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FHAlakE o] & “Fste} block bonés A53te] dry W wet AE|E HAbs)
43 #Y9S AlYste] V-works 4.0™ (Cybermed Inc., Seoul, Koreay >~ E 9]
o5 o] % 3 F R A74 2 CARP RS Ae § Z4zh A4
Zjob gl 32kl AR D3t CARP Elof e A o] oS Bl dAaS
Ao FE3te] Aglet AR A4S ¥ A4S AE SAe
of M=zt yehd eapghel whshol doigte A&, AA Aokel 33k

PgwA glo} oA wa EHS AYF FAe| ek et RES

A

1) AA Hofe} 334 4 E%! Ato] 9] Xéﬂ%%k Q2= H 0.199 mm, 3
219 oA 2elyl CARP EEWJB] Ak 2= FHo 0.169 mm, A A X
ol2} CARP 29l Alo]o] Azt 23+ 4 0.291 mnE H. At}

2) AA Aotst 3akel PARLY doighel eakgh vl EAA At
2734l loiM = FoA g Apol7h /Il ot Adotat shezt, wet staté} dry

3) AA Aole] ot 32kl J4 2l CARP 22 o 9 F4 A
WA A T k] R A Al AA Hotel HlE 3xpd ) 2d
o] FAaYE AEFS e on CARP ZEe 32+ A Fdlof Blg %
AHE A2 YEbich 3 CARP 2d oA AlA 2ol HlE F4H
= 3¢S 2

I =
A ool vlE H 0.149 mm, CARBIE“O 374—?1 AAF mdo] ulE Ht
0.067 mnz. CARP 292 21| Z|o}of Hl&] % 0.216 mn®] FA2E e
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X7} X|o} o]Al&0| AF2E= Computer Aided Rapid Prototyping
model (CARP model)2| & Xl Xx|ofof CHEt 2}

LA £
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A7} R|o} o]xolgk o]g J}EdF F oI X (Donor toothyl 2= ¢
A Hoto] tig &5 WY T RN 22 T D A delA
Aots A fAolA AAE o} Rl vE SARE o]Hsh= A
ol u] tt}(Guralnick?}t Shulman 1962, Sod& Lundquist 1973). & 2] &
71=e] whdat Ewbdo] wol A glow, H¥yE ESE o
shalEo] o8] wWo] Har¥ il lth(Nordenarm 1963, Andreasdn Hjorting-
Hansen 1970, Nethanddr Andreasen 1988, Andreasen 1990, B&hsSchwestka-
Polly & 2005). o]d1 A7} Ao} o]AgAl F2 ARHE FoAZe
A< Al 3 Ul 7F 7HE wol ARgE A glom, A Al 3 thA| Ee
Wy HAoE WAHE AR EI @ol] o] &5 gl
A7 A op oAl AJBA] 1 o Fo] FTFE WA=
TR ] A ZHe)] EAskE st Al X Al
= T Atk o= A7F Aot olAE AlEA T F Qe ¥
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1981, Hammarstroert Blomloef % 1989). ol 3o &S n]x|= &
T8 JAAEE= FolA Ax=d olAH H|ote] X Z
o] Al Axz=d o]A®  Aoto] XFWo] Wgt HEH
A Wz dF Faol dFsHA o]Foix AZE Hof o] <]
= =Y & SUtk(Nethander 1995). 90|24 XZz&=& Fofx e
AT A SleiA Fdole FoAXE |

dEE AEgoEN FAA T 9
[e)

Lee 5 (2001, 2005 © ¢+l 312F Computer Aided Rapid
Prototyping modeK]3t CARP = d)S o]g&3te] wulg] Fojxe} H2
kel el XotE A&, A7F Aof o]Alze] AREslilth. AHEH CARP
ndolgt AFHE ol&st 3 CADE A ©HHS AgAste] A5

i
2
o
il

fz

=
Ao R BYES At Vles "otk o] dYye T dddd ¥
Wakow WoARH SAYE AFste] AA Rd J4S EFoE
Adsivl= A o] th(Figure 1).
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0.96mm, 94 X F-oA 1.03mm, g ekl 1.19mn2 2 153t
T o]t CARP EHE2 ECIR(extra-canal invasive resorptioh) %<
ALET 0l A= W AsALS FHE S8 AFEE7IE ShtKKim E,
Kim KD, Roh BD, Cho YS, Lee SJ 2003)y1&{t} ©]2]gt CARP X.dlo] A4
Aopsh HlwA] o= AR et EAFtEAC dsiA = HEagd bt
Ak w2 AFeA s CARP Ed¥ CARP RHe] F3F wAQ]
2 9 =E(3D CT image model)72]31 AA Xolzte] z7] <A}
4= &3 CARP 2dlo] g 84 F/do dis Hrlejraat shoh
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II. 438 A5 L Wi

