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B3ista A oe} X F3e 24

I.N &

A E AAHE 2T PHe FE AZ
Ao #8E HAE Az @ AARFo| A
ofu &l &oll lolA, 7153 Huld BHAAM A
He #5+E F U lf T8 80 E #
Aot ol & o] F2 A g}e] AFHHL HA)
7R 2ol A Be BAe o] o] &
o0y FH o= EX e lof A, Bt &L 7|7t
o % AAF A2FE A3 FAldl, 0] F 2
AEE FAste ATATE wer] AT g
g A77F Aggslo} girt,

Ao} WA ojdte] YA HA = LA
Af2A S WA Hed, AA dx g ¥y
o] MAA I, ol L F9 AUAME
A fotd 2o FA7 A Kotz L PAs)
o, 2gz3A o2 At ol FA T
e 4ur} o] Roixn, 4M HAE 2F
Z27 e 24 AR 22 SIEEA AR s
¥ 22E olF0, A3 2T Ado] Loyt
A gt

N zZ9 AMARA dJM Pietrokovski &
Massler(1967)°& “Feta} shete} s 5ety 72
o ol3] afetzte] WA F A fo AT AL Y
4 Fdol o1zt UL S BAgFAD, of g &
A N2Z JAA Az2Ad R & Fars}

2 34 2 949 AR Fgstel, BF o
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A 2% 2R A x4 YU E FF
e 891F shven Badigich =3 X &3
Aol LolA Todo(1968)" % W2 Ao A el x|
F A7 BT g Jelde A2 54 v
of thated A7} WAL #9d&E o] &3 Aol
A, g2 193] x| 9} o Re] Futol N, 39 F
ol #xgte} 7]|ARNA, 2Ela 4G FANE
A2 HAR ] HRA X2 B 4zt 4
X Fo] A3 YehdE gsigict ojd o
af, o] it 27] X Furgo] G&d) x4
2 X3 e 2] Z32 o) TEs o] B
Z18the, NZF AA7} olg ARFHARAN F
8% 988 FPste 2oz WA

o} WA ol oprlEe 2 HAERF
AFZA AF L A2F AARP L dvtzde
2, dxohfe (2F 3 U 2RAFAAN &
e T AT BER AXEN 93ty F2 0|7
ojzitty dalA F* 23U, F2oe o
5 A EYolE, Xo} GAF & hfjel] FES}
W AR AFAW 2HM FAE HAEEC] o
FaUM ZZHAEZ B33t Lo AF
3 Z Ao AHACE FAAY F Lol ¥
Ao AFAd AT 1AM, 2 71} A
X9 o]F 28n ZZAEEY ¥3} 7tF A%
e on] B2 AFEL T3l Ao 3l
q_'l&z‘ﬁ)

AFANE FAsE AFAdAEE I



7159 o|FA M ETFo| 1 YO XNFZF
o Ao AAHA IFE HAA €k F,
AN Zz2AqN TAHE ST &40
A, g AN AFAGAEE FEs
A A 2 BslElof, A AA ¥Y, £
s opet Z3 witAde A& g FLE FI
o, &8 ATz 38 HIHog Ao
.5_}_7_“ eq.l()dil?)

Melcher(1976)'"%, xlobs} Hal U A2F
Edo Mg 2 A2 2 F5E AFAUAA F
gEE AEd st dydctn FAIAUL
o, A FAYATE Ao) AR ol N 2T
o wtA s A F2HE FAstE A APE
e 4 2 AP AR5 L Az o
owd AAFAAM F2F AETdeoz e
@iz 23us9. NymanE(1982)'Me 5%
AgeA, 2B Ao Lg o] g3t AF
AP M ESo] FA E9o] MegzRoz ZFA€E
2 o5& 3 3 Algwierd 9 AYAAzZ
Bato] YA RS FAY A7, FEHANN 1
AR o Aot YD AFE
9] AlRzto] Yojtg Y 4= Ut o
A Zo UM 27, AAE AAzHe 22E A
FYANA 2 4 Qe AWFE S AU Y&

Ho2: 202 Aukhil5(1983, 1986)“* o1}
GottlowS(1984) e AFAEd) olstd &

AF APEo] U 2 HE dE2A M F
gxlo] A FAY 2 2 Axe AAFHE F
AA zGn® 87 o] F Be BEo| 2ARE
ANEE S FalA Yol S85AA L Yt

oz dFES 58 SUHAD AFUANAZ
o AP L dA e X 2E AUAY FH
o2 BN, XFAd 23 Hx 9t A&
9 2 A QoM E Bl EAAQA dFE
P& 4 A& Aoz JHFE Ut ol T &
Ao A, o} BAA Ex o] PR 2F<)
i 23 & AR ZEAFE Ao], FXF
AR Al AFAdzt A BEdA
YEE F x| gho) vlslo, WAoo} X F34A
L 22 Yo Aot 4 FE F F USAE
dolR izt B AFE A3t
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0. S7ME 3 U
b GRRi=

