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AAMe g =d=" vHEZ7] CT (Lightspeed Plus, GE
Medical System, US.A)E AME3HTh tdE7] CTE &
Z7)(detector)®] WEZ X(matrix)® TFRE st WEF
(gantry)®l 13| 7 Ho 439 Q4 5o 7153y
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AUTHFig. 2). webA], WALl ZAE L 88 FHF X-

Hol Azl A AU W /e PEVE AW WA
Wesks whle] thEs] CToA: 439 setols S
Y2 EorEe H9e dol sgozA Wg AU wi
Atk Aol SDCTe wasls #Wale 9HEs] CTe

Fig. 1. The human skull phantom and the scanning scene.
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Fig. 2. The structures of multi-detector and single detector.
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ZYulolyE EYzow
(tungsten cams)22 FAEoglom 7o
&atol FAS 759 X E AR
(2) 270 9)A(scan geometry)

HE oghe wd2 78y AE F8eli(single slice)
quwel 39 A Roh AF(mAs) ARE 20% FAAAS

AE-2& 70 cm, °}o]AAlE (isocenter)$He]
A&7 28A7E 95 cmelth

(3) Wlggl 28 AZ7|(matrix detector)

Z% w3og 16718 AE7] A16X1.25 mm matrix
Ik 479 AE e HAE7) vge
Az FE g5dchFig. 3).

4 cm,

design, detector cells)®] 2
Z3oR ojFojAn Zbzte]
4) 71+
2 Wl obd @ i(analog) AEE tA" 252 W R
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270 Y (scan/recon unit)e] FAE o AMEZE FAk A
T4 Y3 Foe] FrE v
X-ray
, Collimator
Plates
A/
Scintillator
| Photodiode

Relative Light Output

Fig. 3. The cross sectional structure of the dector.
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Aog 23z, WHHE BREdie 9x5 313 619
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ot W E=oA 3—2”5‘ UHANE

ol FAZL HolAF HFre A YigFs BAE B
1998 1.25 mmz ZH?“éﬁ}oi R
Z AU Table 1).
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32k AT e g5d DICOM
(Digital Imaging and Communications in Medicine) G2
dolelz CT ©a#ze]l AVW 4.0 (Advance
Workstation) Voxtool ZZ13& AME3ste) PACS(Picture
Archiving and Communication System)® A&ttt A
$¥ DICOM 97ddolHE n-View' ™ (Mediface, Korea)
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Fig. 4. The processing of data loading and volume rendering preset.
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Table 1. The scan protocols of acquisition 2-D images using multi-detector computed tomography

Scan T Acquisition Section  Reconstruction Section Scan Time Table Speed Number of

ype Thickness (mm) Thickness (mm) (Seconds) (mm per rotation) Reconstructed Slices

Axial 1.25 1.25 41 164
2.50 2.50 20 80
375 3.75 14 N/A 56
500 5.00 10 40

Helical HQ 1.25 1.25 56.1 3.7 161

(high quality) 2.50 1.25 161

285

2.50 2.50 750 81
3.75 125 160
3.7 3.7 195 1125 54
5.00 1.25 161
5.00 5.00 151 1500 41

Helical HS 125 1.25 55.1 750 161

(high speed) 2.50 1.25 985 15.00 161
2.50 250 81
3.7 , 1.25 161
375 3.75 195 1500 54
5.00 125 41
500 500 151 3000 161

Fig. 5. The processing of selecting on demand setting.
AckFig. 4).

@ = Al(preset)

ARE Z Mo [Head] - [Bone VR1]oZ ZAlE
Z g}

® %7 943krendering)

MPR (Multi Planar Reformatting) =04 A3 4%
312 Zd3iFig. 4).

@ SOD Setting (Selecting On Demand Setting)

A3} display REE A3san FH3k(threshold) S A
3 8 VOI (Volume Of Interest)® 99& AHIohFig.

o

Fig. 6. The distance measurements among the measuring
points on 3-D volume rendered images using V-works 4.0.

5).
(2) AolA= ‘ (3) /1= 99 AZ(Skull Phantom Measurement)
329 ANGAL a2 SRo|HA zZ 23 JEER AZAn A2=PEe Cavalcanti®} Vannier V7F A&
734 =A3st9HFig. 6). AE Fustgon 319 ArA GAelM A A S
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Fig. 7. The distance measurement items on the surface of human

skull phantom.

