<A~
TR F5h B4
WA 2ol

g H-YdF
.4 B
SRR FH AENEE Iohd, A2 2 FYe)
I} FGA] FAF Abgo] TUkE T ik A ¥ & o]
3 JEHEE F99 27 933 A% (union)©]
P o] & FHF(osseointegration) o]zt 3
o Aoz QTAEE 90%9] 5 HTES
RolxA gk FA o) YmAL} o] &8 RellAe
UZSHEE AT JFF9 24E B} 55
dZHE P F FA A 2L 4
FHES] AF AARE Hrisked Fa8ht 0 o
ZUES AL AH A 4 A = AR
oF F YA Aol AT oA} PR FRE
dom, dxt e UZUE Ay Fo 24
7 %, AEUES Zo], A7, Fy, 2™ Wi
ue} G Wk
ABNA AEHE AY A 27] a9 FH2
@A olx, FHAIUTE kA wf A A A7 Al
27) QAT 7% Al AZHES] HHE ZYER
e o) rhesta, FFAoR FHsA FHE
F T AZHES] RIS 2h2te] St A &
Hoz AFsA NP & 5 o JEFNEY
AR &S Y 5 J& Aoz Algdd. o3E o
ZRES A S ABALR FX S5l Bt}
= o= Shulte?oll o34 Periotest®7} 742
Hol JEHNES] FaTE FHFOEH BIES
A7) A, A {7izke] o e A9 4FE 2
Fated =& & 5 Ak 2t o] 7ee A
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2] dlgt Zteel Eof, AFREL} 5 rod Aol
o) Al ¥ztaic} @ b A YoM AERE
o] A S FHA R S5 A HFHU 4
@ 1g N3] Yal Meredith 599 4 3}
F AN FuE nF TN AFT ZL A3
gl n3aE &R0 R WA 7] HE T (sine
wave) & 9T FE o2 ypidte 2R
A A g ALt o] W Ao
Aol B2 22 W& o] 43jd
SAsA Aot IR F3
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g g7l 7Pl AF o] TAdF Al
g F= giol2R HF &89 AA 978
A T sle AR E FAet] SR 44
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1. 48 Mz H 717

(1) YEHE

AAZE AN 7hgs o] H&d FHS 7R3 e
CP Titanium(Grade [) Machined Screw
Implant(SooMin Co., KOREA) & & 727) A}-&-3}
4ot AL 2% 3.75 mm )92, ZojE 10mm
7} 3870, 13mm7} 2278, 7Tmm, 8.5mm, 11.5mm,
15mm, 18mm, 20mm7} 242+ 2708 0.2 12707} AL
S5 A '

(2) 4ZAHE ¥v) A=

1) Epoxy Resin JRA-323 (Jung Do Co., KOREA)

2) PL-2 Photoelastic Resin
(Photoelastic Division Measurement Group
Inc. N.C., USA)

3) Hot Melt Adhesive (EVA)(Oh Sung Co.,
KOREA)

(3) & A4
S 5S4 10~15mm, Z°] 60~70mm

2 1009 NS A & F ASAE 47 1949 3]
A2 $77h 2~3mm7} HEE 2AaelrhFig 1),

(4) & FFl AH4-E Drill Kit
el A BRHo R AlgElE d2d 22 Drill
< AHE3Id et

(5) 4% 58
A% dkg o139 4T A=A SLE 160)e)
g gAY eSS $E gadq EE 4

o2 AR E T

(6) Dynamometrical Contra Angle & Torque
Driver (Anthogyr CO., FRANCE)
ERFAE AT 42AA &3 4R AY

Z21& $4317) 98] 20 Nem®! torque driverg ©|
&3t A
(7) A5

FE AUF Holo w2 T Fuppe] WelFs
Z33817] A8l AU do| 2ol & AAl Ul
AEE e 3,4, 55,7, 85, 10mmz 24& ¥
Asle] ERAFALY AZo] /3t E AF
AL 3R] el & M e 3 CP Grade 1l Ele]Els
(Dynamet Specialty Metal Products, USA) A&

- 2 Azt (Fig. 2).
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(8) Periotest® (Siemens AG, Benshein, Germany)

AFAY e damping EHE 712 QY= 32
contact times A FH 08 Z3 3o Aot FREE
vehdl7] 98] motd AP TR JEHE Ay
Aol x Bol o] gH"}(Fig. 3).14

2 AddAe X Fa 5% AR 5% Yol
B A& A2N4-& B3] A8 AHeE At

9) 33 F35 4 ZA (Resonance Freguency
Analyser)

1) EA2FA (Transducer)

EANAFA e CP Grade 1 Elolels AAR A
9} o] folt=E e WS ¥y, &
st Z 5mm, ¥°] 10mm 2832 $AE 474
0.5mm, 1.0mm, 2.0mmE zte BlEF zigs
22} 7)A (HASEGAWA-HPF, Hasegawa Machine
Works., JAPAN)E o] &3fd A Ak 7pgs &
Elolely zig T &Y HSE A8l Profile
Projector V-12A(Nikon Co., JAPAN)E ZZ% 7
AE AT (Fig. 4).

