; n=9, mnf)

2 weeks 8 weeks
Sham-surgery control 0.2+ 0.1 0.4+0.7
FFSS 0.4+0.2 2.3+0.77
FFSS/ R-TCP 1.4+ 1R 21+0.3’
rhBMP-2/FFSS 2608 3.4+0.5"
rhBMP-2/FFSS/ R-TCP 2.8+ 1'% 5.3+ 2.1/

*: Statistically significant difference comparedsorgical control group (P<0.05)
1. Statistically significant difference compared€SS group (P<0.05)

T: Statistically significant difference compared®#®SS/R-TCP group (P<0.05)
1. Statistically significant difference comparedt®MP-2/FFSS (P<0.01)

¢ . Statistically significant difference compared2taveeks (P<0.05)
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Table 3. Augmented area (group means SD; n=9, mnf)

2 weeks 8 weeks
Sham-surgery control 0.2+0.1 0.4+0.7
FFSS 5.6 +30 5.0+1.4
FFSS/ R3-TCP 11.0+ 177 10.2+ 1.6
rhBMP-2/FFSS 4.9+ 05 48+1.2
rhBMP-2/FFSS/ 3-TCP 13.2+1"3 12.1 + 1.9

*: Statistically significant difference comparedsorgical control group (P<0.01)
1. Statistically significant difference compared€SS group (P<0.01)

T: Statistically significant difference compared®#®SS/R-TCP group (P<0.01)
1. Statistically significant difference comparedt®MP-2/FFSS (P<0.01)

¢ . Statistically significant difference compared2taveeks (P<0.01)

_15_



V. Discussion

The objective of this study was to evaluate theeagptnic effects of fibrin-
fibronectin sealing system combined with 3-triaatciphosphate (FFSS/3-TCP) as a
carrier system for rhBMP-2 in the rat calvarial etd#f model. Five groups of 20
animals each received one of the following: shangesty control, FFSS and FFSS/[3-
TCP carrier control, rhBMP-2/FFSS and rhBMP-2/FFESBCP.These groups were
evaluated by histologic and histometric parametdiswing a 2- and 8-week healing
interval. The experimental defects receiving rhBRIRmderwent extensive bone
formation following each healing interval.

The experimental model used in this study was basdthiat described by Takagi
and Urist (Takagi et al., 1982). The critical-siz calvarial defect, compared with
other experimental bone defects, is a convenientemdor evaluating bone
regenerative effects of biomaterials because otlttive accessibility, simplicity and
reproducibility because spontaneous healing doesawur in the control specimens
(Frame, 1980; Schmitz et al., 1986)

It has been reported that rhBMPs alone is sufficteninduce bone formation;
however, if not delivered properly to the effecsée, water-soluble rhBMP may be
diffused, resulting in a reduced osteoinductiveedff(Nakahara et al., 1989). It has

been shown that the therapeutic outcome of rhBMé&efends on its quantity,
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concentration, and time of application (King et 2002). Therefore, an appropriate
carrier system is critical for the delivery, reient and release of BMPs at the
implantation site in order to achieve an osteoitigaceffect (Urist et al., 1984, 1987,
Kenley et al., 1994; Wikesjo et al., 2001).

In this study, FFSS and FFSS combined with B-TGFSG#3-TCP) were used as
the carrier system for rhBMP-2. B-TCP has been|dped as an osteoconductive,
biodegradable bone substitute. Its porous struanables it to entrap rhBMPs within
its micropores, and intrinsically diffusible rhnBMRsin be retained and its action
consequently prolonged (Urist et al. 1984). Althoube porous structure of B-TCP
allows cells and newly formed tissues to migrat® iih, it also provides sufficient
firmness against soft tissue pressure.

