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Comparison of personal computer with CT workstation in the evaluation of

3-dimensional CT image of the skull

Bok-Hee Kang, Kee-Deog Kim, Chang-Seo Park

Department of Dental Radiology, College of Dentistry, Yonsei University

ABSTRACT

Purpose : To evaluate the usefulness of the reconstructed 3-dimensional image on the personal computer in
comparison with that of the CT workstation by quantitative comparison and analysis.

Materials and Methods : The spiral CT data obtained from 27 persons were transferred from the CT workstation
to a personal computer, and they were reconstructed as 3-dimensional image on the personal computer using V-
works 2.0™. One observer obtained the 14 measurements on the reconstructed 3-dimensional image on both the CT
workstation and the personal computer. Paired #-test was used to evaluate the intraobserver difference and the mean
value of the each measurement on the CT workstation and the personal computer. Pearson correlation analysis and

% incongruence were also performed.

Results : I-Gn, N-Gn, N-A, N-Ns, B-A, and G-Op did not show any statistically significant difference (p >0.05), B-
O, B-N, Eu-Eu, Zy-Zy, Biw, D-D, Orbrd R, and L had statistically significant difference (p<0.05), but the mean
values of the differences of all measurements were below 2 mm, except for D-D. The value of correlation coeffi-
cient y was greater than 0.95 at I-Gn, N-Gn, N-A, N-Ns, B-A, B-N, G-Op, Eu-Eu, Zy-Zy, and Biw, and it was 0.75
at B-0, 0.78 at D-D, and 0.82 at both Orbrd R and L. The % incongruence was below 4% at I-Gn, N-Gn, N-A, N-
Ns, B-A, B-N, G-Op, Eu-Eu, Zy-Zy, and Biw, and 7.18%, 10.78%, 4.97%, 5.89% at B-O, D-D, Orbrd R and L

respectively.

Conclusion : It can be considered that the utilization of the personal computer has great usefulness in reconstruc-
tion of the 3-dimensional image when it comes to the economics, accessibility and convenience, except for thin
bones and the landmarks which are difficult to be located. (Korean J Oral Maxillofac Radiol 2001; 31 : 1-7)

KEY WORDS : CT workstation, personal computer, reconstructed 3-dimensional CT image
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CHatR| 2t JHol8 HFEOIAM 75 F5 3R
B (data)2] o] wl-e- AMN B AAEFE wE L2
Aejsiein 2 4e) AHE7F Bashy] dgeloh CT
A= e ARE AR OGF 4 YAT 7
317ke] Aujelmz 33X CT gAHE o] &3l=d Alge]
w2t 334 S ATAE) fE 2 Y F di=
Aol Hez s ANFA ubY (surface rendering)¥} A
A A vy (volume rendering) o] glt}. CT wHdA}x] o) A 3
M G AFAE de= A AT PHE F2 9
433 QU2 A A4 whge] A ZE CT U HE
o] 83l AFAE & o SeIA el 2 EA =HE
Hepd7] w2l wjAgt 23] shsdlete AR el A
ot ZFElS) AF §3Fe] Aokln XYooz AFHE
3ed Hee Alzte] Aok A E X gloh o]y
F olfrz CT HEAA B &aFe] 22 /U4 HFE
A 33 CT GAe ATAE o 319 ARE 7s1s
A 24 F, Y AAHE o83l dAA] mdS
e 29 AT w S o)gslx gl

CT HAX| oA 27438 321 CT dA4e] A EHAdq
daliME g2 G111 o FoiA gt 1, A7t
A A4 FFEE o) 83t A7 3X CT 4k
AEA] dF Bt AHFo] =% A= 3l
Hlg FHFEANA AFAAT 334 CT JAE 2is
o] g-3lel= ko] vt /HdE HFE M AFAIE 3%}

Q CTedde ol 4% A3t Mg ALY 444 A%
A 7435 3344 CT 4ol gzt 2= 37} wab oplz)

