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A& AR ABE ARt S QBEEES ORAS 7 Ak
gEHos gulstn gt AFoE AL gtk WA RRlA Felst

vehbe Zle] gl BHE AW TS o SL 9 UAe F9 W bk

Bd= #a glem, KS, BLX, BD o] vARlE 22 vAkke i gle 9o
Egolth Akt tRkele] wekd 2 ArASE g 2749 tAle #u
ATHCLE 1).
3 1. The type of implants used for this experiment
Diameter Length
System Name Code Manufacturer
(@) (mm)
Osstem Implant,
TSHI 4.0 10 TS
Seoul, Korea
Straumann, Basel,
BLX 4.0 10 BLX )
Switzerland
Megagen, Daegu,
Bludiamond 4.1 9.2 BD e E
Korea
Superline 4.0 10 SL Dentium, Seoul, Korea
Osstem Implant,
KSHII 4.0 10 KS

Seoul, Korea
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BLX BD SL

- AL

1% 1. Implant's thread design used in this experiment
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°l¥ W 3= Sawbones (Pacific Research Laboratories Inc., Vashon, WA, USA)
AE T 1UE Z89%d ¥ & (Solid Rigid Polyurethane Foam 20 pcf, @& 0.32
g/ce, 5 7% 8.4 MPa, 91 7% 5.6 MPa, A& 7% 4.3 MPa, ©4 74 284
GPa) & AMg&tith o] <1F mw= ASTM F1839-08 A4 7] uwie} whEoix
AFEo®E Misch =495 D3 o aidst, AFd fAke = 4= 2 A=s 7h

AFoz defA glol Aol AHgsAT (14 2).

=

1% 2. Artificial bone used in this experiment (D3 Sawbones, Pacific Research

Laboratories Inc., Vashon, WA, USA)



2.3. E3 A A& W AYH dA

ol

Ed-—zlo] =X =#LS 98 EA A¥7](Han—ghil Technology System,

(e}
Hwaseong—si, Korea)E& A&

SArh1® 3. Ea ARNE Q4w 9w
3|z =¥ (drilling) ¥ YERES 2A§o] Jhse 0.1 2 @92 EF ¥
3% =740l b gulolth WA A AW, FAHoR Fo| £A8 4L

7}A4sle], D3 =4S zt= <lF W Sawbones (Pacific Research Laboratories Inc.,
Vashon, WA, USA)°| 3 mm, 4 mm, 5 mm Z°|Z Drilling % 4 H& s}

gy £55 1200 RPM 2% sl A4 Al 84 £$%+= 30 RPM, &

flo

E]
10 N o2 2A¥s Agssint. o= Ay B F9FS vH = Qe FiE
EASgozN AZHE tapele] fFt JIdLES ¢ WS wr] 9sloltt. AH
Eds YEHEVF dame] FH Add soliy dEZTHEVE BT Ay H u7hx

ek olwl 4% E2 2 geld tehbs Ao 2 #F =36 deA
CE

tlo

1% 3. Torque tester used in this experiment (Han—ghil technology system,

Hwaseong—si, Korea)



2.4. &

s

FES AE WM Y 74

2 AT AHs dolgel diEiA 2487 $18ll SolidWorks (Dassault
Systémes, Vélizy—Villacoublay, France) & &&3}o] & 5719 YZHE t]x}2l (TS,
BLX, BD, SL, KS)& 3D E¥star, 2+ 45 Alg &4d& BARSISIT oldel 3D
229 A AA FAY @ JEFESY AT JEhd Rag(ad 4H)E
Yoz Ay wel HAA P, AR ", WA RE HERE 4

AZHEQ QY w Alo] 0.5 mm WY E SAEPon, o] 7|HFCE 3 mm, 4 mm,

5 mm o 25] ol el AR A dolEF AT o1& FH 43
Esk P ke FAA Fed s BUtskglh

TS BLX BD SL KS

719 4. Design of implants used for this experiment
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3. A2

3.1.3mm AF WelHY AEPE 27 24 B}
Misch =9% D3 o 3|9, AFEd fAFsE & A %5 7HX] = Sawbones (Pacific

Research Laboratories Inc., Vashon, WA, USA) Q1& wo] Z} JZHEE 3 mm 2

3
29 Zolg Agsklar, 2o Ui Ea -] TdZE 29 5o JERSdTh

201

tue

15¢

101

Torque (Ncm)

Depth (mm)