FFSS is an organic, biodegradable material derfuth human plasma. It has
angiotropic, hemostatic, and osteoconductive ptser The beneficial effect of
FFSS in wound healing has been well-documentedstodies of its direct influence
on bone healing and effectiveness in augmenting lypaft healing have produced
conflicting results. A clinical study showed therfn matrix maintains room for new
bone formation (Pini prato et al., 1998). FFSS poadl an early enhancement of
bone repair in rabbits (Bosch et al., 1980), arttheanement of physical properties of
the bony callus in dogs (Keller et al., 1985@gai et al. (2000) reported that fibrin

clot support the growth, adhesion, migration arffed@ntiation of osteoblasts in vitro.
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In contrast, Carmagnola et al. (2002) reported &S may have impaired the early
vascularization of biomaterials and, as a consempjgrevented growth of host bone
into the grafted defect. Brittberg et al. (1997fetved that FFSS treatment inhibited
the natural repair of osteochondral defects initabBven though the effect of FFSS
on bone healing remains controversial, FFSS is idered effective for BMPs
carriers. Kawamura et al. (1988) reported that FR#&$ enhance cell proliferation
and improve contact between BMPs and the surrogrudifis.

In this study, the FFSS/R-TCP carrier group wasiaantly greater than the
FFSS carrier group in new bone area at 2 week®(@5% and augmented area at 2
and 8 weeks (p <0.01). The control group of B-T@Mewas not included since
extensive evaluation was previously conductedserées of research studies. Pang et
al. (2004) evaluated R3-TCP alone on bone formatising this type of model and
found new bone area of 0.9rirat 2 weeks and 1.2 ninat 8 weeks. Although
statistical analysis was not performed, these figsliare comparable with the result in
our FFSS/R-TCP carrier group (1.4fofi new bone area at 2 weeks and 2.1°ran8
weeks). Mixing FFSS with R-TCP particles may haveaositive effect on bone
regeneration

New bone area in the rhBMP-2/FFSS group at 8 weelsssignificantly greater
than at 2 weeks (p <0.05). However, in the previstusly, there were no significant

differences between the healing interval and nemebarea in the rhBMP-4/3-TCP
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group. It may be that, when soaking BMPs in B3-TGRiges, BMPs are released
quickly. On the contrary, when BMPs are mixed WRRSS, BMPs are released
slowly as resorption of FFSS progresses.

The augmented area of the rhBMP-2/FFSS/3-TCP gr@spsignificantly greater
than that of the other groups at each healinguateBone augmentation is necessary
in many clinical cases. Over the years, autogegoaiing has been considered the
“gold standard” in this form of treatment. Autogemsografting has limitations,
however, including an inadequacy of supply andisatgnorbidity, including donor
site pain and infection. Moreover, graft resorptomses a severe problem (Schallhorn.
1972). rhBMP-2/FFSS/R-TCP is considered an effecfubstitute that overcomes
these problems. Furthermore, FFSS combined withCR-TRllows easy clinical
manipulation.

These results indicate that using FFSS as a cdoiethBMP-2 is effective in
new bone formation. However, FFSS was resorbedjtockly to produce sufficient
augmentation. On the other hand, rhBMP-2 combinégd wFSS/R-TCP produced
significant new bone formation and augmentatiorthi@ calvarial defect model. In

conclusion, FFSS/B-TCP may be considered an alaitalrier for rhnBMP-2.
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V. Conclusion

The purpose of this study was to evaluate the getdo effect of a fibrin-
fibronectin sealing system (FFSS) combined withid&icium phosphate (3-TCP) as
a carrier system for rhnBMP-2 in the rat calvariefett model.

Eight-mm critical-size calvarial defects were ceeatin 100 male Sprague-
Dawley rats. The animals were divided into 5 groop20 animals each. The defects
were treated with rhBMP-2/FFSS, rhBMP-2/FFSS/B-TEPSS and FFSS/R-TCP
carrier control or were left untreated as a shargesy control. Defects were
evaluated by histologic and histometric parametdiswing a 2- and 8-week healing
interval (10 animals/group/healing intervals).