1. 49 A8 4

7159 ZHE 5 X ol wlmA kdsk ARAl 298 Abstel AobE
e w stglon, F 53 Xots: o] &s3th Aot ok Aol
SRR kE AAD AotE FolelA v eds wet Ad$
blocke. &= 53kl o, stohe a2 TR oA Hg mpriA =
blocke. = A5ATE FaE #E AXFES dERgS Tl AA
shth Adel EAlste w5 FEEE A CT I A R/
(Klotze} Ernst & 1990y #l171st7] 918 EAst= e 144 oA 9
w5 ThES AT AWA Aot 2 ZolME 1], FHA et
FE FolME 1Vl WA st RE FoM 1M, FHA st BE
oA 1ZHE Aot Hof F 2570, dfet X|oF F 28/helH, oz FE
ol AXE 2271, AFA 154, WA 1Y Xof AES
o]g-3}3l th(Table 1).

Table 1. Distribution of used teeth in making 3D i@hge

Maxilla 1 Maxilla 2 Mandible 1 Mandible 2 Total

Anterior Tooth 6 5 6 5 22
Premolar 4 3 4 4 15
Molar 4 3 6 3 16
Total 14 11 16 12 53
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2. AAksl o

ofj

AAtst @45 2% (Computed Tomographyy At F-7Feketkma Al 3}
o] CT HISPEED Advantage®d#ts}t ©@3 & 7%*(GE medical system,
Milwaukee, USAXE- ©]-&-3}91 high resolution algorithm, 512512 matrix, 120KV,
200mA Z713telA 1mm slice thicknesd <147 ¢l Adwd Hakst o=
Zo S A&}

=Q1 Abstel 47) EFof tial dry state™! wet state

>
fuj
Ku
|
k)
[>
Jo O
oft
)
e
=
w do
o
ol >,
QN

= -
dry statel]ld WA FJedrt. 1 T FHAZ dry statellA] AR

A
Zeprg F vl gselEe dy stae) AR A QA
BN FARE JAR HTS JAN F wet £AS Folstr] 919
g2 A9 ERFo| 98l F1 Mz AYse] Wi @3 B9

A] 83+ tH(Figure 2} 3).

Figure 2. Mx CT taking in dry state



Figure 3. Mx CT taking in wet state

3. AA Ao} ASHZ A= 54

T QY Aote]
Aastgon, BAE A
Aok Ao EAe

el Al skl

CERESE
A3k Aol 4 AP,
Q)

AdE o1, v 471

1) Mesio-distal width in crown portion : Distancetlyeen mesial and distal height
of contour

2) Bucco-lingual(=labio-palatal) width in crown pion : Distance between buccal
(=labial) and lingual(=palatal) height of contour

3) Mesio-distal width in cervical portion
4) Bucco-lingual(=labio-palatal) width in cervigabrtion
AA #ole] Aol 4L txd Ay (Mitutoyo Corp., Utsunomiya,
Japang ARESER oW, o= Aot FFol HAsA Al FSHEES



AAAIZL 5 At 2@ FHelA e Ho FEEE AdE
Ao SHGF FHS FAFIAE Hof Bl AXAIFoZHN A}t
Hol FEF A FHo] o)FAANEF Flon, AAFFNA A=
Ao SHGF IR FAEA HFHAA] WelHdw o)y K
AN ABF7 B8] A HES A th(Figure 4).

Figure 4. Detail view of beak in digital caliper

4.37+9 494 (3D CTimage) ATA 2 ASHL Ag &3

CT & AX9] 4 A=RES /MAE AFEHE & F V-works 4.0 ™
(Cybermed Inc., Seoul, Korea}oZEo]5 o]g3slo] TE Xofo] o3|
33+ Axrst @ 9AF (3D CT imagep. 2 Al 74 sk ¢S F33k ot
(Figure 5).



