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The Experimental Study of Effects of Irradiation on Osseointegration

Kwan-Soo Park, Sang-Rae Lee, Eui-Hwan Hwang

Department of Oral Maxillofacial Radiology, College of Dentistry,
Kyung Hee University, Seoul, Korea

The purpose of this study was to investigate the effects of the Co-60 7 irradiation on the
osseointegration. 2.0 mm titanium alloy screw implants(Sankin Industry Co. Ltd., Japan) were
placed in the tibial metaphysis of the rabbits, bilaterally. The mean length of the implants was 6.0
mm. The right tibia was irradiated with a single dose of 15 Gy from 60Co teletherapic machine at
5th postoperative day. The experimental group was irradiated tibia. The control group was non-
irradiated tibia. To observe the phase of bone formation, the bone labeling by intramuscular
injection of 20mg/Kg of Tetracycline, Calcein, Alizarin red S, was performed. The rabbits were
sacrificed on the 1st, 2nd, 4th, 6th, 8th week and the tibia including implants were taken, and
then the specimens were examined by the microradiography, light microscopy, and fluorescent
microscopy.

The obtained results were as follows:

1. There were connective tissue between bone and titanium at 1st week, in both group. Especially,
the many empty lacunae without nucleus and obscure cytoplasm in experimental group, were
observed.

2. The osteons were observed at 4th week in control group, and at 6th week in experimental
group. The bone formation in experimental group was retarded as compared to the control group.
3. In fluorescent microscopy, bone labelling band was observed as linear, arc or concentric shape.
Occasionary interrupted labelling band was observed, which is demonstrated bone remodeling.

4. In microradiographic examination, the radiolucent image was found between bone and implant
with widening of bone marrow spaces as compared to the control group.(J Korean Oral
Maxillofac Radiol 1999:29:119-147)
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g sty 7] /71T B S L
A GEE 3 A TAAAE B
perimucosal seal& AojopTt YLJE o}4e]
AF3ES =4 F Aoz A

JdZFES HEZE Stainless steel, Co-
Cr-Mo, & Holehs, EloleteA & (Ti -
6AH4V)Z} 22 449 Bioglass, Ceramic,
Aluminum oxide, Carbon, Poly-L-lactide’s3}
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I:]_U,IB)‘

T7relelA Hgo TS AJFUde] A5
Hoze RS AMIXsHe] W
¥lo] A1 TP, T JHSFe
F dzH ez ook Rel9 A& g At
Foldgo] AlPE 75, AFE JZJFES}
A7FEol e IHARRE AMEHIIE T
B E3) A3E YTTEE AT 7 Pole o
ZHEY} oM B E9 AR FRBEAE o] &
o] 7¥sstuz AlujA 3B B =fo] 7|
T g

A7lZolleel AES HeliMe FrideR
M4 Q¥ (Hyperbaric oxygen therapy)® 2}
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Ad#A Zy] H(microvascular bone
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A3 2N ARSS A F 3.0kgd AH
7IE 5vlElE AEEEE Adslged, A
2.0mm, 2°] 6.0mm9] ElolEbEA T (Ti-
6AIH4V)SE B FF A VALY UZJE
1070 (Sankin Industry Co. Ltd., Japan)Z& At
£33t
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1) d=ZHFEAY