AQudezt 4F 47 8, BF AF NS
A5 ¢4 WA 200 AYT P WITL
2 2] 102l BFa Agagon, ols
& 2% 94Hoz g3 gt AP AF2

g /A2 AT
Lt S5

1. oA 9] Fo

W22 vz, AdFdMe EXA o
Brol xFQAE B Gl A2 LT
Yo|2 BEAF) ] Yste], Rote] MAH 524 F
o} B-aminopropionitrile(Sigma chemical Co.
USA)E ZF5 04%2 Efst] FE02
HANADE® B Tl J2TY FLT &
& JHA AT 0138 FAle] Fof o Foleld,
P27 APTe B5F TUT 2 A}
S5 At

2. X oke] WA

A¥ Z 2| pentobarbital sodium(RR{LE T
EHR AL, BA) 30mgkgS B4 FAsA
AAeE ANFE, A #9F5 AldFARE T
AsAt. 2R Aol Ao} F9] X Lo
&£38 HAE3}7] At FHFE o] §sio
ABo g HY A& EgAF] I, tissue forcep
& o]&3led X HAEo] YIEF RolE A3
Aoty ol AP FolME EA A PA 9o 23
&40 glo] Xobg wAG kAP iz Tl
v 594de #x%F /1% AL round tipdl
spoon excavator®t minifilese] 7178 o] &3
of urajete) AulE g Yoz N EX ]
RE AFAY 3o &AF AAL & U=EF
st

WX E 1, 3,5 7, 1420 AT 2T B
= Ztz+ 2012} pentobarbital sodiume #3F
BrZAste] SAAINE, S AE8a 10%
neutral formalinel] 2% 3tith.



3. Z3AH A%

157 239 23 F 5Y8% F8e AA%
o AR Exe 2 AF AT @3,
Planko-Rycho solutionolA 2¥3t €3]3%ith

233 59 ot 23L& 0IM itk
i FAHFR, ANERZdA AR 5T
%, gtddA Eostqdch 2eln, 43 W
og gu FA9 AUL FAstxn, FHA et
Hematoxylin-Eosin €45 A|8)3tF #3Hn]
Aoz AAst va #F gt

m. SPNH

1. HE2 oA

D 1eA

w9} 7) AR AT F3F AAE Ho|UA
P2 A3 2 AR BF 2R SN
e F4g Jehlic) dx g 2 F99] X2
Z2A o= T dFHA T} A&EH AN
o uhx| shlo) M & X FAA 7 A BF AA
5o} A& A FAde FFHA @Esirt ofd o
gl wrx|obe] 2 A YHo] AFAY =
2ol A2 glol AH A& A 274 E B
Z9t} (Photo 5-8).

2) 3%4

Yirg ¥y 23 o| YA g AxAHSE
2 Yed, 2 A2 4o Y A o|F7t B
Ak, Ex\ oo Fdol ofy B2 ¥ =
Fo| A&3tn Yo, 2 FAZ 249 1|4
& AgzA 0] Uetton, 194 s} vhirts|
2 #xohy X2E FHAA FE AFAdE
LA A Fdct olw Z¥2A e B AYE
VL ¥Istn AR, 2HY AR T3
Ae ge ndd d4df7t $adus. 59,
o] ZA A o|HY BLY udd YT
Pg Hole & B ARoMHMESN O
ZA 3t Jl&o] #EHAT (Photo 13-15).

=

3) 59 A
2N E, g AE 54 £ ndde
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F4E T wAG 22 AHoHE
F9 37 % AFol FRE UeRon, o
A o ALY AF2A Y 23T B2Y
F AU =, w0 % F99 U=
of EA3HY B AMYHEY 7L LR B
Adte = BAFUH (Photo 20, 21).

4) 724

i) ote] VAR A 2FE FALE HAET5
Aol gt o], AMELFIE BGH7] Alztst
AL, o] FHZ 43 £3Hd 23A L7 Wi
o] dRern, 2 23& FHE SAX ¥
Asd Be AfolEs 38 £ AU
(Photo 26-28).

5) 144 A

uhx| o} AA el 70% A= FH7 A 2o] ¥A
H A3 YYA Adden, F 23 AT
o H&l 249 F2E AUz AU EF F
27 4= X4 E ANHo 2 o
I Aoy, AHEr|e AY $eEA g%
o, A9 28E dx gy AAS7AY B
297} old AU Ao AHA AN
t} (Photo 33-36).

2. g A

D 1¥4

drx ohllol & o] YAE o WX 4E A S
HAM AFFo2 S350 AN, Hde
Be dPAE 9 H/HASo] XLsA A
of yehon, o|s} #7A thFe] AFAE J&
< B2 F UAdth. Hold RAHUD IR
A 23 HAA] AAHAALY, 2 o]
Zol & AFAY ZFo] WX ghfe] Xz
Batglo] WAL, ol X FAY =
oA AAAA Feje AFUN A
AXE A F6382 AR (Photo 1-4).

do X wh
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FAE A% PEe BYo, BA
2oold B2zl vsted 3 A
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Ag AFzAo| A=A, B S HF
oM X7} EAs AN EE, 1doiM et 2
o], W gigl X2Fe FAE TE AFUY
2 HAE & U4Aa, aWEdME, ol £
A& Fgste ARoE E nddo] T4 %
A=l WA X ohfo] ¥E ARz
AT 270 FFHUG (Photo 9-12).

