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An Assessment on Cu—Equivalent Image of Digital Intraoral Radiography

KIM, JAE-DUK D.D.S., Ph.D. Prof.
Dept. of Oral and Maxillofacial Radiology, School of Dentistry, Chosun University

Geometrically standardized dental radiographs were taken. We prepared Digital Cu-Equivalent

Image Analyzing System for quantitative assessment of mandible bone. Images of radiographs were

digitized by means of Quick scanner and personal Mcquintosh computer. NIH image as software

was used for analyzing images. A stepwedge composed of 10 steps of 0.lmm copper foil in
thickness was used for reference material.

This study evaluated the effects of step numbers of copper wedge adopted for calculating equation,

kVp and exposure time on the coefficient of determination(r®)of the equation for conversion to Cu-

equivalent image and the coefficient of variation and Cu-Eq value(mm) measured at each copper
step and alveolar bone of the mandible.

The results were as follows:

1. The coefficients of determination(r?) of 10 conversion equations ranged from 0.9996 to
0.9973(mean=0.9988) under 70kVp and 0.16 sec. exposure. The equation showed the highest
r* was Y=4.75614612-0.06300524x +0.00032367x* -0.00000060x°.

2. The value of r* became lower when the equation was calculated from the copper stepwedge
including 1.0mm step. In case of including Omm step for calculation, the value of ¥* showed
variability.

3. The coefficient of variation showed 0.11, 0.20 respectively at each copper step of 0.2, 0.1mm in
thickness. Those of the other steps to 0.9 mm ranged from 0.06 to 0.09 in mean value.

4. The mean Cu-Eq value of alveolar bone was 0.14+0.02mm under optimal exposure. The values
were lower than the mean under the exposures over 0.20sec. in 60kVp and over 0.16sec. in
70kVp .

5. Under the exposure condition of 60kVp 0.16sec., the coefficient of variation showed 0.03, 0.05
respectively at each copper-step of 0.3, 0.2mm in thickness. The value of r* showed over 0.9991
from both 9 and 10 steps of copper. The Cu-Eq value and the coefficient of variation was 0.14+
0.01mm and 0.07 at alveolar bone respectively.

In summary, A clinical application of this system seemed to be useful for assessment of

quantitative assessment of alveolar provided high coefficient of determination is obtained by the

modified adoption of copper step numbers and the low coefficient of variation for the range of Cu-

Equivalent value of alveolar bone from optimal kVp and exposure time for each x-ray machine.(J

Korean Oral Maxillofac Radiol 1999:29:33-42)
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g 019999 14 4 A=Y - 19994 13 20Y
‘R =22 1996WE =Mcisn muiEEd o] i JFE =2 o 33



. M8

HWIAMAARR oA Wde] A fH 1 vt
ok3lEl 11 Slevtel et -2 BERe] S1HA
BG7Pd) oEHng FgAoly FFHQA Ao
Aok, FaAAle] o5t HF ] WEE AAN| A
& &AL} WY7IE 32 F3AY, WAL
A o g Xt AR Fx2o] W3l A
Aoz BN §3)] BeEZSAA AHEE
B27} ik B eEFAE O 2379
o] I3] o} RS/l ARl P o]
WAyt 2 734 BAMAR A A g
ASolE =34 Ajzte] Ao dAA
o7 gAaRe] A8 doe 1 237]%0]
ojxtgizel FeherEAPAY BRE Y F4
9 g502 Qg WAKIEA FFH £49] 7
=7 gtthe B afx gl

HIZ AIPDAAE Fololl HFEE o] 83
YARlEHM G &0 =P oA Mg
FH3E grlsl dojAle Ade] F eIt F
71EIQIT) o] & g-8-3a] XTIl Atoll A dutA o
2 AHE D e FHESMRPAARE o] 83
ohzwuislel FFA ASHHo] idslolor &
87} o

