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Depth of Insertion on Stress Distribution in Mandibular
Peri-Implant Crestal Bone

I R ®




# L

FLR A1 B LR RS KL A RO RE
FEMYRF T 2T P DafFitieEtlesa ikl CHE
FE L3558 (part 1) &2 T 2 ## (platform switching ) # & ;% {g 48>
FATIRFREREEPF (part 2) HEMY RE RS~ 7P
o Hflr 32 tPart] @ A 7 E T el 244 Bl(Computer Aided
Design, CAD)£? = &3 *3 - % 4 +7(Finite Element Analysis, FEA) » #-
ek S22 BEARZRETFFZASEETAR (3mm 35
mm-4mm)-EL7E (dmm-6mm->8mm )4,k L &£ 8 (2° -~
4° ~6° 8 ) =gk f"f§36 EHCA] 0 L5 170N ~ 45° Al 4
BLE A BRSPS YRP LR AT EE SRS E
(von-Mises stress) o Part 2 : #4548 % # T 5 c3 2 R 5% 4
oL REATE 2 A EMEGA T - RAATE ER 0.5-4
mm> 4 0. 5mm 5 B ff 8 =24 8 e AERFAFTE 5K 0~1. 6 mm>
$20.2 mm 3 FIRE S e A FlFle £ 5S4 72 v g e
LR S T g A 170N ~45° Ao 4 X4 PIE S e RE Y
2t A FEE K R4 & (von-Mises stress ) o Part2 ¥ b g (748 “+ 9
B Rt g L3 (Sowbones) #A] 0 X A 17 {45
BWirdiw 2 /Ao 3 BAAATEER 2mm> AEFALFF EA O
E’i’lmm:éﬁ’#&ﬁ%iﬁ"%%/§i3mm’ %i%—ﬁ%ﬁ»’?%%)iO'—i’lmm’
e AP EFA S 4 X4 PR BEREYR (strain gauge)
BIEA 9 R RE FRSIVCRELES - F5%%% Partl %%

FETAPNEREFRARFF PR e 3 4 597

—\\

Apor
e EE At R B ER (p<0.0001); @ i) 2 40k i



EARBRRLES P PRV 2ZE Y EP R (p=
FRlaiEEL R (p=0.83)c = B K ¥c? >
ERAHYRT R 2B NREFRA MR ELRDPERE
B cPart2:CB¥E nCBH ¥ g+ 2 B8y E¥x L2 (P<0001) >
m CB¥ A 8~ - "CBERES B F TR L2@E
i B CB=25mm %> CB § 5% 4 &% Might it CB
>25mm- F A FEM2FRAEE -nCB &5 & 7 & (nCB=0.2~0.4
mm) IFRT o dpdaE A T4~ 2 #3) (nCB=0) &4 B2 %
ek Rk (nCB=0.6~1.6mm) i mT™ R R4 B o 9%
G B4 Pl BEE (microstrain) > = EH A A B A
CB2-nCB0=-2012-CB2-nCB1=-1239>CB3-nCB0=-1630°CB3-nCB1
=-945-4pF nCB i£ 27 >»CB3 & CB2 sl g ™ ; @ 4p F CB
i€ T » nCBI1 # nCBO H-7) & X - &3 s Part]: " K4 14
MOl CHTRETAEHM Y HEFRE > FHPEME 4 FLAIUE
AR R A RS EoPart2: T L BER L R
THAF AR ERSERAATE (Z225mm) FRT o REFR
ARBPALTE (=206 mm) F 84308~ H A4l B RS -

£
4
>~
[
N}
—i
s
g
pI
T
b
P
e
p
T
b
B
-k
\_
Ta‘;
el
F
pac
=
ik
=y
-

o
>/
N
i
e
i
et
Al
e
2
—
N

II



ABSTRACT

Purpose : The aims of this study were to investigate the effects of various

implant-abutment connection designs (part 1) and subcrestal-inserting

depths (part 2) on the stress in peri-implant crestal bone by using

three-dimensional finite element (FE) analysis. Material and methods :

Part 1 : Thirty-six models with various morse-taper connection designs

included different abutment diameters (3 mm, 3.5 mm & 4 mm), and

connection depths (4 mm, 6 mm & 8 mm) and conically taper degrees

2° ,4° ,6" & 8 ) between abutment and implant were constructed

respectively. Vertical and oblique forces were set as 170N applied on the
top surface of the abutment. The maximum values of von-Mises bone
stress in the crestal bone around the implant were analyzed statistically by

using ANOVA. In addition, the patterns of bone stress around the implant

were examined. Part 2 : In the crestal region when a morse-tapered

implant (which is also one of the platform-switching implant) was
subcrestally positioned, two factors were investigated. One is the
thickness of cortical bone contacting to implant surface (CB). The other is
the depth of subcrestal insertion (nCB). For the models of CB, eights
thicknesses from 0.5 to 4 mm were constructed. For nCB, night depths
were employed from zero to 1.6 mm. Therefore, a total of 72 FE models
were generated. An oblique force of 170N at 45 degree to the long axis of
the implant was applied on the top surface of the abutment. The stress

distribution and the maximum values of von-Mises stress were recorded
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and statistically analyzed by using ANOVA. In addition, the experimental
strain gauge test was performed to measure the highest strain data of bone
around the implant on the four models (CB2-nCB0, CB2-nCBI,
CB3-nCB0, and CB3-nCB1; CB2-nCBO0 represents 2 mm of CB and 0
mm of nCB). In FE studies of part 1 and part 2, the geometry of bone
models was generated based on the cross-section of mandible in the

molar region and their material properties were anisotropic, i.e. properties

differ in different directions. Results : Part1 : The results demonstrated

that implants with smaller abutment diameter and deeper abutment

connection did reduce the stresses significantly (p < .0001) in the

supporting bone around the implant under oblique or vertical loading. On
the other hand, under wvertical loading, less taper degrees of

implant-abutment connection resulted in less bone stresses significantly

(p=0.0002) around implants. In oblique loading, however, the similar

bone stresses were observed (p=0.83) among the models with different

taper-degree connection. As comparing those three factors, abutment
diameter had stronger influence on reducing bone stresses than

connection depth did, and the influence of conically taper degree was less.

Part 2 : The bone stresses were significantly different (P<.0001) among

the models with different CB and nCB. CB played a major role in
reducing bone stresses. The thicker CB was, the lower the maximal
von-Mises stresses in the crestal region were, while the thickness of CB
was within 2.5 mm. But, following CB increasing more than 2.5 mm, the

decrease of stresses slowed down. However, insufficient thickness of
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nCB (about 0.2 to 0.4 mm), compared with equicrestal position (i.e. nCB
is 0 mm), resulted in higher stresses of bone. On the contrary, lower
stresses were found while the thickness of nCB was more than 0.6 mm.
On in-vitro study, the peak value of minimum principal strain on crestal
bone at models of CB2-nCB0, CB2-nCB1, CB3-nCB0, and CB3-nCB1
were 2012, 1239, 1630, and 945 microstrain respectively. The models
with CB3 had lower bone strains than the models with CB2. The models

with nCB1 had lower bone strains than the models with nCBO.

Conclusion : Part 1 : Within the limitations of this study, it was suggested

that the narrower and deeper implant-abutment connection had the

biomechanical advantage to reduce the stress concentration in the crestal
region around the implants. Part 2 : While the thickness of CB is more

than 2.5 mm, adequate thickness of nCB more than 0.6 mm can help to

further reduce the bone stresses around the implants.