3) 594

dzAErt A& AN, Wi NLF 2
#Fz2 o] Y450 gm0l B1 UY 2
5 zAqAEe AHE7|7E BAH7 AFEe
AAT RN 243, a8x, 53] EX %
o ZIAR 2 ¥ AE (2T RYE FALE,
x| ool £ R AAFEFI Y &3
o] ALY e, AFZ 23 FH2& FHF
239 2ZAX7 Widsd] Az, 71Ade
228 92 9459 v4s AL XF
glo] At} (Photo 16-19).

4) 797

x| 59 FMRE HYY AAE Yol
02 @3] Agso] wxeke] oF 50% ol
2422 YA dQen, AL oL XU
1 Asd 274% 2o FAH(Photo 22-25).

5 144 A

A9 E717F 488 F3UR S Ex 98
SA3) AN AN T, X9 HEEe] 74
7t FaF2 YA U, ol & 232
Wz T vg o TP AYF FXE o] F
AN 2L 239 Y& BAF 123,
499} x| g} Afelol] FAE 2o vl ¢
Shy 22 YA E FYZYoN O & FFF
2PA MA{Eo A=A e, oG HFE
& x| o] A =F BHAM HYP3A wEEH
Axn A3 J45d ARIALE FR3EA
He & 4458 Hole F2E Yt
(Photo 29-32).
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V. &2 3 &

A e HEdHoE Xole A= RAYE
EYAAA AR AN HFe v Fole W
oA A z2FE AAs Fo, Bl 229
A%z A&H o oA Jm;, ARFL
HAE 2 93l I+ Foo e 2F
23L& 2g a8, AFAd e oMl X,
ZZAE, LAY AYALTF GG o|F
A AXZoz FAEY JoHA, AFZEF)
P4 2 B5S A T R eE A8
E dgg $gstn ok

AFAYE FA S Oddd AXEEY 719
WaiA, o]Eo] shte] AFHEE ZeA] 52
zZ4zte] M2 & »A X7 245X oF3
dastA WA AAe FAT, AR A F
AuhA Eo} 71y o]F 1Elm E3h5Ed
QoM E, o] MEES Ao d85F5E B3l
oju] & AFTEo| o] &R gt} WA, Gould
£(1977, 1980, 1983)* P& 3 & ez o F
o] YA A, AFANMEEC] E#
ZF2RE 71935l &4 RAZ o|F A7 &
ARol ¢ 2 B AT A2 AXY FF
g Aggdn Hgsact. £3, McCulloch
& Melcher(1983 a, b)??e 9] XA A ¥
o i e zAstoMe] MELEE AT
Z 53, ol AXF 457 8 FHERH
71935t A RF2 o|Fdn, FZAEE £3l
dcta &49.o, RobertsS(1982,1987)7% 0|1}
Roberts & Morey(1985)Y%& A2l ZZ oA
Wolhzgl wAFHo| 71 A S, XFAdHANA
ZEAEY ¥3}E FHSA, 43, AFAAA
EEo] ¥ FH oA 71438 T EAE ¥
o|F3tH A 829 A7] Frle] Lo} YAE £
N2 AE B3 dAE AR 2ZAXE &
3ge 2osgc W McCulloch$(1987)%
2 AFAYUY ZZFAE 9 2HGAH T 7
Aol et 2o FUetiddA Q€ vl
A BUL AfoldEr ERE2E E3d
A FRAY 2 o] F, B3l5o] o] MEES o]ET
A g 4=

auoz AFzAe] £44 AFAWAE,



olg] MY AFFNM BAFE 2EHNEA &
AR ZPEgeol Ui dde dFER ASH
o2 A= o], Somermans(1988, 1990)%% &
229 ZAFAEY v XFANA XA
& A7 E E3to, T A ¥} spindle shape ¥
elongated appearances2 £ Z+e L
g 7Rl YedE B3stn, AFAA
FoAq v & dAZ a9F FAo] BEHL F
213} alkaline phosphatase 84 %7} Uehdg
2tk E£3, Nojima$(1990* & 2ol A
323 AFAGAE 2 23 E o] &F HdHd
A, AFAHA E7F %L alkaline phosphatase
SHEE B3R, B4 32Ed dst
o cyclic AMP7} £318] F718131 21, X bone
gla protein @¥dE& 4= H5 S E°1,
M FARE FAshE AX7E FAHAY 2SA X
o #EYS 7N ULS FHE v AUt o]
B AFARAZY] Z AT AAE Fe
7 AAREZ, Arceo5(191)Y, Chos(1992)”
18l 2 Mukai$(1993)%l 28l 4@Hez o
Al g gAHAY. &, Al FHel X FAN
A EE ERuR| FoA v Fate] 3|3} A4
A o4RE B olE A FAS gAY
& U e Wolel E3], Arceo5(1991)1t
Mukai5(1993)"'2, BHE A"zHo] 2T
AEY agrd, NAGEY] EAF SAHY
F 22 £7L Hole HE5E BFA, o] E
Ea AFQdu AEt 2FAXAR 542 AY
2 e, 4 #AsdAN e 2 < 34
T ASE B FAL

oj9}#& A FAUNME] EA L ANTH S
TAZR, & dFdAe L e 2f2Ae 9l
o] A, Ao} WAAl wRl o] B Z FA
Z AFAd 229 &S qHs] Azt A
FA7 AAE F4AQ BA ke A/ 7
o2 Ha ARG

