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Abstract

In Bone Mineral Density(BMD) measurements, accuracy
and precision must be superior in order to know the
small changes in bone mineral density and actual
biological changes, Therefore the purpose of this study
is to increase the reliability of bone mineral density
inspection through appropriate management of image
quality from machines and inspectors, For the machine
management method, the recommended phantom from
each bone mineral density machine manufacturer was
used to take 10 25 measurements to determine the
standard amount and permitted limit, On each
inspection day, measurements were taken everyday or
at least three times per week to verify the whether or
not change existed in the amount of actual bone
mineral density, Also evaluations following Shewhart
control chart and CUSUM control chart rules were made
for the bone mineral density figures from the phantoms
used for measurements, Various forms of management
became necessary for machine installation and
movement, For the management methods of inspectors,
evaluation of the measurement precision was conducted
by testing the reproducibility of the exact same figures
without any real biological changes occurring during
reinspection, There were two measurement methods
followed: patients were either measured twice with 30
measurements or three times with 15 measurements, An
important point to make regarding measurements is that
after the first inspection and any other inspection
following, the patient was required to come off the
inspection table completely and then get back on for
any further measurements, With a 95% confidence level,
the precision error produced from the measurement bone
mineral figures produced a precision error of 2,77 times
the minimum of the biological bone mineral density
change (Least significant change: LSC). In order to
assure reliability in inspection, there needs to be good
oversight of machine management and measurer for
machine operation and inspection error, Accuracy error
in machines needs to be reduced to under 1% for
scientific development in bone mineral density machines,
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a. Bio-Imaging Bone Fide Spine Ohantom (BFP): Bio-Imaging Technologies Inc. NewtownPA ,USA
b. BFP Scan mage

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

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



0. Hologic Anthropomorphic Spine Phantom: Hologic Inc. WalthamMA,USA

h. Hologic Anthropomorphic Spine Phantom Scam Image

Fig. 1 Phantom and Phantom Scan Image
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Table 1. Base Line M7 2 Yot} U2 I AA] iR 90| Lunar Prodigy MHIZ Lunar AL Spine
Phantom& 20Y =%t

Phantom Scan no. Date L1-L4 BMD (g/cm?
1 03/02/2009 1.191
2 03/02/2009 1.190
3 03/02/2009 1.189
4 03/02/2009 1.188
5 03/02/2009 1.184
6 03/02/2009 1.186
7 03/02/2009 1.187
8 03/02/2009 1.185
9 03/02/2009 1.189
10 03/02/2009 1.184

11 03/02/2009 1.189
12 03/02/2009 1.184
13 03/02/2009 1.188
14 03/02/2009 1.186
15 03/02/2009 1.189
16 03/02/2009 1.187
17 03/02/2009 1.189
18 03/02/2009 1.189
19 03/02/2009 1.191
20 03/02/2009 1.192

Note) B 2k 1.188 glon?, £15% 0018, 8t5H1 2H2|: 1.170 glem’, AbsHs| 2¥2|: 1.206 glem’
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Date Phantom value(g/cm? 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
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Statistical Confidence
Z' Value
level(%)
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90 1.65
80 1.28

Table 4= AlFEo] thefdt ghas HojFa Qlrh
oJ® 3} Precisionfto|t base line, follow up &7 3l
oF W3} o] A3 A3 FAHCR fojds e
2 3}, 4] 49} 524 5= 95%, 80%AIE|EIAM 2 ¥
Aol ¥& 79 FE HojF=ar Qlok

LSC"=1,96(pr1,414=2. 77 (pr) o (4)
LSC™=1, 28(pr)1, 414=1, 81(pr) - (5)
248 AR JUexe] T /w4



Precision®] Alg§E wj7}x]= LSC7} 575]]_41% /‘n‘ag
ofmg TUE 24 @ 4 ks AL W el
2715 ofdl 1) sudyoll ot A WEolof B
T} Precision study= EAM#0l & oz 314
etk et I5S Holw AMe 5 |

21 9l YRS 77N} scang ARBHAL A
of Fagh Wslh AACH s AlRsor g,
Precision studyo] Z7|st A= exkd oz A8 =
@ w5 gkl 4 walete] djg o E(RA
%% ojof ﬂi} uhe) BT ZHo| EAlH: Al
SolAU £ 1 o4 tol ofust ol

re = "—/\}X} %7} Precision studyS A3ya
GAHoR S ol 4 = UE 2
g Zoltt, YT o YTt BE ATE 4
Y = A== Precisionghe £A4] 3
Precision G35 a4 AAA Q] body size®} AAFA