Keywords : implant-abutment connection; abutment design; peri-implant

crestal bone; subcrestal insertion; platform-switching; finite element

analysis
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Fog4 g, 2%ha (RLT) 2 RE2 bt sEmiE (2
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% \cortic:a1 bone =5
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Rt ERE R B B+ 5 AR L SRR S T 4 R RISR A G o
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B 1.15 Kongetal [8][7]"2 F % -2 i§ B » %
FLHEF2FE T S el E &2 R
A Fl5n 28 e
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B A TR A G H T P AR SRR A N

Gl BT BRI L S S L SR 7 PR L SR
KA ROGEWS HE AT LS LB AR o WAL 2
T LBEREMT R AP F RS R RV kA
WA SMPGFLEE TR AR BB A 1L S22 RE 6

bR EER CRAERCRECEST Fi M LEHEF

BARERRE RAPREA 0 PAFHMOEL FTHET ELY - &
By T "o 24 % B (Computer aided design, CAD) £ = ‘&5 T~

% 4 7 (Finite element analysis, FEA) 7 3¢ » 24 p 4k 2 &
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2-1 P 3 inAg

NG o ARA SR IR o Y AR R AR 2.1 Ao e

oA IR A SRR AR (ERHEL LR
BRCBEFRSERELR ) HEBF F2 &4 (von-Mises stress )
AR AR T T Ml B4k 3 (Computer aided design, CAD) ¢
WEBifgr ket 27 REARL ST G2 &%
e FIRRBRETRE REFR CBREELR > THHN- RE2
TEAEB G ZATREARE S A R (L7
gk S A FF s dBmf ) FFREE > NS HF] o B

6> B LHAI%® 5 U2 % & 17 (Finite element analysis, FEA ) #t

»

WY RRLE S 24 B SRR e 0 AT AL T
B ¥ &+ (von-Misesstress) 4 #F 2 £ B o
FoOMAGHEFRAITIRN AR A TR Y RS2
s (von-Mises stress) A F B 58« § 4 > T ral ek fon g @7
FPEREZ AT 2z gt afF etz THETHRAER

PR LA TR gk R, T R
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2-2.1 F%— 1 A1I91RE A R4 ERL S22 E

i *%?, Pl B4 2K 3 5088 SolidWorks 2008 ( SolidWorks,
SolidWorks Corp., Concord, MA, USA ) % % & #-74] - #rdF it ® %
B (B 2.2) e 7REVE BREFREFRELR RETALRE
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Far o BREFRIBApEARL cWEA I TR EFZ LR &85
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(b)

Bl2.2 (OF&%- X480 FHRETA - BEFR SEREELR -
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i & 15 % a2 45 36 ] -
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2-2.1.1 4k X o W2 24 Ae

ARG SEREAT G > RBELIFle RpEHULEETR
T (3mm~3.5mm-24mm) 2EEEF (B2.3a) FRAGE
Bl o SdB 7 B/ ¢ R A e 1 () kLB UER 4
m(B2.3b); 23w 2(F P )R ITLLFRLZELEFA LT (4m
Gmm> 2 8mm B 2.3¢c) PR ITHRELRE SRR ELER (27
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2-2.1.2 4 1 7 {82 i

H - LA REREATS > RBLIFcFE- 2855
mm PR X E ] (Bl 2.4a) %iEXE 1 ¥ EE RSN A2 ]
(T3 )R TLLFR Mdmn ¥ 3% TR HER 27 o BLE Rl & £k
KT THERLIEL0.8mm (B 2.4Db)-

Hao tikw AR S REATE A1 T A& -
EARr 2 B WER 2 RACFERLLIRN (B2.4c)e

HHZ HEr -G AR o RER A%S T2 1.2 mn @
Ta 1 (R2.4c) mTa | 2 EXBEATs > 2 Ta 1 7Bz F
cHF XEE AL R g RIS (R2.4d)-
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0.,05mm> T 0.lmm> + % 2EFE0.2mm THREER
0.1l nm> FEX B 4-
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2-2.2 R ALTIRNARZFAFTE TR

%”ﬁf T M B4 2K 3 4088 SolidWorks 2008 ( SolidWorks, SolidWorks
Corp., Concord, MA, USA ) s &l & #-3] - #rd53d 2 S8 (B 2.7 a)

FPRLABRMATY RBERFATE RS ARFATT R85
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fie
&
=

AAEEER0.2mm 5 F7HHE = ¥ L 0.5 mm g

AR s A7 - RoORE? B RE o - B RS

AT Pz 0.2 mmoshie oK R (R 2.14) -

A | B | C | .
I |element_sizefmm) element number  max_strass(MPa) -
2 15 68057 26404 |* i .
3 1 103749 2757100 P/r’
4 08 139207 U |» g
5 0.7 181133 29287 | = :
4] 0.6 253924 319281 |
7 b
8 1] 100000 20000 300000 400000

Bl 2.13 F&- @ eRCEIR () RE (DT RIE -
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L

B 2. 14 oo

2-3.2 HELF - E R e

MR ags 1k e g

2

=y

b

9 4
T g

[

5 42 4

e

wm oo

’ j\£5

i)

oy

fichod 2.3 7 [34] ) AL T 2205

BT 2

3w (a)+ R (b))% RIE

dgy 4o

.

4

AR RHE S A1 T R A

%

T
# & (anisotropic elastic properties ) ; @

=3

LY

N
[2pd

% 4% £ % (titanium) -

¥ w #H (isotropic elastic properties ) e

4

~ 2

Vs

PTG

Ay
(<

4L

&

7

)
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Wz BFafe > w2bad o472 i h » (contact interface ) i 7 fic
¥t H A4 thdc (frictional coefficient) 3% 2 5 0.3 gt #b » L FH
AREE AL IRZEOR G 0%k T 5 FHERA & (bonded interface ) »
LA T REFF2ZELHES -

BrmiEiE e o 7%k EHLOHENRTeES 8 4 170N
B RIA5T A s 170N & f7 fpeht 4 B3R F 5% - B HRER
AARTEINT G oo e S R4S A4 170N - R 4
Bofl e P ARHERITEZ AL T RYRAFE 4 A F A8

B4 & (von Mises stress ) » & 1 & 4k A 47 o

%23 FUAFHEA A 2 HAEF Sk
X, Y,z e > w5 ITRIE, T E S S WS w [34]

Material Young’s modulus Poisson’s ratio Shear modulus
E (MPa) v G (MPa)
Vi 0.390
Ex 19400 . 0.300 Gyy 5700
. Vxz 0.390
Cortical bone Ey 12600 o 0.253 Gy, 4850
Vay 0.300
E, 12600 Ve 0.253 Gy, 5700
Vxy 0.055
Ex 1148 Voy 0.010 Gyy 68
Vxz 0.322
Trabecular bone E, 210 Vi 0.010 Gy, 68
Voy 0.055
E, 1148 e 0.322 Gy, 434
Titanium 117000 0.30
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2-4 (it kg

AT G KRR Bk - THCERZ 36 A o N RE A 4 e 42
Tl HEFT L 3R B T (BETR CREFR RE

R ) 2F%E KA1 (Analysis of Variance, ANOVA ) » 3% Z_P &
3 0.05 (P=<.05) HEMF LR UBELF ARG Bize FEY

A E &M

- PHRAHRFALTE E AR A T - A %8 Tl 25

E2 72 A o R Z A (ST 2 B TR B s 4T
(ANOVA) > 2% 2P &/ % 0.05 (P<.05) PFeltg®x 1 & » %‘g,"z%?ﬁﬁ
AR ZEEHERT RS ERFZR

