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A Study on the Tissue Response and Bone Formation after Augmentation Using
Proplast and Porous Polyethylene in Rabbit Mandible

Geon Jung Kim, D.D.S., Sun Youl Ryu, D.D.S., Ph.D.
Dept. of Oral & Maxillofacial Surgery, College of Dentistry, Chomnam National University

Proplast and Porous Polyethylene which have porous structures as low-modulus polymers have been
recently used in maxillofacial plastic and reconstructive surgery.

The purpose of this study was to compare the response of adajacent tissue, new bone formation and
stability after augmentation by differen methods of subperiosteal graft using proplast and purous polyethy-

lene in rabbit mandible.
The augmentation procedure was carried out by dividing into two groups, A and B. A group consisted

of subperiosteal graft on the cortex, and the other B group was made up onlay graft following artificial
decortication in the mandibular body of rabbit.

The experimental animals were sacrificed on the 1st, 2nd, 4th and 8th week after grafting for macroscopic
and light microscopic examination. The samples extracted at the 6th postgrafting week were also used
for biometric testing and scanning electron microscopic examination.

The results obtained from this study were as follows :

1. Macroscopically, infection of graft site, deformation and migration of graft material were not observed
in all experimental groups.

2. B group showed more rapid and increased bone formation and the greater stability than A group,
and tissue response was similar to each other.

3. In the tissue response, macrophages and cellular infiltrations were observed in Proplast group, but
few in PHDPE goup.

4. In bone formation of A group, Proplast group showed no bone fromation until the 8th week, but
PHDPE group showed small quantity of osteoid tissue from the 2nd week and appositional bone growth
with new bone formation at the 8th week.

5. In bone formation of B group, both Proplast and PHDPE group showed bone formation, but PHDPE
group showed more rapid and larger bone formation.

6. In pattern of bone formation, Proplast group mainly showed appositional bone growth pattern connec-
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ted with graft site. On the other hand, PHDPE group showed mixed pattern of new bone formation
in the pore connective tissue with appositional bone growth from graft site.

7. The maximum mean values of shear stress were serially 111.3gf/mm’ in PHDPE of B group, 84.8
gf/mm’ in PHDPE of A group, 329¢f/mm” in Proplast of B group, and 15.7gf/mm’ in Proplast of A

group.

From above results, It was suggested that the capacity of bone formation and the stability between
bone and graft material were dependent on the pore size and structure of graft material itself, the state

of graft site and tissue response.
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wire
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‘2.9 1. Universal testing machine oj]
SAEE A4 o9

g, FAIRAE0 4d A 1 HA o)A He
Proplast®t PHDPES] & A&l tigh FAHAE
v Ad g A8 3xX4mm= A8 EES 0%
gold-palladium ¥= 22 coating & oh& FARI AL
# 1] 4 (JEOL 35-C, JEOL Co.,, Japan) 9] &2ttt
0|4 6F AT AT 1t 2PFTES 8

104

HAA dtetES A& O o|HARTE AA
3led 197t half-karnovsky's £9e) A3 po-
tassium phosphate €389 (pH 7.4, 0.1M) | A 30
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A AZNA Proplast? & $F7AAE €7HEe
P4 e B 4 fdgovh FEPHDPER & 457
sl7pZal od Mo &S B 4 AU

A2 AAF onlayel 2 ¥ B A1 ProplastT &
gErE BRo g 94rlEo] FAE JYND vt
W PHDPEZ L 2738 olAd a4 # 27
Zo] BAH] UL sFole AEEN BAV
w49 ALE Fxo] AH Ae F¥=
Hyoh

2. etEnAA 24

7b A AEF g 938 ol 4T
1) Proplast®

a A 130|439} Proplaste F3re) AH
Z2 JEo & A} YN ProplastiH
o] A Foll= oA Agz o] #aAEA gt vt
g HAPTE 7AE ¥doz AYA AUeR
MEZEAFL Holz gt (Fig .