AZA Fde] g F717} o] Fei2 Fof Fhsstuz A
ol AFE AllM AFAEE 334 CT 344l gt Hrh
7t Bedy Aleda Aoyt 598 CT A2 g 7HA 2
339l CT gk atsvigte CT R elA 3314l CT
AL ATAE Wt AL FHFEANAM 344 CT 94
< AFAEE b G-z ARME F2 AH AT+
HE, FAME F2 2d A7 o o8 &3 W
& AHgEtn Qlemz ¥ bfez 77t AFAE 33
CT 2ol A A= HFe] oS ety 4z

olg WAL 7 o] A7 MUE HAFEE ol %
dted AT 32 CT A& CT DAAA A A4
g 3x49) CT 3743} wia ¥A3t3 A2zl Axa 2t
°o]7} AT Fdted UL HAFE2 AT 334
CT o] A4 84 dotiurt 33H.
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19963 394 20004 49747 QAINER 2 7o &
9 Ampupala el Al glabellasl Al gnathion7bA] 1hA %

A (bracked 2 Al Aol A7 BABE A 9l3)
AFdden AR BA 4= 2 279019

32152 CT Hispeed Advantage A<k 2& o] #X]
(GE Medical System, Milwaukee, U.S.A.)E ©]&3}e] high-
resolution algorithm, 512 X 512 matrix, 120 kVp, 200 mA =
Aol Smm FAY Q&4 A A IBAE
A& gtgdon) table feed= 5 mm/secg]t}. o)A &t 7)
£ 34 ARE 2mm FA S HydHAo =z TGS
o, 34 2AE 999 mE ATH PR A=r
digital audiotape (DAT)el| *#}s}aic}.

2) 3R Ha AT  AE
DATeIA 2} 4159 A 74T ADAALES CT work-
station (CPU-TMS 390 ZO5 TI, US.A., RAM-256 Mb)el] X
Wol 3214 A} A A X ES o] (ADVANTAGE WIN-
DOWS 2.0 3D Analysis, GE Medical System, Milwaukee,

USA)E |43l 3 CT A& HEd ASH
Al &8 22 Cavalcanti®} Vannier’7} A}-4-3 g F 13}

dom 339 CT GAHe] A, 3, A, shgol A
% Sl 12329) AZ7 (Table 1, Fig. 1)& o] §5te]

R iLls
147}#]

Table 1. Landmarks used in the study
Abbre-

N Viation Name
1 A Alveolare : tip of maxillary alveolar bone
between central incisors
5 B Basion : anterior midpoint of foramen
magnum
3 D Dacryon : point at which frontal,
maxillary and lacrimal bones meet
4 Eu The two Eu points establish a line that
represents the greatest width of the skull
Glabella : most anterior part of the skull
5 G e .
in midsagittal plane
6 Gn Gnathion : lowest point of mandible
Infradentale : tip of mandibular alveolar
7 I oo
bone between the incisors
8 N Nasion : medial point of frontal and nasal
suture in midsagittal plane
9 Ns Nasospinale : highest point on nasal spine
10 0 Opisthion : posterior midpoint of foramen
magnum
Opisthocranium : most posterior part of skull
11 Op TR :
in midsagittal plane
12 Zy Zygion : most lateral point of zygomatic arch
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Table 2. Measurements used in the study

L

1 1-Gn Symphyseal height 8 G-Op Skull length

2 N-Gn Total facial height 9 Eu-Eu Skull width

3 N-A Upper facial height 10 Zy-Zy Bizygomatic breadth (facial breadth)

4 N-Ns Nasal height 11 Biw Bicondylar width (distance between mandibular condyles)

5 B-A Basi-alveolar length 12 D-D Dacryonic chord

6 B-O Foraminal length 13 Orbrd R Right orbital breadth (maximum width of orbit measured from Dacryon)
7 B-N Basinasal length 14 Orbrd . Left orbital breadth (maximum width of orbit measured from Dacryon)

Fig. 1. Landmarks
and measurements
of the 3D image.

A)= DICOM s}z A43 o}, V-Works 2.0™ (Cyber-
med Inc., Seoul, Korea) 33+ A FA AZE ]S o] &3}
Ao Bl A ABEE oFA] HE FHFE (Pentium o] 3341 CT A& Al 7FAA 5 V-Works 2.0™ W &) 2}
I 450 MHz, Intel, U.S.A., RAM-128 Mb, Samsung Co., A A& Z2 18L& o]L3le CT hdAA X &A% £
Korea, Graphic card-AGP 3800, ASUS Computer Inc., U.S. U3l AZ2FPESL UL AFE 2UE Al A=3}
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B Al A7 A% 45 5
Ak AT ASE 09 AL £1 BB Sl
.