AP x| FAhe] B AEE 9
3to], A ¥ Pl A& B-aminopropionitrile S %7
Foll 04%2 T3t AP FEA HHAZH =,
o] ¢kAle AFAdU e Aot EE A E Al
A 2UAY ARAEE FaA G 2N®F K
ofe] WAZE LoldtA 3t XZEF 7leiAl =

24
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E4E Fagsn, 43 A2F ZWA AFY
HE FYI HolE AEAA AFAAMEI T
o] F8 NEZF 37 E F UARE /&
st A7l ok oldl wal Cho%(1992),”
Matsuda$(1992)" 22]3 Lin5(19M4)¥ ¢ o
g 4B A FXA AFANE ZEAF|
5P AFAAAEE F237] ddd B
-aminopropionitrile ©] €% v} 3128, Cho %
Garant(1984 ab)™ @& ZHUe AFJHE
AA o) g3, £ %A 7t detdle E3E g3
7] 9% A7E Agsict. 2 A, o]lg2 b
-aminopropionitrile s ©| &% XFQe] He
Al A 23 AAe] AX ulQ Wslox B3l
2 AFANE FAske AN AEELS 99
723, A2 A g 2 75 fFAE F UeS
Belsto ot

i izl e AFAde AAE A
of WAl X Y] AneS FPIAT. o
o, &3] 9te] X2 E A T 4L Folx,
1o} g45A AFAAE BF AAs] st
of WA ¥xg € 2o AVE u s 7}
# Z+& round tip®] spoon excavator® A1 &
Z tipel =717F A% Imm F = X F stone°ll
Zolr Avpgo] o|f3tAor, ddY oul4d
d #4E& B3, ©] /178 ol &% A} AHA
ol AutE WS SR 8o, & d¥olMk o]
293A Pttt =g fzEH AFE P
A BT gag xolo] SAE it 22
od 9 wiehd o] wxohy AEE H7] $do,
2ol HAE D FAlo] Wetdel o} A
o] A9 gle 479 WA E AHFEZR o] &3
(Riq.liif))

Uutd o2 xole] wAe) o3 FAHE LA
gto] AfHHoM, AERY ART IS &
Gate 2ZAEY 7ldo dEME olAE B
=] a, AAZ ojd) dFd RHEER
AM T To|U & Z2F SN feEE Al
o] ux) ol o] AEE 4 e 2 FA
A e AXE, Akt nedE 5 3

O drre
2 7

Z2ho) Lins(1994)e x| ool X 4343 §
ot ZZA X9 Ao Boiste Fo HIE T



b3l7] 18te], WM E ol &3] A A1FH
WA A g o] XFAAE UHH oz AE
A 3, 2R FG TG A X 54 E
o|F agn E3lo] ety ZAHFHoZ AF
. a2 2, AZPAY 89 2 HYx
AP FL 5, FE AFAPA X2 HEH Y
ZIZAE B3} g 8AE F A2, EA g
Woll A Zt AEES] AEFAEE AFo] B,
RN FAYAHEIL, I 2 23 A fdd AT
Soll 85t 2ZA X9 B3l gloiM 1 =
A 713l A€ € F U

E AP gz AFT Ale]olA, A
FAde] A& {5 we} LX 49 AF, 53
AME AT H UAA FElg Aol§ Ko
FAt & XX 1Y F Tl E Aol
E 4AE F AN, 3YAARE Y
X ZFol| FEHE AFAA LT w2 A 32 8
o dX e FYo YA e FolxFHoz
A} o] F3HA, 2Tl v)&] B2 A HolA
XE X 2o XU dg2E YA
o M Ax2 Hudlo Bux AT,
X ZAh7t AAE R vls] Bt & A
%9 7149 AL A AT =, =
7] A Z YA o, Tl X F 7H
A& Jehd vt AP P LR F 540 A
Z FAo| A E], B} AU &8 24
9 Y& BoaFon, 14ddye FAE
A Z3 A Atole] A F, Xy #E
AR Az 4& vasld B i X5
A7t AR AEFAA, B} BE X {4
2 EF T YA AW S HAFI