b. Al 2 & Proplast W¥ AFole ¥l
742 ¥ 3l trichrome @450l I4& Vel 2
Fzeoz AMPA AR o F-9o £F9
2 A E o] BEAs YTt wF o] A7l A 3
AEQ &) BEAHT 45 AANAEE £d3}
A% (Fig 3)

c. A 4 F:0] A7 Proplasth A3l
o AME o A FAEA ok WY AEY
3 A¢EHa sAEHL 25 ¥ ¢ §el
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#8522 carbon fiberst 2 AEE ZE A
¥So] oy 2dsgot a2y FEA LA
#a=A) gttt (Fig 5).

d A 83 : Proplasttll MFole A Az
Hrog AYA e APl AEH G
& AN aFe] AUA o] Al7le TS
A BAE A skok (Fig 7).

2) PHDPE®

a A 13 ©]21 %9} PHDPE Aol W33 9]
AE9} 7 Proplastitel ®l&l o Be A=
o2 YA Ao obH AFWelME A=
Ho] VAR Yu oz MYA UU2H
AENEL BAHNA gt (Fig 2).

b Al 2 3 AFde AFEY Aol FF
stgon AeRAYs 2= BEEY AETT
oy B o e A9 3 2AE#C| Pro-
plast ©12lTol Bla) © Wol BT o]0
AME Y MFo trichrome FHANA HH &
e 2% GF2AE AT AT AE
2 $-& Proplast ©] 2ol vl&) #43] AU (Fig
4,

c. Al 4 3 . PHDPE £4 %) 7b7HE Al gl
R ER & ¥ @o] VERRT trichrome B4 ol A
o A3 PMe W F spiculeo] BEAHACE oY
o a@e AFde Fhohl ZIHAXE Ze
AR EH GG Fo] FAE AL o] 52 o] A9
A&Ae glivh T3 of Al7]d AlZ a2 A9
Fa5A gkt (Fig 6).

d Al 8 F . AF e EE=AA trichrome
dao g A4S @ ANE YA A FEHLR

o] ARl dAdMo] v FAF L] BFHAY
AHes Fgz2HLe FAH AL AEHH
& wolA gutt (Fig 8
v}, HAEF dAlF onlayelH T
1) Proplaste

a M 1 F 0] 59} Proplast Ateldll AE=
3} AEAFo] BAHUL FAFNE B
A At (Fig 9.

b. A 2 % ! Proplast W% Aol EH 2
Zraet A 2o RAHETPo] HHEYI Ak
Hog APz o] BAHJCH AEHE] BY
o}, =3 o] Al7]olE Ui o] AR AT AF
A fFzHe #AHAY (Fig 1D.

c. A 4 F ! Trichrome gHolr] 42 o
Fz o] 2Fo v  @Wol FHHYeH H4F
z3y ZAEEE ¢ FAHAT 259 HEH
&ol #REAUt (Fig 13).

d. A 8 F ! o] Al7]el A= Proplast 4]l
A7 AFAA FzAo] FAHUAL PR o4
ol di4o] e AT AWE By A%
z&e Jdez grigdoy JEAEE 4
3] &3k (Fig 15).

2) PHDPEi™®

a. PHDPE &4% A3 843 2o 4%
ZFo] % HUn MEHES Holz gt}
(Fig. 10).

b. Al 2 3 : o] A]7]2] PHDPE W% H3dl=
R Atz gy U5 Y e
AREAX7F 293199 ATl Proplast ol
& o 2 S48 ZZFe] dERF AfelelA

{Table 1> The results of shear test of the rabbit mandible

A B
Group
Proplast PHDPE Proplast PHDPE
Specimen
Items S1 52 S1 S2 51 S2 S1 52
F 150 225 995 1080 450 340 1420 1250
m 125 188 79.6 90.0 375 283 1183 142
m 157+ 45% 848+ 74 % 329+ 65% 1113+ 99 %

F :peak load Y4gf34

m : maximum shear stresstgf/mm?®)

m . mean maximum shear stress (gf/mm®)