- -

o A A

i jF > #25¢ (regression equation) fg ) -

AT ik 2 A 45 A8 5 SAS® 9.1 (SAS Institute Inc.,

Cary, NC, USA) »
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2-5 MR %

Pent gt 3R s it o IR A LR 2R R SRR
WREfI A T (CB) B A 2mm> A#f§A ¥4 (nCB) A& A& 0mm
(CB2-nCB0) £ 1 mm (CB2-nCB1); &4/ A % 5 & 3mm > A
¥4 F¥ 5EAE Omm (CB3-nCB0) £ 1 mm (CB3-nCB1)> £ w &
#4] (CB2-nCB0, CB2-nCB1, CB3-nCB0, CB3-nCB1) it {744 *t & %
4 %4 PR BiEAR et A ¥R (implant shoulder) # e %2R0

(strain gauge ) *“ gix H X 4 35 -
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2-5.1 FHHAAT

FHALELPAEE S ARMAFY (nCB) (H2.15)>

T A ] foik B AT

W2.15 M - Wi A=A F 4 0mm (nCBO) > ¥ L fis % 2.3k
AL TR A G S fEHS S BL s ARMATE Imm (nCB1) > %
BEAHR PR T AR AELTER
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9-5.1.1 ## 43 (CB2-nCB1 £ CB3-nCB1) #]i¥iase

HF- CRER 2 mmE 3mmz2 A gL FF (Sowbones 3401
Block, Pacific Research Laboratories Inc, Vashon, WA, USA ) 4 &|¥2 4
178 5% (Sowbones 1522 Block, Pacific Research Laboratories Inc,
Vashon, WA, USA) &k & > & 13 = 20x30x40 mm 2- & = %8 (] 2. 16
a) - B XTFA20mm BHE SR X FHRPIEFR

HFZ DRE AT RR Y AR LD F IO AR AT
Fowt (B 2.16b) #E5p 2 /2 32mm > & 248 4 g L F 4 5 324

(B 2.16 c)o gt o7 53EH P 2 kA T T ipdl L2 457
BEo#FmAET 00lmm (B 2.16 d)-

HAz LAY A 4 LI mmER(F 2.16¢)-

# Ff v © ¥ cyanoacrylate cement ( CC-33A, Kyowa, Tokyo, Japan )
Fredizatr - R (B2.16 f~g) » T H= %R

(KFG-1-120-D17-11L3M3S, Kyowa, Tokyo, Japan ) 4:%f £373% iF 0.2
mic (B 2.16 h~1~j)

BB e HFe BT - L= PR IF LT - RI(H
2.16 k)

# f - #-cyanoacrylate adhesive (AA, Chu-Lun, Taipei, Taiwan )

58w i——,gmi‘# a1 F B (@2161‘“1)
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HIF= BT - P RELT AR 1mm (20x30xI mm) 2 4 i@
AFEAFEA L EHY (B2.16 n20) °

ﬁ% NI ERERFE AR B D B R ’ﬁuﬁbzbia;‘ﬁ?
fle B P gEE B ATk AR A FE (B 2.16 p)

#H 4 1% Ankylos £ 8 fy 7 2 %% ¥ 4 conical reamer ( Conical
Reamer A 11, Ankylos, Friadent, Mannhein, Germany ) #3* ( B] 2. 16
q) ;> Tap (Tap A, Ankylos, Friadent, Mannhein, Germany ) 5 4% &

(B 2.16 r) -

%5,%4 cH#-E 35 mme & A 1l mm2 A 1 ek (Anky10s® plus
Implant A11, Ankylos, Friadent, Mannhein, Germany )&% » 3 ¢ (B 2. 16
s~t~u)

HHLE - I ABEFATEER Inm EHFAFF E R 2mm

(CB2-nCB1) # 3mm (CB3-nCB1) 2. ¥ 2% #7] (B 2.16 v) -
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1 .
O B ) ()
F2.16 4% ¥ %47 CB2-nCBI # CB3-nCBI 2 fl ieif szl (7 F )-
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B 2.16 (3 F )%+ %47 CB2-nCBI1 7 CB3-nCB1 2z # {¥/ 42 /8] °
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9-5.1.2 %4+ #3] (CB2-nCBO0 £ CB3-nCB0) # i*in4z

K- R 2411 HF- T HHT ATt o

HF fe AT AR L1 P (12,17 a)
+ 5 E #P~ Ankylos {8 %8 Fi 7F 2 #% 2 B & conical reamer ( Conical
Reamer A 11, Ankylos, Friadent, Mannhein, Germany ) #3* (B8] 2. 17
b) ; Tap (Tap A, Ankylos, Friadent, Mannhein, Germany ) 35 4% %

(B 2.17¢c) -

%5.%}_ cH#-E 35 mme £ A 1l mm2 A 1 ek (Anky10s® plus
Implant A11, Ankylos, Friadent, Mannhein, Germany )4 » 3* ¢ (B 2. 17
d~e) o

HAe P RAREFATEER Omm > &AL T+ EE 2mm

(CB2-nCB0) # 3mm (CB3-nCB0) 2. ¥ =%+ (B 2.17 f) -
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(d)

B 2.17 #8¢b9 =247 CB2-nCBO0 £ CB3-nCB0 2 ] ¥/ /2.8 -

4 B

W

2-3.2

HF- B AL TR LT LR F 47 5% (cover screw ) (B
2.18 a~b)» ¥4+ & 548 (Standard Abutment 3102-1050, Ankylos,
Friadent, Mannhein, Germany ) (8 2. 18 ¢ ~d)

¥ B = DR R A 2 B AR Y R (JSV-H1000, Japan
Instrumentation System, Nara, Japan) + (B 2. 18 e)» £ & & & T

W Z b AL 457 5 54 dmEp e L SRR (B 2.18f) Tk T
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fimis5 4 25 170N -

HIZ A EARY 0 AT REB RS
2 ELFEP & % (NI CompackDAQ, National Instruments, Austin, TX,
USA) (B 2.18 g) » BB FATLE » T 5 X5 d AELEHP- 0

(LabVIEW SignalExpress, National Instruments ) i& {7 4 7 (B 2. 18

h) o
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9-5.3 Bk A

Fok? iR 2 RRART ko A2 R EREZ B
B e2 RE > AW 5eca~ebrec (B219)c HP gg 87 gc % &
90" - % i J&+ (principal stress) % fea £ ec & & P FF o eb ¥
RIEER S BRE FlkY T recafecdbfpRt Pleasd ec™

BlEER S ERE (B 220a[b]) - ea~eb~ec TPl 7L Bp i Got

FER VT REH AR ELE L B (emax) 2 E | B (emin) (F

s

220Db[5]) -

B 2.19 Z#h%R2 %4 B o
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¢ =Ylearec)s AV (ea-ec)P+ (2eb-ga-ec)

e =lh{gatec)- 14 (ga-gc )+ (2eb-ta-ec)

(b)

8””'"\‘\‘ Oa=0°, Op=45°", Oc=90°
B2.20 &~ &% E (Emax) & &
0<6<90° when2&b> ga+éc

-90°< <0 when 2&b < gatéc 2 )@ B (Smln) T‘ﬁ” [ ]

(a)

FooTh e BRAKEL B AL FH L EXT A
45° 5 170N 2. B4 Rl - #r 8 fl % B F R4 Rl2 k4 Rl By o
B {52 7 =t emax & ?,min’—i"]c HrpiE (R B8 E) B

O o RATIOE R L K F R R A -
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3-1 §2% - A1 79ReL SHRELa

.\\\
«-\..
~F
b
=
o

T M A TR 36 AT o A K

>‘1 S
\\ﬂ-\
\rmL
a
1%
‘,\;
-@L
.
(w
A
W
e

BofkRRe R R REFR - BREAR A IFFEFFLHE

I o

1.1 #EXR

B TAANEA 36 BHAARLEE 4 170N 2 8 % bod
3.1 %7 o A d e S HAIRE W SBESEREAEETA (Widh/'W)» D
PELANLAELEFER (depth/D)> T #8.~ £ 3 & & & (taper degree/T )
P T AR EFE22 1 (WE&DEZEmm; TH =5
B)>wv d % a-RkEL3 4 (vertical force/VF) #1718 A 1 ja k8 % F ¥
FUEEINT Sk Bt B (HE=i MPa) 2% &4 TR A
Bisim i3 rle ¥4 d % 5elicis Ti5E (mean) &%

