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In measurement error of Bone Mineral Density examination between the radiologists and
the automatic analysis software with the update of the measuring apparatus
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[Abstract]

In 2018, we update of the bone mineral density measuring apparatus in a Nagoya City Midori Municipal Hospital. We
enabled measurement the lumbar vertebrae and the proximal femur with the update. We examined it with the ante-
brachial bone specialized equipment which did not require the analysis work after the examination until now, but the
analysis work after the examination was required with device update. Also, this examination require follow-up for a long
term, and this was concerned about the reproducibility, we tried the with results of the automatic analysis by a device
and manual analysis. But a significant difference has been found in analysis results. Therefore, we comparisoned about an
analysis difference between the radiologists with the experience and radiologists whom examined for the first time.

As a result analysis of lumbar vertebrae and proximal femur, the significant difference was not found between radiolo-
gists. In the examination of bone mineral density measurement, the reproducibility is important for follow-up for a long
term.

It was suggested that between radiologist could perform highly reproducible examinations by having a common un-
derstanding of measurement and analysis methods.
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Fig.1 Changes in the number of DXA method by requested department
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201844 H 76 20194E3 H % T2 % L Ieiiz &
O EMEMm 5% FIV, HERl I O AT 2212 D\ TIRASRREER
Db 5 B IRGHREI (LUF, BiA) #3EHEL LT
MOFHRIZ AN (DUF, H#iB-C-D) &, EEoO
BRATIRE (HH Y U 7o Bl (Rl A 2 & $0 D % B < Fr
BAERIS AD T v &£ 221y 0 PUF, HRE), 36
V2 HERAT O IENT RS R 2 ik L 7 (Table 1). A%
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ToLL Lk, FEEAZOMMIZLVT, B
A2 2 12H 3B 6T, SRIONRZEEE N
BAED 12 BB O IR EX BT S L OIRET
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Table 1 Experience as a radiologists and
inspection experience

Years of Inspection
work experience

Radiologist (A) 12 O
Radiologist (B) 3 x
Radiologist (C) 5 x
Radiologist (D) 7 X
Radiologist (E) 3~30 X

(5 radiologists except A to D)
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lumbar spine

proximal femur

Fig.2 Analyzing range and location of the lumbar spine and proximal femur by DXA method

(A) lumbar spine using the footrest

(B) proximal femur using a special fixture

Fig.3 Positioning when measuring the lumbar spine using the footrest (A) and positioning when
measuring the proximal femur using a special fixture (B)
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1. BHEU & SEERZE DIEHERTZ=
Mep 8 OIEME - 35 0F 2 Befilids & OF BBIFAT OfFAT T
WYt & BRI 2R L7 (Table 2). $ifiiA %
FHE L LICHIB~E 2 W Z W O Z=oHMix i (b
~e) OFHR, 40713 0.003 (g/cm?), 45713 0.002
(g/cm?), 50713 0.003 (g/cm?), 55i%3.0.002 (g/
cm?), 607% (30.002 (g/cm?), 65i% 120.003 (g/
cm?), 70713 0.002 (g/cm?) Tdh -1 (Table 3).
Friedman i€ TEETORIZH W TP>0.05T,
MG EEERED o2, Jhcwil, HEiA
T JLHE LU T2 HBYRAT OIFNT 2 OMEHE (auto) &
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Table 2 Mean and standard deviation of the lumbar spine of the examiners performed by an automatic
analysis and radiologists

Year 40 45 50 55 60 65 70
A Average (mg) 0.954 0.939 0.882 0.899 0.838 0.801 0.813
Standard Deviation 0.099 0.112 0.141 0.141 0.135 0.105 0.127
B Average (mg) 0.953 0.939 0.881 0.899 0.837 0.801 0.813
Standard Deviation 0.097 0.111 0.14 0.14 0.134 0.105 0.128
c Average (mg) 0.953 0.938 0.882 0.899 0.837 0.801 0.812
Standard Deviation 0.098 0.112 0.141 0.141 0.134 0.105 0.128

5 Average (mg) 0.954 0.94 0.882 0.901 0.838 0.802 0.81

Standard Deviation 0.097 0.113 0.141 0.142 0.135 0.105 0.13
e Average (mg) 0.953 0.938 0.88 0.9 0.836 0.801 0.814
Standard Deviation 0.098 0.112 0.14 0.141 0.135 0.105 0.129

Auto Average (mg) 0.948 0.931 0.873 0.892 0.832 0.785 0.81
analysis Standard Deviation 0.097 0.108 0.139 0.144 0.117 0.101 0.136

Table 3 Absolute value of the differences in lumbar spine analysis of examiners between radiologists and
automatic analysis

Year 40 45 50 55 60 65 70
b 0.00245 0.00145 0.00232 0.00218 0.00165 0.00242  0.00227
Average (mg) c 0.00271  0.00167 0.00379 0.00235 0.00195 0.00263  0.00253
of Measurement d 0.00315  0.00249  0.003269 0.00265 0.0024  0.00405  0.0028
difference from A
e 0.00325 0.00215 0.00233 0.00259  0.00295  0.00389  0.00207
auto  0.00755 0.0125  0.01442 0.015949 0.01725 0.01879  0.02173
b
P-value between c
groups Bto E 0.525 0.0529  0.468 0.986 0.394 0.0997  0.271
(Friedman) d
e
o b 0.00012  0.00073 0.00325 0.000265 0.000262 0.000288 0.00306
P-value of significant
difference from c 0.00014  0.00093 0.0229  0.000159 0.000747 0.000413 0.00856
?UthatiC )a”a'ySiS d 0.00021 000784 0.0483  0.000674 0.00346  0.00751  0.021
Wilcoxon e 0.00023 0.00276 0.00354 0.000452 0.0139  0.0175  0.00242

0.025
§= P<0.05
L
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0.02 P<0.05
g P<0.05
§ P<0.05
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Fig.4 Analysis difference in the lumbar spine of the radiologists
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407%120.008 (g/cm?), 45i%1%0.013 (g/cm?), 50
i 130.014 (g/cm?), 555% 30.016 (g/cm?), 607k
130.017 (g/cm?), 65#% 120.019 (g/cm?), 70 11
0.022 (g/cm?) Tdh 1. Wilcoxon g Tk, b~
etauto® ZNZNIEL L IChEE, &TOM It T
P<0.05 L 7%Y, Hehlif b HEYFNTH T34 TOE#
THEZEZRDI: (Fig.d).

