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ARIAkEo] =T ARl Fofgh
3l AJEHAMIIRIAHIGE), HEAARIAHT-
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& ARIAE] FES olgton] FopAEe]
ke skl F4ke 2dshs Zom Hawg]
o640 e} olefdlh AARINES FHEEIR
Y Aol o] E2ds), arte] g 5o &
& 7 AL o ARIAE tiAE < s o
7] far, AEEAR] P3AdS 7L, ks, A
H]QL-J e B4 digh At ek Aot
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2 (NaPOs)n9] #A2E z8H= QAo Fsligk 24
A 849 24 = Slle] orthophosphate
(Pi) residues?} ari4#]¢] phosphoanhydride

TS ek gk SR Frige
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Efrs oM TN e &
A 2t} Fleisch 5(1997)%-2 2)(phospho-
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= s JAlEdoldtal Barsilal, W 4o
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9161 5 Shiba's(2003)™2 H7]¢lakee] A
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1. d7AE

Ao r= e HTR-9W, W.L.
Gore & Associate. inc, USA)S A3t}
25x20mm =719 Efehs7dsiises Wio] 7z,
A= 247} 10mm, °] 2mmS! 252 vHEo]
ethylene oxide® 453 & FHFEAdeol] AR
o] Wadt ke B & gue sk A
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A7NE ZHe Ao PR e g (Bio-
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witzerland) & ARESIICE  F7I1AIde Poly
P75(Sodium  polyphosphate,
Louis, MO, U.S.A)E AR3ISIt)

Sigma,  St.
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Table 1
1, 1% 57106l AAsh dobie-=2) Elehs S35t &4 SAH4-0 chromic gut)E o4
A s AREg s AR 11, T18]a 2% slo] et ®9E s B3tk
71Vl HAeh gehil =3 Elehrdsiate
TS AR S AR IVE BRI 2) =% AA
At aE AP flele] 7= 37 = § 2
2. A7 A7) gentamycin(E8leRE, &) Imle <%
A sl
AT 6578 HitAlls 2kgel $AMHE (Newzea-
land white rabbit)E 7} it} 3vlely 120} 3) =2EH] B Y
ARgBIsion AF7IRE w9 ARG, = AAFEEL & 5 2, 4, 850l 47 nke] &
AAEEES, ) E el el A AR s STARRAL ojilsleis AR &
Aollx] ARsslgiet. 7 wmiet 3uked widaksl & Adetar A sp FlEs ks
NS A5 e AuAdie] e &
3. A4 & G3AIl RS vHET] flele] Auke g3
S, v Anke Ze] A8k ks 93| M
D Aerbd e AslaAt SiSith. AEE 4% paraf-
A& 5Eo ZYE(Virbac, France, 0.2ml/ Kg) ormaldehyde -&ol] A&k, Auke BES] 22
0.5mlE &FAkle] almlHskal, FERele 2 F Aol we) 70% G2l 197 97kE o
TAIR 22%(1:1,000, OOO of|Zu|xz=l) 0.5ml= “:,r”\ . Villanueva bone stain-gel] 343+ 24 A]7]
B A el kS A Sl ulEt dgkge] wAME EERAIFh
#15 TEEE o]dslo] AVFHRkeRE A, Z‘J‘l} Methyl methacrylate monomer(MMA mono-
< AdsIdeh T80 274 6.5mm EdE HEz mer, Junsei, Japan)E FFARRI AEES MMA
7HJ4°ﬂ oF 1-2mmZlol2 AARE FAEINT) =+ monomer, MMA polymer(Wako, Japan)2t
YEds fsl] de EdE Mz gAdsk AAN benzoyl peroxideE &gsle] vH= giRlog Euf
THE Bhe= 7htel= ¥(HP long #6)i F=raf sldct. Al Ax2dd](Maruto Co., Japan)
o ¢F 1-2mmzleo|2 FAzE AAII) 2lEd £ ol8ste] b00um A= Aeek & Az dvt
R & AR 5 HeRdskbEEt Uil 7/(Maruto Co., Japan)® 80um®] A& Ao
*ﬂﬂﬂ‘?ﬁ‘?‘% 71V ZF g g eas &) Askdn g o® Paslelrt, ‘JrUV] ik B34

pgos st ol Fleliie)

52Xt AZAAM AL

F2 ARPHOl o A2]dk ¥ Hematoxylin?}

Fosin @S Alsdsidlon mgk aAxz|gh
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PCNA (proliferating cell nuclear antigen)ZE
avidin-biotin complex methodZ AFg-3te] HA
Aprstels edaste] AT

L. A7 A4
1 &7 1

1) = 25

A 2 A E Qo A ekspio =2 miAgh
2zA ] Fago] AEEITH(Figure.1). =hA
o Zspiielel d= ARAATAMTEH o]
2=e] Frgo] wEElm Fejels AMIAREAE
o] EuiRlar JUArHFigure.2,2a).

rU

2) T 4T
270 ARl Awke] AT dXo] JEE
FAol A B o) o)) AE TR i

AL .
= agAgEAor A4 AMtkFigure.3, 3a).