AEFE8 utHAQA Zoletil(Vibrac
Laboratories, France)e #F 1kg%d 0.15ml
Z5U FAR AAEAAD o, B9 A
A SHR YEFEES o235t} uf4Ald)
= ZAS 3 E gASERe oS B9 E A
ahal S HelE O, VAR &4 FAs
3t FEAl F9 2TE 34TolFE fAIA]
71 98k Steri~oss surgical console®} 18:1
reduction handpiece, irrigation system,
1.5mm disposable twisted drill& AM&-stgT}.
YZHE Y3 405548 B2 2 &
3 3 298 B3kt =3 A E 9
3|4 FeFol= Gentamycin(Z8HA| ¢, =)
< Foio.
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o, MRS AR S SR AdFeE,
WA S AV 92 #EPENE dxTe
2 3|k AR el AEFES AF
1kg% 0.15ml9] Zoletil& S8 FAIZ A4la}
FHAA A zAM el B9z 1A o,
4 A 6cm FA9 EFF S o83t F
Z AZZTART ol ZAEEE ST
WA ZARE Co-60 YAX57] (Model 4M60,
Picker Co., U.S.A)E ol&3l¥on, ¥Atiigd
3 952 Azl 50cm, ZAEE 2 x 2cm, 4
¥ 1.5cmeld 3, 15Gyd F54% S
109.2cGy/min®} A F&2 S| 2AIAT

3) FBefAl 9 T

2229 A AZIE BEs] Hakd 37t
Ao YFdAE FAsH=d, FRSFAF
Calcein(Sigma Co., U.S.A)L 2% FEHHIE
Foll, Alizarin red S(Sigma Co., U.S. A)¢+
Tetracycline(Sigma Co., U.S.A)2 75l
ZY7} B33 milipore® A ¥ AME-s)
ATt v ZAL RS e RS el
= Tetracyclines, 4% 15 Fole SRS
YE & Calceing, 48 353 & W4
Tetracyclines, A8 557%ole AMEHE U
ERll= Alizarin red SE, 48 733 34
A3 YERE Caleeing 242 HEEE A3
9] kg? 20mg¥ =5 FAFeI T}

) APFE Y L A2 A%
AP ZAY F, 15, 27, 47, 65, 85 4
FETES JANY i, 9ZIEE 3

Y 224 A3

L)

5)

N

SERERE

29 42L 10% 34 formalindl 152+
24 3 229 $A8 2 vRs el 45
234 oM ECE 2517 the, AN

=

2

122

Spurrell EofalF L, 70TClA 16413t F3HA]
At vg3ld 2AAUL A2 4D (Low
Speed Diamond Whee]l Saw Model 650,
South Bay technology Inc..U.S.A)E o}-&3t
o 500mFAZ AE& S, Metaserv
(Buehler UK Ltd., Coventry, England)Z ©]
23l 100me] SA2 Anjsle] RS A2t}
At
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(1) e AEARA AT

T AAMIZAALE A8 AR A=
100me) 5L, XTI 2= Hitex HA-
80(Hitex Co., Ltd., Japan)<, XAEE-& dX
AARA #od & Fuji X-ray Film FR(Fuji Photo
Film Co., Ltd., Japan)< 27 AR&313lon,
B9l 579 AZlE 60cm, FAE 50kVp,
TAF 2.5mA, AT 4029 202 HY
3t E99 XAUEL Ren dol2 487 &
Ao, RenFix® 587t A&etn, 44,
AZF ZaFe A Fe] e FeHAr A

Z s

(2) B3dn| 73 2 FekAn| 34 HA}

100um 59 ZAHHE 30um FA2 HHA
o2 AulE 3lod Multiple solution stain
(Polyscience, Inc., U.S.A)22 FgAsld,
ZA 9] wsE BN YFdn|AoR
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7} AT QEZRES AFHIY AFF
Hejo] nlgd&5Ze] AET U eH, AYE
Aol A== FHoMe SRATI B
Atk 71 2R 9] FINFE o) JL 7}
AL o] AE3l e A2 BYH(Fg. 1-
A).

A AARNA, BF0] FPFQ ¥
& Tetracyclineo 2 EA|Ho] ¥he 3kl w2
2=, o 7t AJx FAR eken, 4
o|= &SI} Tetracycline¥AIW & Y=ZHE ¥
Hog FYAo] APFQ XA FRH, =
FE] AHI ALF e 9 Aol Y
91 = F9olA #AHAGH(Fig.1-B).

oA HAPAAR A, JEFE-FZATL A
of] wjekst WA BRI o] R, 959
e AYsla FA4 HAMIEZES Hol
F57to] HAE AR (Fig.1-C).
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2) 237

BN ZARRO A, YJEFE-FZATL A
Hol tiF-E I AR 2 AYA IR
U AFFe] o] F7igel uet JEZIES
A Z] HEo] FAHUTY. SFA o] FPF<
FEHM = SRA XY EA71 FasdcHg.
2-A).