2. BEARRZEDREES KUKBEREUERD
Rt =
JBEHED R 6 & OF HBY#NT OFNT PI935 & OOFtE
iz %R L7c (Table 4). Hfili A & BihliE O AT 2
OffixHE (e) OFIE, 705 A T1X0.005 (g/
cm?), 70~74iEDOB T0.004 (g/cm?), 75~79%
DHE L 80~84iEDEET120.005 (g/cm?), 85~89

%% & FO0ELL EOBETIX0.007 (g/cm?) Th-1e
(Table 5). ZAuzkfL, FhBA & BHBEFT R O
ZOMHE (auto) DFHE, TOREAT Tl 0.034
(g/cm?), 70~74i% O # T0.036 (g/cm?), 75~
7OREDEE L 80~84EDHET130.038 (g/cm?), 85
~89iEDEE L 90 LL LT3 0.041 (g/cm?) T
H o 12, Wilcoxon g Tk, £TOED e tauto’
X P<0.05 L 7 Y HEE 2B (Fig.5-A). [k
CRBRE AR OFRG A & HHRl E 45 & O HBY#ENT O
WrF¥ftiss & OB fR =2 /R L 7c (Table 6). Hchii
H OFRMT 2 DHEHE (e7) DI, 7oA DR
L 85~89 D T130.009 (g/cm?) T, Z OB
#T130.010 (g/cm?) Th-1: (Table 7). i
L, BAA L HEENTH (auto”) T, 70k
WORED L 80~84 DM £ T0.016 (g/cm?), 85

Table 4 Mean and standard deviation of the lumbar spine of orthopedic examiners performed by an

automatic analysis and radiologists

Year ~69 70~74 75~79 80~84 85~89 90~

A Average (mg) 0.7847 0.7628 0.7778 0.7906 0.7379 0.7151
Standard Deviation 0.1315 0.1961 0.1193 0.1429 0.1472 0.1516
c Average (mg) 0.7841 0.7631 0.7811 0.7913 0.7394 0.7045
Standard Deviation 0.1304 0.1974 0.1166 0.1454 0.1467 0.1449
Auto Average (mg) 0.7769 0.7411 0.7713 0.7775 0.7235 0.7045
analysis  Standard Deviation 0.1439 0.1763 0.1024 0.1374 0.1393 0.1245

Table 5 Absolute value of the analysis difference between radiologist and automatic analysis in the lumbar
spine of orthopedic examiners

Year ~69 70~74 75~79 80~84 85~89 90~

Average (mg) e 0.00507 0.00382 0.00453 0.00501 0.006833 0.007233
of Measurement
difference from A auto’ 0.03363 0.03649 0.03751 0.03777 0.040833 0.041167
P-value of significant e
difference from
automatic analysis o 0.00001 0.00001 0.00013 0.00001 0.00001 0.00001

u

(Wilcoxon)

Table 6 Mean and standard deviation of the proximal femur of the orthopedic examiners performed by an

automatic analysis and radiologists

Year ~69 70~74 75~79 80~84 85~89 90~
A Average (mg) 0.5508 0.5544 0.4988 0.5298 0.4595 0.3982
Standard Deviation 0.0849 0.1072 0.1077 0.0961 0.1064 0.0925
£ Average (mg) 0.5466 0.5528 0.4976 0.5289 0.4559 0.3968
Standard Deviation 0.0922 0.1066 0.1028 0.0965 0.1041 0.0926

Auto Average (mg) 0.5586 0.5582 0.5052 0.5351 0.4696 0.4061
analysis Standard Deviation 0.0931 0.1029 0.1004 0.0959 0.1057 0.0941

18 (698) & HAZHMATHEMIATEE 2021, vol.68 no.825



BEENCEEOEHICNS, DRNSREINSSULBRIT 7N I7 ORISR

Table 7 Absolute value of the analysis difference between radiologist and automatic analysis in the proximal

femur of orthopedic examiners

Year ~69 70~74 75~79 80~84 85~89 90~
Average (mg) e 0.00921 0.01011 0.009933 0.010233 0.009267 0.009733
of Measurement
difference from A auto” 0.01593 0.016067 0.016067 0.016133 0.016633 0.0167
P-value of significant .
difference from
automatic analysis . 0.01941 0.01691 0.0442 0.0425 0.0224 0.0104

u

(Wilcoxon)

P<0.05 P<0.05
p<o0z P<0.05 P<0.05 ]
004 5005 ]

Bone density analysis difference (g/cm?)
o
N

HE Auto analysis

P<0.05 P<0.05

P<0.05 P<0.05 P<0.05 P<0.05

0.016

0.012

- | | | ‘ | |

0.004

Bone density analysis difference (g/cm®)

EE Auto analysis

(A) lumbar spine

(B) proximal femur

Fig.5 Analysis difference of lumbar spine (A) and proximal femur (B) of orthopedic radiologist
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(C) proximal femur manual analysis

(D) proximal femur automatic analysis

Fig.6 Manual analysis image and automatic analysis image of the lumbar spine and proximal femur
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