2 FAde] fFol wet wxee] X fof T
A Aoj7t YeElve olfdd o, Ling
(199492, W] AR st obr1®, XFQ
o A} MdRe] e AX AFrt X FA
Axe Z4& 0L AT 98& 33}
AunP w o AFAH LS| e
o EA (mitogen)ol &3 A== o], A F 1Y
o Hujo 24 FAHEE HolHAM ¥HOoZ o
Zalo] WA ohle] 38 HETS AR
fEgoz 43y

olg} & AFQAUA L] FHou o]F 1
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22§39 71AL A e AU
A9 3o F, EAgd Igd ¥
P28 v EA(mitogen)olt E42E fref A
AR, ¥ARY JAAAS 2e gy 47
AAE T, 4 Af/Al ol € ErsHA d
0 dag fd AFAAY A, AR E
o d@ stFYASAZA w4 {4,
2710 el FLBAA Fefso] AFARA
¥o| 43 o]E AXES Yo T o]FE F
ANAA 1, 3288 YAAxE AfokA
X 349 JAAA2A, AFANA X 2Z
AE Blo] B gohe Rolok? a8y,
olg2 o}y Jhed VIWEY Holn HAHY
olF AFUN MEES ojF % £t 71A
i) A o}y &3] v A F3 e} wEA,
o]l WHoge g FAHAo|m A&AQ] AF
7t A& AgE ool & Aoz Algdn

v.d £

AF 4FE A5 o 0g e &4 ¥4 20
ol & o] &, Z7] AET 109tel g 2+ 109}
2l & AAso, 25 A F F AdFAE
BASn, TN LAH 04% B
-aminopropionitrileS ©] &38t, X|FANE &
A gto] ZAEAIZ wHA O RFNME Aded
ol g3t AAFJAWE AANAG. 2831, Ao}
WA 1,35 7 144F°] 4273 iz EF
zbzy ouiel ) B AAIZIE A oo XKy 2
2 YA L 2ATH o7 vn BFelo L3

2o A3E At

119

1A 1gA, AR TN e EA e 2
AFAd 24E A F AU, A
dgel dolMe F 2 FHE Aole
2R+ A
2. BAF 3do M, AFTA dzTol v
q2rd 22 AX 293 ¥ B2 49 n¥4
7 Jehgen, §3], I AFAY =3
& 3402 olg Fste AX wdo]
Z2 2 Ao Aa gAY 2fEHL
Z Afste &27& 43T F AAH

i

%

\



A 5o M, AP A S EA 9] 71A
2R Y AHEANEEE FHOR G 2T
o] Aol Yehtm, 2o A ANE P4
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A F LA HE, F T BF S A
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, AR TN B g2 FA9 ;‘qgg 1l
*é% Ve R A, whA ohof X2 H

of 1AM 2o Ble) T3 z}ol g

Fadct.

&rimh-\:

oX.

o

of A%g EWE v 22 AES <
A dgdes NFAdst B2
A R AZEF Aol oM, B
34 EnE B Fgo0, o:
AfA A Azt 7*‘11‘01] atet
714ﬂﬁﬂuwh1ﬂ 0 =3
RN ‘E?@ﬂrb} el
M XY 2ZNEH EA ¢ B

2 Ay A3 vldo} 47t
%ﬂ*ﬂm1ﬂ°2&m
fr R A 2E A

TR s

-{Rm&ﬂﬁ
M
o]

o\r % b e

ok rlr
—y _..4
2 X ‘“H

-
0

f‘

o

-
oot
e o

§’;
A
g

£

4%, e} B9AY 488
AZre e,

o

REFERENCE

1. Guglielmotti, M. B., and Cabrini, R. L. : Alveolar
wound healing and ridge remodeling after tooth
extraction in the rat ; a histologic, radiographic and
histometric study. J. Oral Maxillofac. Surg,
43:359-364, 1985

2. Smith, N. : A comparative histological and radio-
graphic study of extraction socket healing in rat.

Aust. Dent. ], 19:250-254, 1974

3. Johansen, J. R. : Repair of the post-extraction
alveolus in the Winstar rat. Acta. Odont. Scand.,
28:441-448, 1970

4. Todo, H.: Healing mechanism of tooth extraction

709

wounds in rats-1 : Initial cellular response to tooth
extraction in rats studied with °H-thymidine.
Archs. Oral Biol,, 13:1421-1427, 1968
5. Pietrokovski, J., and Massler, M. : Ridge remod-
eling after tooth extraction in rats. J. Dent. Res,,
46:243-231, 1967
6. Boyne, P. J. : Osseous repair of the postextraction
alveolus in man. Oral Surg., 21:805-813, 1966
7. Amler, M. H,, and Salman, 1. : Histological and
histochemical investigation of human alveolar
socket healing in undisturbed extraction wound. J.
Am. Dent. Assoc., 61:32-44, 1960
8 oA, Wdd, A7 FAF FE A DYo] EH
B Af] PlAE 920 B A7 AN
3}#], 12:513-521, 1974
9, Kuboki, Y., Hashimoto, F., and Ishibashi, K. :
Time-dependent changes of collagen crosslinks in
the socket after tooth extraction in rabbit. J. Dent.
Res., 67:944-948, 1988
Melcher, A. H. : On the potential of priodontal
tissue. J. Periodontol., 47:256-260, 1976
Nyman, S., Gottlow, J., Karring, T., and Lindhe, J.
. The regenerative potential of the periodontal
ligament - An experimental study in the monkey.
J. Clin. Periodontol., 9:257-265, 1982
Aukhil, I, Simpson, D. M., and Schaberg, T. V.: An
experimental study of new attachment procedure in
beagle dogs. ]. Periodont. Res., 18:643-654, 1983
Gottlow, J., Nyman, S., Karring, T., and Lindhe, J.
: New attachment formation as the results of
controlled tissue regeneration. J. Clin. Periodontol.,
11:494-503, 1984
Aukhil, L, Pettersson, E., and Suggs, C. : Guided
tissue regeneration - An experimental precedure in
beagle dog. J. Periodontol., 57:727-734, 1986
. Egelberg, J. : Regeneration and repair of periodontal
tissue. J. Periodontol., 22:233-242, 1987
ol e, A, W13}, olA %, e - WH2FH
AL8t 1st ed., &AL, P11-9%, 1995
Berkovitz, B. K. B., Moxham, B. J., and Newman,
H. N. : The periodontal ligament in health and
disease, 2nd ed., Mosby-Wolfe, P9-33, 1995
. Gould, T. R. L., Melcher, A. H,, and Brunette, D. M.
: Location of progenitor cell in periodontal ligament
of mouse molar stimulated by wounding. Anat.
Rec., 188:133-142, 1977
19. Gould, T. R. L., Melcher, A. H., and Brunette, D. M.

