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Improvement of Longitudinal Resolution by
Deblurring Technique in Helical CT of
the Head and Neck

Osamu Sakai'?, Yun Shen®, Fumiko Kimura®
and Yasunori Takata?

We assessed the improvement of longitudinal resolution
in helical CT by deblurring techniques in a phantom and 8
head and neck patients. After helical scanning with 3- or 5-
mm-collimation and 3- or 5 mm/sec table feed, overlapped
axial images were reconstructed at every 0.3 or 0.5 mm pitch.
Deblurring techniques were applied to these data. The slice
profile and longitudinal resolution were improved by
deblurring. Longitudinal resolution increased with the strength
of deblurring. Image sharpness was improved in reconstructed
images of MPR, MIP and 3D, and better visualization of the
peripheral vessels was obtained in CTAs.
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FHEMER T2 ORR L 2 DEEFINS L, N AN
CTTH B\ it F s Haes ZRkashs, LaL, 207k
DT, BhATA ABREL BT — T VEBEEESLET
HY, WEHESHIRI NG, F RGN OMER L&
AEREDORIMIZ S D%h 5. @E, N HIVCTTIAHHE
BB E/ANS LTS, HEAMOTHiEIEDLL W
s, BoNI2T— % Zdeblurring (R 7§ )iz 5 2 &
12Xy, WEAmSHELTSEL, BENIEBOZTA
ALY SHNAT A AZFEETEYY, IS HHEE
f#émultiplanar reformation (MPR), 3 “RICF/R (3D, shaded
surface display), # & U°CT angiography (CTA) (maximum-
intensity-projection (MIP) 3 X Usurface rendering (3D) ) 12/
HWRETHAH. 77 > b LFEEREB L UTHFEEEE O ERRB]
T, TS HHEA MG HEDOYEL X UEDHF RIS
DERETS.

h &

A1) 7 VCTIZGEM A B DProSeed T, A5 1 AEiL3 %
7zid Smm, EEBEE#EEZFNEN3 T 7213 Smm/s (helical
pitch 1), 180" #ii TfT-72. T #0.3F 72130.5mmEFE
(reconstruction pitch 0.1) THIER L, Z0o7—s % &
{2, workstation (hp; 735, Hewlett Packard$t %) Cdigital
deconvolution % f > 7zdeblurring L ¥ % 47 - 7=. Decon-
volution & (Zhelical effective slice profile® & & |2, #iEdhi
Mo fFEEHETHHETHY, EEETUHET Seon-
strained iterative process (CIiE) & JEii 2= CLE ¥ %
Wiener filter (WFE) 3% 505, FEilIZSE k05 &« 208
SNz, T Hdeblurring WUERLZ & o THfEdl 7 )0 REEDS
o L7-mif% % vy, Advantage Windows (GEA&T %) T,
MPR, MIP, 3DE/f§ % {ER L7z,

1. 77> bLEER

AT A AHNZFATR 2mmD A ) v FDdH BT 7 1) — LA
PEBT ¥—7 7 2 b A%k AT A4 AE 3mm, EEBEHEE
3mm/s TAF + > L (140kV, 80mA), 0.3mm fEE CHHER L
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7o, ZhEDB LI, CIEEWFETUHBEY LR /2
deblurringLF % 47\, 156 N7-MWi§ A 5MPR, MIPE X OF
3DEAEVERL L, PRI OFEREIZRE 2 v | DG,
WO S DB L7,

¥ 7z, TjdeblurringiE (28T, coinik THF 5 1L7zhelical
effective slice profilelZ2\v>T, #Efili 7 153+ ik D SR R
(22T L7,
2. BRARMGIT DR

FHSAE A 8 P2 BT, 3 721 SmmlE, EHBE)HE
BE3E 72 1E5mm/sTA Y # VCT % 147 (120kV, 160-
200mA), 0.3% %\ 30.5mm (pitch 0.1) THER L, Zhx
Cli: & WFiE Cdeblurring U3 L 72, Z 1 & il 5 1) 0 45 %
REASCRE S M7- % L R mi{%% vy, MPR, 3D, CTA(MIP
BLUID) &E L, BAFROBKS, 8ET2HEM 0T
fiE, FACTATOERMMEOHFEICD & B L.

B R

CIiEB L O'WFIEIZ & AdeblurringLBEIC X V), s 1E)
D5 IERE, FHEES X OT1/10MENE 1% L 72 (Table 1,
Fig.1). DeblurringUERSHEE DHENNE & b1, HHEflH M5
fRfeldtiEL, 94 —7 7 bADA) v bOHiEEL &
U D0 OB 12\ L L7 (Fig.2). BEEBITHL&FIT
MPR (Fig.3), 3DF/RIZT, BigOWMES, kT 250
ORHEREAE L, F74, CTATILERMILE ORI FED
# A2 BO7 (Figd).

LA L, deblurringUHEBEEDREINE & b2, F—/ A4
ZH(S/NK) DK L “BBER D7 —F 7 7 7 + D% 2
iz, ZODERREITORIHEIZCIETIIR =10, WF
ETEk=2pBR R TOREME L E 2 5Nz (RB LUk
FNFNCIE: L WFH: TDdeblurring i FEREL) .