% (standard deviation/SD ) o
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%31 Foe- 224 EHEHEYRT T Skt Y B REET RSN

#BERAR: VFE4E HETAR: VFEEAR?Y BREFR: VFEEAR!E

3 mm (MPa) 3.5 mm iz (MPa) 4 mm (MPa)
W3 D8 T2 18.9 W3.5 D8 T2 19.9 W4 D8 T2 21.1
W3 D8 T4 18.8 W3.5 D8 T4 19.4 W4 D8 T4 20.8
W3 D8 T6 18.7 W3.5 D8 T6 19.6 W4 D8 T6 20.4
W3 D8 T8 18.7 W3.5 D8 T8 19.5 W4 D8 T8 20.3
W3 D6 T2 19 W3.5 D6 T2 19.7 W4 D6 T2 21.9
W3 D6 T4 18.9 W3.5 D6 T4 19.9 W4 D6 T4 21.1
W3 D6 T6 18.8 W3.5 D6 Té6 19.7 W4 D6 T6 20.7
W3 D6 T8 18.8 W3.5 D6 T8 19.6 W4 D6 T8 20.5
W3 D4 T2 19.4 W3.5 D4 T2 20.1 W4 D4 T2 22.1
W3 D4 T4 19.5 W3.5 D4 T4 20 W4 D4 T4 21.7
W3 D4 T6 19.4 W3.5 D4 T6 20.1 W4 D4 T6 21.2
W3 D4 T8 19.1 W3.5 D4 T8 19.5 W4 D4 T8 20.8

mean 19.000 mean 19.750 mean 21.050

SD 0.286 SD 0.243 SD 0.589

Bl o RETA S 3mm 2 AR B RS E5F 5
19.5MPa » % % 4 18.7 MPa» L3#2iE 19 MPa ; # & % & 3.5mm 2
WAl BF TR &5 8 5 201 MPa - 545 194 MPa» T35
19.75MPa ; & & % B 4mm 2 3] 0% B T+ G5 3 5 22.1
MPa > B4 5 203 MPa > L 351 21.05 MPa * j{dicyp » # &+ (R
3.1) RS S B AN 4 H B B F B Rt BT H 42 AR

F o 5 ANOVA 47 > = i R B F £ £ (P<0.0001 > F

value=212.43)
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VF_ 14 % B F 45X B B4 B

2.5

2
£ 215 1
Z gt
1z
- 205
= i
4 195 s |

19 i

18.5 :

2.5 3 3.5 4 4.5
B L F AR /mm

® 3. 1 ﬁ%—'é**%@ﬁ@%ﬁ%ﬁi;@ﬁaﬁ
PEACE B R WA

FEETRASEESE > 36 BHAIKRKE 45 A% 4 (oblique
force/OF ) 170N 2z & % 44 3.2 %7 (B3P F 3-1.1 &£ 3.1)>
KEZRBLETAEAAERESE L 2322 B8 %A 3mm 2 i35
¥ TR EA® 5 41113 MPar & % 5 38.714 MPa> T #2278 39.95
MPa; # & % & 3.5mm 2 3% B+ FR @5 F 5 43.73MPa -
B 4 % 39.408 MPa > L3597 41.169 MPa ; £ 2 % & 4 mm 2. #-7| 1
FEE TS BB 5 50.698 MPa > X 5 40.951 MPa Ti5iE
43.924 MPa » i~ k7 (B 3.2) M2 28 TAHR & 2w
R EE A B A G R 42 AB% > i ANOVA A 45 > = it

EmEF AR (P<0.0001 > Fvalue=29.56) °
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%3.2 FoH- A TR TT okt B B RRET RSN

OF &+ 4 & OF &+ 4 &
(MPa) (MPa)
38.714 41.075
39.235 40.951
39.579 41.399
39.755 41.485
39.139 44.266
39.393 42.456
39.7 42.166
39.801 42.019
41.074 50.698
41.113 47.941
40.996 46.475
40.897 46.162
mean 39.950 mean 41.169 mean 43.924
SD 0.846 SD 1.416 SD 3.188

OF te 8% Bl ¥ 4 5 < B4 E47F B

H &4 &/ MPa

25 3 3.5 4 4.5
¥ & 4 A /mm

Bl 3.2 F&%- A rEEHY FFTT o adb
AERF R REET RS -
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3-1.2 #EEFR

EERLEIFREASEESE 036 B HARELLE 4 170N 2 2540k
3.3%77 (BZ#HPF 3-1.1 54 3. 1) ERBEFRELSELSE S
i3kl e AR dmm 2 B BF Y BB 5 211
MPa > % 14 % 18.7 MPa > L 39 19.675MPa ; £ £ A 6 mm 2 -
A% FF TS EERF 5 21.9MPa £ XL 18.8 MPa Ti5E
19.883 MPa ; ¥ &% & 8mm 2 -3 eh% BH¥ T4 Edd 5 22.1
MPa > B4 % 19.1 MPa ¥ 32ig 20.242 MPa- #cd5 4 # &1 (B 3.3)°
A1 RAL L2 B EFERGF R THEME B A R
Bez 5% 5 ANOVA » 47 > = e ficdp T B F £ & (P<0.0001 >

F value=16.22) -

%3.3 Fa-EEATEREMYFT I S ekt R4 B RBEIFRAASN

FEFR T VF B4 E BEFRE:D VF &K JEFR' VF R4 E

8 mm (MPa) 6 mm & (MPa) 4 mm (MPa)
D8 W3 T2 18.9 D6 W3 T2 19 D4 W3 T2 19.4
D8 W3 T4 18.8 D6 W3 T4 18.9 D4 W3 T4 19.5
D8 W3 T6 18.7 D6 W3 Té6 18.8 D4 W3 T6 19.4
D8 W3 T8 18.7 D6 W3 T8 18.8 D4 W3 T8 19.1

D8 W3.5 T2 19.9 D6 W3.5 T2 19.7 D4 W3.5 T2 20.1
D8 W3.5 T4 19.4 D6 W3.5 T4 19.9 D4 W3.5 T4 20
D8 W3.5 T6 19.6 D6 W3.5 T6 19.7 D4 W3.5 Té6 20.1
D8 W3.5 T8 19.5 D6 W3.5 T8 19.6 D4 W3.5 T8 19.5
D8 W4 T2 21.1 D6 W4 T2 21.9 D4 W4 T2 22.1
D8 W4 T4 20.8 D6 W4 T4 21.1 D4 W4 T4 21.7
D8 W4 T6 20.4 D6 W4 Té6 20.7 D4 W4 T6 21.2
D8 W4 T8 20.3 D6 W4 T8 20.5 D4 W4 T8 20.8
mean 19.675 mean 19.883 mean 20.242
SD 0.834 SD 0.993 SD 0.988
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VF 48 % B & 4 &% 4 E40F B
23
2.5 F
22 ]
£ 215
> 21 . ¢
1=l 0 .
~ 205 F - s
%2 20 (] 3
2 195 . $
19 i $ B 3.3 Fok- £z 4
521 TR BT Ok
18 . . PN
) 4 6 8 10 ﬁ;:}@iffg{#@ iR
BLER /mm E IR HE o