BFE HAR A, Tetracyclinee 2 A
d FE& Hwd Yo, W 3 E BYa,
Calcein® 2 FAE & 7hei, ¥ 54w
2 BT YTBE-FXAN AW L Y
ZT URe 3gAdo] AF K elME st
FA9 AolE ZrE Tetracycline®EAW %
CalceinBA W7} FAEoH, Jd=HE HH
o2 FYPAo] P FUL FUE F U
(Fig. 2-B).

VAPIAPAAR A, 1573 Bl v)ele] 9
THE-ZZA AR A BRI o] ot
Z7H8 &3 gEo] YEUE 939 AU
Z42F9 et FAEH AT (Fig. 2-C).

3) 4F7R3 AT

BEHNAA A, ULHES] HEH F
229 o] 27Tl Hlsld F7HER T, ¢
ZFE QT 7E IR E A5 24
o] #AFITH(Fig. 3-A).

PFA AN, 71E 2229 234
o] R85l FH oM Tetracycline-Calcein-
Tetracycline, Tetracycline-Calcein =&
Calcein-Tetracycline2 2 a8 o2 Exd
], 21283 Tetracycline®]\ Calcein®] @E2
2 BAE wrh A, olad B sHEeE
tekslA #EET, T3 YZFE FHY 2
Al 23} Tetracycline2 ¥A¥ wjy} &3
He AR Hol F¥Ao| A FUS &+ AU
R, BAE uje] gadez Hol Iz A
3 FIL & F U} (Fig. 3-B).

T APAARRI A, B o2 QIFE-
FZAT AR HAIEFIo] F8lof Tt

CERE, F5%e = B IS

(Fig.3-C).

4) 65731

sFEFEn]| AR A, 477 2l vlEl] o
ZJES JEFE TR Yol F7HEUE,
UEFE AHF TXA L FE FHIINL
o, 29E FASU. JTdEZ2AL AR
9] EZ4o] AP F FHoX e SEA XS
F2AHFig. 4-A).

G| AN 4FA T Eo) A ) A
317 Tetracycline® Calcein®& FA|€ w7}
theFatAl A=A, oY HFH oz Tl
Alizarin red S ¥AE AN Oz FFHY
(Fig. 4-B). =& YZIE FI3A A2 #
s} ¥A a7} FaAEH o] NI EdstA Lol
<+ ¢ F UARHFig. 4-C).

O] A HEARARRION A, HIAMA B ST o] 9l
HE-ZZAZ AEY] diF-elA F3lo] B
=5, 9&e] TaFE /heda s F

LA SHAUNFig. 4D).
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5) 8573 I

B U AR A, 657 Tl ¥lek] ¢
ZJES ZUE HFol " TN, o
EZJE Q331 3] Aol EusiA A
=3 YA Fig. 5-A). YEFE-Z2AT A
Aol e THXEANA S47F9] HTEo] Y=
YE BHE 3sla Qe Ao s Bt
(Fig. 5-B).

A AN, JTFE-ZZATL
He] FHUIAMe= 2949 A A Tetra
cycline® Calcein® 2 ¥AE w]So] Tkl &
get Ho|2 EAfele] Il g Fgo]
FE= AcHFig. 5-C).

T A EAAAR G A, T3 HAA BRI
o] YEIE-FXAZL AW TE FooN &
A3, 99&9) FAFE B} AU 242 S
HH(Fig. 5-D).

A

=

2. Algid
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1) 1548+

B n| AARIGA, dZJE-FZAZL A
A2 dx2vd fARH dgzdoz YA 3l
Att 71& FZAE AXEdo] AT A ¥
o] IRIHA] &, &o] ¥]o] e 47|
& B A (Fig. 6-A).