AalbivbhdHV &M, 512x5127 R v 7 A, 150
AT A AOMIZCIE T 3 FEf, WFETIER05E L

BHFAER ) A1 L CT T Ol 055 IR e Ok

7z ({f H 555 Fortran).

z =

AN FVCTIIRERDCT L BIL, RoRHith )i fE L
£ 5T b OfERiddeblurring WL X B it 5T
SfffeerEE R LAz, ZHUITESRHEEIO X 9 1
R r ERENLEMETIIER EEZOND, TR(gil
FAOHIRZ LIZ, Sho g5 5 s gtk e R
B35 & LI, ERETOMENITREL Y, IREDY
—LHEHMARIB O, CTATEHEEZEZLNS.

bbb dCrik & WEEE L v 9 2 FiSH Ddigital decon-
volution & Fv 72", HEILFE2=l, % LB EZEH To
WHTHLH. FREDTRRET LD T 1T
ST2E, BERMIZIECHED A 4 Xl v, BHEO
BVWE{ES R ONL DY, BREE TIIEOUMHERFMOR S A
METHAH. LaL, —EdeblurringLH % 5 1UE, 2D
Ve T [F)43 R RE D 5\ real” volume data & LTz, fili
fEIZMPR, 3DX®CTAIZIEHTE 5.

77 v PABLUEREITRL/ZZL 912, deblurring L3
SEENHABIZON, BRI DT —F 77 7 ML,
SINILAMET 3 5. F7z, Helhsorfgaes & OHE OUEE O
X, BE{gTO/AX, T—F 777, BIXUFOF
— & ZFH LW BRI Lo THIBRE NS, Tz,
FUBEEEE T > T A MBTIIFERLY, Kar b7
A MERETIX 2 4 AB L UOMREER D7 —F7 7 7 0B
Dz, HoahHHAEFES N WIS H 5. HRE
23 & KRG Z & OEBRIREIZOVWTIE, 356
LAWY RLEEEZ L, S5, RUBEEE +5ENT
72lZ, A XDL%w, FRZ, NV ANT—FT7 77 b
DA 72 W (% % P TT BE ZralgorithmDIFZE D EETH
5.

Table 1 Improvement of longitudinal resolution for effective slice thickness by deconvolution
3mm thk, 3mm/s 5mm thk, 5mm/s
FWHM (mm) FWTM (mm) | FWHM (mm) FWTM (mm)

Original 3 4.8 5 8

R=5 24 4.2 45 7

R=10 2.1 3.9 4 6.5

) ) R=20 1.8 3.3 3.8 5.5
Constrained lterative Process R=50 15 o 35 48
R=100 1.2 2.1 3 4.5
R =200 0.9 1.5 1.5 3.8

k=1 3 4.7 5 8
) ) k=2 2.4 3.6 6.3
Wiener Filter =3 15 33 45
k=4 0.9 1.8 1.8 3.5

=*FWHM: full width at half maxmum, FWTM: full width at tenth maximum
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Fig.1 Improvement of slice profile by deblurring technique, 3-mm collimation with 3-mm/s table speed.
A : Constrained iterative process. B : Wiener filtering.

Fig.2 Phantom image evaluation of different strength of
deblurring by constrained iterative process. Phantom; an acrylic
acid resin with 2-mme-slits. Original helical scan; 3-mm colli-
mation, 3-mm/sec, reconstruction pitch: 0.3-mm.
A MPR; Original, R = 10, 30. B : MIP; Original, R = 10, 30.
Sharpness of the phantom-slits was significantly increased
after deblurring in reconstructed images of MPR and MIP. Lon-
gitudinal resolution is improved better as the strength of
deblurring is increased. However, images after the stronger
deblurring (R = 30) show increased helical artifacts.

(A)

(B)

(A) (B)

Fig.3 Paranasal sinus, coronal reformation. Original helical scan; 5-mm collimation, 5-mm/sec, reconstruction pitch: 0.5-mm.
A Original. B : After deblurring by constrained iterative process, R = 10.

Sharpness of the bones and thickened mucosa in the left maxillary sinus is improved by deblurring. Note that the orbital floors which run
horizontally are visualized better in the image after deblurring. However, 'stair-step' helical artifact becomes prominent.
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Fig.4 Surface rendering CT angiography of the
carotid bifurcation. Original helical scan; 5-mm
collimation, 5-mm/sec, reconstruction pitch: 0.5-
mim

A Original. B After deblurring by constrained
iterative process, R = 10.

Image sharpness is improved and details of the
carotid arteries are demonstrated better in im-
ages after deblurring. Visualization of the periph-
eral poartions of the facial arteries and superior
thyroidal arteries is markedly improved. Alsa, tha
adges of the vertebrae become significantly
sharper. However, image noise and "stair-step’
artifact ara increased after deblurring. *The bi-
lateral carotid arteries and left vartebral artery
are colored red and the internal jugular veins blue.
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