Elo|elE zigdl AF-oF T4 271 (F Smm, ¥
o] 10mm)E 7}&¥ Piezo ceramic elementZ
Metech(Silver Epoxy) Conductive Adhesive 6090
A & B(Electronic Materials Technology,, USA)&
o] &3t ElolElE zigd] AF o HW H2EA
ok AZ3|ALe] A Aol whel Aol x 24417k
adhesive® £4710& AR ¥ eolety zigd
piezo ceramic element {+9] A=Y HAEZ A3
Sttt SHE EdaRFA L A zlold E F
2 Fog 99E EAsle ARdo| 1 A E =%

N

o
&



Table 1. Material Properties of FEM.

Young's Modulus of

Materials Density(g/mm?®) Elasticity (ke/mmr) Pois‘son's Ratio
Cancellous Bone(75%) 9.75E4 58E+1 0.30
Compact Bone(75%) 9.75E-4 14E+3 0.32
Titanium 4 51E-3 1.05E+04 0.30
e 4) Power & Charge Amplifier
a™~ _ N .
AN ALE HAFENA A OAE 25 FE3}

d : 0.5mm, 1.0mm, 2.0mm
b :5.0mm
L : 10.0mm

Fig. 7. Design of Transducer.

A 49 e AR F =T 1A

2) Plezo ceramic element

fijo

Piezo ceramic element= A713 M & 98 0
IRAZ EYA A5Q AEoz uHEAY B84 Al
33 AFol Eo%S o VA 439 A=z uf
e 548 7H ceramic 23 0lt), PlateE 712118
W AFg F2E g sMAdse F-E piezo
EAd daire

2

ceramic element® AHgsln 2
shakerg A3t} (Fig. 5).

3) NI-DAQ Version 6.51 (National Instruments,
USA)

Data Acquisition Driver Software® ©]-&3t] 7}
A& AFHAA 2 A A5 E ofd R 4l
L8 HSAY, SE7] oA BB opdE I AT
£ YAd 252 AT Axjojtt. '

53 2t @71 A% P T2
FAZ WGES A A, ol 7 2HT
o] impulse W2 02 AR EH] & =Fof g

At

oL o

|

o

t
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A
A ER2RAANN 24 dabge
A A& ARSAHFig. 6).

=3 Jg 2H02 &
Hed AT A ¥A Azt EdAFA
e AAE sttt AEst Fopol dutdow
224 91+ mechanical vibration modelZel dh}
2l cantilever beam®] JENE &§51* B4l
54€ A ¥ £ I=F 0] 10mm, £ Smm
a1 FAE 0.5mm, Imm, 2mmE 217] G274
AABIAT A< stetol] AZRNES} AP A
& 7133t mesh +2F modelingdled #3F 84
29-& HASAHFg. 7).% Ao a3 €4 A
-9} Poisson' s ratio 59 2814 42 M5
H1E 7122 3t A3 tHTable I).

7] 2& AHEEt 39 A fE 24 B
& AABid e, dAE 28 884 kA &
22(8 node brick element)& ©] 1A A8 (linear)
2 SH ] (isotronic) BA & 7HEste] 248 x|8)s)
Ak Az F2EY I3ty A4S 4T #

3}aAh TE2IWE workstation® Tz a#Q
ANSYS V5.5(ANSYS Co., USA)E Atg-3}o]
Workstation HP C240 (Hewlett Packard Co.. USA)
gollAl At t}. Cantilever beamell impulse
7 og 7hdste] Aol wigll 2 grrg
o e FurE SR e

ou] A¥el 27 E BA £ 0.5mme ERAF
Mofide g R=7t oA Wi, Fokg
o] 5000HzP TN EX3h= FE B
(Fig. 8, 9).



l

| Charge Amplifier |

[Power Ampiifier |

D/A converter

Fig. 14. Components and flow chart of resonance fre-
quency analyser.

FA 1mm Ed2mAodX e M et g3
RgkslHa, Fab g 9ol 5,000Hze) A 10,000Hz
Aol of] EJ_@}% WFdS BAHFig. 10, 11).

F7 2mm ER2FA A E JF LEI} A3
sl 2344 499 10.000 1z o1) 9
o] £3x3l= S HAHFig. 12, 13).

o]’d<] @er% Higo R H3Eo Hug
of Imm FAS] EANAFAZE 32 Fopge
Hetlle Aoz AlnsH, &
golM Ed=FAe $7AE 0.5mm, 1mm,
2mmE A 2% A 9] AEe| AH AdollA o) 4
d Aupel A R Fhert S A S vl

HESAH.

