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Fadez g Aoz By 9o 3.75-mm
A7 TAMe ddgo] 5% 5.0-mm A3

T E Afgo] 18% @ Bustgct =3t
Eckert < Meraw‘s’E 27 5.0-mm % E 44

go] w4 ¥ BT 286Ye] shete
29%7} "rtn Hastant.

old # AFE JR0] F ASTAEY HHol
Z A% (quality)dl 92 WX et A7) T2
AEREE 7tEdl 22 HYsta 459} 12F Fol
YAA AAGHE R ADeH S FH st 23

Feers B4 FoA Fopiaz sdct

1. AFAE 2

1. evalE

DA 5%

2% BEE A% 35kg 11 104 4 4%

Table 1. Classification of experimental implants

Implant Number of

Diameter design implant Total
for removal torque test 20
3.75-mm  for histomorphometric 30
analysis 10
for removal torque test 20
50-mm for histomorphometric 10 30

analysis

% 107 FAAS 4 84 FHERA Age] o

A7) G 13 S0t A AFS A AFSEE A
A7 AP A o)A 78 sty 35 33

=A%

ol Aol AHgslsiTt,

., Seoul, Korea)
—i’ﬂ T BlolElgo 2 ARHE
ArgEkgTh 71Ee 392 oy

o 2zt AR A% 3.75-mm YEREY A7
B 27 30Y 2% 60 749 4

YEE AMSI 1 YEHES] Hol= 6mmE A2t
399t} (Table I). A2l Ad3 20742 J=TUE

(Fig. 1) & 23 Fe) AZA 248 93k A%
gfgon AZo wad 40719 JdEAE (Fig. 2)
= AAAY FH & g8l dZHE /})}1;}1?_0]]
(0. 7mm 1. 5mm) S P35 m J=BE

Table T . Design of experimental implants

(unit : mm)
Outer Inner. Mean Pitch
diameter  diameter diameter  height
3.75 3.05 34 0.6
5.0 4.3 4.65 0.6

Fig. 1. Femoral implants designed for histomor-
phometric analysis.
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Fig. 2. Tibial implants designed for removal torque
test. Slot was prepared on the top of each implant.



2. 4% WY o YEUE A

4% Ao|| Xylazine (Rompun, Bayer Co, Korea,
5mg/kg body weight)& & FAFst 5E 3 2173
e} 2% o|¢ At el =1, Ketamine
(Ketara, Yu-han Co. Korea, 35mg/kg body
weight)& 2§ Flelal AAlvix g Agsisin,
Feg A E F55 Uy Aol d& ZAx
Betadire® & 258 ¥ 7t 524 Rejo] Ime] 2
4 vl Al (2% Lidocaine with epinephrine 12.5 ug
/ml, Yu-han Co., Korea) 2 F4r3 & Wajsldct.

7hEe) 2 wed) g ANE 3 F A5
S dtn ohel wAYY W3 293P AARS
Yol 9%, 20, 20 42t Roegh B9 5
Qe Al YZIES AP £ AES ASAS
kel w@d W) A ANE LA
Zztel 7ol Aol 1), AZel 2ol JZE

5 4B 392 2% el Qs A2
Hg5z Yo oha &4
A%oR AN YES

lm

Fig. 3. Diagram of installation depth and site in the
leg of rabits (F=Femur, T="Tibia)
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7IES FAE BTe A8 4FHE Ho|d
6mm % o]l #-L PA 8l countersinke A A
goton] AZdE 5.5mm Zol7kA] =8y 3o
92 ¥4481A) 23 hand wrenchE ©]&3to =
o AALAY AL A3l T Fo] = EHEE
ASHEE AN (Fig 3). e 7o) YSHEE
Ao, e dEVEE A AsiHon 7t
zte) Tl 27 3.75-mm YSVES} A7 5.0-
mm YSHEF YT o= Ayt 24z
o] AESHET} 5 5L ARl AHHE=F A
on AT AYY T dSPE HL
8mm7} B ==F AP,

QZetesl e E A AYR = cover screwd &

o Fax £ 75 4, 29, ¥ Fo02 5
ettt 253 292 Vieryl®(Ethicon Ltd.

England) &4 ia’\}i Balsln 382 black
silkZ 539 & T 4E WA E g8 & 7}
E9 A Amikacine (Dong-A Co. Korea, 4mg/kg body

©° =0

weight) & 25 FAIA

3. uE YUY

D AASNE % AdeE 5%

459 125F $ ﬂi% PELE A e F
4T P A E st JFLET AHH 3

TOHNICH

Fig. 4. Tohnich Torque Gauge (Tohnichi MFG, Tokyo,
Japan) for measurements of the removal torque val-
ue of implants.