10.

11

12.

13.

14.

16.

17.



21.

. Migration and division of progenitor cell popu-
lations in periodontal ligament after wounding. J.
Periodont. Res., 15:20-42, 1980

Gould, T .R. D, : Ultrastructural characteristics of
progenitor cell populations in the periodontal
ligament. J. Dent. Res., 62:873-876, 1983
McCulloch, C. A. G,, and Melcher, A. H. : Cell
density and cell generation in the periodontal
ligament of mice. Am. J. Anat, 167:43-58, 1983a

. McCulloch, C. A. G, and Melcher, A, H. : Cell

migration in the periodontal ligament of mice. J.
Periodont. Res., 18:338-352, 1983b

. Roberts, W. E,, Mozsary, P. G, and Klingler, E. :

Nuclear size as a cell-kinetic marker for osteoblast
differentiation. Am. J. Anat.,, 165:373-384, 1982

. Roberts, W. E., and Morey, E. R. : Proliferation and

differentiation sequence of osteoblast histogenesis
under physiologic conditions in rat periodontal
ligament. Am. J. Anat,, 174:105-118, 1985

. Roberts, W. E., Wood, H. B., Chambers, D. W., and

Burk, D. T, : Vascularly oriented differentiation
gradient of osteoblast precursor cells in rat
periodontal ligament - Implications for osteoblast
histogenesis and periodontal bone loss. J. Periodont.
Res., 22:461-467, 1987

. McCulloch, C. A. G., Nemeth, E., Lowenberg, B.,

and Melcher, A. H. : Paravascular cells in endosteal
space of alveolar bone contribute to periodontal
ligament cell populations. Anat. Rec., 219:233-242,
1987

. Ten Cate, A. R. : Repair and regeneration of oral

tissue. Oral histology; development, structure and
function, 3rd ed., Mosby, P395-408, 1989
Somerman, M. ], Archer, S. Y, Imm, G. R, and
Foster, R. A. : A comparative study of human
periodontal ligament cells and gingival fibrobiasts
in vitro. J. Dent. Res., 67(1):66-70, 1983
Somerman, M. ], Young, M. F.,, Foster, R. A,
Moehring, J. M., Imm, G, and Sauk, ] ] :
Characteristics of human periodontal ligament cells
in vitro. Arch. Oral Biol,, 35:241-247, 1990
Nojima, N, Kobayashi, M., Shionome, M.,
Takahashi, M., Suda, T., and Hasegawa, K. :
Fibroblastic cells derived from bovine periodontal
ligaments have the phenotypes of osteoblast. J.
Periodont. Res., 25:179-185, 1990

710

3L

32.

Arceo, N. Sauk, J. J., Moehring, J., Foster, R. A..
and Somerman, M. J. : Human periodontal cells
initiate mineral-like nodules in vitro. J. Perio-
dontol., 62:499-503, 1991

Cho, M. I, Matsuda, N,, Lin, W. L., Moshier, A.,
and Ramakrishnan, P. R. : In vitro formation of
mineralized nodules by periodontal ligament cells
from the rat. Calcif. Tissue Int., 50:459-467, 1992

33. Mukai, M., Yoshimine, Y., Akamine, A., and Maeda,

37.

3.

40.

41.

42.