¢

}Z5

%

-

_ll}l' d

A =
=

B FAE AR e}7] g8 4d A
oﬂ;], :rL/x-lEp/] 2] ;4_2. iuq 7Ho]_&
WS ddaiA AFE WelA bR
g 33 ‘3-:“3 17131 o] & D/A Converter® Bl
o} D/A Convertere TR 39-& Akl opds
I # o2 NI o1 F Power AmplifierE &
3 42 FEA7)53 TFE AYLE piezo ceramic
element® Xt} Piezo ceramic clements A7) 2
/\Jii AEe2 A 1 7Fe] 71xE &7 o
7RIE oA Hgo] EHARNE EEA

‘3} EdzfFA e £ Ao wal EF ukgo
22X 2Fe] xE dels dogig
AZ 37} © AE-& YA piezo ceramic element
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Piezo ceramic
element
Abutment

Screw Transducer

e Abutment

Fig. 15. Components of transducer.

7} ZAHN AL A7 A Nz i A7)
257} A3 (charge)©l 7] W&o ©] & voltageE v}
7] 93 Charge Amplifier2 Y= €t} VoltageZ
HHA o7 A= A/D Converters 53814 Hx|€E 4l
= 8 "o o] gA1d A58 Q1S #HFE

7h AH3IA Fae B4 e JEE FE30) €
HFig. 14). ERAFAE 23] o) A5 YA}

€ o] &3t At AA R (Fig. 15).

7R 2E E EA(Holu nd# )l sl
A 7¥7] £-& impact machine®] ©| &% 1, 2~3m
ojfe] 22 EAe Wit 7k Wy zE thew
2L A A 7E a0 B =R E impulse
(impact) 7171 W48 2 g5t}

(1) Sine Sweep

54 T4 WA FH,E uFoA HF
% 5L AFelr oz dLzen Mg
sine waveE 9 & oz 7R R A=

o 3
A Zze] 7kl Fake EHO}OJ] &
24 JF Aglg dog)A zl
Aol sl gHoZ A} }‘;}(Flg. 16).

Xo”@xfi g Fakeo] st 7 S5 b =7
¥ 49l CHHE A o2 oY
ojzol| v RIZEL7] mEol R o] 2E A AA|

7171 At o2 el FiS FelA go=m Azt
o] o] A/ Hr} % wo|2E AAsl) g
o2 W ‘%’3% %;@ 2ol gt curve ﬁttng% filtering -»}

] a1, #HEAC &
;g];‘(]% %J.;g-g}_;ﬂ U].E:L _8_}\7]- 5]]—4,17 2052)

= ;Go]



(2) White Noise

BE o AEE 3
o} Asgog Ag3itt O e EME 4 F3
T s = 2‘1—1 338 927 white noise?} €
. AHelEe 23" white noise® Fast Fourier
Transform (FFT)E &3t T3 data= HEA7]
t} (white noise®} 9v|= B& #Y & E3sld o)
A3go] gk ojwlolt}) (Fig. 17).

rolz2E TANA DF

AR e Fe A7) O Fo5E 7T % 9
O Aola, A& FFTE X 23l 33 o] Al 7J°1
Az, 713 white noised] 2344 o] YA

2] 7] Hol 3% Hd ATE sine waved H]EH
AE Az 9 ol FHsfo} vy Holo) s

(3) Impulse (Impact)

£ =7 A48 wror 4 9 +
A& pulse AT E AHE-3T}. Impact pulse A1 & F
g2 HEAIE & 4‘3}71] Beg Tk 54
Ag F glt}, =3t pulse A% shE 2 A £
seE 7Kg o %‘%3 mpulse response&
EFAFAY 2 FH FAS 25 ¥}
Impulse response® 7FA 1 3 I_% AI71A
W EdlamA 3 FH 87 A ERE R

— 2T

Zo] nj)-

m(o

FE-.}-

2
T
%/\

(o3

3] ”“?—__} AtHFig. 18).
7‘0} 9 noisedl] o 72317 W&ol SH X7t
st mey B2 delest Al 7 7k %

Z 7V HoluAT, Be B398 3 4 glol 3}

31 Y27t r=A B 8sihe A3 impulse W&
A8l fiet ze ool AttEre B vt
]E— E]_” 2052)

4. AF

—ZrS’Jr Ado] golst=® AEH

HHl-g ¥y o AZstant. AgHY W
Z 5mm, =9] 10mmi FA= 0.5mm, 1.0mm,
2.0mmz A2ste] EMNAFA ] FA Apolo| ©E

FEFEs 998 B3 odEl SAHAE AY
& & AEE 3. Bolehy zige] A o A
293 =272 7}2H piezo ceramic elementZ
Metech (Silver Epoxy) Conductive Adhesive
6090 A&BE o| &3t F-A3Irt. .
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W 242 BB 9EUES AYFE 9
& %ol EDAFAZ AR 320 J}%

> JlN‘

At 49 34 Fre ASHE AL

9] 2 & (stiffness)®] Wske} 130 st 2H
(damping) &4 x| <ke] #AE Jehfa JEE Pl
g 28 $99 vE&E EH5lq I 29 =