3) 124

7 oupgeld 109 ASY e ANT HERE Lol
F 9 A2Ae] B BASHoz FoBRY el
7 dEAE FAST 7 FReIA CT s} A e
AFEIA D2 A=A FFRel FARHo o)
b AEAE AT BN YA =E Frts]
A%t 3099 DAL Fol 28 W 2D A2AE
paired t-test& o] 4-3+5ic}. CT ka3 s} 7l ZFelol
Nel AxAe stolg Hristua 7 AP} 23
o) HF3E paired rtestE o] &3t A A okee
CT Aol A el AZAs} Ads AFeAN A2
7+e] Ab#A|E #QlslA} Pearson correlation analysis &
3 A=A ARBAE Frlerdc wa CT 9
s} Aele BEEAN A2 A2 % BYAE (%
incongruence)& &totR 11z} g3t L FAE ol 43y
o}

1o

N
> [Xa—Xal /N

% Incongruence= —

—_— 100
(Xa+Xp)/2

N : number of subject

X, : value of measurements in CT workstation

X, : value of measurements in PC

X, : mean value of measurements in CT workstation

X, : mean value of measurements in PC

oA

[AFA Aol CT @ EAA A 74T 324 CT
g4t HAE AFEANM AT 3344 CT 3delA
2% BARH oz £o% Aol ¢sich(Table 3).

I-Gn, N-Gn #A|&3} 52 gnathione] #oJ=x] & 3A}
299 A8 AT 2599 FAA AZIHALH G-
Op A&3 5L glabellaZ} #RHA] 942 FA 19-& A9
stel 2679) BAbolA Azsksich Biw AZYFE shebz}

Table 3. Statistical analysis using paired #-test for intra-observer
difference (mm)

N Mean SD
CT workstation 371 0.09 142
PC 371 0.05 1.82

N : number of subjects
Mean : mean value of difference of measurements
SD : standard deviation of difference of measurements

ol stetatErt Al Bxb 29E A9 2579 Al
Al Al&3stg o (Table 4).

I-Gn, N-Gn, N-A, N-Ns, B-A, G-Op A &3}E A= CT
g Ao e ASA)g} AdE HFE M A7)
EAgH oz o3t xel7t §l%led (p>0.05), B-O, B-
N, Eu-Eu, Zy-Zy, Biw, D-D, Orbrd R, L. A| &3} B0 A= %
AH oz $o3 ztolg vyehfglev} (p<0.05, Table
5), 1 Aelgke] HHAE D-D ASAES A sty 25
2 mm o] glTh (Table 5). Xpo|gke] HFA7} &9 e B

Table 4. Mean value of measurement in CT workstation and PC
(mm)

CT workstation ' PC
Measurement
Mean SD Mean SD

I-Gn 25 31.62 530 31.30 4.76
N-Gn 25 110.23 15.25 109.96 14.80
N-A 27 60.94 9.75 61.02 9.54
N-Ns 27 44 38 8.16 44.15 7.76
B-A 27 87.99 11.17 87.58 1144
B-O 27 3442 4.08 36.31 3.69
B-N 27 9431 9.35 93.63 9.40
G-Op 26 168.40 10.54 16891 10.93
Eu-Eu 27 143.36 847 142.03 8.12
Zy-Zy 27 123.16 13.95 122.24 13.82
Biw 25 112.77 15.61 11198 15.67
D-D 27 25.15 3.50 23.10 2.72
Orbrd R 27 36.81 3.06 38.38 3.04
Orbrd L 27 36.09 2.51 37.94 317

N : number of subjects
Mean : mean value of measurement
SD : standard deviation of mean value of measurement

Table 5. Difference of measurements between CT workstation
and PC (mm)