[ vworks - WDOIMN : WDDIMN.

Figure 5. V-works™ program(Segmentation to 3D tooth image model)

At AAbsl @S o R AFAsE B
el Ht T3k 33 J4 2l
10000. & A7 sto] st

A€ 3D CT G2tel thall V-works 4.0™ o] A A= =273
o] g3lod UM AR AA HololM HAE HYzte] Ao =7
Al & 5193 th(Figure 62 7).

< 2 A 1210 93
a2 Az 3 Fo YA A (threshold value)

Figure 6. Measuring with V-worK¥' program(mesio-distal width in crown and
cervical portion)



[EAT» s
Figure 7. Measuring with V-worK¥' program(bucco-lingual width in crown and

cervical portion)

A Veworks 4.0 ™ Z g 7oA 33 PAF mdlol
Yeel A3PAZ 5 HAA HofelA AYHE o] &
ASPD EJAEE AAstr] flsto] AAl Aofe|Ae] FAHA JV|Fo®
AREE U™ Ao} Aol BaAeA AAR AeH ol SAEy FHE 3
= FEUE A9 3k 9 Bl AAsd. ol EUEA
3k P Aol 3HES AAdE FoEM ks Aok A=
HHol AA rheskitt 28 AdE HHd A@ #9245 Hd
SeAelY A Ay 9 AAE HHa 445 A F@T*Pol«] T4
Ag)E FAtstel Mesio-distal width in crown portionA 2] & 3k3loH,
Bucco-lingual(=labio-palatal) width in crown pomio> A A A% 3}
7R 2 Ao} ol B FHI dAS HY FgAkeld AYE
FAreto] Fedvh( ™ 7). ABFAME Aol Ag FHI wizb
THA 2 A|ob Aol FaA T FHI AAGFA ] ZAHS B gH=S A A

skl A2l & garsel Fatsi

0!

o:l;rﬂ
o

I

OEL i:l:l

33t GArRde] Aol =48 Veworks 4.0™ T2 oA Ay =H
S HAd vE AFE 189 Fdae A A A" Jazte] SR A
7F mmet$l 2 A 24 A 7kA] BEEH A oM o] dateE 3A Gt B

e Zxggtow o] 4-ahl th(Figure 8).



Figure. 8. Plane parallel to long axis of tooth ahstance from mesial height of
AR 915

[e]
247}

B
contour of #11 tooth
Aol SAA At Ao FF5Y A E FHS
o] 329 9 el 311-S F3l axial view, coronal view, sagittal vie]
AAE g
5. CARP model sampled] A&, A& U A=A Az =3
9% mEdF CARP Rl xﬂﬂ—"— Flel ket A Bl
= YoE FESUTE Aot 67l st 6
2o} MZo] A7 o (Table 2), -2+ A|olol tha] z+zt
] =
WA 2719

AT 33l
R

A==l
24, 2714
N & 12719
dry state X! wet statél] CARP & 25 Cybermed}(Cybermed Inc., Seoul, Korea)
of A g sle] F 2409 CARP RElo] #|2hE Q. A|2E CARP L&
3D printing 7]‘?;1"&“1 starcke A 52 A ZE Ao,
100%= A2t o= akqlth
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Table 2. Distribution of CARP model teeth

Maxilla Mandible Total
Anterior Tooth 2 2 4
Premolar 2 2 4
Molar 4
Total 12

Figure 9. Measuring the CARP model with digitalipat

A Aol W 3 A4 T, CARP BHojA ] o] SHE =4 o

25 wiAsEY] fleke] 2 AAE 1910 of sl Al Sl
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32 94 2dy AA Ao} 1E]lal CARP 9wt AA Xof 1#lal 3
2E3 CARP 27+ 77 922 vlwslglon, wal zhzhe
7350l Qlol 7okt stet, wet stat€l dry state, x| ¥ X7 H-of A 2] A7)
ez AHBAE tteste o] &kl ASSIUTE ttest= Window SAS
(statistical analysis system) 82 7] 9 7] %] (SAS Institute, Inc. U.S.AF ©] &3}
om, Zt FeAel ez Hlwe 7 exke]l Augke] Hif(average of
absolutefr o]&, @ A7) 2pol2 AHgsFh T3 33k JA mdl gl
CARP =dlo] gff 9 HF4 A #A4& d&l @ exte dis 4%

