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Assessment of the Measurement Method of the Bone Mineral Density on
Cu-Equivalent Image

Jae-Duk Kim
Dept. of Oral and Maxillofacial Radiology, School of Dentistry, Chosun University

ABSTRACT

Purpose : The effects of step numbers of copper wedge and exposure on the coefficient of determination (1?) of the
conversion equation to Cu-equivalent image and on the Cu-equivalent value (mmCu) and it’s coefficient of
variation measured at each copper step and the mandibular premolar area were evaluated.

Method : Digital image analyzing system consisted of scanner, personal computer, and a stepwedge with 10 steps
of 0.03 mm copper in thickness as reference material was prepared for quantitative assessment of the bone mineral
density. NIH image program was used for analyzing images.

Results : The film having moderately high film density showed the discrepancy between the real thickness and the
measured Cu-equivalent value of each copper step. The Cu-equivalent image was dependent on the determinational
coefficient of the conversion equation than the coefficient of variance of the measured value.

Conclusion : Obtaining conversion equation with high coefficient of determination and proper film exposure are
supposed to be neccessary for quantitative assessment of bone density. Multiple steps in the range of the
corresponding copper thickness to the bone density of the area to be measured should be prepared. (Korean J Oral

Maxillofac Radiol 2000 ; 30 : 101-108)
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Fig. 1. Al, Cu, Hydroxyapatite step wedges.
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Fig. 3. Select the image to be analyzed.
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Fig. 4. Selected image.

Fig. 5. Determine the size of image.
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Fig. 6. Determine the ROI on the copper step wedge of 0 mm in
thickness.
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info

X:21
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Ualue: 72

Count: 87
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Mean: 162.58

Std Dev: 1.26

Min: 159.00

Max: 166.00

Fig. 8. Info window shows mean pixel value and standard devia-
tion.

ofo] % 3o ofo] T AAslEE Al HH
w2} Aeste] A& < A
I gy BHg HAXE AST. off AR &
o ¢k He &
we=A] 2EA T2
FUEg Faiu AL 19 PF YA oo A 7
7te] od ol FAEFE
ot BAled el AL H2 =3h|A A FA
ofo]Zg AEg g wherz e G T AHE
Aesle] v 2F3] Fof

ARG 2N eheas

Al
u
Fdedel e Aom A%
e

(iii) A&
Aze ofolmmgolN Az, 99 =x stey A

EBERE AL

AR = FxA F7 0mme] FE&
(Fig. 6) FlAawj A1) 7t A, 28| 3

AR, 3 WRe] FFAE AkE

7w ARl e] mfro

—

viehta
FEo2 dAe] AAAR F
Aol 271 TRste AAsH

7t BAgHes WFe
&g A ez e T f’Jﬂ 3ts Wdye o

dole) 2le A%

" w File Edit Options Process Anslyze Soecwl Stacks Windows

LUT | Tools [iL A |-(mage (2.1) G

Fig. 9. ROI on the first step of copper step wedge.

" w File Edit Options  Process Analyze Special Stecks Windows
LUT | Tools 10 i s 1-imoge (2:1)
N

©
7
|o
b
™~

& A}
'
N2
A+

‘/-———
1

=

Fig. 10. Measured areas.
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Fig. 12. Conversion equation and graph.

Table 1. 12 values of conversion equations obtained from 4 imag-
es with Cu step wedge

60kVp 70kVp
exposure 0.12sec 0.16sec 0.12sec  0.16sec
r 0.9982 0.9980 0.9934 0.9696
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Table 2. Average coefficients of variation and Cu-Equivalent values under 4 r squares

thickness real value (mm) 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 0.27
r2=0.9982 coeff. var. 0.33 0.17 0.11 0.08 0.07 0.06 0.09 0.08 0.07
measured (mm) 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 0.28
2 =0.9980 coeff. var. 0.33 0.00 0.11 0.08 0.07 0.06 0.05 0.04 0.07
measured (mm) 0.03 0.06 0.09 0.12 0.15 0.18 0.22 0.24 0.27
2 =0.9934 coeff. var. 0.33 0.17 0.11 0.08 0.07 0.06 0.09 0.08 0.07
measured (mm) 0.03 0.05 0.09 0.12 0.15 0.18 0.21 0.23 0.27
r? = 0.9696 coeff. var. 0.17 0.11 0.08 0.07 0.11 0.09 0.08 0.07
measured (mm) 0.07 0.08 0.11 0.15 0.19 0.22 0.24 0.26

Table 3. Measured Cu-Eq value (mm) of premolar area under 4
exposure conditions

60kVp 70kVp
exposure (sec) 0.12 0.16 0.12 0.16
0.11£0.01 0.11£0.01 0.12+0.01 0.124+0.02

premolar area
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