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Three Dimensional Reconstruction of Computed Tomographic
Images by Computer Graphics Method

Toru Kashiwagi
Department of Internal Medicine, Osaka Kosei-Nenkin Hospital
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Department of Nuclear Medicine and Radiology, Osaka University Hospital
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A three dimensional computer reconstruction system for CT Images has been developed in a
commonly used radionuclide data processing system using a computer graphics technique. The three
dimensional model was constructed from organ surface information of CT images (slice thickness: 5 or
10mm). Surface contours of the organs were extracted manually from a set of parallel transverse CT
slices in serial order and stored in the computer memory. Interpolation was made between a set of the
extracted contours by cubic spline functions, then three dimensional models were reconstructed. The
three dimensional images were displayed as a wire-frame and/or solid models on the color CRT. Solid
model images were obtained as follows. The organ surface constructed from contours was divided into
many triangular patches. The intensity of light to each patch was calculated from the direction of in-
cident light, eye position and the normal to the triangular patch.

Firstly, this system was applied to the liver phantom. Reconstructed images of the liver phantom
were coincident with the actual object. This system also has been applied to human various organs such
as brain, lung, liver, etc. The anatomical organ surface was realistically viewed from any direction. The
images made us more easily understand the location and configuration of organs in vivo than original CT
images. Furthermore, spacial relationship among organs and/or lesions was clearly obtained by
superimposition of wire-frame and/or different colored solid models.

Therefore, it is expected that this system is clinically useful for evaluating the patho-morphological
changes in broad perspective.
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Fig. 1 System block diagram.
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Fig. 2 Flow chart of the three dimensional
reconstruction program.
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Fig. 3 Extraction of contours from CT images
(liver phantom).
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Fig. 4 Interpolation of contours by cubic spline
curves.
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Fig. 5 Three dimensional reconstruction model
(liver phantom). The surface is tiled with trian-
gular patches.
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Fig. 6 Calculation of the intensity of light to a
triangular patch.

FEH% Fig. 502 L =ZFFmHcMoEL, £F
HE O % Fig. 612773 2 & < AL LR
DM —H I TFE, Zhx256X2560 < b
Yy 7 AT CRT E32H 5\ MI64ERHTH 7 —
FBRERT, B, V) FEFLOERIEL
BHESEDARL— Y 7T L BA 42— ORI
T o7z,

Xhio, BERD LSBT RTHELRLY
Vo FEFAZ—HA £ —2 )k LCHERANCHES,
T4 A7, B CRT gl A —2> L L
TERTHEERRGT -,



wm R

(it 7 7 > b — A TO185T)

Fig. le RL 77 -2 % XHCT
TommERTAZA AL, 77 ¥ - A0
Bhhl, KvR7avHCT3RTIGERY
Tole EREZV Y v FEFALELTHERLED,
Fig. 8kRTZ &< 3RTCIULEA # =2k H b
BZHEND S EMCEBDTELL, o ERIC
BATWE, LithoT, RvAFailhBES
hB IWITALEA A — D REERHFNC BT h £
DORERERICEIRT S EE 2 DR,

(ERAB T DIRET)

D B (Fig. 9

SmmERTA A AShiETXHCT & X
h KB, /N, EROBWIBAHHLY VY FEF
LELTIRLFRR ST, WHAE, MIEEE X
B 7 E BRI i & T B,

2) fi=E (Fig. 10)

Fig. 9& RA—EMTAMER & EEHOMUMED
WEEMHL, INEEY I Y —7v—2axF
n, BIREER V) » FEFAL L LTERRIRTR,
KA BT B HINE D 3 RTTERTOME R &
RV BE S BT 5,

3) B (Fig. 11)

ImMmERTATAZAIhiclEXFECTE
MO, FE, [EZOHIMEHMEL, ThE
YUy FEFALLTERERE, ML —,
S, SISy vRATLTEEROREY
BHCLI, JE, [EZOETLEEDRLEE
e LMo RPBECHE S h T3,