SEEES
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1. 2 =

AA Aotel 3k G4 B 9 CARP REdA ] S47> % 5~10
W ot o] vtgo® HA Aotel 3k P4 BE AtoleA L] Arigk
22} wet statel A= 0.181 mm, dry statd A= 0.217 mnE X F #F Alo]
of AR FoA7F AReH, F Bt 0.199 mnE H A TH(Table 3). &
4 ¥4 293 CARP REZEe] Hugt @ab= H+t 0.169 mnE UERSTH
23l AA xJoksl CARP & ApolofA ] Azt @b Esh wet statel]
1= 0.298 mm, dry statd A= 0.283 mnEX F H 0.291 mnE Rt
(Table 4). A A Ao}l 32k 4 EAZEe] Aozt exf=kol vlal] AA A
ok¢} CARP R elzke] Adigk expzFo] 3xkel 974 EH3} CARP EEIZHE
o]z sl o7k o AA yERS T AA xobel 3k JAF mdof A 9
stet, wet stat€l dry state, #| -9} X7 F-ol A Aozl 22 S
o AAEAE 1 37 Zo] yErE

N

o £

M o
X 2

Table 3.Average of absolute difference betweeal tooth and 3D CT image (n=53) (mm)

Crown  Cervical Wet Dry Maxilla Mandible Total
Absolute

0.199 0.193 0.181 0.217 0.181 0.216 0.199
Average
Standard

o 0.112 0.122 0.104 0.125 0.107 0.122 0.116

Deviation
p-value 0.9838 0.0010 0.0176

13



Table 4.Average of absolute difference betweeal tooth and CARP model (n=12) (mm)

Crown Cervical Wet Dry Maxilla Mandible Total

Absolute Average 0.263  0.318 0.298 0.283 0.327 0.255 0.291

Standard Deviation 0.263  0.309 0.295 0.282 0.355 0.194 0.287

AA Aotel 3ab G Kol Aozt eabel tigt FAEA A
Al AFetel] nla| &hetol, wet statel] B3l dry state} ] 2 Azt extE
ojm o] Aol FATAQ Fo/9-8 vERd wbd X HF-9 27
AL Bolx kot
A Aol thet 33+ J4 Ry} CARP Rele] g 4l FH4h A

BAS % 9 oA BX BAA AAl Aokl 3akd g4 Rzt
ool AA Aetel nla] 3xkd P} o] FHAH

CARP Rdl& 3319 JAF mdo] Hlg] F4uHE= A

LhEf MDP(FIgure
10).
100
80 O Enlargement of 3D
60 CT image model
40

20

20
40frh
60
80

100

120

LILLLLLLSLI Y

0.1 0.20.30.4050.60.70809 1 (pm)

Figure 10. Error distribution between real tootd @ CT image model
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AAl Aokek CARP Bl 9lojA] 934l CARP Rl Sasw= A
< HAtKFigure 17} 12).

OEnlargement of
20 CARP model

5
0.10.20.30.40.50.60.70.80.9 1 (mm)

Figure 11. Error distribution between 3D CT imagedel and CARP model

25

20 OEnlargement of
15 CARP model

10

V7 rzzzza

0.10.20.30.40.50.60.70.80.9 1 (mm)

Figure 12. Error distribution between real tootd &ARP model
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Computer Aided Rapid Prototyping (CARPY 2 o] & 32+¢] CAD AXEY
ofoll Al HARIE HolHE HAEd Fdd oz AE BAFES v
st fojoln, 23 7]odl= ¥HEOE A FE] AFEEoO] oy 19804
of Hx= 3AY AT Fdol Pl HEH olPE(Hermardt Coin
1980) HFell= 770 <bH F91o wSsAel ] wk, Fof FHF A
= 9 FA45F ® 4 (Ray, Mafee, Friedman, Tarmoressi 1993, Caval€antannier
1998), A}7} *|o} o] 2] < (Lee SJ, Jung 1Y, Lee CY, Choi SY, Kum KY 200%)°]
o] g-¥ oA gttt