BB HAPANA, Tetracycline?] 8- 2+
A7t QEFE-ZZAZL AN #FHEHR|
@k, 71E 229 FUF YR ok
& FAZ FEATo] FFAo] A FUE g9l
& & I (Fig. 6-B).

O] AHARIARA, AZRE 9S9] o
FE AU FFAL PAREREE BR
on YTHE-F2AZ A= HRIHE
o] FgislAl #REATHFig. 6-C).

2) 23733+
BN AARNA, AZFE-F2A T

E |
dolle vina 2o Adtxzlo] ZAsgn o
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ETHE 79 AAA ujA&Ze] Aol A
53 AT E3 7]E A= £ vl §)
© 2a7}ol A AN Fig. T-A).

B3| AAA A, Tetracycline¥ A= 7}
O3 T g2 #FE Ao, Calcein®
Ad & F3] 250l (Fig. 7-B).

O ATHALAALRI O A, ] kgt A BRI
o] YEIE-FZATF Aol FAFN
930 ZaFe 573 134T &
Al tHFig. 7-C).

3) 457731

BIAHU AR A, JEFE FHde F
GAdo] TehA| APs 1 o FEAEE
FRASATE. &o] Hlo] e Sh7ke] A3 &
Zd W FE3e diFTol| Hlgl 83E o
AAHFig. 8-A).

GRA|AA NN, 22 FARH o
THE-ZZA AAAA Tetracycline® Cal
ceinol &AM o2 HAE o, 1228]3 Tetra
cyclineelt} Calceino] G522 FA4d wrt A
%, ol e A9 oE ekl g
A3, FA o] AT FAES F/zIF A
g Y & F UMK Fig. 8-B).

Bl A AARR A, A ZFE-F2Z2 A
Ao MM BRI Yol F7t =HAo, &5
EaFe S rlen ST A 839
&0l #AHAHFig. 8-C).

4) 6773

BEEN| AR A, ALHE FHO UlF
ol SUFE Yo U, xR vleld 3
F7Fo] A= JATHFig. I-A).

FZAn AR AN, 2T H FAREA 9
ZHE F99 FzHM Tetracycline®
Calcein® 2 FEA9 w7} thekstAl #&= Ak
(Fig. 9-B).
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7be) St BAEACHFE. 9-0).

5) 8373 H=

BN AAR NN, 65737 FASH
YEHE F6] B FWI0] YAH NS
o, throl FUx TR ATHFig. 10-A).

BN AARNN, 6747 FAFSHA
Tetracycline? Caleein® & EAE w7} caet
gejot FAZ BFE o, S A8 F
A& AT £ IAH(Fig. 10-B).

o AAPAARRL A, 6573 T2l BlEle] B
B JZIE-ZZAT A AN BRI}l
F30] Z71= AcH(Fig. 10-C).
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HFSe dRHFE T ArtEold 9
U, ARA J1E 3 oS o8 g ofelwl
Hol AL AT YETJEEF o] &3k AIHE
AEZ FEP|T I o] A AL ¢
ZHEE RFEAES & AR|FFH, 239
B2eg o] 43 ARIH B HE A s 3
Haaa) o 2r], REEe] Wy Euzel g
g H4uFQ AdEe TS e 4 3l
o}, 3 3R] £ UEEZ QI3 HAF ¢t
AL 718 & 3ler, ofgd FF LS GA
B2 F e FHET JGPaas,

AFYS WA ERT ARFFeHS
sl 5% A9, PARZRAL T gk
RAS % YZTHEE Y37 = 3T}
Tiellstroms*® -2 Ao} ZALE Fof okebd
BAS 43 AR ATE AZJEZ Y & 4
HE Hushs 5, WAMKIZAL 3 QI IE 4]
of e A3 2 JAH At B AE
BIAB o] o ste] Hyg v} gt