AL el 4 o

02 4% 2A02E AT o] olE A4
Aol A AMEE T = 3.0, 4.0, 5.5, 7.0, 8.5,
10.0mm= 235 Foiste] Fd 2o] 5 effective
fengthell We 22 Fui4o) Wiglers Sy
st

(1) in-vitro 48
1) AZAG A A|H

TR Fag BAAA Y AFS A AF AL

7} 3FR9 Tvl ARE o] &3, b7iA e tE A

@ 22& o] Al ohE 2ol 43 AlES
- AlAatTt

27 3.75mm, 2o} 13.0mme| Aut 7}38 A}

Y AESNEE =EFo| FYM Enlisr] Ash &

FolF &AE ol &3t 35 FYE A9 71Eetd

A2k (Fig. 19).

TR Fo B AR AT A5 S oA
AT S A5 8 5L 2719
UZHE IE AHe &FFo] TUI}ES Hot
Melt Adhesive(EVA)| Zu) 3l tHFig. 20).

TR Fog BAE Adsted AEd 5 A3
Z7 BoE 98] Contra Angle & Torque Driver
o] &35to] 20Ncm= ERAFA Y A NFE A4S
HEd] nPsAn ZH ATl tis) 1034 335}
Aot

%3 7F2 40mm, A2 10mm, ¥%°] 30mme] &
EAHE At 7hgste] AR T AH AZA] B
83} silicone mold (Extrude Polyvinyl siloxane
Impression Material Type 2 : KERR Co., U.S.A)
Z A&t PL-2 Photoelastic Resin (Photoelastic
Division Measurement Group Inc. N.C., USA) Al

< Azl PL2€ dA9 A2AZ F=e &
’\}51 BAAE 7Y ¢4 E5d) 5id g2
HEE AP E F 2 E 3.75mm, 2°] 13.0mme] A
Bk 7 E AN AZRE 9 HE 0~8mm7t 2+

iy

3



w2EEE Al 10 34 YA (Fig. 21).

2 A AN E 47) Zol7t T YZHE R F
3.75mm, Z°] 7, 8.5, 10, 11.5, 13, 15, 18,
20mm)E G4 S0l el AT A F 4
sto] 10 3 e rh(Fig. 22).

AZYEC] oo W& ol ZH37| A3l 2
o] 7,85, 10, 11.5, 13, 15, 18, 20mm¢] At 7}
28 18 YSAEES Mt k3 E EFvE 35
Z3o] A7) ¥ Epoxy Resin JRA-323¢l] Erljs}
o A F94E 7+ 1084 24319 HFig. 23).

T3 QA BAZ He QEFREY] =27
o2 kA 4 BE Y8l AE 3.75mm, 2|
13.0mmel At 712" UAlE JZHE IHE
0~8mm7} 247 =2 H =2 $8 5 A Z st Epoxy
Resin JRA-3239 ¥wldle] T2 Fo4E 7 103]
A 24819 cH(Fig. 24).

2) BAE TE=m A

A ZA AHD AAF S5ZE 9F T A 2
~3mm, 7 10~15mm, Z°} 60~70mmg =3
of REE 10749 ABE FHEIET ATES B
A& Fzad, & ANHEL Z 279 dAF
(Young s modulus)Z4E 2% ©lUZ 371 AsiAl
50% ethanol/ saline %ol B7F3At}h %2 23¢C 4
oA X7 B AR e, £ A5
daf Jg5E A4 AZZ golF3Ath AAA
HAFo| ghe Aot TA R A& AW A
o Ag 299 J22E 7LHA 2~3mmE 77
3L AR &

JAZAE AY B AR AAJo o) &
z3td Feidd met S5 AP, &
2 A 7h2d AZSHEES M & 10709 o
EE AYsld EAAFAE 3, % TFS
2 2R F34E 10318 S th(Fig.

Periotest® value (PTV)2] 33 UZWHE YA
Z A8 Al 4mm 4 A9 fixture mount
A Algstgen, Tricio 579 Eag Fxdd
Periotest®s] A=W A2 FHOR FA&G D &3
o] &= fixture mountell 2 2.2, 4mme]’d HoiA|A]
UEE g o 742t dZRE sl 2 =
ol 37, ¢ F Wz 33 vHE Al

TS, TT6 T

187

o}, Akl 104 HoluA] & A 21 @
BHEghs d9dar a8 g =

AHFig. 26).