) T= 8T
HIERS| 22 ol 9l (osteon)©] AR
oAl FAEH o)A E FAoRE AAEZe] FAE=
7 R 5 Atk Figure.4,4a).

1

2. OIZF 11
1) o 27

2| kslalo 2 Rl o.aty) o] AL SemlaL Q)
T AgxAo] I Aze] P BelA] &
Arh(Figure.5,5a).

2) = A7

H]El-gzﬂu.ioﬂ}q Bl oS0
2ol e AL AT 79
=oedA] SISt 25l
AAES AR glltk(Figure.6). E3]x

A3 _Lioﬂ -]

el

EEESEAE R D BRI
FS A glon AYEFYe B Qk

tHFigure.10, 10a).

EFS| A oA Aptepge] o] Rk
ﬂ%ﬁ& AgfAo® YA Aom ZopAEet

FAKSE A3 (osteoblast like cell) 5] ZfHo]
AL vk AAFPAE Aol P 4= 9l
ek mESk ASAE] o] MnHoR Farso]
AE P BrtH(Figure.11,11a).

ML 0 o=

piebge) e
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M} ¥l zjols Baet 4 §ilet, 2} =
Ao R AxAe] HF7F WSt Figure.
13, 13a, 13b).

2) 7= A
H] k3] 2 ol A Ehel 7V11?~°1W%'~E1
J P& OM 250l skl 5

AT “44‘:”:'4
o] EH G

ARz ?s:mo] aqo] =7}
H AL B 4 Tk T3 oM} Fglo] S}

HrElo] 9)\% AAS HTH
ol M= A4
Zo "éol 4T?‘°ﬂ 1°P°4 fﬁ]ﬂ‘] S7HE PE
B 7 oddler el Aol AL 2uk
o2 FByshal Q= AlAEe] AR §isle] s
= S HItKFigure. 16, 16a, 16b).

5. A 23}8H4 £4

T WO Sold gaukgo] dofub eisk

tHFigure.17-20).

IV. 2 ¢ u3#

Schenks(1994)%& njZ7S o83t 29
B 2A B BAEE Aol wet At

o] FAE= A WA A, Aol s
AdEE gkEE T A O, a3
o] JMxsE= Al WA gAY Al TR ERslE
g A HA A= oF 8570l o] Fox At F
A GAE 16700 % $Hl3] o] Fo|#|7] gF=ttal

ol AR o[ Aelr= FA X

uQLrE o [ W T %

%%EJH%%% AR el S|
et TS ek o g WkAlekE]
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2 ] et oR ke Fle] sue]
WA} S - 7He] dREERo R oo 3l
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of saze B sjekEt stk @ 5 et
oI olfi TS o] AFoIM IR A}
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AR e BERE Ao BT L 29
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=258 ghlel ZAo] oA ¥4 avE
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21-23.60.61) %0101_74] A 717V (ﬂ- Z o]Fo3 o
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et FHEAS Hagk ghg
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I} Apke] Ao Skl z}zyel 2
Aollr Agdate] A= Aol ZolAAlE Agst
Al g2 ozl Hlsle] AAs] Hom FAlR-
oj2Al= AftrAel Eeime] des Hassith
Stavropoulos 5(2003)*' %= 9] ajelxe] Hh-
Fefe] HEEw) Gehil9as 3 YXA7]AL 1
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AgA7) A9l 23%0) BRI Rl o)
o g AgEde] YEMeEe Eebln glu
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1 - Figure. 4 : Control group I
1, 2(2 weeks after surgery)

1 A little newly formed connective tissue existed under the TR-ePTFE menbrane.
(Originalx40, Villanueva bone stain)
2,a A little new bone formation was detected near the connective tissue in the pe-

riphery(2: Originalx40, a: Originalx100, Hematoxylin and eosin stain).