HAMAZARE F4xA T 3 Y FHE
9] &S oI, MRS, WS
A BAE, A, TS E DAL F

QH® o)Z MR} 7F Alzte &

HZog AR Ut Meyer”v WARIZH
A AEE] &4 v B o3t H¥Fo
2 opy|gvia & vl 3o, Mark'e M2
A7} 23] AR, AT, AEBAEE oF
7181 N EAI wgd &3] 2 sl T o
A3 AL Ao A HRIAZI A} B
AEthn stPTh T3 WAMI AL AR E3
AHe9] B30t fleleks, WA AL met &
71 & 349 740 AR A o) THET?,
JEFE 2] F HRAPAZRAL] wE EAA A
Ao disle], Jacobssons®L 5-8 GyolAl
20%., 15 GyollX 75%, 25 GyollA 69%<] &
Aol ATt gt mei] 2 AFolA
= 7FE9Y 734 HolesA 3a(Ti6Al4V)
VAR AEJEES YT F, X uize] M9
FAA 71 A F ABAAS Hol= 15 Gy
o] FFA%E g Al JERE-FZAZL
A w4 AL Fe Mg vl A PAR
Ao g BT WA S ZAKG APE
9] 1FAATNN AZBE-ZZA A 19
o) ATV Yo) @A FrkE L, 254 AT
FeE YEZHAE-Z2AZ AN nlet
AMAEEIGE Bole ujAds AAZe] Aol
AR o), izl ulsle] olef Aol A
JdHAE & & UAT. 2y dzEH A
T BT 4FRAAT o] FRE = FApH o2 WAt
A EEIPYo] ZvtEe Fe BozZA] WAL
A zAb) o] FAAY0) A Fs= 2L HES)
TEE]A] F9it

Uubz o 2 WAL ZAL W FxZ9] ¥
3= Y] RARRTT], ZALOE, ZAPRY | AT
N, 229 PR 59 98w,
o|F ZAMIF] I B JFFE MY,
WAL} @3j2AL 3, AR o2 223
o] sl i3l Aitasalo®E 71ES) thE Zol)
5 Gy ZA Foll 43420, 10 Gy 2AM]
= IA X Aol BRAEL 450, 20
GyollXe FSAEe &4do] op7ldtin 31
3, Lind%® Nathanson®™-2 7}E9] sletzdl] 10
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Gy 20 Gy<] WA & A3 ZASI SRAE
o] Wigle}l E97E B 13 8} Qlok,

WA ZAE 384 AXo) n|R)= %8k
tidt], Morales5*® Rubin® Casarett™%
< @A) Fd HRlor Fisld Y5F9
FAEY FRA T £43E, JacobssonTPH
Mizunos™®& &4 glo] SA X 2184
£ op71gitar 319 3L, Vaughan™2 8¢
33 BARXY] &3 F o] Aol FH UAUA
= 3383 gun HY. RIZRAR o)

= SAE) Hglas IALY AT A,
A R A Hl FAAEo] TP W E4h
A A 9AFe) HAFHME BAH,
ZEol wet AEFSA Wl 2a7to] A&H o
2 Z7MEIe gusse B Agdie W
&G 28 L gldlon, MAE AR
Ad 79 1733t HE 47471 71A] o] &
A" FA X W FATo] FAEJ ol W
AP ZALZ olste] ZA4)E2] 27 A Ql &=43o] of
718 Aoz A FuLAdd 3t A
¥ o] ¢£4do] o}7|dti= Rubin® Casarett® %
9] FAE Aolslgl et Jacobssons¥ el A
dA k= FARIAT