(2) in-vivo 28

2E Frda BF Aol AMSHE kg o439
A&e FAASA 71E 167HE AHSIT 7R
9] ZAFd) A& 3.75mm, Z°] 10mm*®] machined
surfaced] UA1d 4ZAHE 16708 vHET Y
AYatArhFig. 27). A9 AF ER2FHE T
A, 49 wioz FIsid 7} 33 A AT
(Fig. 28). A17+9) 7o) B2 33 39 Wsts
2R317] 98] AY FA), 4F, 85F, 125, 1659l 4
Y 22 Astd A Fa4E A

(3) BA Azl

B =29 7 Agle Windows$§ SPSS V8.0
(SPSS Inc., USA)S AHEStATE 2t $43kEel
AFEILE o|FeA A At K-S testE
AgaRa, 224 02 7 79 #9949 (p<0.01,
p(0.05)& ZA8H7) 98l one-way ANOVA testSt
Correlation test® A8t}

Al
=

=

Ant

oo

st} 7+ QI ZHE, At dlef 1024 32 F3
& F33Hn=9).

=
me 34 Fugrt 4a Zase A Bie
1, A3 Zo]7} 10mme! - 4967.56Hz& UEt

Wit (Table 11, Fig. 29).

One-way ANOVA test®} Scheffe’ test 23t #|t}
Fol o7t 71l whet 21 Fo7t fredsl
A Zase FFE BEHp<0.01) (Table 1II, TV).



Table II. The mean & standard deviation of

resonance frequency value according to abutment

length. {unit : Hz)

Abutment Mean N Std. 3 j
Length (Unit : Hz) Deviation 3
3.0mm 5953 9 99 33
4.0mm 5784 9 175 §
5.5mm 5587 9 157 &
70mm 5333 . 9 113 3 q 55 7 8.5 10
8.5mm 5289 9 110 Abutment Length(mm)
10.0mm 4967 9 43

Fig. 29. The value of resonance frequency accord-
ing to abutment length (Hot Melt).

Table 1. The result of one~way ANOVA test of resonance frequency according to abutment length{Hot Melt).

Sum of Squares df Mean Square F Sig.
Between Groups 5838276.31 5 1167655.26 75.749 .000
Within Groups 739910.222 48 15414.796
Total 6578186.54 53
(p<0.01)

Table IV. The result of Scheffea test of resonance frequency according to abutment length(Hot Melt).

Abutment Subset for alpha = .01
Length N 1 2 3 4
10 9 4967.5556
8.5 9 5289.2222
7 9 5333.000
5.5 9 5587.7778
4 9 5784.8889 5784.8889
3 9 5953.0000
sig. 1.000 .989 .062 165
2) ARz 2 &% BE ¥ (PL-2, JRA (p<€0.01) (Table V, Fig. 30).

Epoxy Resin) EWR2AFAY FA7F ImmS B X 2ozt

Zol 13mm YZHEE OmmoIA S8mm7tA| Z7tE 3 JEHES] wEFHo] INEFE FuF
ImmA 2771 =&t o] 2 48 3 7} 9 ddo] F2 5000HzolA 10,000Hz Ato]ol] Ex 3}
ZHE, ERAFA, AUF dis] 1084 T F £ ¥ Bn, 3R FIrb FAUA A
g S8 39 cH(p<0.01) (Table V, Fig. 31).

EB2FAY A7} 0. 5mmed B A3 Dol EA25A9 S22} 2mmel A% A7 Dot
e n QEAEY wEP| ZBFE F0E

T JBABY wEo) S/ £5 F3k FkEn
F 990l & 5000Hz v|TelM EXdte F& B9e] F2 10,000Hz °|Fx E£¥xdte Fe&
i9m, 3R FH57F fA4UA TaAAT RAz, T IR KA Faaqn

188



Table V. The result of correlation test of resonance frequency according to abutment length, exposure
length of implant embeded into epoxy resin and transducer thickness.

Transducer Abutment Fixture
Thickness Length Exposure Length RF
Transducer Pearson Correlation 1.000 0.000 0.000 0.907**
Thickness Sig. (2-tailed) ) 1 1.000 0.000
N 27 27 27 27
Abutment Pearson Correlation 0.000 1.000 0.000 -0.183
Length Sig. (2-tailed) 1.000 . 1.000 0.360
N 27 27 27 27
Fixture Pearson Correlation 0.000 0.000 1.000 ~(.280
Length Sig. (2-tailed) 1.000 1.000 . 0.157
N 29 217 27 27
Pearson Correlation 0.907** -0.183 -0.280 1.000
RF Sig. (2-tailed) 0.000 0.360 0.157 .
N 27 27 27 27
(p€0.01)
Frequency Frequency
Exposure Exposure
Length Length
@ Omm B Omm
W 4mm = 4mm
3 8mm 0 8mm
Abutment Length Abutment Length

Fig. 30. The value of resonance frequency accord-
ing to abutment length and exposure length of
implant embeded into epoxy resin with 0.5mm
thickness transducer.