The FFSS/B-TCP carrier group was significantly gne&n new bone area at 2
weeks (p <0.05) and augmented area at 2 and 8 vjpet&01) relative to the FFSS
carrier group. New bone area and augmented atéa mBMP-2/FFSS/3-TCP group
were significantly greater than in the rhBMP-2/FR$8up at 8 weeks (p <0.01). On
histologic observation, FFSS remnants were obseat@dveeks, but by 8 weeks, the
FFSS appeared to be completely resorbed. rhBMPrzbiced with FFSS/R-TCP
produced significantly more new bone formation amgmentation in this calvarial
defect model. In conclusion, FFSS/R-TCP may beidered as an available carrier

for rnBMP-2.
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Legends

Figure 1. Cylinder type mold (8mm in diameter) used in thigly.

Figure 2. Schematic drawing of calvarial osteotomy defeabvehg histometric

analysis.

Figure 3. Representative photomicrographs of the sham-syigmrtrol at 2 (A) and
8 weeks (B). Thin loose connective tissues wereemiesl between margins. The
center of the defect appears collapsed (arrow rafdct margin; H-E stain; original

magnification x20).

Figure 4. Representative photomicrographs of FFSS carrietraloat 2 weeks (A and
B) and 8 weeks (C and D). At 2 weeks, the defetdsswere filled with dense
connective tissue and small particles of residiF. Minimal new bone formation
was observed. At 8 weeks, more bone formation coedpto 2 weeks (arrow head:
defect margin, NB: new bone; H-E stain; originalgmidication A and C x20; B and
D x100).

Figure 5. Representative photomicrographs of FFSS/ [3-TCHecacontrol at 2

weeks (A and B) and 8 weeks (C and D). ResiduaCB-particles were still present
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within dense connective tissue at the defect 4it® weeks. Compared with the 2
weeks observations, residual 3-TCP particles waserf in number, and the quantity
of newly formed bone was greater than observed ae&ks. (arrow head: defect

margin, +: B-TCP; H-E stain; original magnificatidrand C x20; B and D x100).

Figure 6. Representative photomicrographs of rhBMP-2/FF&&im at 2 weeks (A
and B) and 8 weeks(C and D). Newly formed bone olzserved at 2 weeks. At 8
weeks, FFSS had been replaced by new bone and cénenwere observed. The
guantity of the new bone was greater and the appearof the new bone was more
lamellar compare to 2 weeks. (arrow head: defecgmaarrow: cement linesNB:

new bone; H-E stain; original magnification A ancD; B and D x100).

Figure 7. Representative photomicrographs of rhBMP-2/FFSSCRB group at 2
weeks (A and B) and 8 weeks(C and D). A large nurabeesidual R3-TCP particles
were observed within the new bone at 2, 8 weekmpaoe to 2 weeks, the quantity
of the new bone was greater and the appearanbe okt bone was more lamellar at
8 weeks. Cement lines was seen in the new bone(aneav head: defect margin,
arrow: cement linesNB: new bone; H-E stain; original magnificationafdd C x20;

B and D x100).
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Figures |

Figure 3
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Figures Il

Figure 6
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Figures llI
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100 mhelel £ WAdA Smm ABS 2 A=zl T

.

AEE gAY 20 v 5 e e i, 7t e olFAlE
ol2atA @& W&, FFSS & o4& i, FFSS/B-TCP & o|43
FFSS ¢} FFSS/B-TCP & AGAZ AL&3te] ¥ % 0.025mg/ml rhBMP-
2 & o]A% woR ol & F 2 FoF 8 Fo AfF AHE 2A T,
ZAA S A o8 vl et
w2 Az, FFSS/B-TCPolA  FFSSwHtl 254
AN A% (new bone area) & 2, 854 %74 A% (augmented
area)°] oA A F7sh 24 A= FAd S rhBMP-2/FFSS,
rhBMP-2/FFSS/B-TCP «3+e] #9] A= fIAth. 22y 8FAol+= +
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