TS AP A AR ElolEHE S EX37E
AR ARPIAM o R Q1% AFF717) oF
715l=d, Schon$®3 Rosengrens®< U=
HE ASo|A 2013 9] Mo F7t=EY, ¢
THES} FZ2A AW v]dg Aoy
UYZFE FAA 045-2mmA = 23T F-9
9] &AM FAtd FZ2F o] FFAHAUTG T B
g e Qo B AgdMe Aged 1, 2, 4F
AT 71E Z2A A go] AME SH| L
¥ Fa7to] AbAlshed FAEAN S B JIUE-
Z2A7 AdoA PAld F2AL WA ¥
o} Schon®?'9] FFH 9= AJolalth, ol
g zole 15 Gyd AHIE S 2AME A5
AxppAtAl ol o &k ZH)AL Bt s3H 9§ 59
oA Zdd 4= vk A4E =, Schong™ 9]
Ao e YZHEY] UALE Feolxe] & 3
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Apato] AN, YEJE-FZAL AW
Ao} AFALA e] g 3 E3) 243l o]9
G HrelA & do) 71" Rog 34
Lo T Aatde] 533 nld43d)
tXe S AAd ez FHE Bert lvn
Azted,

WAL o8 EFF9 Aol Uishy,
Gowgiel®& X433 2332 F47 25 &
AXEe) o5l BAETi 8192y, Bonfiglic®
© EA 2] J3e Aria 819.eH, Mizuno
0L AFAE o8] FFSFIE LojuA|,
Z 2AE 0] o]9] FEo] o] L uE HIA L]
o g2 fQlez Fo] F4E 7FeAde] dtkn
Basiitt. B AddMe A8 1340
5E 8FRTL7A M T o3t FF5e]
o] HH=A] ghotA FZA X 2] J&S
BE3) AT = QT b2 BARAL
o w2 FFF9 P FArkA B = ¥}
o g WAL ZALSL BEY FEo] g 9HFA
Fo] ke &Aooz dpolor F AoF
Azt

WAMA ZA] WE 422 0] Wl dis}
o, Meyer"& E59 A#3 9 dSA2e] A
0], Bond 5% F59 A 9 FFo) opy]d
t}al 3193, Rohrers®e Al Z e S413 o
A Fuagagol dAdctn AT £
Rahal5& YZHES gt 439 439
olEutgo g FLZAME tAAE} At
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EXPLANATION OF FIGURES

Fig. 1.

A. In the bone-to-implant interface, it is filled with vascular connective tissues, with many fibroblasts
and few macrophage. The immature trabecular bone is newly formed adjacent to the implant
(X100, multtiple stain).

B. The portions of bone formation which is labelled with tetracycline shows slender, short, a few
number of light yellow bands (X100, fluorescent micrograph).

C. It appears slight increased radiopacity in the bone-to-implant interface. And it shows dense
trabeculae with dotted bone marrow spaces in the outer surface(X10, microradiograph).

Fig. 2.

A. Although it is filled with the vascular connective tissues in the bone-to-implant interface, the newly
formed trabeculae is contacted with the implant as the formation of trabecular bone
increases(X100, multiple stain).

B. The labelled portion with tetracycline shows relatively wide and light yellow band, and that of
calcein shows thin and light green band. The portion of bone formation in the bone-to-implant
interface and in the compact bone shows the labels of tetracycline and calcein with the various
thickness and length, which demonstrates the bone formation into the surface of implant(X100,
fluorescent micrograph).

C. The radiopacity of bone-to-implant interface is slightly increased, and it shows the more dense
trabecular pattern in the outer surface of implant as compared to the control group at 1st
week(X10, microradiograph).

Fig. 3.

A. The amount of bone which is contacted with the implant, is increased as compared to the control
group at 2nd week. And there are few osteons in the old bone adjacent to the implant(X100,
multiple stain).

B. The labels of tetracycline-calcein—tetracycline, tetracycline-calcein, calcein-tetracycline, and those of
tetracycline or calcein are shown as the various shapes of linear, arc or concentric in the portion of
bone formation. The secondary labels of the tetracycline that are shown adjacent to the surface of
implant suggest that the bone is being formed. And the interruption of labels suggest that the bone
is remodeling(X100, fluorescent micrograph).