* [ standard deviation values
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Sl 8 @) A avp i Wadlstel
BAHUL AXHEL A BFEHA v
o] & Hofl Q1A & M| Follz o] A5} A& ] o
FA47e] BAHAY (Fig 12).

c. Al 43 0] 7]l PHDPE F4 4159
A¥zH Alolell A trichrome 44l z4E H
AT ) HA} o) Ko} dAEo] AFE T e
ZzAL w3 2 £ UATL BAYRE 2579
AL A E0] n MEARES A #F
52 ekt (Fig 14).

d. A 8 % :PHDPE AW & o]}t A%
Aol Qe A4 AR AT AFEHAA
AW PAo) A HYEIH FARE FaF
FzE B 4 QY Aol vE MAHer I
230 BAHAY (Fig. 16).

3) AAAZTH A

Table 12 ATA|Y Az g A shetdo] FREE
A8 o) 657 AHF H) ATE-H L B9 PH-
DPEl Al 111.3gf/mm? A2 PHDPE®|A 84.8gf/
mm?, B Proplast®ll A 32.9gf/mm?, AT Proplast®] 41
15.7gt/mm’e) &2 2 e oi(pd0.001).

4, FAAAANEH 27
7h) o] 4

o] 214 3X4X15mm 2712 EAH T sl
ZAMAAu Aoz AR A3 Proplasts T
467t Teflon FAFAN FAFo2 5]
e Aagde oW FEF BT % 50-180
um® AE2712 Byt (Figs. 17, 18).

PHDPEL: Proplastobs o2 Helo) v|23 +f
22Q A TERE BRFI oF 400-500um® Al
23712 24tk (Figs. 19, 20).

1) ol4] 657 AT

ol 2| Bofl FAGFo 2 o] Ao HTAS *F
g Aa 2wy ARTAA oMY AF Apejdl
Agz Ao YA 272 EAe™ AT Prop-
lastZ o) A& carbon el Atelo] F& A FAES
z2)o] ¥ (Fig 210 ¥Hd BZ 9 Proplastol A=
AR ET} A Ake] Fxalo] BAHAT (Fig
22), PHDPEZolA & 79 5& A¥E e =
zA o} spicule® FEAZ HAHYL AT BT
Aol AASA @Rt (Fig 23, 24).
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Proplastioll A= 85 7kA] 43 0] #2= A sk
t}, olel A= (EFE HAY Ay AT
Folu FIAMFEY F=7t v S Bolstz] d&E
vepd Aeg FAHHEG geld 343t #&
a0 M oz o A7ty L 3
ot o) gEolvt TFF FH7F HskA ¥vid
ZoxA JAF AAF o] TN (] W&
ZARL T HE2H e AR APHE AE
F g Aoz AlR¥H

£ A7 A9 Proplastst PHDPE (Porous
High Density Polyethlene) = ¥4 A8 2 A
Zato| go)&i QG FLY ATTEE
7t ARG AFYe] ¢ oz ¢
## At} Proplasti= Tefln® @adf2 7AH
A %7 % (laminated structure)Z ©}F-il 200um ©]
*pol £x)4ke] MF A=t (dendrictic pore intercon-
nection) & 7kA9 o 75ume] B MF 2719 oF
70-90%9] AFR-HE el 2 s s n 69 pY
DPE:= 4943 gaH9E 2= A9 polyethy-
lene/} 59| 47 gsintering) A o8l thEoiA|
o 274 200um ©)3 (BT °F 400um) 9] ¥ =
718 k3 o 40%9 tEAdE TR Hod
Mg S olthAs® B dFe] FAHAER S
A 7o) A Proplasts ©44dR7F Teflonol FA4
oz Efso] gl H3Hue) B oA
TEE BAT % 50-180umd] Al 1718 HY
PHDPE®: Mli 71859l thiy 728 Lix
oF 400-500um$ A& 271 B4