T E 71—% A7rst Fe /\}EP: e} EHA]—_Q 5}

0 rlo

il

_:L

£ 3] o/\}/ﬂ/\}«] positionning ¥} Analys1s3]‘%
TS AR sl Aolth o] AET 9 Precision
e 11 HYS HESF= Precision §OE AR
o webd gulo] ol oRE wAEL 2
Quie o 4 G AN W) B
A3} data S BEst] Qlold] 79 27
& RN U BA it Yol
1) oj70] A ol prhE TFH

<A o o o
o -y B oW e orle

4
I‘II‘

o ot Y o
£Q,

m Z2=

TUE 2747|159 A Hgo] diFt AP U=
S ek Y4 AFIA Hoh 943 A4 v
He Q73T olgdt WHES Heelu U =
UE HHE AFehs dof uj$ Fad agloch v
oF A& we7} wieksAY ok, AplAl AlFE

OHH —4/\}7} “}ﬁ 23 o s Ad(error)E

WOy 4 glonl, Wl diet ek 24k e
oA e FFE 1A 5= ek 2o upe B
A e a A g Rolm, dy $i BAE

/\
of wept 5l rrﬂ olgr Fask ATE U 57 ok
e G gt FUE 59 £ B
] ]

ol B AAS A el A9
Asslojof g} Telm % A3}y
of Afejoh HAMS] YL @

ARR7E o]E HA|ska AH]|

Aol Holu== 3}

AIAGRE S5 245 ek AEHe F

A

FE Aol UL AHlE Holo wdR sl

Au)9] A3t @ xHAccuracy Error)7} 1%0|U=2 £%17]
wo] Hulpelel 23ael FAZL @ A oAe
Z itk gAY AlEA gEe =35 & 9]

ok,

(1]

I 212N

Md

Ward, K, A, Cotton, J, and Adams, J E
“Atechnical and clinical evaluation of digital
X-ray radiogrammetry” , Osteoporosis

International, Vol, 14, No, 5, pp. 389—-395,

[2] Gundry, C.R, Miller, C.W. Ramos, E, Moscona,

(3]

(4]

(5]

A, Stein, J A, and Mazess, R.B., "Dual—energy
radiographic absorptiometry of lumbar spine,
Clinica experience with two different systems,
J. of Radiology, Vol, 174, pp. 539-541, 1990,
Ku, Y.M, Jee, W.H, and Choe, B.Y., "Relation
ship between bone mineral density of lumbar
paraspinal Muscles by Quatitative Computed
Tomography, J of Korean Radiol, Soc,, Vol,
38, pp. 163-167, 1998,

Sydney, L.,B, and Lori, AL, 'MRT, CDT:
Bone  Densitometry  for  Technologists",
Texas—Women' s university, pp. 169—220,
2002,

Cho, J.A, Kim, S,W, Kim, A, Ku, J. R. and
Kim, Y.T., "Standardization for dual energy



[10]

X-ray absorptiometry’, Korean J, of Med.,,
Vol, 52, No, 4, pp. 44, pp. 5-448, 1997,
BER, 232, "olF ouA XA FF ASHe
BT EMD A4 A WA 4 9 71EH
S B4 WA 7143 Vol 29, No, 4, pp.
229-236, 2006,

Gluer, C.C,, "Accurate assessment of precision
errors. how tomeasure the reproducibility of
bone densitometry techniques", Osteoporos Int,
Vol, 5, No, 4, pp. 262—270, 1995,

A, BUE 240 T2 A", TRl
8}352], Vol, 38, No, 4, pp. 275—281, 2004,
Angela, J, and Feyerabend, J.1, "Regional
variations in bone mineral density as
assessed with dual—energy photon
absorptiometry and dual x—ray
absorptiometry", J, of Radiology, Vol, 183, pp.
467-469, 1993,

Y ZFE ‘29 o4o] QEo mEIun
277 | =S X783 A], Vol, 7, No, 1,
pp. 54—63, 2001,

r=
rHl

1>

112941