1% 5. Torque—depth curves of insertion depth from 0 mm to 3 mm

mm o7 Ao,
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B3 3k #skrh TS, KS, BLX, BD, SL ¢ H= 42 FHu A8 B3 (10.08 *

0.42), (8.48 + 0.24), (8.15 + 0.44), (3.65 + 0.43), (3.68 + 0.28) Necm & L}E}T}
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ARl 7 ES =48t Ayfo|th, 3 % 5 9 ASo= AdZTFE EF

3mm A AFelA HA A" 7IE KS & AL AA Al
ARATE 0.8 ol #s Bl A #9485 BT KS 9 A dAF<
AL wlEo] tE AFFE Gy wRlbel JFEWEA ol wE ARA
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¥ 2. Measurement of implant interference according to the depth (mm)
TS BLX BD SL KS
0.0 mm 0 0 0 0 0
0.5 mm 0.14 0.24 0 0.49 0
1.0 mm 0.86 0.92 0.37 143 0.53
1.5 mm 2.35 14 1.29 2.74 0.6
2.0 mm 4.28 2.26 2.53 4.38 1.53
2.5 mm 6.47 3.41 412 6.42 2.53
3.0 mm 8.76 437 6.09 8.78 4
¥ 3. Measurement of implant core interference according to the depth (mm)
TS BLX BD SL KS
0.0 mm 0 0 0 0 0
0.5 mm 0.04 0 0 047 0
1.0 mm 0.65 0 0 0 02
1.5 mm 186 0 0.04 2.59 0
2.0 mm 334 0.08 032 41 0.1
2.5 mm 4.88 0.37 0.92 5.9 0.61
3.0 mm 6.48 0.83 1.84 7.92 138

10



¥ 4. Measurement of implant thread interference according to the depth (mm)

TS BLX BD SL KS
0.0 mm 0 0 0 0 0

0.5 mm 0.10 0.24 0 0.02 0

1.0 mm 0.21 0.92 037 143 033
1.5 mm 0.49 14 1.25 0.15 06
2.0 mm 0.94 218 2.21 0.28 143
2.5 mm 1.59 3.04 32 0.52 1.92
3.0 mm 228 3.54 425 0.86 262

¥ 5. Coefficient of determination values by product for each implant category (R%value)

TS BLX BD SL KS
Full body 0.89 0.97 0.85 0.97 0.68
Core 0.90 0.89 0.63 0.95 0.68
Thread 0.77 0.93 0.92 0.07 0.94

11



3.2. 4mm ¥ Wo|Me JZSIHE 27| 13 Y H7}

Misch =4% D3 o aidstH, A& FAFE & UEE 7FA= Sawbones
(Pacific Research Laboratories Inc., Vashon, WA, USA) ¢1¥ wo] Z} JdZHAEZ
4 mm ¢ 2% ol A&, o tiF EA-zo] I#ZE ¥ 6 o

LHER 21T

20
@ TS
B KS
—&— BLX
BD
15} SL
B
O
<
E
T 10 ot
'l
kE
5
= -v---xmpd;ﬁ: R
0 0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0

Depth (mm)

19 6. Torque—depth curves of insertion depth from O mm to 4 mm

A7 TS, BLX, BD |4 53 g g~ =
b wbd KS, SL oA 71€7]= trEXA|TH
gk 4 Qlth.

TS, KS, BLX, BD, SL ¢ H& ¥ FHo A¢ E4+= (6.97 £ 0.20), (10.04 +

0.29), (5.32 £ 0.09), (3.43 £ 0.52), (5.24 + 0.35) Necm & YE}SETE

12
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=

. Measurement of implant interference according to the depth (mr)

TS BLX BD SL KS
0.0 mm 0 0 0 0 0
0.5 mm 0.14 0.24 0 049 0
1.0 mm 0.86 0.92 037 143 0.53
1.5 mm 235 14 1.29 2.74 0.6
2.0 mn 428 226 253 438 1.53
25 mm 6.47 3.41 412 6.42 253
3.0 mm 8.76 437 6.09 8.78 4
3.5 mm 11.1 5.95 8.44 11.33 5.73
40 mm 13.53 74 11.21 13.98 772

¥ 7. Measurement of implant core interference according to the depth (mr)

TS BLX BD SL KS
0.0 mm 0 0 0 0 0
0.5 mm 0.036 0 0 047 0
1.0 mm 0.65 0 0 0 0.2
1.5 mm 1.86 0 0.04 2.59 0
2.0 mm 334 0.08 032 4.1 0.1
2.5 mm 4.88 037 092 5.9 061
3.0 mm 6.48 0.83 1.84 7.92 1.38
3.5 mm 8.14 146 3.11 10.02 238
4.0 mm 9.87 2.29 475 12.21 3.63