Measurement Mean SD P
I-Gn 0.32 1.46 0.2808
N-Gn 0.28 1.73 04321
N-A -0.08 222 0.8611
N-Ns 0.23 1.61 04732
B-A 041 1.68 0.2181
B-O —1.88 2.46 0.0005*
B-N 0.68 1.57 0.0323%*
G-Op -0.51° 1.55 0.1020
Eu-Eu 1.33 154 0.0001%*
Zy-Zy 092 1.25 0.0007*
Biw 0.80 0.77 0.0001*
D-D 2.06 2.57 0.0003*
Orbrd R -1.57 1.61 0.0001*
Orbrd L -1.85 1.79 0.0001*

* : statistically significant difference at p<0.05

Mean : mean value of difference of measurements between CT worksta-
tion and PC

SD : standard deviation of difference of measurements between CT work-
station and PC

P . p-value
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o ASEE-L CT HTAA NN AST Fhel NAE HF
oA AZ3 ghuet o zehs g o)n]ge(Table 5).

CT AR M ASX 2} NAE HAFE AN A&
x)9] A}@A 4 yE= I-Gn, N-Gn, N-A, N-Ns, B-A, B-N, G-
Op, Eu-Eu, Zy-Zy, Biw A &3Fe|A] 095 o]4}e] & B
o uj¢ ¥ AFB/AE BT, B-O ASIFEAA AR
A4 vy 0.75,D-D A &8 2o) A+ 0.78,Orbrd R, L A&
FEol| M= 0.829] F& el ST (Table 6).

% BEYX =g vamgt A JREY Fgelr 4% o] 3}
9] % EUAA =S ¥gF B-O ASIENAE 7.18%,D-D
A &35}2o) A 10.78%, Orbrd R, L A/ &3 Zej|A z+z} 4.97
%,5.89%2) % ¥4X 52 Jelf ]t} (Table 6).

Table 6. Correlation coefficient (y) and % Incongruence (per-
centage of absolute difference) between CT workstation and PC

Measurement Correlation coefficient(y) % Incongruence
1-Gn 0.95 3.90%
N-Gn 0.97 1.30%
N-A 0.96 3.07%
N-Ns 0.97 2.74%
B-A 0.97 143%
B-O 0.75 7.18%
B-N 0.98 1.49%
G-Op 0.99 0.75%
Eu-Eu 0.97 1.14%
Zy-Zy 0.99 0.96%
Biw 0.99 0.78%
D-D 0.78 10.78%

Orbrd R 0.82 4.97%
Orbrd L 0.82 5.839%

Fig. 2. 3D image on the CT workstation.

e AN RAFAT APHoz BRIV FAYE
AHeoz m3=dE FAE /A2 ok 2309 9
e d4dez Aol 23 34 ez ATA T
2 qloke Ade] AAE o) Fo] HFE T2 compu-
ter graphics) o] 23} X4 (digital) SJAkxE] 7]&o] HE
Ho] CTARE 7T AFAT 349 CTI4& nalE
QF7L S Alberti'®7} 339 CT 343e) 944
Abgoll HEF A2 WEF ol E AT AAA 71
263} SR AT HFO0 0] Y BAEE 379 CT
Jae o4 e R} Bol vghh 4B
A CT G4el 44 o432 2Rsed =4¢ 79
S A2E FFAAGT SHeo

3214 CT <dAto] Hefd oz AEd) v 2t op
2} Azl Rl HAol glojo olF ol-4at ofekal
Ao} pio] F-8F Flolot o]l AFEZ 32 CT
Ao ARHE ofe) AFENM W up GepS 140
Cavalcanti®} Vannier’s= 9F AlH2] =& XS CT &
3% g WA AZLTE AT 252309 ASE
Al&EaEd AA A& 9} 33k CT odAe] A& 2}
o]7} 1mm o]l 7-$-7} 46% K, 1 Ape]7} 2mm o]
QA7 TSGR S A FUE 2979 shetEel
A 167HA8] AxgRg AR T 46439 A2E Aaslel
Nzl Az 3tolrk 1mm o1l H47} 759%3)
2,2mm o) 78 959%= A&X|e] tjRE-o] 2mm
ojfe} Fholgke Lpepigiia Sheich. Hildebolt F1% 1M