Fig. 5. Diagram for calculation of the mean shear
stress. S=T/rd!r

d = the mean diameter of implant

(3.75mm implant : 3.4mm, 5.0mm implant :
4.65mm)

! = the length of implant in bone=5.2mm,

r = the mean length of lever arm = d/2

I
ot A-gE (N/m?)
oo g FHEFo R 28 AAIALAA A&
HE 214 XYY Zol(lever arm) 54 HFE
S=T/xd | r (S=shear stress, T=removal torque
value) @ &<l tiedste] AstAt (Fig. 5).

2) H23] FE A Y 224 Fepsts B4

7tES] o]A M| pentobarbitone (100mg/kg
body weight)2 3+ FAIsH S| BAZ 3 54 5%
Fagdoz AYAE B3 AFIYS AL
AZo] AYd JZTHES FHFE I AFHT &
10% 24 Tagdoz A AT Ade dHo
2 Za} 10% neutral buffered formalinoll 23 € A
AL s2E B ARG & 45 v ¢3EE
AHE-5le] &8ta Technovit 7200 VLC (Kultz,
Germany) 233 gd oz 3~54 A%, Enjst
o 7pFA slollA] 16413t B FEAIFCE B
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28 & micro—cutting machine (EXAKT MG300,
Hamburg, Germany)2.2 200me] F7E dia-
mond wheel sawZ ©]8-3] ATt F micro-grind-
ing machine (EXAKT MG4000)A4] 800, 1200,
2000 AHEE ol &3] HF FA7} 25m olE7t ¥

2 7HE o8 hematoxylin-eosin 59 4 < st 3
En| Ao s BT

27 geiatd 249 A AE2A 2 4 &
g Taxe, FUHES AT BELS
Olympus BX-51 (Olympus Co., Tokyo, Japan) %

sgn 4 o 2 #23}3 Kappa DX30 Digital cam-
era (Opto —Electronics, Germany) 2 tAg 44
S 9o e JAEA =213 (Kappa Image
Base-metreo, Opto-Electronics, Germany) 2%
Zx389ct. FH2E (percentage of bone-to-
implant contact) 2 &4 7Fed ZE UARICA
409 &K BHAdle] 23 B9} YEVE Y
o] AEFEA e x 1008 &l ol w2t
ato) 233 B8 YAMAA A BEgE 4
go] 71 B2 e AN HEE
Image analyzer® AHH YZHES] TE LAY
B A HEata e AT v&S FH st
o RS Ao FHAE (bone area)S =
FEL 243 ZE YA 599 43 B4
A Z Ao apAstn e WA gote] 3

T3S LA

o
e

N

<)

3) A ¥4

A Aol ABES] HEYH EFAAE
T893 SPSS version 10.0 (SPSS Inc., Chicago,
USA)E o143l A7 3.75mm YEVE 4FT
7 A 50-mm YZHE JFFE Student’s ttest
2 753t vlm A8kt

mz o
1. ®MHE &= (Removal torque)

AAAEL AA 50-mm YEHE} A7
3.75-mm YZHERT AA A HUCt F AA

5|13 & 45 AP TN A7 375mm PERES

R A



273 5.0-mm QEFET} 47 20.9+£4.6 Nem,
37.6+13.6 Ncm ©1813, 125 AddodM & 2+t
23.1+6.3 Nem, 43.2+11.8Nem 9t} (Table 1T).
A 4% T A7 3.75-mm ZSHE AP T 7}
A g B AANAHES Holx glow AF 12
273 5.0-mm YETE AP TN M =2

F 37
B AANNE S BJT (Fig. 6). UEHE A7
u}

2

i AAINAG L SAHZ 98 o
o} (p<0.05).

N
¥
3 it

Het23 (Shear stress)

HAolA Ak B4 A
dEHES A4 5.0-mm
& FRE Holu glern 4
ZF Ag e Zhzt 2.240.5 N/, 2.1+0.8 N/
mo) AL 125 AT = 2.5+0.7 N/me, 2.4+
0.7 N/me o]t} (Fig. 7). 5 A& 713tlA 273
375 mm YZSFES} A4 50mm YSHE BB

=L F£XE Holn oy EAHCE fo3

2ol 7h fiA T (pr0.05).