R LIERA KRR 36 2R KE 45° Ao 4 170N #5182
Fh%ded 34t n (BEA#RPE 1.1 54 3.1) &ERELFR
ARG R A G 3R E R EFR 4Amm 2 A PR B TR E
BB 5 41.485MPa > B ™ 5 38.714 MPa » I ¥5i8 40.211 MPa : # 2
FR 6mm 2 HA 5% BF R4 BB 5 44266 MPa 0 B i1 5
39.139 MPa > T 32id 40.913 MPa ; £ /A 8 mm 2 #3] 0% Bl F
T+ B8 5 50.698 MPa » B 14 5 40.897 MPa » L 357 43.919
MPa - jidicdy » # K7 (B 3.4)> A1 7 REX o2 B EiFR

AR R P VAR S B B R 5 ANOVA £ 45> = B

HEREFLE (P<0.0001 - F value=27.66) -
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2034 Fok- A% TR EAE BT LA B B R4 ARR A

OF &+ 54 & OF &+~ 4 &

(MPa) (MPa)

38.714 41.074

39.235 41.113

39.579 40.996

39.755 40.897

39.713 43.73

39.408 42.932

40.354 43.014

40.869 41.999

41.075 50.698

40951 47941

41.399 46.475

41.485 46.162

mean 40.211 43.919
SD 0.928 3.203

OF tef8 % B ¥ 4 &+ 4 BE4cF B

/ MPa

.
[I=R

R

R34 % A

SRR BT T Sk

) ) ; g o | BB ERCF R R
t£%A /mm R
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3-1.3 ®EER

RERLABRANER 36 EHARELEE 4 1TON 2 2% 40
3.9 (BA&HRPF 3-1.1EK£ 3 1) #EFHELELRLSFEREE (S
ERLAxE o REER2EZHADERT RS B5F 5 221
MPa » % < 5 18.9 MPa > T2 20.233 MPa : 34 4 & 4 B 2 #7
% FF T4 5% 5 21.7MPa> & 11 5 18.8 MPa- T 357 20.011
MPa; & & B 6 Bz HAIh% B T+ S d 5 21.2MPa> & it
% 187 MPa > T35 19.844 MPa ; & & & B 8 B2 4| en% B+ 7
B4 Eh® 5 20.8 MPa > & ™ 5 18.7 MPa » % 35(® 19.644 MPa - #&
B HEET (B3.5) A1 948883 L2 BFadss & R4 > LAY

PEF AR B EEN O S ANOVA A 470 v il F A ¥

Z 2 (P=0.0002 > F value=9.25) o

%30 FEH- LA EREMEYRTIIT Skt R4 BEOREBELEERAL

BEER _Ex a‘@i)it VF 4 L4 VFE A £LE4R ! VF 4R
28  ‘fEM 4R  4@E (MP) 6/ ‘@ (MPa) 8B 4 i (MPa)
T2 W3 D8 18.9 T4 W3 D8 18.8 T6_W3 D8 18.7 T8 W3 D8 18.7
T2 W3 D6 19 T4 W3 D6 18.9 T6_W3 D6 18.8 T8 W3 D6 18.8
T2 W3 D4 19.4 T4 W3 D4 19.5 T6 W3 D4 19.4 T8 W3 D4 19.1
T2 W3.5 D8 19.9 T4 W3.5 D8 194 T6_W3.5 D8 19.6 T8 W3.5 D8 19.5
T2 W3.5 D6 19.7 T4 W3.5 D6 19.9 T6 W3.5 D6 19.7 T8 W3.5 D6 19.6
T2 W3.5 D4 20.1 T4 W3.5 D4 20 T6 W3.5 D4 20.1 T8 W3.5 D4 19.5
T2 W4 D8 21.1 T4 W4 D8 20.8 T6 W4 D8 20.4 T8 W4 D8 20.3
T2 W4 D6 21.9 T4 W4 D6 21.1 T6 W4 D6 20.7 T8 W4 D6 20.5
T2 W4 D4 22.1 T4 W4 D4 21.7 T6 W4 D4 21.2 T8 W4 D4 20.8
mean 20.233 mean 20.011 mean 19.844 mean 19.644
SD 1.195 SD 1.001 SD 0.838 SD 0.745

\_,Z"
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VF B BF F S 4 it W
23
05
2t $
£ 215 .
E ' *
a 2 " X £
- 20.5 S ﬁ3.5 E‘:%E
<2 0 3 t - B 4 iR
% 195 . ' X o
) : : : HH R i
185 [ e N ST
t | | | | SRR
0 2 4 6 8 10 L
BELR /R R AR

RRE ERASEA 36 BHIKL 45 A4 170N 2 B %
bk 3.6 7 (RARP P 3-L1&KZL3 1) IEEis 4 RAK
PREES L AR o Bt o B E LR 2 BZH S B T
4 mdF & 50.698 MPa » £ 1< % 38.714 MPa » < 358 42.033 MPa ;
BE AR AR S FE TR £ 5 47941 MPa > £ 1€ 5
39.235 MPa » T 39i5 41.554 MPa; 42 & & & 6 A2 3l B4 7
B+ EE B 5 46.475 MPas B i 5 39.579 MPa > L 3518 41.596 MPa ;

BLARESAEZHAHE BT TR EhF 5 46.162MPa > & 45

Rl

39.755 MPa > LT 35id 41.541 MPa o Hifcypm #2248 4 2 %5 4
2 (R36) LR PHERYRS T B! EaP LA

2% ANOVA ~ 47> v 2 iicdpm dg ¥ £ £ (P=0.83 > F value=0.3 ) °
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OF 4% B4 + 52 &4 G4ct B

&

=

“ 3.6 ¥

> - 4% doarE

* A g
RRE S

s g A
0 2 4 6 g o | FFE o &

BELR /B kR AR

38.714
39. 139|

41.074 40.897

39.713 | 40.869

39.89 40.882

43.73 *.* 42. 9321 41.999

41.075 40.951 41.485

44.266 42456 42.019

50.698 47941 . 46.47. 46.162

mean 42.033 mean 41.554 mean 41.596 mean 41.541
SD 3.771 SD 2732 SD 2.138 SD 1.914

‘ﬂ_: ‘-J" :::' | rﬂ‘f. E- '1 r! :rl '\::'r A {:s_ﬁ,f".l
‘d =7 il ;EF;!' “In-"';' ‘aL-I::-:-::T::}.-
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-2 RHE= ATV ARFF TEEHYF
P4 BT

TR T2 A &R 457 et fgr o riE R R Rk

ATt 2 ABELTY B ARREFZLHER-

3-2.1 #AALTH

kP L T (CB) B AR » A %5 (CB0.5~CB4.0)> 72 &

45° He 4 170N #+E2 2 % o dodk 3.7 %7 « i &

>‘I S

A AR
AAERAATE > BELCB Sghhd % i ARATF 0 5. nCB >
RS2 3L ZRSRFE22 A1  H+ximm; v ¢ % 52 CB¥&
nCB % 78 F] 2 2 B2 30K ae 4 Lo @A 1l R 4T
AT oA et 0 B =% MPao dod 6B Et (£ 3.7

2d fetei) WP A T 2.0 mm (Sdh CB2.0) & A&/ 4 F 4
1.0mm (#nCB1.0) 2 HA|*TiF 2 &+ B4 & 5 44.141 MPa - #
BB A TR BR » U AMERAS S 84 2o A v % CBO.S
2 CB40 > x4 d % 5= w¥#cimz L@ (mean) £ 4& % X (standard

deviation/SD ) °
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23T ALY FETT Sk R BRI A