Fig. 3. 3D image on the PC.
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Eglol CT 29) (scanner)2} A3 = dvbH
£ 71 G4 AR A de AHEE S H. CT 2
AN A G4e ATHE A= AL AT P
F2 o 88h1 9loh CT A uc} gako] 2 )
A4 AFEIME 3AA CT A4S A+ & o AHL
(voxel), H, ohekat Zh=, A9 78, 3 59 7| 84&F
AT G4 doleleln de 29 W A AN
= =9 AFA g F2 AN o 291 A7
e o8 33U Gz YA Bedl 2es
* ARE 2¢ 4 d&xz <A de Hemmy §°
Vannier 5,1° Altobelli 5,'® Reiker 2= ofqhd 19 &
%o o]43 33 CT GAE ANFAE o =1 A74
P& AMS3te] A3 vl Qlot o] ATeA e dAEal
448 FYrstaAr AAl el AMgEa e W
2 3x9] CT GA-e AFAE o CT XA A= A
A AFA HHE, NS AFEOME =1 AT Y
&+ AMgEtee e g RAFE Aol 3XL CT o
2+8 A FAstzA IntelAl A E<¢) Pentium IIT 450 MHz 2]
2 AT AFHE eSS W YA 128
MB<2] RAM, ASUSA}2] AGP 3800 Graphic cardZ o] 43}
At

o AFNA CT Re4As Als AFEANA 27} A
FAE 34 CT A4S 14711 Al2EE-¢ 7IAT %
3713 A&& A3 A3 1-Gn, N-Gn, N-A, N-Ns, B-A,
G-Op A& FoME F Wyt FATAH =z F2%
z}ol= glglew B-O, B-N, Eu-Eu, Zy-Zy, Biw, D-D, Orbrd
R, L A|&3 2N EATH oz 203 Ho)E Jephlig]
o} (Table 5). D-D, Orbrd R, L Al&35olA EA Aoz
FroJgt Aozt ook AL o] AdFNMAY Yoz &
dH 32 Fx2H9] vlmeM I ol 2z S
dlA AEd A& CT EARNA A7 33
CT oA ollA] Al &3 Zk2 v| 3 Hildelbolt 5-13142] o
NM = Jepd ZAz}elc}. il Hildebolt 5'4o] 3x}4] ]3|
g A AH (digitizing system)3} 2] H (calipen) S 7}x] 3L
FRARANN A& vzE 3 A Asz 8 A&
& o) D-D AZFEAM 71 5 EYXEQR55%)F B

on] YR|elel A (digitizen 2. WHE- A&E 3l E W=
D-D A&3 5N 735%2 718 2 EYAES veh
sich. el o} SA\ehol A7) A2k Bl@AlSE DD A
BN 622%2 7HY ¥ BIAEE Jepide.
Hildebolt $1%) thi] BEY QA= CT] Pekay
NS 37 CT Sdgola] 722 5 d el A2E 3
%€ 9 D-D,Orbrd R, L A&35004 2] ASgzte] £

[
L
=

X% (4.56-5.19%)7F e AlE 2L BUAXE(2.85-021
%)Bct Z k& Jepligle. o] Dacryon(D)olgt: A&
o] okel o] WSl lelA #AA (cursor)7} D2 Aule]
A=), Fabell QlEAE HE3HA Lozt A=A
ehd Aztety kb =3 AFE A A= A3
AZHE 3] Aoz HegE: o X, YE e AF
AL 94X o] AFPA dou, ZF ke ASHELS
o] ofYHckx 3t Dacryono] L3t ogtx 3
thB o] AFM = D-D AEFFEANN F upgzre] HF
el o]zl 206 mm T o] & AHAA S v 0782 =i
G ABASE Hon BUAXEE 1078%2 7 &
% EYX=E P SITH (Table 6). o]k A= 33
CT o§Ate] RAZA o|i} CT AR oA 27433 334
93 ML AFE ANA A7 33D JAde] A
£l HollA }e]7t 7| ®el= D-D,Orbrd R, L A&
5o FARY ASpUE ASE d9 334 CT A2
2 23 A2sgE W A2y A} RS
FAB7) o2l B9l dd 71e1d xelgtxn AR
o}. Dacryon& 5T, A+, To] thie oz 3
Aol whet FEskA] gAY 334 AFA FAA AR
7} 2AE A$ele @Fo] o8y o HE AZFHo=z
T 7Sl e Aol A o] Yrhx Alm o