JJZEE AHA
m

A7 3.75-m

Table II. Removal torque measurements (N/cm) of the tibial implants

Animal Proximal site of tibia Distal site of tibia
3.75-mm implant 5.0-mm implant ~ 3.75-mm implant 5.0-mm implant
1 23.5 31.4 955 47.0
2 23.5 33.3 19.6 324
4 weeks 3 25.5 56.8 20.6 60.8
4 21.6 41.2 21.6 21.6
5 17.6 294 9.8 21.6
1 21.6 43.1 23.5 42.1
2 19.6 47.0 17.6 21.6
12 weeks 3 19.6 33.3 15.7 314
4 20.6 62.7 25.5 50.0
5 33.3 51.0 34.3 50.0
60
.. 50 I a
E g
g 30 * B 3.75-mm g
% W5.0-mm 7]
2 20 g
g 7]
10
0 — 4 weeks 12 weeks
4 weeks 12 weeks

Fig. 6. Mean value of Removal Torque at 4 weeks
and 12 weeks after installation.
(* : p<0.05)
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Fig. 7. Mean shear stress based on the implant total
area.



0 3.75-mm M5.0-mm

percentage of hone-to-implant
contact (%)

All threads

All threads | Three best Three best

Fig. 8. Mean percentage of bone-implant, contact mea-
surements around the entire implant threads and
in the three best threads.

3. AREE (Percentage of Bone-to-Implant
Contact)

3% Jbst RE WA 249 BRtee
47 29T 47 3.75-mm JEVEYG 37
5.0-mm YETVEZ 77} 20.6+10.8%, 14.2+

9.7% 1A 1 125 ABFN = 212 27 4+2.8%,
31.1410.5% o|Uth USFE AAd we T4
o] ¥gle BAHCE {23 2}01 7} St (Fig.
8). TREZ] 71 & Al MY AN 23
g PAgAE Aol e TAHoR Fol3 A

o7} AT} (p)0.05).

XHE (Bone area)

E
7 5.00-mm 9=TES} 47} 52 0%
19.3/;, 58.0+1.4% ol 125 ATl e 22t
62.21+15.9%, 71.246.7% °1Ath. SEE 279
7t E FHA L ¥ale BAHCE fo%
Akl (p 70.05)7} STk (Fig. 9).

2 Johansson¥} Albrektsson'®¢]
Z7 YEFE AH AH AAE A7s) 94
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90
80
70
60
50
40
30
20
10

D 3.75-mm
W 5.0-mm

bone area (%)

12 weeks

4 weeks

Fig. 9. Mean percentage of bone area around the
entire implant threads.
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mm YSHENAN 24.8 NemPZ 24 5.0-mm &
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HAoE a8 AAYAY F2E Rejof 51
Q7 Avnug 2718 $42 Kol

1.8 N/mrol2ta a}5ict, B3t 3] ZoflA]
Bke 2tz 5.4 N/mes} 4.5 N/mee] gEe 2 AAt
HAT D Bastdch Ha AE-gH el ©3 Ivanoff
50 t& dFA e 7tES AFAA 1254 F
o Aol 8~10 N/wrZ A Qe o] &

oA AANA ke ABREN THALL
dlo} A 23} YTBES Y2 2oL A

o ZFAZ Hojmg O E HAgHtt &
Bojgq vy AekgE S3S 93 A (embal-
med human subjects) 14 A &3 Hirofumi 592
dAF= A% 3.75mm YEBESY 45 mm YEFE
9] pull-out resistance® =733 g0 2A FHo]
2 AZAES] pullout resistance’} 15% 2718 A
o2 UegA T Aekg e H Ao 22 A4t
Ao RZ 22% 2 A2z Jeigth & 7oA
£ 12F 3 374 3.75-mm YSHES F9 24
5.00-mm YEHES 7oA z7t 2.5 N/we, 2.4
N/we2 5 A@oA] Fogt A7t gle Re
Uehget ol AAAE A Agete FAHY
EFR AR T ARZAA Zol7t gles BoF
= Aolgt AZtE ) vanoff $5% WA Fox 23 %
@& o] 2] Wzl ME {23 Afols} gl
723 2™ Hirofumi 59 A% A4S A48
€ SAI7E 3oiA] AA whgo] ZAulz oA

=

Al

plo L

A% dnle) /A HEE v Frlsplde o
o7h Avta gztgct, gt 2 4
dahe 18 d v JSUEE HAH9

glol ¢

Holl M vehd
Hstel B

zAggetd AFf A Albrektssond}t Jacob-
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Tolq Wizl 247 thA vehy