g o 2 ofHe] AHFAH AEF HYd}T
H o 430} o] 4 A Abolofl ] AE] A FFAES
7] gl AlF Rl 2o WAGS 383
ol 2l Al el A9t BetAAdS vl ZIAA BT
ZANF B Ao T2 ® 850 Homgy's & 4]
237} °F 20umBth B Aok FRUYR FHo|
Solem AF A7 AFol AAF}E Mol
#7hea Y AFPEE FAANAT AE
a717b o ARG FaHT AlEE o
Lolzickn Ect E ZFAXL Falo 2o
HAEE Aol Yo HH AT AVl
100um ©l3olZti sHa oleg Abd 1 59
o] Gpranndd o) Fwi HUh A4
AaE o] &% AFANA Cestero?} Salyer'’= PH-
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DPEWHE S48t Betgn| o g FEg
Ax 2/184FE O 2 [AF 278 2T o4
Aol A 2 WA E Y 3057 =W Hate] 7t gk
81931, Spectors* & Proplast®} PHDPEE 7| A%
AP zHEH o2 sluaAe d7N4 400um
o] ME=718 zE PHDPETANAl WA el 2
F7E Alats]o] gRFd A4 FAG FE4
A27¢ 893 9 75um) A¥A7E ZHE Prop-
last@ ol A 205744 QA= FAEA e HHF
ZZute] FAHy Hasgrel B A7fAE
Cestero®} Salyer'e] @--oAe} o] aAFE
AA 5 oo AS MFY Z7IF W 2 PH-
DPET-©] Proplasti=oll Bla) W5 41481 thae]
23 vebd vt 3 A3 Aol 0] 4§ Prop-
lasti=ol| A= Spector84°¢] A7 AR o] T4
Zo aF FEI AY ZVE PHAEAR 8F
7R FAA 228 AFe 278 olg} o
2ate] Aejet ARzA Y A D 2AEEw
o 3kg whi= Joz AMR¥CL

£ g7 23wg lejA PHDPEZ M <
ANERFo] A &84 2 W Proplast
e Aol RE A7le] gF o} olEdg& U
e Aoz Adse AXARe ANes &
2] ANAE7} 2R BT A o] HT
47F A7 carbon fibers} #HE T E AEE9|

4 B@goh, 0@ @ A= PHDPET A&
GEAEY AWAESL AY §ls B Proplast
AN B AZeA] Azt FAECE
Spector's*'9] A7} 53] 45 A AHHE7}
wol vedctty Bug Arems" 9] A7
ALgE Ao 7 Alg®ol, EF Proplaste] Aol A ca-
rbon? ¥ WxF ERE AlE= Proplastd] A
5% carbon fiber2 13 F =¥ SHHAEz 4
Ao}, w2k F2 AN oA Fart
A7} e SdlErd YA ATl BT
cathon™} FAFG o] FFEo] X FowA
AF 27178 T 2 ARG ARESE 3le] 20
&9 HFHd A 1S FE&F Ao 7.

Proplast®} PHDPE®] =& Wld4te] 71Hef gt

ArE ARAOR 4F A7l% MFFRA 2
TAY TR 249 Homsy S e Proplaste)
23] Bl 27)oE ol 4o] YA BT



a4 nds mgde] vehyn F9aa 237
S 2NE At FAE shaAM mYd o] 4L}
APk sHF I, Cesterost SalyerV'v o] 4] )
W2 FAEA 714 (acellular ground substance) S
kg HaE2lo) A dojrtal o] Aol £
(osteoid) = THAE Holl 43|3}=o) J&HF= W
Frobar Bastdoh Alzkel Aue wE FuAgs
EFA 718 W3l SpectorF2 E 710l o)A
WE osteoprogenitor mesenchyme©] S0l o}
37t AHGAE R £AZ Y FARLZEE WA}
For Pdrty 3glom 565 ol 4Ae] A
frE&Ho] FxAa FAYA F5+Z gAEd
ATk 1F Spector 342 A-F ol HAE Ho]
AHW 4ol HelE osteoprogenitor mesench-
ymel 2 thA g 5o TR o) Fp) #
A B3E e 4ge 7)o FEnFo] N E
e e AR ZHRF o MtEx o A g
AFE YFo A T B3 2EE Q] 214
AL B8 d3 20 25 QA ALY B
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EXPLANATION OF FIGURES

Fig. 1 Proplast of A group after 1 week : (LM, H-E, X500)
Connective tissue between Proplast and underlying bone and blood clot in central pore of Proplast are
observed.

