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Accurate Quality Control Method of Bone Mineral Density Measurement
— Focus on Dual Energy X-ray Absorptiometry—
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A ZAE A58 phantome A|RAF 71A|9] B

(a) (b)

a. Bio—Imaging Bone Fide Spine Phantom(BFP):
Bio—Imaging Technologies Inc, Newtown PA,
USA

b. BFP Scan mage

(c) (d)
c. The European Spine Phantom (ESP): QRM,
Dorfstrasse 4, D—91096 Mohrendorf, German
d. ESP Scan Image

(e) ()
e. The GE Lunar Aluminum Spine Phantom (ASP)
. GE Lunar, Madison, WI, USA
f. ASP Scan Image
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(2
Anthropomorphic  Spine

g. Hologic Phantom:
Hologic Inc, WalthamMA, USA

h. Hologic Anthropomorphic Spine Phantom Scam
Image

Figure 1, Phantom and Phantom Scan Image
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Table 1, In order to determine the Base Line, ten
measurements were taken on the same day of the
Lunar AL Spine Phantom which was placed on the
Lunar Prodigy equipment without any changes

Phantom L1~L4 BMD

Scan No, Dete (/o)
1 02/02/2009 1,181
2 02/02/2009 1.173
3 02/02/2009 1.176
4 02/02/2009 1,180
5 02/02/2009 1,190
6 02/02/2009 1,174
7 02/02/2009 1.189
8 02/02/2009 1,192
9 02/02/2009 1.177
10 02/02/2009 1,187

Note) Average value : 1,182 g/em®, £1.5% : 0,018, Lower limit : 1,164 g/cm’,
Upper limit : 1,200 g/cm’
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Table 2, In order to determine the Base Line, twenty
measurements were taken every exam day of the Lunar
AL Spine Phantom which was placed on the Lunar
Prodigy equipment

Phantom L1~L4 BMD
Scanno, Date (g/em?)
1 02/02/2009 1.191
2 02/03/2009 1.190
3 02/04/2009 1.189
4 02/05/2009 1.188
5 02/06/2009 1.184
6 02/07/2009 1,186
7 02/09/2009 1.187
8 02/10/2009 1.185
9 02/11/2009 1.189
10 02/12/2009 1.184
11 02/13/2009 1.189
12 02/14/2009 1,184
13 02/16/2009 1.188
14 02/17/2009 1.186
15 02/18/2009 1.189
16 02/19/2009 1.187
17 02/20/2009 1.189
18 02/21/2009 1.189
19 02/23/2009 1.191
20 02/24/2009 1,192

Table 3, Control Table

Date Phantom value(g/cm2) Within Control Limits
03/02/2009 1.188 yes
03/03/2009 1.185 yes
03/06/2009 1,187 yes
03/10/2009 1.187 yes
03/11/2009 1.184 yes
03/13/2009 1.179 yes
03/17/2009 1.183 yes
03/19/2009 1.194 yes
03/20/2009 1.183 yes
03/25/2009 1.1.84 yes
03/26/2009 1,181 yes
03/27/2009 1.189 yes
03/30/2009 1.188 yes

Note) Average value : 1,188 g/cm®, £1.5%: 0,018, Lower limit : 1,170 g/cm?,
Upper limit : 1,206 g/cm’
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Table 4, Participating patients and the number of scans m #A}e] 0|3l RMS-CVi= 1002 J3lo] RMS—
per person %CVE F@E = oty 34" AR AU Hrh=

No, of Scans/patients
31

No. of patients

1
5
10

N W

I

i
ol
oF Wi} E—s}m 4
significant change, LSC)E Zapsithy oA
2o wsle TR 4 Aot £aUe FAY
o 1 959 Aol ABHG ASelAL

wisl 7Rso] 9.4 sneks 2

A Rel

5 AR BUE 24 P 3
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gk W A 159 sk RS
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Standard Deviation(SD), Percentage Coefficient of
Variation(%CV), 1343t AHEEA HIlS LAJSl= F A5t
9] =% H3KLeast Significant Change, LSC)S U
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* L—spine : 1,9%(LSC = 5,3%)
* Total Hip : 1.8%(LSC =5.0%)
e Femur neck : 2.5%(LSC = 6.9%)
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Table 5, Z' Values for Various Levels of Statistical Confidence