CB0.5 CBl1.0 CBIS5 CB2.0 CB25 CB3.0 CB35 CB4.0

nCB0 112357  68.696 55.954 45.629 40.573 38.433 36.608 35.899
nCB0.2 97416 80.383 56.701 46.25 42.113 41.026 38.115 38.431
nCB0.4 97.234 72.288 52.651 46.357 43.181 40.78 41.454 40.043
nCB0.6 70.181 64.075 46.14 41.271 36.434 35.531 32.108 31.565
nCB0.8 73.633 53.697 37.827 34.453 31.056 30.179 28.266 28.356

nCB1.0 66.516 55.226 49.597 44.141 39.256 36.098 34.697 33.558

nCB1.2 58274 46.269 43.782 36.272 32.228 30.629 31.441 32.289
nCB1.4 60.142 45.8 37.169 35.888 34.037 31.804 30.648 29.39
nCB1.6 57.875 48.285 35.142 33.279 35.103 33.631 32314 29.153
mean  77.0698  59.413 46.107 40.393 37.109 35.346 33.961 33.187
SD 20.1391 12.478 8.2028 5.4231 4.3718 4.1285 4.136 4.1753

Ky o Al AR R 2R A TH B R @CB)iE 2T o
dhox B MM A w i CBO.S e o @ B BRI AR S
CB3.5 & CB4.0 s3] (*£ 7 #3] nCB1.2-CB3.0 ) - j CB » + =
Al T oEbgr o F RS Ed s BIR A #F] CB0.S 2 2%
(mean=77.0698 )> ® /i CB4.0 vEp > ¥ ] 2 tg B & 674k 5% > T CB4.0
Eio] (mean=33.187) M X &pom & W@ M2 £ 34 B g+
BB L L B AL 0 g B A T BB AR - R o fLCB
LR Y Rror > w2 W CB0S H4RE Z &+ (SD=20.1391) % 71 3%
PEAEA ERFREBEE S > BREFCBB - L ez BPrEkEL R
B 0 3 CB3.0~CB4.0 ¢ 48> 48 (SD % 4.1) & ANOVA % {7 »
Nedhy Rk F A2 (P<0.0001) -

#CB ¥ 5+ i+ & (maximal stress) ¥ 12 8Lk & # Bla&g+ (B

37)> 55 Jg? BREF CB H 4 i b o @ o] Z W R TP AEARY o
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B2 L8~ F A CBOS 2 eudh* BAHRBEAF2ZLEEE
¥ CBHj4e o & ol 2 £ B Hbrk Jeachk i o #- & 2 dcd; % nCB
2.7 A %E o deAp e nCB 2. Bcie AR iEE 4% 0 TR 3.8 ¥ icdh
2RO S S R N R QUK S S 'y =-1.9139%
+18.473x% - 60.828x + 103.17 ; R*=10.7203 ) {7 ® 3.9> d B 3.8 £ ]
B9FM » EF (B4 B s ' Mg 5 2bas > wp

Bt CB=2.5mm % — 4 -k > CB=2.5mm #=Fp > CB @34 - 24 F

Jed Bz T > 2 CB>2.5mm 6 0 R 4e CB Bl > & E PP A E LR

The4 & o

120

1o+ °*

100 + nCBO
‘3? 90 = nCB0.2
= 4 nCB0.4
> 80 =
7 X nCBO0.6
L X A
% 10 >.< IS X nCBO0.8
= X
§ 60 | c e nCBI1.0
= S +nCBI1.2
£ 50 f Tox - nCB1.4

40 X ’ ' A A - nCBI.6

* *
L S S T
30 B3 X 2
20 il il il il il il il il
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
CB/ mm

Bl 3.7 T "HAAFTTERS MY RIF &< B4 B2 KA FF -

it
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120

110 \

100 —e—nCBO0
& o —=nCB0.2
E ——nCB0.4
2 80 % nCBO0.6
g 70 —%—nCBO0.8
Tés 60 1 8 ——nCBI1.0
g §\& 4 nCBI.2
<
g 50 \§§%\ —nCBl.4

40 X ——nCBl1.6

30

20

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
CB/mm

Bl 3.8 o= ‘HGAFHERLEHE B S~ B4 B2 & AF -

120
ol y=-1.9139x" + 18.473x" - 60.828x + 103.17
R*=0.7203
100 1 .
S
=
2 80 -
5 9 A‘I
= ¢ \0
£ €0 $
: N
g 30 $ \:\z
*
40 : *\_§\_¥ * §
30 1 2
20

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
CB/mm

B13.9 F%- HBAAATEFERE MY FIF &~ R B2 3 F A2 50 g2
i Fd AR o
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3-2.2 ALALFTE

AL FTH (nCB) 5 AR %= A8 A (2~10) 0 72 2 H03)

>‘I\

K% 45 A 1TON 82 %k 4ek 3.8 %77 (Bl 4mpP e 3-2.1
BA3T) ERARPATYER NG A RAELS L9
&% 5 nCBO 2 nCB1.6> X% d & 2+ 2#ciEz Ti5E (mean) &7
&% ¥ (standard deviation/SD ) °
FlYp B WA AP P RERAA T ERCB) g™ > B4 &

< A ey 5 nCB0.2 & nCB0.4 3] (' 7 3] nCBO-CBO.S
“h)o Foo) @R A B 4 IR A nCBL.6 (CB0.5 ~ CB1.5~ CB2.0 = &)~
nCB1.4 (CB1.0 - %) ¥ nCB0.8 (CB2.5~ CB3.0 ~ CB3.5+~CB4.0 =
) mwl ] - € nCB 4 < e HA] T 5 E &7 > nCBO ~ nCBO0.2 £
nCBO.4 ‘w2 ¥ 7 fp+ Todfcad s » L g F 2L L T h 5k

B (mCB)#rH > # F 4 T 508 & i 2 484 (5 nCB1.0 &4 T 158
#2 ) 2 nCBL.6 & (mean=38.098)¢ £ % i % w#cia
2 AR K nCB4 ~ ¥ LT > 2% nCBO H &% 1 & <
(SD=26.043) > e % ¥ nCB o3 > 2 2 o p #iciE £ B b (",f
nCB0.8 22 nCB1.4 &% £ 3 ¢ )> 2 nCB1.6 5 %] (SD=9.7779) -

5 ANOVA ~ 45 > 4 2icdp S RAEF L B (P<0.0001) -
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% 3.8 FH - kR ITT S AR R lE’lE%#&ﬁ%R%ﬁ%A}&\PO

CB0.5 CB1.0 CBL.5 CB2.0 CB2.5 CB3.0 CB3.5 CB4.0 mean SD

nCB0 112.357 68.696 55954 45.629 40.573 38.433 36.608 35.899 54.269 26.043
nCB0.2 97.416 80383 56.701 4625 42.113 41.026 38.115 38431 55.054 22.181
nCB0.4 97.234 72288 52.651 46357 43.181 40.78 41.454 40.043 54.249 20.38
nCB0.6 70.181 64.075 46.14 41271 36.434 35531 32.108 31.565 44.663 14.745
nCB0.8 73.633 53.697 37.827 34.453 31.056 30.179 28.266 28.356 39.683 16.05
nCB1.0 66.516 55226 49.597 44.141 39.256 36.098 34.697 33.558 44.886 11.579
nCB1.2 58.274 46269 43.782 36.272 32.228 30.629 31.441 32.289 38.898 9.8028
nCB1.4 60.142 458 37.169 35.888 34.037 31.804 30.648 29.39 38.11 10.271
nCB1.6 57.875 48285 35.142 33279 35.103 33.631 32.314 29.153 38.098 9.7779