TEY FF, AL, B2HY A4

Ho 2 o
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i R

ol Aol Ezo] AF 5.0-mm 9F
E7} ER30) 283 238 vEE AL opd A
o2 AZtE Aparicio®t Orozeo™9] A& A
A 1d ¥ A% 5.0-mm YEEE] AEgo| Aot
< 97.2%, 3teh& 88.4%, 48704 Foe Aote
97.2%0°| 1 et 83.4% 22 Uehgon, 29
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P
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S5 Y3l T2 AMEHW) WEez BztEn
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228 B4o) ol gl AFelN sAe 2o
Qseee) AA AP 2 A

st B}, 9ERE
olai7t Bastel AL TbsR 71 TR AND ALE

W5} Q8] 22Xk Zo] HEEL Eolt 7o)
g ALRETH 53] dZSVE Y A B ¥R A=
g Akt 7[AA w2, 283 sutEx 2§
T A = AR e BHEe £
91’ (vibration trauma) &2 & 22| A} o
ZHE F9d B doldthd & Af7) 3
Aoz JYPHA| g Aojnz 5EF FAE 8
gk A9} 2L FAMEE R T3 470 2
JYETEES AHIhd HA 50-mm YETLEE
EAZL S 23S S5t ddos g AHe
ATE Aoz Azdn
v.2 &

7HES AHE AP0l e YEVEI F/HF A
Toll mX e IS BEP] A8 AAIHY 2

e vlaeh 24 FeEH BAN 4 4

&7 2R g 3o e 22 2EE A%

A7 5.0-mm YETES AAIHHE L A

3.75-mm YZHERT AA JePGTHp(0.05).

2. A7 5.0-mm YSHES A7 3.75mm YE&
Eo] A3 Atolole BAA Ho4e] gl
tHp»0.05).

3. A7 5.00mm YZUES} A7 3.75-mm YEH
E9 ZHEE poloe BAZ FAdo] it
(p>0.05).

4. A7 5.0mm YZTES} A4 3.75-mm AZSH

E9] ZHAE Holde TAA

A

Foligol giict

(p)0.05).
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Fig 10

Fig 11
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Fig 13

EXPLANATION OF PHOTOGRAPHS

Undecalcified experimental specimen in the rabbit femoral bone.
- 4 weeks, machined 3.75-mm implant
a) H&E stain (x12.5) b) H&E stain (x40) ¢) H&E stain (x100)

Undecalcified experimental specimen in the rabbit femoral bone.
- 4 weeks, machined 5.0-mm implant
a) H&E stain (x12.5) b) H&E stain (x40) ¢) H&E stain (x100)

Undecalcified experimental specimen in the rabbit femoral bone.
- 12 weeks, machined 3.75-mm implant
a) H&E stain (x12.5) b) H&E stain (x40) ¢) H&E stain (x100)

Undecalcified experimental specimen in the rabbit femoral bone.
- 12 weeks, machined 5.0-mm implant
a) H&E stain (x12.5) b) H&E stain (x40) ¢) H&E stain (x100)
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ABSTRACT

INFLUENCE OF IMPLANT DIAMETER ON
THE OSSEOINTEGRATION OF IMPLANTS
AN EXPERIMENTAL STUDY IN RABBITS.

Jun-Ho Lee, D.D.S., M.Sc., Sang-Wan Shin, D.D.S., M.Ph,, Ph.D., M.Sc.,
Sang-Ho Kwon*, M.S.

Department of Prothodontics, Gollege of Medicine, Korea University
Neobiotech Biomaterials Research Center*

Statement of problem : The survival rate of wide diameter implants was lower than of 3.75-
mm implants in some clinical researches.

Purpose : The purpose of this study was to investigate the influence of implant diameter on
the osseointegration of implants in the rabbit femoral condyle and tibial metaphyses by means
of removal torque measurements and histomorphometric analysis.

Material and Method : Ten adult New Zealand White rabbits were used in this study. Two
3.75-mm diameter implants were inserted through one cortical layer in the tibial metaphyses and
one 3.75-mm diameter implant was inserted in the femoral condyle. 5.0-mm diameter implants
were inserted in the other leg in the same manner. A total of 60 implants ( 3.75-mm diameter
implants:30 : 5.0-mm diameter implants:30 ) were installed. After a healing time of 4 and 12
weeks, the peak removal torque values required to shear off the implants were recorded.
From the removal torque values (Nem) obtained, the mean shear stress (N/m?) was calculated.
And the percentage of direct bone-to-implant contact and the percentage of bone area inside the
thread were measured by Kappa Image Base-metreo. The Student’s t-test was undertaken for
statistical analysis (p € 0.05).

Results : The removal torque value of 5.0-mm diameter implants was higher than of 3.75-mm
diameter implants (p{0.05}. The difference of shear stress value between 3.75-mm and 5.0-tnm
diameter implants was not statistically significant (p>0.05). The percentage direct bone-to-implant
contact had no statistical difference between two.groups (p>0.05). The percentage of bone area
inside the thread had no statistical difference between two groups (p>0.05).

Conclusion : It is concluded that the qualityof osseointegration is not influenced by increas-
ing implant diameter.

Key words : Implant diameter, Osseointegration, Removal torque, Shear stress, Histomorphometric analy-
sis
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