Statistical Confidence level(%) Z' Value
99 2,58
95 1.96
90 1.65
80 1.28
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LSC 95 =1,96(pr)1.414 = 2. 77(pr) 4)
LSC 80 =1,28(pr)1.414 = 1,81(pr) 5)

Z2AE ANAS] AW 2o] e 7)THHY) FUS
A7 ok, S4E SUE A5 o]8ste] AeaE 4t

F3to] 95% AlFSEoR FUede] 2778 FsAG
80% AZjrEoR Huosel 1818 Fko] Hagre] 4
el U WS S 5 JUE xS
(LSO7h ZA=Re tph Wge AEsHY Wbt 47
Aole,

7) U= AA Hiel S4Hs)

e A3 =& AXE E
283} fogel Bl A=W 1
of tisiA Ak o= ok ofd Ha &
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23S ol A ES B 34\0]1;]- gz =

o o oA AL AT} 2 HAAP} Hd=d A
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7b 0905 g/em’ 2 SAEehH FUES] 2ol 0,051
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Wl 2 Brhe g Faslth Table 62 A& HANE

= < ST

Table 6, Reliability value according to % CV

Confidence Precision (% CV)

interval(%) 1 125 15 175 2
9 £3.65  +456  £548  £639  £7.30
95 +277 346 +416  +48  +554
90 +2.33 291 +3.50 +4.08 +4.66
85 £204  £255  £306 357  +4.08
80 +1.81 +2.26 +£2.72 +3.17 +3.62
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e Abstract

Accurate Quality Control Method of Bone Mineral Density Measurement
— Focus on Dual Energy X-ray Absorptiometry —

Ho-Sung Kim - Kyung-Rae Dong1'2) - Young-Hwan Ryu3'4)

Department of Nuclear Medicine, Asan Medical Center
Y Department of Radiological Technology, Gwangju Health College University
2 Department of Nuclear Engineering, Chosun University
Y Diagnostic Radiology, Seoul Medical Center
¥ Department of Radiological Science, Hanseo University

The image quality management of bone mineral density is the responsibility and duty of radiologists who
carry out examinations, However, inaccurate conclusions due to lack of understanding and ignorance re-
garding the methodology of image quality management can be a fatal error to the patient. Therefore, ob-
jective of this paper is to understand proper image quality management and enumerate methods for exam-
iners and patients, thereby ensuring the reliability of bone mineral density exams. The accuracy and pre-
cision of bone mineral density measurements must be at the highest level so that actual biological changes
can be detected with even slight changes in bone mineral density. Accuracy and precision should be con-
tinuously preserved for image quality of machines. Those factors will contribute to ensure the reliability in
bone mineral density exams. Proper equipment management or control methods are set with correcting
equipment each morning and after image quality management, a phantom, recommended from the manu-
facturer, is used for ten to twenty-five measurements in search of a mean value with a permissible range of
£1.5% set as standard, There needs to be daily measurement inspections on the phantom or at least in-
spections three times a week in order to confirm the existence or nonexistence of changes in values in ac-
tual bone mineral density, in addition, bone mineral density measurements were evaluated and recorded fol-
lowing the rules of Shewhart control chart, This type of management has to be conducted for the in-
stallation and movement of equipment, For the management methods of inspectors, evaluation of the meas-
urement precision was conducted by testing the reproducibility of the exact same figures without any real
biological changes occurring during reinspection, Bone mineral density inspection was applied as the meas-
urement method for patients either taking two measurements thirty times or three measurements fifteen
times. An important point when taking measurements was after a measurement whether it was the second
or third examination, it was required to descend from the table and then reascend. With a 95% confidence
level, the precision error produced from the measurement bone mineral figures came to 2,77 times the min-
imum of the biological bone mineral density change. The value produced can be stated as the least sig-
nificant change (LSC) and in the case the value is greater, it can be stated as a section of genuine bio-
logical change. From the initial inspection to equipment moving and shifter, management must be carried
out and continued in order to achieve the effects. The enforcement of proper quality control of radiologists
performing bone mineral density inspections which brings about the durability extensions of equipment and
accurate results of calculations will help the assurance of reliable inspections.

Key Words : BMD, accuracy, precision, phantom,
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