Table 2. The distance measurement items and points on the surface of human skull phantom total measurement points and
measuring items are 12, 21 respectively

No. Abb. Reference points and measurement items on the skull surface for distance measurement
1 A Subspinale, Ss:most posterior point of maxillary bone
2 Ans Spinal point, Sp : end point of anterior nasal spine
3 B Supramentale, Sm : Middle sagittal deepest point between pogonion and infradentale
4 Ba Basion : Anterior midpoint of foramen magnum
5 Co Condylio, ed: Most lateral point on the surface of the head of the mandible
6 Go Gonion : Most inferior, posterior, and lateral point on the angle of the mandible
7 Me Medical point of the very middle suture
8 N Nasion : Medical point of frontal and nasal suture in midsagittal plane
9 Or Orbitale: most base point of orbital bottom
10 Pns Posterior Nasal Spine : Most posterior point of maxillary bone
11 Pog Pogonion : anterior midpoint of the chin
12 Zm Zygomaxillary : Lowest point on the suture between the zygomatic and maxillary bones

Distance items

N-Ba, N-Me. N-Ans, Ans-Me, Ans-Pns, Co(rt)-Pog
Co(lt)-Pog, N-Gol(rt), N-Go(lt), A-B, B-Me, Go(rt)-Me
Go(lt)-Me, Colrt)-Go, Co(lt)-Go, Colrt)-Me, Co(lt)-Me
Zm-Zm, Go-Go, Or-Or, Co-Co

AZH(Table 2, Fig. 7)& €9 F4A 9 A=

@A BATHOE FoAR Aol g Yol

Sl BRY F dE 1279
)

olgstel 2170e] BES AZssch AW WU} Aels 23
0% A% AT FA AAT A8 4 909 AAE

122 399 XAARel skl 7 53] A3

7 gRoA WP A7 Sefolz T L ATA
seols TR ATAY 349 QAaoinel AZEe W
wEMs 2} FANHOR Fol7b AE

=
t-test®& oj-&3lo] HASAU

FoHE dge] AEgd Sools FAME AT 33

A, 125 mm2 zﬂﬁmﬂ delEle] 3349 AT A4
o) AZRANE 71e] F3 oS Bolx) Witk w,
sefol & E:r77ﬂ7} FA8 2"“% W FAZ z}];wa }%

&9 @@2& oS e ‘4’5}"”:1'

AA 2Aghel Ho& #Ftrue value) 28 ARE3te] 33}
doZ AT FAoAe] ASgoAA e W dE
7P 1 gEe] ool oAdAe digh siAde #shed
t-test® &to] Zhzbe] mEol Zelojs FAlo] tidh sty
ok whebA, Hdigks #
g Rigo] diEiA e testE ohA] 2tk WA Bz Ao
M A& 3 mro v My Colrt)-Pog, N-Go(lt),
Or-Or AFFEHA  P-valuedte]l Z+zF 07701, 0.0992,

1Eo R ARG Zzbe Hw
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(a®) (b™)

(c") (d?

(C“) (d??l‘:l ‘

Fig. 8. 3-D volume rendered images reconstructed with 1.25 mm
(a) acquired 1.25 mm, reconstructed 1.25 mm in HQ.
(b} acquired 2.50 mm, reconstructed 250 mm in HQ.
(c) acquired 3.75 mm, reconstructed 1.25 mm in HQ.
(d) acquired 5.00 mm, reconstructed 1.25 mm in HQ.

(a"), (a") acquired 1.25 mm, reconstructed 1.25 mm in HQ, HS.
(bY), (b") acquired 2.50 mm, reconstructed 1.25 mm in HQ, HS.
(c"), (¢") acquired 3.75 mm, reconstructed 1.25 mm in HQ, HS.
(d), (d") acquired 5.00 mm, reconstructed 1.25 mm in HQ, HS.
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Fig. 9. The accuracy of distance measurements on 3-D
volume rendered images with scan mode and acquisition
slice thickness. ‘

091928 felF 005 (95% AHFF)EY 222 ‘Hio
0'olghe 7Hdel AE =] A& 334d 74 F4 Al

23k Be) Ao} grkn ANHE FRe FE ) Fuo
2 vehgth e wyel mmpdes a%gs Uy

HQ RE=o]M+E= Colrt)-Pog, N-Gol(rt), N-Gollt), Or-Or
o] 47 gEoF AZ{H} ME HS EE=olAME N-Me,
Co(rt)-Pog, N-Go(rt), N-Go(lt), Or-Ore 57
velsth thgo R ggtolx FAE EAoAM, A&7
125 mmel HlmolAE N-Me. N-Ans, Ans-Pns, N-
Go(rt), Go-Go, Or-Or 9 67] &&oA o7l gle AL
2 deyh A&kt 250 mme] @A s N-Me, Ans-
Pns, N-Go(rt), N-Go(lt), Or-Or¢] 57 &Eoa v}ephge
o A=z 375 mme HI) A= N-Ans, Colrt)-Pog,
N-Go(t), Or-Or 9 4/l &g&Foz AZ=z3 500 mme 4|
A M= N-Go(lt), Colrt)-Me, Or-Or8] 37) s=oz 1}
Elgdtt, AAH R P-valued-2 o 0919194 HA
<0.00018} £2E olFow A 14770 F 99747} 0.0001
uio 2 67% Rk E3, FE REolM UAdE HQ, HS B
=2 7tdA P-valuegt? Hiol zkz 0.09, 0.09, 0.07& H]
Y nE EXE R vbd 125 250, 3.75, 500 mmolA
T 47 012, 007, 006, 0032 #AG xlols RHITH
(Table 3).
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Table 3. The statististical differences between average of
gold standard, slice thickness and scan modes