(p<0.01)(Table V, Fig. 32).

meti] Jdo] A ERAAFTAY FAE 7T
8AYE o83 o] AEolA e Aol e} ni3t
72 Imm$] Re2 At5dn,

EAAFA Y $A47F Imme] A$- PL-29 =%
o] th2A Y YZTHES T2 Fupg= SHA|
A FIE7E 4069Hz04 T142Hz71A] B35
(Table VI, Fig. 33), correlation test 23 A|th5 2
olst JEUES] wEho] FI1¥| wheh I F)
F7F ®94 A A3 THp(0.01) (Table VID).
T3 ERAFAY A ImmS AS o ZAIR

Rl oold o

189

Fig. 31. The value of resonance frequency accord-
ing to abutment length and exposure length of
implant embeded into epoxy resin with Imm thick-
ness transducer.

o) =&%o] 24 AYPE YFTNES FR Ff
=3 A 37 Fart 5135HzoM A 9151HZ74A] %
815 32 (Table VI, Fig. 34), Correlation test 23} A
g3 Zolot JERES] o] F7Igde] W F
A F57t F9A4 IA 2SR THp(0.01) (Table
IX).
Az 3. A5 BA Aold @& ¥uw
(Hot Melt, PL-2, JRA Epoxy Resin)
7,85, 10, 11.5, 13, 15, 18, 20mm4 4=#
NE

g 599 w2%o2 ¥ 2 A3 7

3)

E
Bl



Frequency

Exposure
Length
8 0mm
W Ay
0 8mm

Abutment Length

Fig. 32. The value of resonance frequency accord-
ing to abutment length and exposure length of
implant embeded into epoxy resin with 2mm thick—
ness transducer.

Frequency
Hz)

8500 Abutment
9000H] Length
8500 0O 3mm
3"‘5; o 4mm
7000, 15.5mm
6500 O 7mm
6000) -.l I-‘g I |8 .5mm
8500 y l I 3 10mm
> kil .

o 1 2 3 4 5 6 1 8
Exposure Length of Implant(mm)

Fig. 34. The value of resonance frequency accord-
ing to abutment length, exposure length of implant
and transducer thickness (Epoxy Resin).

NATA, AldiFd] dis) 1038 33 Fob
3t Tt

ERAFAY FAZE 0.5mmS! A% A 3
T zpol g X el o)zt F7Hel mWat correla-
tion test 22 33 T o8 UA AEEA
tH(p{0.05) (Table X, Fig. 35).

=3 Ed A7 FA7E Immel BS EA4A e
A% zo)e} Aol o]z} F71etol Wt corre-
lation test 23} T For7F fod UA Fas
AtH(p¢0.05) (Table X, Fig. 36).

EWLFTA LY FA Aol
correlation test 2= FAUNE AolE BTk
(p€0.01)(Table X).

m\m jm

Ed
=
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Fig. 33. The value of resonance frequency accord-
ing to abutment length, exposure length of implant
and transducer thickness(PL-2).
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g7t 948 A F7F Ila (p€0.05), PTV &
#Hx AF9] dolrt Frhgde what -5.18¢0A]
4509 X & B on St o4 A 57t
=Tk (p<0.05).

ENAFA Y &4 Wil mE 33 T 5%
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(Table XI-XI1II, Fig. 37.38).

2. in~vivo &

2 Agskm Alzke] Aol
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e 34 Fssd WM sl Aol s
(p€0.05) (Table XIV~XVI, Fig.39).
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Table V1. The mean & standard deviation of resonance frequency value according to abutment length

(PL-2). (unit : Hz)
Abutment Length Mean Standard
3mm 4dmm  5.5mm Tmm 85mm  10mm Deviation
Omm 7142 6938 6836 6678 6625 5178 6574 709
Imm 6782 6730 6678 6625 5217 4956 6164 840
2mm 6573 6521 6525 6417 5217 5112 6060 696
Exposure 3mm 6312 6252 6104 6478 5112 4904 5860 674
Length 4mm 6521 6469 6365 6260 4747 4539 5816 916
of 5mm 6260 6208 5686 5165 4226 4591 5356 842
Implant Gmm 5843 5739 5634 5112 5112 4486 5321 515
7mm 5739 5686 5582 4747 4591 4330 5112 626
8mm 5634 5582 5530 4591 4382 4069 4964 697
Mean 6311 6236 6110 5785 5025 4685
Standard Deviation 504 480 522 862 704 374

Table VIL. The result of correlation test of resonance frequency according to abutment length, exposure
length of implant and transducer thickness (PL-2).