o]g1dt CARP 29| U4 e Aty v go] Wo] Evtes &4
o] o} o] &Al QYA oAy 7HA] AHE Fosith ol& 2 JHRl
e FREe IS A AAE =4 vE o Z ol F e
o, st oA % A CARP REg o]§ B9 &8 i A <=
ol e HIEAE =Y & Q) T3 B FuS B FE F PRE Y
2 mhote]l AgEE =Y T o, 94 A5 U 2l A5 T AFS
A B ARE Aol 5 = Aol Stk 12y o] CARP EHo]
Al Entz 857 YA e AT AL fASE 7] 9 Eofo] H
5 A&EE Aol Fastth 1o wEl CARP REe HEgmof st
Hol F2 AR dFH ok AA FREH 33d ) md 9
CARP R el7to]l & o] tfst o] Aol 95l Richtsmeiers (1995)
= Az FAEY 3 G Bt P 017 mng] 237 SleS R
s Jdrdyl CARP RElZke]l ASA 2

5k 1, Kraskov 5 (1996)> 32F¢!

1.98 mmgd =2t ¥ 13} T} Baker 5 (1994)> H % F7/l=3 CARP
2Ezte] 3t 0.85 mmeatE ERltky B sk, Lill 5 (1992) Hdx
FZ2 CARP Azt AASA HF Zol7F 1.47 mnebal K138l T
H T (1999 Ax FA= 3 G BEitel= 049 mm, 3+ G
293 CARP RélZtell= 059 mm, 1% F/l& 3 CARP et 0.64

mmel Aeizk BiFe weltn RIAATh Lo o E ATES mF 4
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M= = 0]
gt vl AYs F3ske] ilo} Sl 0101*1 AA ilOP 2 3k FAEL,
CARP 221719 77] =olof| tlal] A7+ ZAF T Tl o d A=
dry Jeje] F7H= = dry state

< olg3ste]l AdS o v, 2 Aol A
O v Y FARSE AEHE wtEaA dAakst bs Z3Y9A 2559 o
ol AFrellA ALt} @5
5 ASlth 1Elste] ol Aol
/‘1«1 dry"o*EHEU‘r = 4 ‘?_}_ﬂoﬂ 7}k Folatr] Q& Aikst
= #FAAQ 7+ FRE W 99l Hounsfield units (HUE ©]&-, wet state
oA A Aldsdh. AAarst @5 ZFYAIS HUzkel SlolA 371 -
1000 HW " &2 0 HUY s ®eltta 4el4 9lth Gedranges (2005)
2 AATol] QlojA HUZLE 50~60 HUE H.e Husigic) 1#jnz o
HE 37159 dry statéd Uh= wet staté} & U] A x = o] Fztw i) Al3le
7o B 5 gtk olE EdlE B Ao E dry 2 wet statel A 2
g2 APt B Aol Anz Bl AA A ofgl 3 G4 med
Atol el A o] At @ xk= wet statell 4]= 0.181 mm, dry statd A= 0.217
mm=Z4 & F7 0.199 mne]H, A A o}l CARP &l Alojofx] ] A
22k T3k wet statel A= 0.298 mm, dry statd 4] = 0.283 mnEA F 3
7 0.291 mne B ow, AA xlo}e} v|wA] CARP R R T} 33 A4
2do] & | AA Xofste] exprb &AA yEbom ol F3f 3xkd
& EHo] CARP Edlo] Hlgl| & 1 A Xote} H|2d A7]E B
o = QU AAl Ao B A FA BE, CARP EHlo A 9] S gk
5~107 #o] LERRtT

==

O

B o of ox

A3 el qlo Al Aofs} 3ape GG R A e HAE = et 3l
A 2 A Fo| A xpoli= A Ho|A| ko) wet stat€) dry state™
et spotel] QlojM= I Aok F o & FAE Bow ol TS
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o9 Ao w A7tE]e, wet sttsh dry sl 48] Aol oiel A A7

2 g Jov F719F =o] 424 1152 Hounsfield unitsg] 3} HU)= 715 ©
A

24 3x+g dakst @45 Z Al A7)+ partial volume effeds 0= <13
e Zow AT o= Hokel 7|9 HU Apol7b Aot =3