P-value
. . Helical Helical 125 230 375 500 %0
Variable Axial HQ HS mm mm ~mm —mm 10% ’
N-Ba <0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

N-Me 0.0026 0.0013 0.0698 0.4015 0.1427 <.0001 <.0001
N-Ans 0.0019 0.0039 0.0061 0.6006 <.0001 0.3431 <.0001
Ans-Me <0001 0.0003 <.0001 0.0013 0.0067 <.0001 <.0001
Ans-Pns <0001 0.0003 0.0001 0.7518 0.7584 <.0001 <.0001
Co(rt)-Pog 0.7701 09185 0.5083 <.0001 <.0001 0.1061 <.0001 7

Co(lt)-Pog <.0001 <.0001 <.0001 0.0002 <.0001 <.0001 <.0001 ' 5.00 mm

N-Go(rt)  0.0267 0.1439 02277 05639 0.1609 0.0043 <.0001

N-Go(lt) 00992 0.1205 0.2519 0.0034 0.4205 0.8282 0.4957 Fig. 11. The accuracy of distance measurements on 3-D vol-
A-B <0001 <.0001 <.0001 <0001 0.0004 <.0001 <.0001 ume rendered images acquired at various slice thickness and
B-Me <0001 <0001 <.0001 <.0001 <.0001 <.0001 <.0001 reconstruction slice thickness compared with gold standard.
Go(rt)-Me <.0001 <.0001 <0001 <.0001 <.0001 <.0001 <.0001

Go(lh-Me  <.0001 <.0001 <.0001 <0001 <0001 <0001 <ooor &l HEHI=S] wlalefM= Sefoje FAME folgh FHof
Co(rt)-Go  <.0001 <0001 <0001 <0001 <.0001 <0001 <0001  WHg 7lFE HYp dAE zolz HAFA(Fig. 9), 125
Collt)-Go <0001 <.0001 <0001 <.0001 <0001 <0001 <0001  mm=z AFAE oAbl Ao} Azl 3 A Nzt
Cati e <001 <ol <000 <0001 <000 <o <omn ¥ I AZ WS £ 265 weiFhrie 10
Zm-Zm <0001 <.0001 <.0001 <0001 <0001 <0001 <opo1 ~ 71°1M AR=e A5 s zEgoz o 3xgcz
Go-Go <0001 <0001 <0001 0.0885 <.0001 <.0001 0.0001  ATA& Ao A

Or-Or 09192 0.7473 04123 0.0402 0.0282 0.0770 0.0919 ,]s} 7(]—0] (P-value< 005)7} Holx g PSS sx=
Co-Co <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

Y HS Recon 1.25 mm
/ HelicalHS
HQ Recon 1.25 mm
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Quantitative Evaluation of the Accuracy of
3D Imaging with Multi-Detector Computed Tomography
Using Human Skull Phantom

Dong-Wook Kim*', Haijo Jung™", Sae Rome Kim*",
Young-ll Yoo*', Kee-Deog Kim", and Hee-Joung Kim*''

*Department of Medical Science, "Research Institute of Radiological Sciences,
TDepartment of Radiology, Yonsei University College of Medicine,
'Department of Dental Radiology, Yonsei University College of Dentistry, Seoul, Korea

As the importance of accuracy in measurings of 3-D anatomical structures continues to be stressed, an
objective and quantitative of assessing image quality and accuracy of 3-D volume-rendered images is
required. The purpose of this study was to evaluate the quantitative accuracy of 3-D rendered images
obtained with MDCT, scanned at various scanning parameters (scan modes, slice thicknesses and
reconstruction slice thickness). Twelve clinically significant points that play an important role for the
craniofacial bone in plastic surgery and dentistry were marked on the surface of a dry human skull. The
direct distances between the reference points were defined as gold standards to assess the measuring
errors of 3-D images. Then, we scanned the specimen with acquisition parameters of 300 mA, 120 kVp,
and 1.0 sec scan time in axial and helical scan modes (pitch:3:1 and 6:1) at 1,25 mm, 250 mm, 3.75 mm
and 500 mm slice thicknesses. We performed 3-D visualizations and distance measurements with
volumetric analysis software and statistically evaluated the quantitative accuracy of distance measure-
ments. The accuracy of distance measurements on the 3-D images acquired with 1.25, 250, 3,75 and 5.00
mm slice thickness were 48%, 33%, 23%, 14%, respectively, and those of the reconstructed 1.25 mm were
53%, 41%, 43%, 36% respectively. Meanwhile, there were insignificant statistical differences (P-value
<0.05) in the accuracy of the distance measurements of 3-D images reconstructed with 1.25 mm thick-
ness. In conclusion, slice thickness, rather than scan mode, influenced the quantitative accuracy of distance
measurements in 3-D rendered images with MDCT. The quantitative analysis of distance measurements
may be a useful tool for evaluating the accuracy of 3-D rendered images used in diagnosis, surgical
planning, and radiotherapeutic treatment.

Key Words : Multi-detector computed tomography, Volume rendering, 3-D reconstruction, Slice thick-
ness, Quantitative analysis
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