#-nCB ¥ & % & # & (maximal stress ) B 12 gLk & # Bl &1 (B
3.9) > nCBO ~ nCB0.2 #? nCB0.4 2 #icyf e % 2 5 A 47 > nCB1 »
nCB1.2 ~nCB1.4 & nCB1.6 #cfp 2. £ 8 A /i 5 4piT - SR %R
B39 PR mNEMATE (CB) dilcEf ] hiird] - ¢ HRR3F
i F A B b4 CBOS (EJ F258:) &2 CBL.O (b i=d > 8 ) >
Er AP el ZERF DL R FHlEROS T T
EFnCBH 4 > A1 7 13% B W4 B % el o L wichh
i CB tas4f > fsAphe CB 2 #c®@ M 41542 > T 3.10 o ji & 0%
Boroof 0 CBOS#UE (Fd FBMIE) b AE S &5 - &
%= B2 (nCB0.2 ¥ nCB0.4) &+ B4 < » BFdpk 6 %>
Be. (nCB1) 4.2 » EF 4 5% > B8 £ Aetgd = eniFa) o AR &

PREE B B AR I CB0.S (Fd FABMIE) ¥ CBLO (4
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frd o ERAUE) HBUR R e 5 BY 0 BRI g K o 30 3.10
Bhp A FRE = SR s (B30 At sty =
9.4455x - 17.874x” - 6.1616x + 55.577 ; R*=0.1434) » % nCB &% -

FRE R RS B ENH AR

120
110 T
100 o .
© * CBO.5
E 90 = CBI1.0
E 80 = A CBlS5
g 0 & = . * x CB2.0
| ]
Tt . . x CB2.5
g 60 N S e— e CB3.0
9 A . =
g 50 R . + CB3.S
x X A x n = - CB4.0
40 ¥ & & X
[ + A X
T f X 3 X % ¥
30 ¥ ¢ -
20
0 02 04 06 08 1 12 14 16 1.8
nCB / mm

Bl 310 Fo- AEFATEERSEHY BT~ 4 B8R0 F-
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120

110 ©
100 -
< ——CB0.5
S N7 —=—CBI.0
\% 80 —+—CBI1.5
g 70 Pans x— CB2.0
< \\\\//%\“ —%—CB2.5
£ 00| ——CB3.0
é 50 T \ ——CB3.5
X \;\ W —CB4.0
30
20
0 02 04 06 08 1 12 14 16 18
nCB / mm
Bl 3.11 F%= ABRAATHERAS WY FIFP &~ RS B2 4 RE -
120 . ,
110 . y =9.4455x" - 17.874x" - 6.1616x + 55.577
R” = 0.1434
100 F .
<
& 90
p=
5 80 *
(] *
2 70 ¢ A R
= S
g 60 y * . * h *
g 5 \ M .
g0, .
T S I
N P . :
L L4 3
30 b4 .

20

0 02 04 06 038 1 1.2 14 16

nCB / mm

312 %= ABRMAATT AL EMY BT &+ B! B2
R AR
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-3 MAHIANRHK  FH=- L4 R

BB 28] 0 & B 5 CB2-nCBO (#:%]- )~ CB2-nCB1
(#3] = )~ CB3-nCBO (#3]= )~ CB3-nCBI1 (#3le ) & f imis
FEFE A5 B4 170Nz 4 FplE a0 B RS B (X5
7] » buccal side) #2534 ] (& 23 & ] > lingual side) 2. #c¥; » 516
TR L REEPREZ A A BRE (emax) BE AL RERE
(emin) > AFFF T 4 FRlFE > £ iy > R Ti5E8

*%L‘]'g:%ﬂ- ° ;1-"\37“,“"_” ﬁﬁixi 2-53 _E\F\ REHP o
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3-3.1 B3 REE

%3985 4 3. 104+ % 5 rHEFRS P EBFELEE ] BFE-
T o Fad RP>Rdhor BHA AL AELERLEE 2%
BoRA G H  BGEIN L R4 (3% 5 buccal side )¥rB~2Z = % gmax
Begmin 5 v F F 5 L EHAIRFHEE 0 B = 2 microstrain 0 ¥

d B e S #kiEZ TiE (mean) BB X (SD)o

% 3.9 WABRFHR RS RS RERE -

CB2-nCBO CB2-nCBI CB3-nCBO CB3-nCBI
Buccal Emax 1| 27.284 107.647 -289.991 56.849
Buccal Emax 2 - 86.657 116.108 -255.988 57.285
Buccal Emax 3  98.886 148.654 -216.965 72.376
mean 70.942 124.136 254315 62.170
SD 38.300 21.650 36.542 8.841
% 3. 10 R HEAIF % RS RIEC)REE
CB2-nCBO CB2-nCBI CB3-nCB0O CB3-nCBI
Buccal €min 1 -1882.280  -1207.650  -955.009 -921.849
Buccal €min 2 -2061.660  -1216.110  -1014.010  -932.285
Buccal Emin 3 -2093.890  -1293.650  -1128.040  -982.376
mean 2012.610  -1239.137  -1032.353  -945.503
SD 114.014 47.399 87.962 32.356
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3-3.2 #*&4 %

231124312455+ 9%+ Blh REELE ) BT

T4 BYAEPR&EE3 -

%311 MAHEAF R RS RIS RBRE -

CB2-nCBO CB2-nCB1 CB3-nCB0O CB3-nCBl1

Lingual €max 1 334.008 147.766 231.706 198.215
Lingual Emax 2  276.423 109.221 222.463 190.065
Lingual €max 3  266.237 71.115 204.017 175.069
mean 292.222 109.367 219.395 187.783

SD 36.544 38.325 14.097 11.741

%3.12 MAHAFER RS R BRE -

CB2-nCB0O CB2-nCB1 CB3-nCB0O CB3-nCBl1

Lingual €min 1  -194.008 -73.766 -66.706 -63.215
Lingual €min 2  -168.423 -64.221 -54.463 -58.065
Lingual €min 3  -149.237 -59.115 -47.017 -57.069

mean -170.556 -65.701 -56.062 -59.450

SD 22.462 7.436 9.942 3.299
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4-1.1 BETREFZHH

RRLTAANLI A B TEER TR ZRETR
HeriBz2 % EF R4 ERM - 5 ANOVA » 4749718 » 2 4 3 5
P<0.0001 - F value=212.43 ; & % 4 = & P<0.0001 > F value=29.56 -
a4 ABRTE P EEEARIPIT > LAl Fvalue I 4 et 4 &
B% % Fvalue R/ (o 14837 ) & fow| ez £ B 48]
PHERFRE TR AR DERT X4 AR A PR g
L fjf‘u‘@i/l‘iﬁﬁ BEARKLE 4 HE YRS E
Tk A E > R F R A AR o BRI 2 d kI o gt - AR
TAAARB 3 B 322 Bk 234 (B3 R
ERRFZ g # o bl % > nfled (RI32) B> 7RG
RAEAFZEpE RS o eyl i i o
W3_D4 T2 2 W4 _D4_T2 A 3] 5 # bl ot > a2 &
SRR TR Y B Y S R e R 0 AR
ARL LD A FERSLSFH (B4 1ab) BEETEMEDE
BACL BREFYRP RS G 19 PPREL SHELG &
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Ao Fs (Bld. 1c~d) B & T #3 W4 D4 T2 Fl45 & AR
BooRTEMELERRE > EREWZ LS BRE A PEEE
W3 D4 T2 Bl R IR 4 A 400 B4 B D) o 8- HIZE L 7
I AR RPN T2 5t A~ F (B4 le ) &
THEME SR RS B € B QRN EREWMEL R RE D
i+ (B3] W4 D4 T2)A 4 # B i 4 & o

W3 D4 T2 W4 D4 T2 3 H-A| K2 aln 4 P+ » % 25 B
4.2a~b)- A1 7R RELIWEER 2 Bd AT RIS (B 4.2
crd) BEARIERAEE B R E (W3 D4 T2k« 4 it
TR A AT o FI W3 D4 T2 2 ¢ FIHEREE(REITF BN
TR)PRS ERE T EREMEE R RE o (T
W3 D4 T2)A 2 g % g+ & (B 4.2 e~f)