HU ztolef vlal] FofjZo® ofF w2 b B =N YElA H+= A
HU zfolel 25| ]O}Uﬂol 1 pixel Yol <
A" A9 1 opixek: E Alelol A 1714 data2 EHE 7] wEoll Ao}
7] Atole] ABAWE WEs] AdaNA XA "ok a2y Aofgl =
Abol o] HU zpol= ot} E7] Afolo] ml&l zfolgko] o2 pixel o]
AAE Aol A9 Mzl Ao vlE| & ¥ gt AAHE] Aol
o]Fojx= Ao R Qlgk Aojt} olF F3 yEheE 33 A olnA|
2ol Al HU =po] = ‘?_15& Aot o] EfA S gf=ro] HU zpol7t AA e
© dry AEOlA o o] Ao wH A7 a7l £ ¢ AA JERY A
gk 227t 3A vepd Ao ® AzhE,
015’401]‘: olH® AA Hote} 32k G
LAHE ke oY APEAY A e]ls
et 127t Bestth CARP Rd W 33k A el tidk @ abol]
g o] dyES AEEY F & Ux % 3
FEl3t CARP 7] @b 54 Aol A
GAZ Astth AN Y, A& 09,0157, 4%8 7,708,719 & 1999).
17 CT F2Q AL 24}, 3k 7 =g A4 9418 23 CARP =
Az dAC] @Ak, AS 0aF o] DA 4dA A eat S A ST
B Ao pixelZ} voxel?] 712 <13+ volume average effegk o] k2

FRolu A e HARAM o A2 EP B3] Aol AJHE T =7t
gt Ao Az J8a 3k A BRRARAL] F exteglow
A7+ == YA A (threshold valuedl 0101/‘1 FH & (1999) “Fek=2 700, 3f
obF2 8009 #S AMEAl VM £ AE IS F vt Rusith

18 o] 3 Al A]

S Ao} 9 shelE ol st glolwl Hokel tjak A AT <
ob4 ereld QA ke gEjolth. YAIA Wkl W}E CARP I

fr

3
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A Az vEA dehbe olfRE AAAL A3 FEEG e A9

Ashs zHo] 2450 B £ oM, YA % el sk

24 oge] 7bel Aol gyEel B = A& ol Lot o] e
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WENTAL HOSPITAL

Figure 13. Step configuration of surface irregijadiue to CT image pixel size
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Table 5. Real tooth sizein maxilla (mm)

MD(cr) BL(cr) MD(cer) BL(cer)

Mx 1 Mx 2 Mx 1 Mx 2 Mx 1 Mx 2 Mx 1 Mx 2
#17 9.72 9.1 10.99 11.29 7.45 6.99 9.85 9.6
#16 9.64 M 11.14 M 7.16 M 10.35 M
#15 7.2 6.1 9.72 9.07 5.04 4.28 8.49 6.88
#14 7.55 7 9.78 9.53 5.18 4.96 7.56 7.55
#13 7.92 7.06 8.38 7.98 5.92 5.62 7.99 6.97
#12 7.16 6.96 6.9 6.06 4.88 4.65 6.34 5.43
#11 8.5 6.34 7.36 6.36 5.75 F 6.56 F
#21 8.56 M 7.25 M 5.88 M 6.58 M
#22 7.54 4.84 6.78 5.68 5.12 F 6.25 F
#23 8.33 6.31 8.2 5.46 5.92 F 8.04 F
#24 7.41 7 9.86 9.58 4.74 4.76 8.37 8.14
#25 6.32 M 9.62 M 4.51 M 8.58 M
#26  10.21 10.87 11.42 9.89 6.56 9.56 10.26 7.17
#27 9.63 9.03 11.87 11.07 6.47 6.7 9.75 9.49

F : root fractured tooth during extraction

M : missing tooth

Mx : maxilla
MD(cr) : Mesio-distal width in crown portion

BL(cr) : Bucco-lingual width in crown portion

MD(cer) : Mesio-distal width in cervical portion

BL(cer) : Bucco-lingual width in cervical portion
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Table 6. Real tooth sizein mandible (mm)

MD(cr) BL(cr) MD(cer) BL(cer)