C. The radiopacity of the bone-to-implant interface is partially increased, and the bone marrow spaces
are irregularly increased(X10, microradiograph).



Fig. 4.

A. The amount of bone which is contacted with the implant is increased as compared to the control
group at 4th week. And the bone adjacent to the implant shows lamellar bone with osteons. There
are osteoblasts in the portion of bone formation in the bone-to-implant interface(X100, multiple
stain).

B. The labels of tetracycline and calcein show various shapes to be like the controf group at 4th week.
And the red label of alizarin red S also observed(X200, fluorescent micrograph).

C. The various mineralized labels in the bone of peri-implant suggest that the bone is remodeling
actively(X100, fluorescent micrograph).

D. The radiopacity increases apparently in the most of boneto-implant interface, and the outer
trabeculae is thin and the bone marrow spaces is uniformly increased(X10, microradiograph).

Fig. 5.

A. The implant and the lamellar bone are more close contact as compared to the control group at 6th
week. And the bone adjacent to the implant is forming actively(X100, multiple stain).

B. The canaliculi of lacunae of the osteocytes in the bone-to-implant interface are to turn toward the
surface of implant(X400, multiple stain).

C. The labels of tetracycline and calcein of the various shapes and lengths in the boneto-implant
interface suggest that the bone is remodeling actively(X100, fluorescent micrograph).

D. It shows the homogeneous radiopacity in the bone-to-implant interface. And outer trabeculae show
the more dense(X10, microradiograph).

Fig. 6.

A. In the bone-to-implant interface, it is filled with the connective tissue as similar to the control group,
And there are many empty lacunae without nucleus and have obscure cytoplasm in the old
bone(X100, multiple stain).

B. Although there are not light yellow labels of tetracycline in the bone-to-implant interface, those of
various thickness are observed in and outer surface of old bone(X100, fluorescent micrograph).

C. The dense trabeculae and radiolucent bone marrow spaces apart from implant are shown and the
radiolucency increases apparently in the bone-to-implant interface(X10, microradiograph).

Fig. 7

A. In the bone-to-implant interface, there are lots of connective tissues and immature bone. And many
empty lacunae are scattered in the old bone(X100, multiple stain).

B. The labels of tetracycline show the various shapes and thickness but there are few labels of
calcein(X100, fluorescent micrograph).

C. The radiopacity of the bone-to-implant interface increases slightly, but it is similar of the outer
trabeculae and bone marrow spaces as compared to the experimental group at 1st week(X10,
microradiograph).
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Fig. 8

A. There are osteoblasts and the bone is forming actively in the peri-implant. The empty lacunae are
still observed, but the bone marrow spaces are expanded as compared to the control group(X100,
multiple stain).

B. The labels of tetracycline—calcein-tetracycline, tetracycline-calcein, calcein-tetracycline, and those of
tetracycline or calcein are shown as the various shapes of linear, arc or concentric in the bone-to-
implant interface as similar to the control group(X100, fluorescent micrograph).

C. Although the radiopacity of bone-to-implant interface increases, the trabeculae apart from implant
is very thin and the bone marrow spaces are expanded(X10, microradiograph).

Fig. 9

A. The most part of implant is covered with lamellar bone, and the bone marrow spaces are
expanded as compared to the control group(X100, multiple stain).

B. The various labels of tetracycline and calcein are observed in the peri-implant bone tissues as
compared to the control group(X100, fluorescent micrograph).

C. The radiopacity of bone-to-implant interface is markedly increased, and the bone marrow spaces

are expanded(X10, microradiograph).

Fig. 10

A. There are many lamellar bones and a large number of osteons are observed in the peri-implant as
similar to the experimental group at 6th week(X100, muitiple stain).

B. The labels of tetracycline and calcein show various shapes and thickness, and the bone is
remodeling as similar to the experimental group at 6th week (X100, fluorescent micrograph).

C. The radiopacity of the bone—to-implant interface is markedly increased, as compared to the
experimental group at 6th week(X10, microradiograph).
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