Maedaetal [12]14]* 3 RaF A7 1 b~ 23 &1 > A W&
FETACHMETOBEL SRS N RELE A 2 4 2 F

HFA Y BRI T OHEES S BRERERETEINT DB S k- KR
Bt A3 B Fla BFEB R FHERF IR P AP A
AL WA R ZRETR R R ZBETRTFIRE BRE 52
AR F 4 TERE P F R 2 AT T (TR YRR 4

B AR RS B TR R S B 2 RS B o
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Equivalent (vou- i) Swess

MPs

M | B06e4D02

Min: & Ae-00F

000E/S 10:06
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110000
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Ll
—_

(e) 2 W3 D4 T2 A FH p s o ()43 WA DA T2 A 54 P flo

Bld.2 w7 FHETAREMKS A 4 B 32 B8 Bl 297 2 103
5 W3_D4 T2 B+ 5 W4_D4_T2 -
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Maedaetal [12]3R 2 ¢ 7“4 3] » & S8z &+ B4 @5 T LB
BE2ZHAPPHRE  AFLORE R EHEL TR LR
ER AR B BT Y o g L SRt
Lol R B4 F7 IPE (B4R 4.4) F

AT R ENERETAT S L CHREFE AL S -

Equnanlend (von Maes) Saes
MFs

M 31354001
Min 111 1e+000
RS 1823

31226
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(RIS

Bld4.3 & SREZRIG B R
PeELEFTREZL SHMARKLLE S
24 A F o Bz 2 B3] 5
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B4.4 L oWEE R R R
* s "ﬁ,’"lif;i; KRR A
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W3 D4 T2 22 W4 D4 T2 & 3]z v o 30 - et % B 2 &
PAFARREY ALY o wINEBRHA AL EE 4 2 BlH| (F 4.1
e~ PEFFRAEY RS ATINRAITEMEINT S A TR
BAGF IR s ¥ - BR B4 FP B2 AR BN R
PIRG AR A A 2 WA T2 PR Pk 368X LE 42
HoA) o R AL TR R T F s A BA 4 BA Yk
o WA 4]l Fh HFLIEIFE (FERPEA 3D HAI PR
TiRle ¢ R EHAERY FF R RS E (H =5 MPa) > & F 1
20T (eMF ) RAI R EEBEL TIOE (mean) ik
B2 (SD)- %M1 Al AKX ELE 4 (OF) B gl RE ™
GBS EERNE PG IEFRETAM A T HRES B
Jom b PGS ERB SRR ET RRFR)ZBETA BER

SRR TFARYR SR TEIRT S A B R B9

AN
{\x
o
.
34
~F
pac
.zg;:

kG FE- HEETy o NI H R T o 22 A > Bozkaya et al [13]£2
Baggietal [,L2]**F 3 P P A FHF L3 9F L B B4 % 2 &
EAiE S BREA H o TEMTEINT S B B R RS RT
Porig R BRI ® o TRES B AFAHT IR 0 S
A XA L > R EAM TR S )t EE 2 2 @ &

AEEpredamwd > FLEpTRAst 3 R4 FY RRAP R L
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Al Bk LI TEEMEYRY G TR R o RRETARA
OF fe %8 % F¥ & = OF fe#8% FlH & = OF fe#8% FlH & =
&4 & (MPa) &+ & (MPa) &+ & (MPa)
AP Fry B4 BAIRE Frg RTH HAIRE Ty FTH%
W3 D8 T2 18.9 28.239 W3.5 D8 T2 19.9 27.786 W4 D8 T2 21.1 25.399
W3 D8 T4 18.8 28.862 'W3.5 D8 T4 19.4 27.766 W4 D8 T4 20.8 26.841
W3 D8 T6 18.7 28.764 W3.5 D8 T6 19.6 29.186 W4 D8 T6 20.4 27.139
W3 DS T8 18.7 29.296 W3.5 D8 T8 19.5 28.684 W4 DS T8 20.3 27.334
W3 D6 T2 19.0 28.514 W3.5 D6 T2 19.7 27582 W4 D6 T2 21.9 25.993
W3 D6 T4 18.9 28.667 W3.5 D6 T4 19.9 28.189 W4 D6 T4 21.1 26.407
W3 D6 T6 18.8 28.543 'W3.5 D6 T6 19.7 28.035 W4 D6 T6 20.7 26.653
W3 D6 T8 18.8 28.844 'W3.5 D6 T8 19.6 29.082 W4 D6 T8 20.5 27.063
W3 D4 T2 194 27.788 'W3.5 D4 T2 20.1 26.874 ‘W4 D4 T2 22.1 24.699
W3 D4 T4 19.5 28.35 W3.5 D4 T4 20.0 27.141 W4 D4 T4 21.7 25.819
W3 D4 T6 19.4 28.838 'W3.5 D4 T6 20.1 28.031 W4 D4 T6 21.2 25.965
W3 D4 T8 19.1 29.009 W3.5 D4 T8 19.5 28.667 W4 D4 T8 20.8 27.68
mean 19.000 28.643 mean 19.750 28.085 mean 21.050 26.416
SD 0.286 0.394 SD 0.243 0.721 SD 0.589 0.871

41-1.2 B EFR 52 33

BRI EIFR LD 4

\\t:r
L
9
'
T
_{'
L
5

SR BT RIELBLFER

N

HeriBz 2 FF R4 B 52 ANOVA » 455718 » 8 4 3 G

P<0.0001 > F value=16.22 ; & % 4 3 & P<0.0001 » F value=27.66 -
Jask 4 & RUTE P BEEEARAPIT > AL Fvalue 3L - $ ML 4 &
B% -~ Fvalue R34 (v 1 488 )> N & o u| B licdp2 £ 8 34>

TR FR hA e FRT R4 A RAR TH MY e

-

&ﬁﬁ’Aﬁiﬁgﬁaﬁﬁiﬁ@aﬁgz4% Horg o B R

SRR BT RY ARRS 0 B b B4 B2tk



BB A o M- ABFT T EGRALR) 3.3 B 34 2 Mt iRk 0 LB
(B33 FAFRRETAFZERALAFTELNFRT < > 2 5B
Foeped (B34 Fr 2 PHRETEATFTZEREDNTF | > &K
Voo HLIE R 4o o

D8_W4_T2 £ D4_W4_T2 & 3] 5 § bl it e > LA 2 £

BER TR Y B MY S R R 0 AL
AR EE P ERS AFED (B4Da b)) BEETEHREL S
R BREFRERZEM e O HEFYRT SRS BB
A1 TPRRREL SHELEG RS L FRRE (B45cd) B
585 H-3] D4_W4 T2 Fld 8RR O > 2 R o i) o
et A ED o 4 BB 0 A A ECE D8 W4 T2 B & IR 4
PR B BRI B RIA TR BAINAS R ETR
MoiE— HIEFEA T I AR IEHE BT TR0 T2 4 4 F
(Bl 4.5 e~f) a3 D4 W4 T2 s+ @z B D8 W4 T2 -

e e AR B K w4 A AT (Bl 4.6 a~b)e #-4
IITRPREL CHEERZ Y AT RIS (F4.6c~d) B
BT D4 WA T2 g4 » i, EE# D8 W4 T2 &7 ¥ Jig+4 &
BoEMYRFTEING T2 B4 A~F (Bld6e-f) FIREAET

4 D4 W4 T2 P BE# D8 W4 T2 4 &8 -
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Exuivalent (von-Mises) Stress
MPa
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