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Abstract
ACCURACY TESTS OF 3D RAPID PROTOTYPING (RP) MEDICAL MODELS: ITS POTENTIAL
AND CLINICAL APPLICATIONS

Jin-Young Choi, Jung-Ho Choi**** Nam-Kuk Kim**, Jong-Ki Lee*,
Myeng-Ki Kim**, Myung-Jin Kim, Yeong-Ho Kim***
Department of OMFS, Department of oral Pathology* and Dental Services Management and Policy**,
College of Dentistry, Seoul National university.
Department of Industrial Engineering, College of Engineering, Seoul National University ***
Namyangju Public Health Center ****

Presented in this paper are the experimental results that measure rapid prototyping (RP) errors in 3D medical models. We identified various
factors that can cause dimensional errors when producing RP models, specifically in maxillofacial areas. For the experiment, we used a human
dry skull. A number of linear measurements based on landmarks were first obtained on the skull. This was followed by CT scanning, 3D model
reconstruction, and RP model fabrication. The landmarks were measured again on both the reconstructed models and the physical RP models,
and these were compared with those on dry skull. We focused on major sources of errors, such as CT scanning, conversion from CT data to
STL models, and RP model fabrication. The results show that the overall error from skull to RP is 0.64 +0.36mm(0.71+0.66%) in absolute value.
This indicates that the RP technology can be acceptable in the real clinical applications. A clinical case that has applied RP models successfully
for treatment planning and surgical rehearsal is presented. Although the use of RP models is rare in the medical area yet, we believe RP is
promising in that it has a great potential in developing new tools which can aid diagnosis, treatment planning, surgical rehearsal, education,
and so on.
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g o7

EIjARLESE| (craniomaxillary complex)

7= Hal ol
ANS Anterior Nasal Spine A AR=9 AA
PNS Posterior Nasal Spine =44 $H59 B4
FzZ Innermost point of frontozygomatic suture AFHZEEA Y24
2y Zygion HEF HYSA
Ba Basion 573 SFEAE ] 45
Op Opisthion i FF3 AR 354
FO Foramen Ovale T yEd
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52t (mandible)
7= Hal o
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Go Gonion Mandibular angle Ao 7= A3
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Me Menton shot= o] - el HshiA
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297



[y&+TZotorEi 9 3515/ | - Vol. 25, No. 4, 1999

Table2. 2 AF0M ALESH MAZX
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=N ol
Length of internal cranium %7—3‘ A FE i A5 AA
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Width of foramen magnum
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HZ7H(mm) LI XH mm) AR %)
Measurement === = * P ok * o ok

=y = 3DEE RPZ S 3D-Skull RP-3D RP-Skull 3D-Skull RP-3D RP-Skull
Bicondylar width 102.25 102.42 102.80 0.17 0.38 055 0.17 0.37 054
Ramus height (Lt.) 61.10 61.94 61.70 0.84 0.24 0.60 1.37 0.39 0.98
Ramus height (Rt.) 62.25 62.50 62.45 0.25 0.05 0.20 0.40 -0.08 0.32
Body length (Lt.) 83.00 8353 83.05 0.53 048 0.05 0.64 057 0.06
Body length (Rt.) 83.15 83.20 82.05 0.05 -1.15 -1.10 0.06 -1.38 -1.32
Effective mandibular 0.16

122.20 122.37 122.00 0.17 0.37 0.20 0.14 0.30

legth(Lt.)

Effective mandibular 0.89

123.30 124.37 122.20 1.07 217 -1.10 0.87 -1.74

legth(Rt.)

Bizygomatic width ~ 135.80 136.39 136.55 059 0.16 0.75 0.43 0.12 0.55
Palatal length 46.1 45.29 45.60 081 031 -0.50 -1.76 0.68 -1.08
FO-FO 49.65 50.23 50.35 0.58 0.12 0.70 117 0.24 141
FS-FS 64.40 65.23 65.60 0.83 0.37 1.20 1.29 0.57 1.86
i 0.39 0.28 0.10 043 0.23 021
EF0x 051 0.77 0.76 0.87 0.77 1.02
Ahzre] H#F 0.54 053 0.63 0.75 0.84 059
A g EFHA} 0.34 0.62 0.39 058 057 052

*FHE 3D R 0 2h *RP B 7} 3D R 7F @ &}, RPEE 3 T =7 LAk

Tabled. HEHT | EA2| BUA § Y2

AEZH(mm)

A 2xH(mm) ATH2RH(%)

Measurement

== p2d  RPEE DSkl RPD™  RP-SKUF® 3D-Skul®  RP-3D"*  RP-Skul**
Length of f
engin oTIoramen 9415 3406 BEO 009 046 055 026 135 161
magnum
Width of
i OTTOramen 55 o5 B5 360 020 015 035 059 044 103
magnum
Bigonial width 10270 10261 10320 009 059 050 009 057 049
Length of intermal
engnotinemal 15000 15054 15080 054 026 080 036 017 053
cranium
FZ-Fz BN R B 108 223 115 116 24 13
3 018 049 031 035 027 008
wzuz 058 105 073 057 140 119
Adjzre] At 040 0% 068 049 098 099
Aot EE A 042 085 031 041 048 001

*FHE 3D R 0 2h *RP KLY 7} 3D R 7F @ &}, RPE Y 3 T =7 LAk

2% B2 RPE o] 3= o

A4 % B8 Btk stereolithogra-
7

E 111,12)51 3/_ 9/]\

L = .
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o
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7hell & 059+068mm($.2Hg 088+053%)2] 72 Bt AXF
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A& 0.71£066%)Z LR THTable 5). o] 71& 759 93}
Baghieh 22 g Bk oheh, eake] At 23k
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= ok E 3t Barker50] o] 8- A1 542 MY 5 partial vol-
ume averaging effectel] <Jal] 8-S W7] 4% o] BWopx] He

3
H4s 4gs] Adate Ao AU E AR A7Erh
Kragskov522] ¢17-ol| A= 7+ 2k} Z# o w2} slice thickness,
pitch 59 W42 Abo]3t 2702 &Y% e19) CT AR E °]
2319tk o] 5o] AZol 0] 433D YA RIS RP EE S A7
shedl AF o] &8 Rdo] ohlH, AE T AXEY oA
7}7} segmentationsle] Al LA et A0 2 Bolth whabA o et

olN

og M

Table 5. 2} EIAOA 24te| BRI EFHA

A3 H§ 2RH(mm) MK %)
ALY

3D-Skull*  RP-3D* RP-Skull*** 3D-Skull* RP-3D** RP-Skull***
o 021 -0.04 0.17 019 007 012

058 091 0.73 0.85 0.99 104

el
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)
S

Akl A4 049 059 0.64 0.67 0.88 0.71
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o
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2 479
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o o o}tk Barker 57 319 Aol A 339 AL AS sk
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mandibular body length<} effective mandibular length2] -9
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