14
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. Measurement of implant thread interference according to the depth (mr)

TS BLX BD SL KS
0.0 mm 0 0 0 0 0

0.5 mm 0.104 0.24 0 0.02 0

1.0 mm 0.21 0.92 037 143 033
1.5 mm 0.49 14 1.25 0.15 06
2.0 mm 0.94 218 2.21 0.28 143
2.5 mm 1.59 3.04 32 0.52 1.92
3.0 mm 2.28 3.54 425 0.86 2.62
3.5 mm 2.96 449 5.33 1.31 335
4.0 mm 3.66 5.11 6.46 1.77 4.09

S
©

. Coefficient of determination values by product for each implant category (R? value)

TS BLX BD SL KS
Full body 0.62 0.82 0.94 0.95 1.00
Core 0.64 0.57 0.95 0.93 0.92
Thread 0.54 0.89 0.88 0.56 0.96

15



3.3. 5 mm {1F WA JEIHE 27| 1Y F7}

Misch &9% D3 o sldstd, A&y {fASE & UEE 7IA] = Sawbones
(Pacific Research Laboratories Inc., Vashon, WA, USA) ¢l& o] Zt AZHEE
5 mm & AF ZolE AL, o digt EA-zlo] I#xE ¥ 7 o
LR L

TS, KS, BLX, BD, SL ¢] HF ¥ HAdl A9 =A< (8.08 + 0.64), (15.19 +

0.61), (9.84 + 0.30), (7.61 £ 0.31), (4.74 + 0.16) Necm & }E}%k

20
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B ks
-4 BLX

BD

15 St .F.,.p

Et

= o~

N .l

o a

=]

o 10} .‘f 3
S L

o .I {.
= . Py

Depth (mm)

19 7. Torque—depth curves of insertion depth from O mm to 5 mm
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¥ 10. Measurement of implant interference according to the depth (mr)

TS BLX BD SL KS
0.0 mm 0 0 0 0 0
0.5 mm 0.036 0 0 0.47 0
1.0 mm 1.36 0 0 0 0.53
1.5 mm 1.86 0 0.04 2.59 0
2.0 mm 3.34 0.08 0.32 4.1 0.1
2.5 mm 4.88 0.37 0.92 5.9 0.61
3.0 mm 6.48 0.83 1.84 7.92 1.38
3.5 mm 8.14 1.46 3.11 10.02 2.38
4.0 mm 9.87 2.29 475 12.21 3.63
4.5 mm 11.61 33 6.77 14.46 5.14
5.0 mm 13.5 4.52 9.21 16.71 6.92

¥ 11. Measurement of implant core interference according to the depth (mm)

TS BLX BD SL KS
0.0 mm 0 0 0 0 0

0.5 mm 0.036 0 0 047 0

1.0 mm 0.65 0 0 0 0.53
1.5 mm 1.86 0 0.04 2.59 0

2.0 mm 334 0.08 032 4.1 0.1
2.5 mm 4.88 037 0.92 5.9 0.61
3.0 mm 6.48 0.83 1.84 7.92 1.38
3.5 mm 8.14 146 3.11 10.02 238
4.0 mm 9.87 229 475 12.21 363
4.5 mm 11.61 33 6.77 14.46 5.14
5.0 mm 135 452 9.21 16.71 6.92

18



¥ 12. Measurement of implant thread interference according to the depth (mr)

TS BLX BD SL KS
0.0 mm 0 0 0 0 0

0.5 mm 0.104 0.24 0 0.02 0

1.0 mm 0.21 0.92 037 143 -0.33
1.5 mm 049 14 1.25 0.15 06
2.0 mm 0.94 218 2.21 0.28 1.43
2.5 mm 1.59 3.04 32 0.52 1.92
3.0 mm 2.28 3.54 425 0.86 2.62
3.5 mm 2.96 4.49 5.33 1.31 3.35
4.0 mm 3.66 5.11 6.46 1.77 4.09
4.5 mm 441 5.83 7.64 222 484
5.0 mm 5.08 6.69 8.83 271 5.59

¥ 13. Coefficient of determination values by product for each implant category (R?2

value)
TS BLX BD SL KS
Full body 0.62 0.82 0.94 0.95 0.99
Core 0.64 0.57 0.95 0.93 0.92
Thread 0.54 0.89 0.88 0.56 0.96