Abutment Fixture
Length Exposure Length RF
Abutment Pearson Correlation 1.000 0.000 -0.932
Length Sig. (2-tailed) ) 1.000 0.000
N 54 54 54
Fixture Pearson Correlation 0.000 1.000 0.142
Length Sig. (2-tailed) 1.000 . 0.306
N 54 54 54
RF Pearson Correlation -0.932 0.142 1.000
Sig. (2-tailed) 0.000 0.306 .
N 54 54 54
(p€0.01)

Table VHI. The mean & standard deviation of resonance frequency value according to abutment length

(Epoxy resin). (unit © Hz)
Abutment Length Standard
3mm 4mm  5.5mm Tmm  85mm  10mm Mean Deviation
Omm 9151 9007 8033 7829 7219 6914 8025 911
1lmm 8745 8084 7423 7040 6833 6315 7406 883
2mm 7829 7575 7372 6884 6626 6152 7073 631
Exposure 3mm 7524 7270 7040 6729 6522 6203 6881 490
Length 4mm 7169 7067 6864 6522 6419 6050 6681 427
of 5mm 7118 6988 6677 6407 6253 5898 6556 461
Implant 6mm 6660 6574 6419 6203 5898 5389 6190 479
7mm 6470 6263 6056 5901 5694 5338 5953 405
8mm 6470 6304 6203 5948 5338 5135 5899 544
Mean 7459 7236 6898 6607 6311 5932 )
Standard Deviation 965 888 640 603 586 562
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Table IX. The result of correlation test-of resonance frequency according to abutment length, exposure
length of implant and transducer thickness(Epoxy Resin).

Abutment Fixture RF
Length Exposure Length
Pearson Correlation 1.000 0.000 -0.607**
Abutment Length  Sig. (2-tailed) . 1.000 0.000
N 54 54 54
Fixture Pearson Correlation 0.000 1.000 -0.747**
Exposure Length Ii]g. (2-tailed) 1.0(5)2 54 0.0gg
Pearson Correlation -0.607** -0.747** 1.000
RF Sig. (2-tailed) 0.000 0.000 .
N 54 54 54
Frequency Frequency
Material
oE Material
8 Fpoxy -
mPL-2 E‘Cﬁ’;’
O Hot melt O Hot melt

Abutment Length

Abutment Length

Fig. 35. The value of resonance frequency accord-
ing to abutment length and stiffness of embedding
material with 0.5mm transducer thickness.

Fig. 36. The value of resonance frequency accord-
ing to abutment length and stiffness of embedding
material with Imm transducer thickness.

Table X. The result of correlation test of resonance frequency according to abutment length, stiffness of
specimen and transducer thickness(Epoxy Resin).

Transducer Abutment .

Thickness Length Stiffness RF

Transducer Pearson Correlation 1.000 0.000 0.000 0.919*
Thickness Sig. (2-tailed) ) 1.000 1.000 0.000
N 27 27 27 23

Abutment Pearson Correlation 0.000 1.000 -1.000** ~0.456*
Length Sig. (2-tailed) 1.000 . 1.000 0.029
N 27 27 27 23

Stiffness Pearson Correlation 0.000 -1.000** 1.000 0.456*
Sig. (2-tailed) 1.000 1.000 ) 0.029
N 27 27 27 23
RF Pearson Correlation 0.919* -0.456* 0.456* 1.000
Sig. (2-tailed) 0.000 0.029 0.029 )
N 23 23 23 23
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Table XI. The mean & standard deviation of resonance frequency according to abutment length at bovine

bone specimen. (unit : Hz)
Abutment Length Direction Mean=®S.D. Mean
o T o 155140, 13 S514.57
dnm 5 SN s291.31
: Shous
y L TE T
T i L ET 681262
s ; o7 502362 c54.92

Table XII. The mean & standard deviation of Periotest according to abutment length & measuring direc-
tion at bovine bone specimen.

Abutment Length Direction Mean+S.D. Mean
; e
dmn i 00 595
’ e
b i 050 048
T ; 00205 265

+
s i T 450

Table XIII. The result of one-way ANOVA test of resonance frequency and Periotest according to abut-
ment length, stiffness of specimen (bovine bone).

Sum of Squares df Mean Square F ‘ Sig.

RFA Between 2.35E+08 5 47178006 415.972 0.000*

Groups

Within 4.01E+08 354 113416

Goups

Total 2.76E08 - 359
PTV Between 4 27E+03 5 854 876.346 0.000*

Groups

Within 3.45E+02 354 0.975

Groups

Total 4.62E+03 359

(p<0.05)
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Direction

RFV v

(HZ)
OH

Abutment Length

V: Transducer installed perpendicular to the bone )
H: Transducer installed parallel to the bone

Fig. 87. The value of resonance frequency value -

according to abutment length and measuring direc-
tion with 1mm transducer thickness(bovine bone).

Abutment Length
& Direction

Pimm v
w3ma H
Damm v
waga H
msSmm v
o550m K
oTam v
CImm H
masmm v

sasem h
0mm v
oiomm H

V: Transducer installed perpendicular to the bone
H: Transducer installed parallel to the bone

Fig. 38. The value of Periotest according to abut-
ment length and measuring direction with 1mm trans-
ducer thickness(bovine bone).

Table XIV. The mean & standard deviation of resonance frequency according to time at rabbit tibiae.

(unit : Hz)

Period Mean N Std. Deviation
0 Weeks 5885 96 488
4 Weeks 6316 96 458
8 Weeks 6434 9% 360
12 Weeks 6642 9% 378
16 Weeks 6982 9 446
Total 6451 430 561

Table XV. The result of one-way ANOVA test of resonance frequency value of implants inserted into rab~

bit tibia according to the time elapse.

