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Fundamental Evaluation of Bone Densitometry Using
Dual Energy X-ray Absorptiometry (DEXA)
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A newly developed instrument based on dual energy X-ray absorptiometry (DEXA), Hologic QDR-
1000, was evaluated fundamentally and clinically. Image quality was quite satisfactory though
radiation exposure was minimal, 780.2 nC/kg (3.024 mR) for lumbar measurement. Reproducebility of
the repeated measurement of a phantom was fairly good; 0.343 CV% in a same day and 0.520 CV% in a
long period. Accuracy determined by measurement of potassium phosphate solution was also
satisfactory. Bone mineral densities measured by this instrument were fairly correlated with those
measured by single energy quantitative CT; coefficient was 0.740 for 17 patients. Mix-DP plates of
more than 10 cm thick overestimated the bone mineral densities of a phantom. Bonie mineral densities
of Japanese normal volunteers were in the normal range (mean 1 2SD) of the Americans though
mostly lower than the mean. In patients with spondylosis deformans or prominent aortic calcification,
bone mineral densities might be overestimated. Lateral view was obtainable though its reproducibility
was not good. Positioning especially for measuring femoral neck was quite critical for reproducible
measurement. In conclusion, this new instrument is quite accurate and saticefactory for clinical
application to measuring bone mineral densities.
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Fig. 1 Structure of a newly developed instrument
based on dual energy x-ray absorptiometry
(DEXA), Hologic QDR-1000.
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Table 1 Reproducibility of the measurement

Object of Times of o
measurement measurement CV%
Spine phantom 10 0.343
Spine #1 3 0.603
” 2 3 0.993
Lateral spine 3 1.199
Femoral neck 0.809
Femoral trochanter 3 0.433
Ward's triangle 3 0.951
1.05
m= | e - . ° . -
1028 |44 - *- pee- - - - P e SRR R
h oo™ g =
§ oo
El
0.95
n=3
m = 1028
| s.d. = 0.005
-f c.. = 0.520 %
Aug1988 Sep Oct .llw Dec Jan1989 Feb Mar

Fig. 2 Long term reproducibility evaluated by
measuring a phantom.
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Fig. 3 Correlation of the concentration of K,
HPO, solution and bone mineral densities mea-
sured by QDR-1000.
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Fig. 4 Correlation of the bone mineral densities
measured by quantitative CT and QDR-1000.
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Fig. 5 Effect of thickness of Mix-DP plates on
measuring bone mineral densities of a phantom.
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Fig. 6 Bone mineral densities of Japanese normal
volunteers plotted on American normal database.
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Region Area BMC BMD Region Area BMC BMD
(cm2) (grams) (gms/cm2) (cn2) (grams) (gms/cmnz)
L1 13.52 14.68 1.886 L1 16.17 16.54 1.823
Lz 13.51 16.86 1.189 Lz 15.83 13.72 a.912
L3 16 .88 18.51 1.151 L3 16.58 15 .48 A.934
L4 17.72 22.24 1.255 L4 18.94 21 .88 1.189
TOTAL 668.82 71.49 1.175 TOTAL 66.72 66 .74 1.888

Fig. 7 Measurement of lumbar spine of a normal volunteer in supine (A) and
lateral (B) position

Region Area BMC BMD Region Area BMC BMD
(cm2) (grams) (gms/cm2) (cm2) (grams) (gms/cm2)
Neck 3.73 4.83 1.888 Neck 4.43 5.38 1.213
Troch 11.44 9.31 8.813 Troch 7.51 7.12 8.949
Inter 208.66 25.52 1.235 Inter 22.31 38.58 1.371
TOTAL 35.83 38.86 1.884 TOTAL 34.25 43.89 1.258
Ward’'s 1.87 0.84 B8.789 Ward’s 1.88 1.13 1.839

Fig. 8 Effect of positioning on measuring femoral neck and trochanter : inner
rotation (A) and outer rotation (B).
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DEXA iz L 2 BHER

Flegion Aresa BMC BMD Region Area BMC BMD
(em2) (grams) (gms-cmz) (em2) (grams) (gmsscmi)
L1 14 .59 9.27 8.635 L1 14 .59 2,27 B.&635
Lz 15.89 i8.78 a.679 L2 15.89 i3.78 B.&679
L3 18 .89 14.38 8.791 L3 16 .48 12.49 B.758
L4 22 .55 17.82 8.798 L4 20 .49 15.42 B.752
TOTAL 7i.11 5zZ.18 a.734 TOTAL 67 .46 47 .96 B.711

Fig. 9 Effect of sclerotic change (white arrow) due to spondylosis deformans on
measuring lumbar spine ; including (A) and excluding (1B) the osteophyte

(black star).

Fegion Area BMC BMD Fleg ion Area BMC BMD
CemZ) (grams) (gms cmz) (emZ) (grams) (gmsscm2)

L1 13.68 9.26 B.681 L1 13.68 9.26 B3.681
L2 i5.28 11.73 B8.768 L2 13.36 9.98 3.747
L3 23.74 21.86 8.921 L3 8.88 3.88 3.888
L4 28 .48 15.21 8.746 L4 15.77 12.35 a.783
TOTAL 73.82 58.86 B8.795 TOTAL 42 .74 31.59 a.739
Fig. 10 Effect of calcification of the aortic wall (white arrow) on measuring

lumbar spine ; including (A) and excluding (B) the calcification.
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