19
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ABSTRACT

Effect of Interference between Dental Implants and Low—
Density Bone on Primary Stability at the Apical Region: An

Analysis Using Artificial Bone Models

The success of implant treatment is greatly affected by the initial fixation
strength, and accordingly, modern implants aim to increase the initial fixation
strength through various implant designs. This is especially important when the
area where the implant fixation strength is obtained is small due to extraction,
immediate implantation, or vertical bone loss. In addition, it is difficult to consider
the bone density as high in other bone types except for the mandibular anterior
region, and in order to assume a situation where it is even more difficult to obtain
the initial fixation strength, artificial bone corresponding to D3 was selected and
tested to apply the weak bone condition. Accordingly, this study aims to confirm
which design is effective in a situation where the implant obtains a low fixation
strength. Five implant models were selected as the test group: Osstem TSIII (TS)
and KSIII (KS), Straumann BLX (BLX), Megagen Bluediamond (BD), and Dentium
Superline (SL). The implantation depth in the artificial bone was set at 1 mm
intervals from 3 mm to 5 mm, and the initial fixation strength was evaluated. The
correlation between the implantation torque, implantation depth, and design was
analyzed to quantitatively evaluate the effect of the design of the lower part of the
implant. In addition, design factors such as implant bone diameter, screw thread
design, and bone interference related to them were compared. When analyzing the

test results, it was confirmed that the ratio of implant bone diameter to screw
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thread interference, the lower angle, and screw thread design affected the
improvement of initial fixation strength. For example, in the case of SL, the bone
diameter interference was 14.46 mr' at a depth of 5 mm, providing stable initial
fixation strength. BLX showed an interference of 6.69 mr due to its thin bone
diameter and screw thread design. In the coefficient of determination analysis, the
SL and KS models showed high statistical significance at 0.95 and 0.9,
respectively. When looking at the test results, it was clear that the interference
between the implant and artificial bone showed statistical significance on the initial
fixation strength, but it was confirmed that the interference did not absolutely
increase the implantation torque. For example, under the 5 mm implantation
condition, SL was confirmed to have the maximum interference amount of 16.71
mr. However, the experimental results show that this does not lead to the
maximum implant implantation torque. SL showed an average maximum
implantation torque of 4.74 N - cm. When compared with KS which showed the
maximum torque, the interference amount was 6.92 mr, which confirms that
increasing the interference amount is not a method to increase the implantation
torque, i.e. the initial fixation force. This study quantitatively evaluated the effect
of various implant designs on the initial fixation force, and through this, it provides
basic data that can expand the possibility of clinical application. In addition, various
design elements are applied to implants, and it is necessary to verify the
performance elements of the initial fixation force of implants, such as cutting

performance, through follow—up studies.

Key words: Implant design, Initial stability, Weak bone quality, Artificial bone

model, Implant to bone interference volume

27



	표 차례
	그림 차례
	국문 요약
	제1장 서론
	1.1. 연구목적 및 필요성

	제2장 연구재료 및 방법
	2.1. 임플란트 디자인
	2.2. 인공 뼈 준비
	2.3. 토크 측정 시스템 및 실험 설계
	2.4. Implant와 인공 뼈에서의 간섭량 측정 
	2.5. 데이터 분석 방법 및 통계 처리

	제3장 연구 결과
	3.1. 3 mm 인공 뼈에서의 임플란트 초기 고정력 평가 
	3.2. 4 mm 인공 뼈에서의 임플란트 초기 고정력 평가 
	3.3. 5 mm 인공 뼈에서의 임플란트 초기 고정력 평가 

	제4장 결론 및 고찰
	참고문헌
	영문 요약


<startpage>1
표 차례 ⅱ
그림 차례 ⅲ
국문 요약 ⅳ
제1장 서론 1
  1.1. 연구목적 및 필요성 1
제2장 연구재료 및 방법 2
  2.1. 임플란트 디자인 2
  2.2. 인공 뼈 준비 4
  2.3. 토크 측정 시스템 및 실험 설계 5
  2.4. Implant와 인공 뼈에서의 간섭량 측정  6
  2.5. 데이터 분석 방법 및 통계 처리 7
제3장 연구 결과 8
  3.1. 3 mm 인공 뼈에서의 임플란트 초기 고정력 평가  8
  3.2. 4 mm 인공 뼈에서의 임플란트 초기 고정력 평가  12
  3.3. 5 mm 인공 뼈에서의 임플란트 초기 고정력 평가  16
제4장 결론 및 고찰 20
참고문헌 23
영문 요약 26
</body>