K. : Bone-like nodules formed in vitro by rat
periodontal ligament cells. Calcif. Tissue Res,,
271:453-460, 1993

. Yamashita, Y., Sato, M., and Noguchi, T. : Alkaline

phosphatase in the periodontal ligament of the
rabbit & monkey. Arch. Oral Biol, 32:677-678,
1987

. Bomnstein, P. : The cross-linking of collagen and

elastin and its inhibition in osteolathyrism. Am. J.
Med., 49:429-432, 1970

. Fry, P. M, Harkness, M. L. R., Harkness, R. D,

and Nitinggale, M. : Mechanical properties of tissue
of lathyritic animals. J. Physiol., 164:77-89, 1962
Cho, M. I, and Garant, P. R. ! The effect of
beta-aminopropionitrile on the periodontal ligament
. Lultrastructure of febroblasts and matrix. J.
Periodont. Res., 19:247-260, 1984

. Cho, M. I, and Garant, P. R. : The effect of

beta-aminopropionitrile on the periodontal ligament
. ILradiographic study of collagen secretion from
fibroblasts. Anat. Rec., 209:41-52, 1984

Lin, W. L., McCulloch, C. A. G, and Cho. M. L. :
Differentiation of periodontal ligament fibroblasts
into osteoblasts during socket healing after tooth
extraction in the rat. Anat. Rec., 240:492-506,
1994

Ross, R., Raines, E. W., and Bowen-Pope, D. F, :
The biology of platelet-derived growth factor.
Cell, 46:155-169, 1986

Matsuda, N, Lin, W, L., Kumar, N. M., Cho, M. [,
and Genco, R. J. : Mitogenic, chemotactic and
synthetic responses of rat periodontal ligament
fibroblastic cells to polypeptide growth factors in
Vitro. J. Periodontol., 63:515-525, 1992

Noda, M., and Camilliere, J. J. : In Vivo stimulation
of bone formation by transforming growth factor-
8. Endocrinology, 124:2091-2094, 1989



Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

10.

11.

12.

13.

14,

15.

EXPLANATION OF PHOTOMICROGRAPHS

. Experimental group, 1 day after extraction (H-E stain, x40)

The formation of blood clot with dense infiltration of inflammatory cells, was observed in
extraction socket.

. Experimental group, 1 day after extraction (H-E stain, x100)

Almost periodontal ligament remained in extraction socket.
AB : alveolar bone, PDL : periodontal ligament

. Experimental group, 1 day after extraction (H-E stain, x200)

The periodontal ligament had a number of the fibroblasts of normal appearance.
AB : alveolar bone, PDL : periodontal ligament

. Experimental group, 1 day after extraction (H-E stain, x100)

The severe infiltration of inflammatory cells was observed in blood clot.
AB ' alveolar bone, PDL ' periodontal ligament, IC : inflammatory cell, BC :blood clot

. Control group, 1 day after extraction (H-E stain, x40)

Blood clot & inflammatory cells in extraction socket were appearsd.

. Control group, 1 day after extraction (H-E stain, x100)

The residual periodontal ligament was not cbserved in socket.
AB : alveolar bone, IC : inflammatory cell, BC :blood clot

. Control group, 1 day after extraction (H-E stain, x200)

There was the direct contact between alveolar bone & blood clot, without connecting of
periogontal ligament.
AB : alveolar bone, IC : inflammatory cell, BC :blood clot

. Control group, 1 day after extraction (H-E stain, x100)

The blood clot was consisted of blood celis, fibrin & densely infiltrated cells etc.
AB : alveolar bone, IC : inflammatory cell, BC :blood clot

. Experimental group, 3 day after extraction (H-E stain, x40)

There were infiltration of inflammatory cells & migration of epithelium in the extraction socket.
Experimental group, 3 day after extraction (H-E stain, x100)

The residual periodontal ligament was detected in the alveolar bone portiion.

AB : alveolar bone

Experimental group, 3 day after extraction (H-E stain, x100)

There were abundant fibroblasts with the ability of active collagen synthesis.

PDL : periodontal ligament, IC : inflammatory cell. LCT : loose connective tissue
Experimental group. 3 day after extraction (H-E stain, x200)

The fibroblasts of residual periodontal ligament proliferated & infiltrated into the connective
tissue in extraction socket.

AB : alveolar bone, PDL : periodontal ligament

Control group. 3 day after extraction (H-E stain, x40)

The pernodontal ligament was aimost abscent in the extraction socket.

Control group. 3 day after extraction (H-E stain, x100)

There were loose connective tissue & many newly formed capillary in the extraction socket.
AB  alveolar bone, LCT : |loose connective tissue

Control group. 3 day after extraction (H-E stain, x100)

The blood clot & infiltrated inflammatary cells were retained in the extraction socket.
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Photo 16.

Photo 17.

Photo 18.

Photo 19.

Photo 20.

Photo 21.

Photo 22.

Photo 23.

Photo 24.

Photo 25.

Photo 26.

AB : alveolar bone, BC :blood clot

Experimental group, 5 day after extraction (H-E stain. x40)

There was the formation of new bone in the basal & lateral portion of socket wall.
Experimental group, 5 day after extraction (H-E stain, x100)

The newly formed trabecula was observed in the extraction socket.

AB : alveolar bone, DCT : dense connective tissue, T : trabecula

Experimental group. 5 day after extraction (H-E stain, x200)

The layer of osteoblasts & fully differentiated fibroblast were observed on the surface of
trabecula.

DCT : dense connective tissue, T : trabecula, OB : osteoblast, OC : osteocyte
Experimental group. 5 day after extraction (H-E stain, x100)

There were the development of epithelium. & dense connective tissue between epithelium &
newly formed trabeculae.