HAEsPEE o] 83 & AFHoZ Hrt
e 472 FAMA Y] ARG o A E29
JAE F2A =2 P sl 293 H AF
HE o] &3l Wad gt ZAES o] #4]
F9g FxA 9 Ut FAZ wdse i
AREE Ba¥7t Sltk. ol BA AFHUAE ol
43 By == A 9} 2 e 71xs8la ¢l
o}, 29ox HuAFYRA®, dulFglA]
2 ag)3 FAYR|EHFo] FEAZA o]
Huct dulEdAls FHEEHAMAARIE
2437171 =y FelagdAE gk 244
o] i A= FAAE = slol Aol HE3S
7ol Z2A 24 F-Esicha A2 U

olelzro] ARHX |2 whe} VR A}
Axzo] e i A2AE F 3l §Al

34

o AGFoEH I ARFEE o] 83 i
FEE BASRs W oE viAlsAY JA2AF
EE 7|50 3l AA 3PS ARAGHA R
WA A F2A S Hrlshs Wol gg= o AL
AEEE AFAN AR HFE 5 A
Haot,

old] & AFAdNE F2A Y AHFH)
ol &3lxAl 13 Fxe] AF Eeol=2E
J@A 2 YRAGG IR 2T )5 dE
g2 339 NIH image, F=A| 2= Fel 299
AE A3 TR IA Y-S &AL
o}2 YAl 383 o] FFIE FEH
T IA R ZEA Y] A #9S B9 Qo=
2 olR9] o] &-& A= A Ede L ¥
AzAY A4 9 Mg FEdE 7139 24
7t 9 F ok 3 HA FFEPIA B
229 HMEE AESPP oY Fgste
2 HgA] A LE e FE 2R o mi2t dojA]
£ dsi@Ade] ARAFE 2ol £
HE 23R Jdxdd 98 v)d £ gida A
ZF= it

2 A7 TP ee] Feld sl
Aold BE ZF SR} dojA g Fejdy
o zel WEARAN YA 9y AHEEE
Fej2rlel A ggelol AL Aol wjA& o
2 AEsaA WA HEH T4 o=
9 7T HE SR 9 ¥EE HslE yrlges
A Bt Adg F2A e FBEPEE P53
A} sr ).

I. A7z & &2

1. A=

AgzAE 2ol 33mm F 5mm 2%F
3mm 54 0.lmm%H 1mm7E]10841e +
gl x| et A1l AR 2R A 24TH
AR A3t AAzsIIE S o] 8319
=3

HAMA g AR = SiemensAte] T AR



#9718 o] 8319 60 7 70 kVp/hi4], BAF
TmAsIA EF3lom XA &L KodakAt
Ultra-speed, #’3A42):= Durr Dental AH¢} #F
FA471E o83t

FFEA o] AHEE HAFE = HaWZIEA]
Aot 98 AARRE AFE dFAR
FUIEE AL 24U 348 2800dpid]
Quick Scanner(Minolta, Japan)& °]&3Hd
TFA3 99 WA 7184 0] B3
A YAFEE vl EHAS B8l 4y
Ao}, Y FA4L 640x480 o] F7t &
qxol 256A125E AYdtes A HA
o PEgEePY wEAAAAA 2 O 234
F8 13 5 94EYde NIH image®=21
ol o] &-F Y},

2. Gy

1. BRI ES

G143t 98] FXE ol &3t aHF
& Az

2 Azt FEagdAE A

2931y F2HYAE g AT 4
W IEHE B2 FA sy Az T
e 20mmFAY FAE FHAA G

27 60kVpst T0kVpe 5 ZAsA] 0.1,
0.12, 0.16, 0.20, 0.25% Zzte] &z HAH
A delsld BF 10918 &YG35ta, ol
T0kVp 0.16%9] ZA3IA wEse) Pagt
w¥ahe 10m]e] 48 Alsitt.