3(4 weeks after surgery)

3,a A little new bone formation was detected on the remaining bone similar to the 2
weeks after srugery group, but the space under the membrane was filled with
mostly soft tissue(3: Original*x40, a: Originalx100, Hematoxylin and eosin stain)

4(8 weeks after surgery)

4,a  Osteon was surrounded by new bone formation in the nondecalcified specimen(4:

Originalx20, a: Originalx100, Villanueva bone stain)

5 - Fig. 9 : Control group II

5(2 weeks after surgery)

5,a: DBBM(Deproteinized bovine bone mineral) particles was surrounded by con-
nective tissue, but new bone formation was not detected(5: Originalx20, a:
Original*40, Hematoxylin and eosin stain)

6, 7(4 weeks after surgery)

6: DBBM particles was surrounded by connective tissues(Originalx40, Villanue- va
bone stain)
7, a A little new bone formation was detected in the bottom of the defect area(7:

Original>*40, a: Originalx100, Hematoxylin and eosin stain)

oo

, 9(8 weeks after surgery)
8, 9 Distinct bone formation was not detected in the decalcified and nondecalcified
specimen. DBBM particles was remained instead of being resorbed(8: Originalx

40, Villanueva bone stain)(9: Originalx100, Hema- toxylin and eosin stain)

10 - Figure. 12 : Experimental group I

10(2 weeks after surgery)

10,a DBBM particles was seen and new bone formation was not detected
(10: Originalx40, a: Originalx100, Villanueva bone stain)
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Figure.

Figure.

Figure.

Figure.

Figure.
Figure.
Figure.

Figure.

Figure.

Figure.

Figure.

Figure.

11(4 weeks after surgery)

11,a Most of space was filled with connective tissue and osteoblast like cells were
infiltrated. A little new bone formation was seen(11: Originalx20, a: Original
x100, Hematoxylin and eosin stain)

12(8 weeks after surgery)

12,a DBBM particles was remained instead of being resorbed. New bone formation
increased when compared to 4 weeks after surgery group(12: Originalx40, a:

Originalx100, Hematoxylin and eosin stain)

13 - Figure. 16 : Experimental group IV

13(2 weeks after surgery)

13,a,bDBBM particles was seen in the nondecalcified specimen and soft tissue im-
pingement was detected in the margin of the bone defect. (13: Originalx20, a:
Originalx40, b: Originalx100 Villanueva bone stain)

14(4 weeks after surgery)

14,a New bone was made from the bottom of the bone defect, but most of space was
filled with DBBM particles(14: Originalx20, a: Originalx100 Villanueva bone
stain)

15, 16(8 weeks after surgery)

15,a,b, New bone formation was clearly increased around the DBBM particles.

16,a,b Bone marrow was seen and remodeling of bone was also detected(15:

Originalx20, a: Originalx40, b: Originalx100 Villanue-va bone stain) (16:
Originalx20, a: Original*40, b: Original X100 Hematoxylin and eosin stain)

17-20(Immunohistochemistric analysis)

All of groups were presented with non-specific staining(17-20: Originalx100)
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Figure 2. Figure 2a.

Figure 3. Figure 3a.

504



Figure 4.
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Figure 6. Figure 7. Figure 7a.
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Figure 8. Figure 9.

Figure 11. Figure 11a.
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Figure 12. Figure 12a.

Figure 14. Figure 14a.
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Figure 15a.

Figure 16.
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Figure 16b.

Figure 17. Figure 18.
Figure 19. Figure 20.

509



—Abstract-

Effect of inorganic polyphosphate on
guided bone regeneration

Jong-Hyuk Chung, Young-Hyuk Kwon, Joon-Bong Park, Yeek Herr

Department of Periodontology, Kyung Hee University, Seoul, Korea

This study was performed to evaluate the effect of inorganic polyphosphate on bone
formation in the calvaria of rabbit in the procedure of guided bone regeneration with bovine
cancellous bone graft and titanium reinforced expanded polytetrafluoroethylene(TR-ePTFE)
membrane. The rabbits were divided into four groups. Control group I used only TR-ePTFE
membrane, control group II used TR-ePTFE membrane and deproteinized bovine bone
mineral soaked in saline, experimental group III and IV used TR-ePTFE membrane and
deproteinized bovine bone mineral soaked in 196 or 2% inorganic polyphosphate respectively.

After decortication in the calvaria, GBR procedure was performed on 12 rabbits with
titanium reinforced ePTFE membrane filled with deproteinized bovine bone mineral soaked in
saline or inorganic polyphosphate. The animals were sacrificed at 2 weeks, 4 weeks, and 8
weeks after the surgery. Decalcified and non-decalcified specimens were processed for

histologic and immunohistochemistric analysis.

1. Titanium reinforced ePTFE(TR-ePTFE) membrane showed good spacemaking and cell
occlusiveness capability, but it showed poor wound stabilization.

2. The deproteinized bovine bone mineral did not promote bone regeneration, but it acted
as a space filler.

3. There was no complete resorption of the deproteinized bovine bone mineral within 8
weeks.

4. 1% inorganic polyphosphate did not promote bone formation, but 2% inorganic poly—

phosphate promoted bone formation.

Within the above results, 2% inorganic polyphosphate could be used effectively for bone

regeneration.

Key words : Inorganic polyphosphate, GBR(guided bone regeneration), TR-ePTFE
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