Fig. 2. PHDPE of A group after 1 week : (LM, Tri, X 250)
Blood clot and peripheral connective tissue in PHDPE structure are observed.

Fig. 3. Proplast of A group after 2 weeks : (LM, Tri, X900)
Connective tissue and cellular infiltrations in Proplast are observed.

Fig. 4. PHDPE of A group after 2 weeks : (LM, Tri, X250)
Proliferation of fibrovascular structures in center and osteoid tissues in periphery adjacent underlying
bone are revealed.

Fig. 5. Proplast of A group after 4 weeks : (LM, H-E, X900)
Cellular infiltrations and macrophages containng density similar to carbon fiber are observed. But there

is no new bone formation.

Fig. 6. PHDPE of A group after 4 weeks : (LM, H-E, X250)
Active proliferation of bony tissues in fibrovascular structure are observed.

Fig. 7. Proplast of A group after 8 weeks : (LM, Tri, X500)
More connective tissue proliferation is observed and cellular infiltrations are not shown. but new hone
formation is not revealed as ever.

Fig. 8. PHDPE of A group after 8 weeks | (LM, H-E, X250)
New bone formation and direct bony direct bony ingrowth connected with underlying bone are observed.

Fig. 9. Proplast of B group after 1 week : (LM, H-E, X900)
Cellular infiltrations and connective tissue in the periphery of graft material are observed.

Fig. 10. PHDPE of B group after 1 week : (LM, H-E, X250)
The large amount of connective tissue in central pore of PHDPE is revealed.

Fig. 11. Proplast of B group after 2 weeks : (LM, Tri, X500)

Some osteoid tissue formations and cellular infiltrations in the connective tissue adjacent to underlying

bone are noted.
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Fig. 12. PHDPE of B group after 2 weeks : (LM, Tri, X250)
Large and abundant osteoid tissue formation in the connective tissue and direct bony ingrowth connected

with underlying bone are observed.

Fig. 13. Proplast of B group after 4 weeks : (LM, Tri, X500)
Bone formations in fibrovascular tissues are more proliferated than the 2nd week and accompanied with

mild cellular infiltrations.
Fig. 14. PHDPE of B group after 4 weeks : (LM, H-E, X250)

New bone formation separated from underlying bone and direct bony ingrowth connected with underlying

bone are observed,

Fig. 15. Proplast of B group after 8 week : (LM, H-E, x250)
Direct bony ingrowth connected with underlying bone and reduced amount of fibrous tissue are observed.

Fig. 16. PHDPE of B group after 8 weeks : (LM, Tri, X250)
Marked formation of new bones, direct bony ingrowth and trabecular pattern similar to normal hone are

revealed.

Fig. 17. A SEM photomicrograph of Proplast showing Teflon polymer and carbon fiber (X24)

Fig. 18. A SEM photomicrograph of Proplast showing laminated irregular porous structure and about 50-
180um pore size (X24)

Fig, 19, A SEM photomicrograph of PHDPE showing relatively regular porous structure (X30)
Fig. 20. A SEM photomicrograph of PHDPE showing about 400-500 um poresize (X50)

Fig. 21. A SEM photomicrograph of PHDPE showing connective tissue infiltrate in an internal pore of Pro-
plast in A group after 6 weeks (X1000)

Fig. 22. A SEM photomicrograph showing fibrous (F) and bony tissue (B) of Proplast in B group after
6 weeks (X1000)

Fig. 23. A SEM photomicrograph showing bony spicule (B) in an internal pore of PHDPE in A group
after 6 weeks (X50)

Fig. 24. A SEM photomicrograph of PHDPE in B group after 6 weeks (X50)
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