Mn 1 Mn 2 Mn 1 Mn 2 Mn 1 Mn 2 Mn 1 Mn 2
#38 9.95 M 10.04 M 8.32 M 8.1 M
#37  10.64 10.97 10.89 10.41 8.38 8.75 8.91 8.14
#36  11.06 M 10.92 M 7.92 M 8.91 M
#35 7.55 7.04 8.62 8.54 4.78 4.68 7.52 6.82
#34 7.44 6.63 8.37 7.9 5.23 F 7.14 F
#33 7.2 5.26 8.01 6.65 4.8 F 7.83 F
#32 6.08 M 6.21 M 3.54 M 6.04 M
#31 5.45 3.18 5.69 5.35 3.47 F 5.35 F
#41 5.28 4.81 5.78 5.32 3.46 3.05 5.49 4.97
#42 5.76 5.89 6.1 5.64 3.89 3.48 5.85 5.56
#43 7.07 6.65 7.95 7.31 5.08 4.98 8 6.94
#44 7.47 7.09 8.4 8.11 5.14 5.1 7.02 6.25
#45 7.38 6.91 8.34 7.92 4.96 4.7 7.27 6.07
#46  11.24 11.08 11.02 11.47 8.97 8.34 8.91 8.32
#47  10.34 9.92 10.79 10.46 7.63 8.38 9.76 7.58
#48 9.57 M 9.89 M 8.35 M 7.44 M

F : root fractured tooth during extraction

M : missing tooth

Mn : mandible

MD(cr) : Mesio-distal width in crown portion
BL(cr) : Bucco-lingual width in crown portion
MD(cer) : Mesio-distal width in cervical portion

BL(cer) : Bucco-lingual width in cervical portion
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Table 7. 3D image dimension in wet state

MD(cr) BL(cr) MD(cer) BL(cer)
Mx 1
#21 8.61 7.1 5.79 6.41
#25 6.11 9.67 4.44 8.49
#27 9.51 11.62 6.36 9.62
Mx 2
#12 6.61 5.79 4.5 5.3
#15 6.27 8.92 4.38 6.82
#17 8.89 10.96 6.78 9.38
Mn 1
#37 10.36 10.57 8.19 8.63
#44 7.81 8.08 4.97 6.89
#47 10.42 10.98 7.79 9.54
Mn 2
#42 5.81 5.45 3.29 5.36
#43 6.74 7.21 5.05 6.75
#44 7.09 8.16 4.91 6.28

Mx : maxilla

Mn : mandible

MD(cr) : Mesio-distal width in crown portion
BL(cr) : Bucco-lingual width in crown portion
MD(cer) : Mesio-distal width in cervical portion

BL(cer) : Bucco-lingual width in cervical portion
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Table 8. 3D image dimension in dry state

MD(cr) BL(cr) MD(cer) BL(cer)
Mx 1
#21 8.65 7.12 5.55 5.97
#25 6.19 9.38 4.41 8.38
#27 9.49 11.66 6.36 9.61
Mx 2
#12 6.81 5.87 4.34 5.19
#15 5.97 8.87 3.91 6.92
#17 8.97 10.97 6.73 9.41
Mn 1
#37 10.36 10.54 7.85 8.33
#44 7.12 8.04 5.39 6.74
#47 10.71 10.73 7.89 9.24
Mn 2
#42 5.71 5.33 3.63 5.28
#43 6.49 6.98 5.05 6.58
#44 7.05 7.87 4.87 6.09

Mx : maxilla

Mn : mandible

MD(cr) : Mesio-distal width in crown portion
BL(cr) : Bucco-lingual width in crown portion
MD(cer) : Mesio-distal width in cervical portion

BL(cer) : Bucco-lingual width in cervical portion
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Table9. CARP modd sizein wet state

MD(cr) BL(cr) MD(cer) BL(cer)
Mx 1
#21 8.48 7.03 5.73 6.3
#25 6.09 9.41 4.14 8.38
#27 9.42 11.32 6.12 9.68
Mx 2
#12 6.78 5.84 4.65 5.3
#15 6.24 8.71 4.32 6.8
#17 8.85 10.73 6.7 8.69
Mn 1
#37 10.29 10.78 7.58 8.42
#44 7.37 8.29 4.83 7.15
#47 10.75 10.85 7.8 9.1
Mn 2
#42 5.84 5.46 3.4 5.12
#43 6.12 7.13 4.88 6.69
#44 6.93 7.97 4.9 6.11