B-O A5¥FelM A&Ho2 A-8-d Basion(B)Z} Opi-
sthion (0)& & FF799 ¢& F4AF AF TP
2A 23HEo] ght o] FoiAl He] o Fe] FHole
At Fole A= oholA] Dacryonoll MAFH $1X& A&
3 etz 7t o et o8’ o]f-2 B-O ASYFe
A S7E 7P e g (y=075¢ Bl Aoz Az
o}

B-N, Eu-Eu, Zy-Zy, Biw A &8 EJ M= CT stiAtx] e}
N4 HFE AdolA AFAZE 320 CT qA4 vz
A EAFH oz {2t Helrt qlglert CT WAz
oA A3 FI /g HFE AM AEF %I
B x}lo)= z+7} 0.68 mm, 1.33 mm, 0.92 mm, 0.80 mm¢|
W % EYXEE 27t 1.49%, 1.14%,0.96%,0.78% 2 H) I
A A e R o] E oA ARAS v =57 096
olAte] Zhg o] ¥ ARARAE nych

o] AL F3H oy IAAES H$E IATHAA
o2 sgons CT HLAAANA AZ3 3 N4 F
FEelA A2 FATE vladigdcl o] CT DA
A AFAEE 3214 CT 937}e] Agsld: AstEe] 4+
E o= 3t Ao|Aqk /Helg AFE AN A FAE 3
A dakel Ak Azt YriE Sl ASA o] ¥x
717k "este]el A% Kohn 2 2j3pd FH%
9 338 dAE ASE 94 AZ U 2FE M
771 g s ed A s dAY 94 AL
2R/, FHAE 3AY GAelM ASHE & AA ZHA
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A 4 Qle &F T3 uix A A&t 3
FEl9] =gl AT EGold At 22} njgoz 72
7R mEs o HE 330 GAIA ASHE A A
AeA Z3A AT o A2 £ dE LH/em oo
2 AT E FHAd WA eFE Tsr] o=
otz Az,

dutd oz oJate] AL Hrsle He AR F34
Hdel] 93le] o]Fo =z o]F AHAHoz Hr}
e A2 w$ o doldt o] dFeME CT 9%
Ak A Qlg AFENAM A 331 GAkolAM Ak
Ao Adoz A W wSsigdch(Figs. 2,3). 12t
Mg FAFE AoM AFAE 324 G4 A3
2 W Xo} AR B97} FER] gstet ol M9
£ AFY ZzoddMe 2d A7 ubEe ALeg
71 WEe Aoz A4 28 AFA Y- 33k d)
oleol] ¥y =W AHHEE 7|5 Q4AE o483y
Helll=d o] 7)3keHH AN dojele] =31
o] Widt HRE ZAPH oz JepllE Zloln mHe
AAE FE3= JAANA 4 Aoz RHE B (inter-
polation)2] H}H-& ALg!'5}7] o Eo) o)2|dt z}e]7} L}E}
Aoz Als g

& ol B3 3 UYubH oz CT hAx|7} /Hel g AR
R} 953kt o] dFelAE CT EAx«A g
Hele]E Bl AE Algstxn w5t 3k <4
o2 AFASE delat des A 107 J=e o
m dolEe A% 18 2027} 225 U4 AFEEH
(Pentium III 450 MHz, Intel. RAM 128 MB, Samsung)sl A =
CT 2N gk dojejF Agsied Fe A
g 2H3A] e A5, 3AY e w AFAdse
A" AZre 148 302 AEE CT 29AA 2} vl

AgHog /M4 FAFEE CT FLgxe} vung o
3200 <34 AT =28 ile] a3 A frE o
2X5H A48 33k CT GA4te] Aoy A, 4= 5
o FAl sleiME M2 FARBIE T ASAHd HAMx
e ARRAE BRQYh a8jEs CT 294X 724
Al HI HA, HAAM 453 MedE HFEIL 3
A CT G4 AFAA s Y- oz f-43 7oz 4}
239 a3y, Fo] gk T EY & FEINY
A5 F2E 338z AFAHE ASE FHSede
A2kl 2-3mme] Wel7} 9& 4 glue A& Aaksiof
& Aoz Y=}
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