IC : inflammatory cell, T : trabecula, E : epithelium

Control group, 5 day after extraction (H-E stain, x40)

The dense connective tissue was cbserved in the extraction socket.

Control group, 5 day after extraction (H-E stain, x100)

There were the appearance of active cell proliferation & synthesis of collagen in connective
tissue of socket.

Experimental group, 7 day after extraction (H-E stain, x40)

The extraction socket was filled with bony trabeculae about 50% of entire socket area.
Experimental group, 7 day after extraction (H-E stain, x100)

There were dense connective tissue & newly formed bone with high maturity & intensity.
DCT : dense connective tissue, T : trabecula

Experimental group, 7 day after extraction (H-E stain, x200)

The osteoblasts & osteocytes were layed out around & in the trabeculae.

DCT : dense connective tissue, T : trabecula, OB ' osteoblast

Experimental group, 7 day after extraction (H-E stain, x200)

The trabeculae of new bone were thickened & connected with adjacent other trabeculae.
T : trabecula, OB ' osteoblast

Control group, 7 day after extraction (H-E stain, x40)

The formation of new bone was observed in basal portion of socket wali.

Photo 27.

Photo 28.

Photo 29.

Photo 30.

Photo 31.

Control group, 7 day after extraction (H-E stain, x100)

There were dense connective tissue & newly formed trabecula in the socket.

AB : alveolar bone, T : trabecula

Control group. 7 day after extraction (H-E stain. x100)

The fully differentiated osteoblasts & fibroblasts were layed out around newly formed
trabecula.

DCT : dense connective tissue, T © trabecula

Experimental group. 14 day after extraction (H-E stain, x40)

The almost entire area of socket was filled with newly formed trabeculae.

Experimental group, 14 day after extraction (H-E stain, x100)

There were dence cennective tissue & the trabeculae with high maturity & intensity in the
extraction socket.

DCT : dense connective tissue, T @ trabecula

Experimental group, 14 day after extraction (H-E stain, x100)
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Photo 32.

Photo 33.

Photo 34.

Photo 35.

Photo 36.

The epithelium was completed with rete peg covering over dense connective tissue.
DCT : dense connective tissue, T : trabecula, E : epithelium

Experimental group. 14 day after extraction (H-E stain, x200)

Thickened & maturated traveculae containing osteocyte was observed.

T : trabecula

Control group, 14 day after extraction (H-E stain, x40)

The extraction socket was filled with bony trabeculae about 70% of entire socket area.
Control group, 14 day after extraction (H-E stain, x100)

The dense connective tissue & newly formed trabeculae were observed in the socket.
DCT : dense connective tissue, T : trabecula

Control group, 14 day after extraction (H-E stain, x100)

The stratified squamous epithelium was completed but rete peg was not yet formed.
Control group, 14 day after extraction (H-E stain, x200)

The layer of fully differentiated active osteoblast was layed out around bony trabecula & loose
trabecula pattern was observed.

DCT : dense connective tissue. T : trabecula
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— Abstract—

THE EFFECT OF RESIDUAL PERIODONTAL LIGAMENT ON ALVEOLAR
BONE REMODELING OF EXTRACTION SOCKETS IN RATS

Seong-Hoon Cho, Yeek Herr, Joon-Bong Park, Man-Sup Lee, Young-Hyuk Kwon
Department of Periodontology, College of Dentistry, Kyung-Hee University

The purpose of this study was to observe the effects of the periodontal ligament on the healing and the formation
of alveolar bone in the extraction socket, when this ligament had artificially remained in the socket during the tooth
removal. Twenty rats aged 4 weeks were used and devided into the control groups (10) and the experimental groups
(10) in this study. The maxillary right and left first molars were extracted in both groups. In the experimental groups
the periodontal ligament was remained in the extraction sockets using 0.4% B-aminopropionitrile, and in the control
the periodontal ligament was completely removed by curettage. At 1, 3, 5, 7 and 14 days after the tooth extraction,
rats in both groups were serially sacrificed. And the specimens were prepared with Hematoxylin-Eosin stain for the
light microscopic evaluation.

The results of this study were as follows ;

1. On 1 day, the periodontal ligament was only found in the extraction socket walls of the experimental groups, and
there was not the distinguishable difference between the control and the experimental groups.

2. On 3 days, there were more collagen fibers and the appearance of higher cellular density in the experimental groups
than in the control. And the cells and collagen of the periodontal ligament were so actively proliferated and
synthesized that invaded into the connective tissue of the extraction sockets in the experimental groups.

3, In the experimental groups, the trabecular bone was formed on the basal and lateral bone surface on 5 days.
However, there was not the new bone forming appearance in the control groups at this time.

4, On 7 days, the trabecular bone was formed in the control groups.

5. On 14 days, the extraction sockets were almost entirely filled with the bony trabeculae in both groups. But,
compared to the control group, the experimental groups showed the prominent differences in the amount & the
density of the new bone formed.

In conclusion, it was suggested that the residual periodontal ligament tissue in the extraction socket will play a
major role as the important cell source in the healing and the new bone formation of the extraction socket.
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