2. T EFITEH

Z2gdd ZE MPARIAEE 2R AR
Elo] &3t H NIH Z203& o] &3] 3
Follxl FxAe) AR 4t FHIS
(BaAA 151.6 mm’ )9 HHF AxEE 7ot
Atk olo] Az FEA|S FA wANE
A o2 AMEdtoa WEAN S 7
Adstn 2AE REAA Y A eE vehle

ARAF)E P

olo] @oizl WK el FATIIH
He AR BN Fel2gAR ) 2
WA BAGGNN AAY) BRFARIN
o EZUAE ZPsgon, AxseEelN
£ 95590 9B BAIHS 9HA 2
249 BR7RPAG BZUAE SH oY
o

cheoz FesRGAY A8, 44 2
2)3 W3] ABBANY A=) DAk
279 7RG BRI E G o BAE
A ssigch

7h 7249 A8 A R 547

B9 7

FTY FYZRYNA T2 YA] AL o
& AgAAH ] WFS FEN] A8 T0kVp
0.1628} steA WHE3l FET weslo
#YE 1079 WAMIAD S AFE ) P
3PdelA 0.1lmmelA 0.9mme] 924, OmmE
EFAZ 1084, 1.0mmE AL 109AF
T28le] GAFE 2elsle PRI
2o AERAN I Ao HsE AR,
a7zt BAA S TegEsPelM 548 Az
2 3% Fel2®] 7 Al B FRdAS &
FHA 3 WolAlrote] IA = HEA.

. A, A%

OmmE ¥ 102AAAE o]&3td
60kVpst 70kVpe]l F ZZ3teA 0.1, 0.12,
0.16, 0.20, 0.25% Z7te] =22 A3 d#
< il 25 10018 98t AFE ) 9
AAA A2 ZdZ4e] ol FelBdebEE &
Astel FElagle] 7 dAA BAEES W,
& T Z 33l Zhzke) Felgsty ued
AAE ot 2 BAN G WF H Z dAloA
49 HregEA e EEUA 221 Ho
Al distd A2, A%, 2 #FAFHe] 2719
s Al 9FE 28R

35



oK 7 TP A2ZIN o
AAY, 932712 298 TR v)HE
F%= $Y3

I. A&

1. 7294 243 AF AT 2 S 7Y

T 9 #A

FUEIZ A Ed=o] =d 1070
3PS 9dAY FEIAFE SHs TR
oz WA A, Jad 1070 Hskd
AXES AIA=E Jee 2RAF P 3
21 0.9988+0.0058°11tt. 713 AR A7t
=39 ¢ = 0.9996, SD= 0.0043 A] T2
I HERAA AL Y= atbx+ex?+dx®
a=4.75614612 b=-0.06300524 c¢=
0.00032367 d=-0.00000060 °l¥3L 1 ¥
£ & 194 B uhe} Zo] 0.9996014 HE
0.9973°1%1c}.

1.0mm FEASE TFAA ATE 3y
& A BT AFAF7T AstHE FdE R

AHE 1). 29 F2)54 Omm F5-& T
& 73S AFASIE 9849 gEd FoRlAY
oAl WskE BYon (R 5) dA3] HolA|
= 4%% o

IGAGRA NN E 2T Pl
7} 0.14+0.02mm Qo ZAAST e B
Adle] FaEksPdolA 0.13+0.02mmE B9 7
71 ASit

102A9AMN = 22 FFTFER
7} 0.13+0.02mmA o™ AR AGF7T F& ¢
0.12+0.02mm9] F#A & JERIA.

Z} GAle] BT e REAUA L 1
HolAIFE B X 20]A B ule} 2ol 44
72 A 1.0mmelA HiHolAlsE 0.080]
At BEFFENE 0.97, FFAA} 0.08%
B3 AA Fe54 0.3mm7R & ol A7t
0.09914 0.067}x] £X& R} 0.29
0.1lmmelME ¥olAlS 242} 0.11, 0.208 Yk
oy HaTedFR e EEAAE 0.19+
0.02, 0.10+0.022 Jehiict.