Mx : maxilla

Mn : mandible

MD(cr) : Mesio-distal width in crown portion
BL(cr) : Bucco-lingual width in crown portion
MD(cer) : Mesio-distal width in cervical portion

BL(cer) : Bucco-lingual width in cervical portion
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Table 10. CARP model sizein dry state

MD(cr) BL(cr) MD(cer) BL(cer)
Mx 1
#21 8.42 7.01 5.87 6.51
#25 6 9.55 4.3 8.54
#27 9.44 111 5.92 9.43
Mx 2
#12 6.92 6.03 4.51 5.32
#15 6.35 9.03 3.96 6.81
#17 8.9 10.86 6.71 8.97
Mn 1
#37 10.31 10.65 7.69 8.37
#44 7.23 8.06 5.24 6.83
#47 10.49 10.76 7.57 9.08
Mn 2
#42 5.7 5.62 3.11 5.25
#43 6.48 6.98 4.82 6.61
#44 6.99 7.93 4.97 6.19

Mx : maxilla

Mn : mandible

MD(cr) : Mesio-distal width in crown portion
BL(cr) : Bucco-lingual width in crown portion
MD(cer) : Mesio-distal width in cervical portion

BL(cer) : Bucco-lingual width in cervical portion
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Abstract

Accuracy of Computed Aided Rapid Prototyping
model (CARP model) compared with real donor tooth in
autogenous tooth transplantation.

Seong-Jae, Lee DDS
Department of Dentistry,
The Graduate School, Yonsei University
(Directed bySeung-Jong, Lee D.D.S, M,S,D., Ph.D.)

|. Objective

Computer aided rapid prototyping model (CARP modethe three-dimensional
model which is producing each part of human body warious materials by using
data acquired from CT. In autogenous tooth tramséateon surgery, CARP model can
produce the tooth model and donor sites model daae the extra-alveolar time of
donor tooth and to lead optimal contact betweeipieat site and donor tooth. But
dimensional error of CARP model to real tooth ignown. The purpose of this study
was to evaluate dimensional error between reahtaod CARP model and 3D CT
image model which is the intermediate phase of CAfREel.

Il. Materials and Methods

2 maxilla and 2 mandible block bone with teeth wkaken form 2 cadaver.
Computed tomography was taken in dry state bloagkeband in water state block
bone. After CT taken, all teeth were extracted amndension of real teeth was
measured using digital caliper. Measuring dimensi@s mesio-distal and bucco-
lingual width in crown portion and cervical portioBD CT image model was made
with V-works 4.0™ (Cybermed Inc., Seoul, Korea) software and measaeene
dimension. Then 12 teeth were selected and CARPeimwds fabricated. CARP
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model’s dimension was measured and dimensionat batween real tooth and 3D
CT image model and CARP model was calculated. Aeeraf absolute error was
calculated and t-teat was done between real teeti3B CT image model. And to
examine the reduction or enlargement of size of BARodel and 3D CT image
model to real teeth, average of error distributs@s analyzed.

1. Results

1) Average of absolute error between real teeth 2IDACT image model was
0.199 mm and between 3D CT image model and CARPemeds 0.169 mm and
between real teeth and CARP model was 0.291 mm.

2) The result of t-test, average of absolute diffiee between dry state and wet
state, maxillary teeth and mandibular teeth wasifsogintly different between real
tooth and 3D CT image model.

3) 3D CT image model's size was smaller than reetlt and CARP model’s size
was smaller than 3D CT image model and real teeth.

4) Average of size reduction between real teeth 2IDACT image model was
0.149 mm and between 3D CT image model and CARPemweds 0.067 mm and
total between real teeth and CARP model was 0.206 m

I'V. Conclusion

Within the scope of this study, CARP model with 1291 mm average of
absolute error can aid to enhance the successfratgogenous tooth transplantation
due to the increased accuracy of recipient bonedandr tooth.

Keyword : autotransplantation, donor tooth, recipient boite greparation, 3D CT
image model, rapid prototyping absolute error
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