4) fE (Fig. 12)

A TEOEGT, Wi, K& SEX e
DEWFEHEHL, &%, KEIERS7F7v Vvl
FErLrvy FOVY » FEFL, Wid v v —7
V—aETAELTCRRESER, HEREESE,
SE, MEOMEBRGRIEEZCIETE S,

5 FF&B (Fig. 13)

ImMmEBETATA AEh-EBXHECT &
IO EBOBRTLHE, K750y, i s
NM—FDOV Yy FEFAL LTERISER, BT
ORER, BEE, BEFIMoM BRI X

(60)

IVEa—RFTFT 4w P AR D IETIAGETR

hTwa,

6) & (Fig. 14)

W0E, B, Bo@frhml, mExY vy re
T, FEBE VA ¥ -7V —AEFALTERS
¥, FEFOMEMEREMRYIEELRT< L,
B0z OFROTRE & BT D M 25 BE B 3
ENTW3,

MEBREENLCT 2 514 AR=EFH - » F 08
WEhRREDN, 1ERIO~1525142E1LT1
[E3E 247 b IR oML 33 X A #204, I
EETFNOERI S &, BRREVA Y —7 01—
AETFALT3S, YV e FEFATOSEETS
B, BEREBOFERIZLIY VY » FEFLOFH
R 5B & KBS hi,

x =

SULFERER e 757 4 —2RF LU AN
EXERNIRE L SEEA BT a v e 2 — 5
X HEBMABEECKNENhD, KENHET
REOVEEIE LN LD, EROERECHE R
BEEL, ¥hiABRESTEhvinEDRE
BH5H, GHEBAPEHFE LIy AT L XEEOH
EBETF — 2 MBEERELAT, FRIZV 7Y =
TORFEEETFDO~— VY = 7HEHTOEI (XY
FaTEAF, 2 VHER) T DL TIUEE
WAREE Lz, ¥, MELTHEEL BEEE
IZHEALTWE S HAWEImmigo CT &
X<, BBRICEGRENEL Lt AY R T A
L2 IRETROEEEAHE 7 » v + — 208K
HNTRIESHh, BRSBTS T Fig
I~MUIEFE LT E{ fMhofgRcs T b
Treality CEAA A =N B LRI b
UFEREL LCERETSERTES EELD
NA, BrDr AT AT, H57-FROEE
WA LEREEY ML TRRAFBECY )y FEF
NELTRARTE, 74¥Y—7v—sx5nky
Dy FEFLOMLEHLEERLIETH S, &
MO ORREDCHFEIZL D, Fig. 121K L-S &
Chili, SESZ, BE & o BRI R
ZEHEBOIARAERIRA X b — B RIiLE
TEBHXoIleote, B, AEBORIERT
b AR O AR I 3B N ik e E 2 b

BAREREE 55468 $£15



Ak WMmla

Fig. 7 Liver phantom (actual nbjucl!l viewed from four directions.
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Fig. 8 Three dimensional images of liver phantom viewed from the same
directions as in Fig. 7.
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Fig. 9 Three dimensional display of brain
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Fig. 10 Three dimensional display of brain and lateral ventricle, Upper left
shows original brain CT images and contours of brain and ventricle. Brain and
ventricle are represented as wire-frame and brown solid models respectively,
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Fig. 11 Three dimensional display of trachea, bronchus and lung. Trachea and
bronchus are shown as brown solid models and lungs as blue,

Fig. 12 Three dimensional display of lung cancer, Chest X-ray film (Upper left)
cshows lung cancer in the right lower lung field. Lung cancer is shown as red
zolid model, and trachea and bronchus as brown. Wire-frame models show
lungs.
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Fig. 13 Three dimensional display of liver and spleen. Liver and spleen are

i
.

represented as brown and blue solid models respectivel

Fig. 14 Three dimensional display of kidney. Kidneys are represented as brown

solid models, and liver and spleen are shown as wire-frame models.
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