H3 9 A APATE 2 Felygshy
oA ZdAe A TFTRAE vms| Ry

Table 1. r* values obtained from 10 times measurement at two types of Cu step wedge

9steps | 0.9996|0.9994|0.9994 |0.99%4

0.9991

0.9988 10.9986 | 0.9985 |0.998310.9973

10 steps | 0.99820.9984|0.998310.9770

0.9772

0.992110.97570.9770 |0.9971 {0.9973

Table 2. 3 rsquare,s, CuEquivalent values, SDs and average coefficients of variation under 70kVp

and 0.16sec L
Thickn
(CucmSS real value | 1.00 [0.90 (0.80| 0.70| 0.60| 0.50 [ 0.40 |0.30|0.20 | 0.10
Average | var. coeff. | 0.08 |0.08]0.09] 0.09] 0.09] 0.08 | 0.07 | 0.06 | 0.11 | 0.20
Cu-Eq value | 0.97 [091]0.81] 0.71]0.60| 050|040 0.31 [ 0.19 [0.10 (mm)
r=0998 Iqp 0.08 10.08|0.07] 0.06] 0.05] 0.040.0310.02]0.02 | 0.02
= _ 0,999 | CuEa value | 0.96 [0.90|0.81] 0.71] 0.60| 0.50 | 0.40 [0.31 019 0.10 (mm)
' sD 0.08 [0.070.07] 0.06] 0.05] 0.04]0.0310.0210.02|0.02
> 09973 | CuEq value | 0.96 [0.930.82] 0.71] 0.61] 0.490.40|0.32|0.190.10 (mm)
' SD 0.09 10.0910.08] 0.07] 0.06] 0.04[0.02]0.02|0.02 ] 0.02
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Table 3. r* of each equation at each exposure time with 10 Cu steps excluding 1.0mm and including
0 mm under 60 kVp , (): Cu-Eq value(mm) of dry mandible

60k vp
exposure(sec) | 0.10 0.12 0.16 0.20 0.25
0.9966 0.9979 0.9991 0.9973 0.9943
large area (0.14+0.03) | (0.14+0.01) | (0.14+0.01) | (0.1240.02) | (0.13+0.02)
small area | 09962 0.9988 0.9993 0.9973 0.9991
(0.14+0.03) | (0.14+0.01) | (0.14+001) | (0.1240.02) | (0.13+0.02)

Table 4. ¢ of each equation at each exposure time with 10 Cu steps excluding 1.0mm and including 0
mm under 70 kVp, (); Cu-Eq value(mm) of dry mandible, SD=0.02 in all cases

70k vp
exposure(sec) 0.10 0.12 0.16
large area 0.9971 (0.14) 0.9933 (0.14) 0.9966 (0.11)
small area 0.9371 (0.14) 0.9960 (0.14) 0.9980 (0.13)
except Omm 0.9963 (0.14) 0.9942 (0.14) 0.9990 (0.14)
with 1.0mm 0.9902 (0.15) 0.9923 (0.14) 0.9886 (0.12)

Table 5. Cu-Eq values, SDs and coefficients of variation at 9 steps in Y= a + bx + cx* +
dx*(a=2.93674873,b=-0.04511687,c=0.00025687,d=-0.00000050,r* = 0.9993 = 0.0061)
under 60kVp, exposure time 0.16sec.

Cu (mm) Thickness | 0.90 | 0.80 | 0.70 { 0.60 | 0.50 | 0.40 | 0.30 | 0.20 | 0.10
Cu-Eq value 089 | 081 | 072 | 061 | 051 | 040 | 029 |0.21 |0.10
SD 0.10 | 0.09 { 008 | 006 | 004 | 003 | 001 |0.01 |0.01
var. coeff. 0.11 | 011 {011 [ 010 | 0.08 | 008 {003 |005 |0.10
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