Sum of Mean
Squares df Square F Sig.
Between Groups ~ 18138732.43 15 1209248.829 4.240 0.000
Within Groups 132322085.9 464 285176.9093
Total 150460818.3 479
(p<0.05)

Table XVI. The result of Scheffea test of resonance freguency value of implants inserted into rabbit tib-

ia according to the time elapse.

Subset for alpha = .05

Period N

1 2 3 4
0 Week 96 5884.9792
4 Weeks 96 6315.9583
8 Weeks 96 06434.1771
12 Weeks 96 6642.0313
16 Weeks 96 ' 6981.5104
Sig. 1.000 0.457 1.000 1.000
(p<0.05)
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Fig. 39. The change of resonance frequency value
of implants inserted into rabbit tibia according to the
time elapse.
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Fig. 42. Transfer function in time region.
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Fig. 43. Degree of freedom(D.O.F.) system.
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ABSTRACT

A STUDY ON THE MEASUREMENT OF THE IMPLANT STABILITY
USING RESONANCE FREQUENCY ANALYSIS

Cheol Park, D.D.S., M.S.D., Ju-Hwan Lim, D.D.S., M.S.D., Ph.D.
in-Ho Cho, D.D.S., M.S.D., Ph.D., Heon-Song Lim, D.D.S., M.S.D., Ph.D.

Department of Prosthodontics College of Dentistry, Dankook University

Statement of problem : Successful ossecintegration of endosseous threaded implants is depen-
dent on many factors. These may include the surface characteristics and gross geometry of implants,
the quality and quantity of bone where implants are placed, and the magnitude and direction of
stress in functional occlusion. Therefore clinical quantitative measurement of primary stability at
placement and functional state of implant may play a role in prediction of possible clinical symp-
toms and the renovation of implant geometry, types and surface characteristic according to each
patients conditions. Ultimately, it may increase success rate of implants.

Purpose : Many available non-invasive techniques used for the clinical measurement of implant
stability and ossecintegration include percussion, radiography, the Periotest®, Dental Fine
Tester® and so on. There is, however, relatively little research undertaken to standardize quan-
titative measurement of stability of implant and ossecintegration due to the various clinical appli-
cations performed by each individual operator. Therefore, in order to develop non-invasive exper-
imental method to measure stability of implant quantitatively, the resonance frequency analyzer
to measure the natural frequency of specific substance was developed in the procedure of this study.

Material & method : To test the stability of the resonance frequency analyzer developed in
this study, following methods and materials were used:

1) In-vitro study: the implant was placed in both epoxy resin of which physical properties are
similar to the bone stiffness of human and fresh cow rib bone specimen. Then the resonance
frequency values of them were measured and analyzed. In an attempt to test the reliabili-
ty of the data gathered with the resonance frequency analyzer, comparative analysis with the
data from the Periotest was conducted.

2) In-vivo study: the implants were inserted into the tibiae of 10 New Zealand rabbits and the
resonance frequency value of them with connected abutments at healing time are measured
immediately after insertion and gauged every 4 weeks for 16 weeks.

Results : Results from these studies were such as follows:

The same length implants placed in Hot Melt showed the repetitive resonance frequency val-

ues. As the length of abutment increased, the resonance frequency value changed significantly
(p€0.01).
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As the thickness of transducer increased in order of 0.5, 1.0 and 2.0 mm, the resonance frequency
value significantly increased (p¢0.05). The implants placed in PL-2 and epoxy resin with different
exposure degree resulted in the increase of resonance frequency value as the exposure degree of
implants and the length of abutment decreased. In comparative experiment based on physical prop-
erties, as the thickness of transducer increased, the resonance frequency value increased sig-
nificantly(p¢<0.01).

As the stiffness of substances where implants were placed increased, and the effective length
of implants decreased, the resonante frequencies value increased significantly (p<0.05).

In the experiment with cow rib bone specimen, the increase of the length of abutment resulted in
significant difference between the results from resonance frequency analyzer and the Periotest®. There
was no difference with significant meaning in the comparison based on the direction of measurement
between the resonance frequency value and the Periotest® value (p{0.05).

In-vivo experiment resulted in repetitive patternes of resonance frequency. As the time
elapsed, the resonance frequency value increased significantly with the exception of 4th and 8th
week (p<0.05).

Conclusion : The development of resonance frequency analyzer is an attempt to standardize
the quantitative measurement of stability of implant and osseointegration and compensate for the
reliability of data from other non-invasive measuring devices. '

It is considered that further research is needed to improve the efficiency of clinical application
of resonance frequency analyzer. In addition. further investigation is warranted on the standardized
quantitative analysis of the stability of implant.

Key words : Non-invasive, Resonance frequency, Resonance frequency Analyzer
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