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Bone Mineral Density Measurement of Rats Using Dual-energy X-ray
Absorptiometry: Precision of In Vivo Measurements for Various Skeletal
Sites with or without Repositioning

Dong Hyun Oh, MD.!, Jae Ho Jung, MS? Sang Keun Woo, Ph.D2 Gi Jeong Cheon, MD.¥,
Byung I Kim, M.D.u, Chang Woon Choi, M.D.“, and Sang Moo Lim, MD."

IDepartmem‘ of Nuclear Medicine and *Lab. of Nuclear Medicine Basic Research,
Korea Institute of Radiological & Medical Sciences, Seoul, Korea

Purpose: Bone mineral density (BMD) measurements need to be precise enough to be capable of detecting small
changes in bone mass of rats. Using a regular dual-energy X-ray absorptiometry (DXA), we measured many BMD
of various skeletal sites in rats to examine precision of DXA in relation to the repositioning on the bones of rats.
Materials and Methods: Using DXA and small animal software, scans were performed 4 times in all 12 male rats
without repositioning (Group 1Ta). Another four scans for 6 of 12 rats were done with repositioning between scans
(Group 2). Customized regions of interest (ROIs), encapsulate the right hind limb, L1-4, skull and pelvic bones were
drawn at each measurement. The precision of the measurements was evaluated by measuring the coefficient of
variation (CV) of four measurements of BMD at each skeletal site of all rats with or without repositioning.
Significance of differences between group 1b Gix rats out of group Ta, which were come under group 2) and
group2 were evaluated with Wilcoxon Signed Rank Sum Test. Results: CVs obtained at different skeletal sites of
all measurements in Group 1b and 2. It was 3.51£1.20, 2.62£1.20 for the hindlimb (p=0.173), 3.83£2.02, 459+2.02
for L1-4 (p=0.600), 3.73%1.87, 1.53£0.89 for skull {p=0046), and 2.92+0.60, 1453060 for pelvic bones (p=0.075).
Conclusion: Qur study demonstrates that the DXA technique has the precision necessary when used to assess
BMD for various skeletal sites in rats regardless of repositioning. (Nucl Med Mol Imaging 2009;43(1):72-78}
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Figure 1. Customized ROIs are defined for (1) hindiimb, (2)

lumbar spine, (3) skull and (4) pelvic bones(for further details,
see the text).
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Table 1. Precision of BMD Measurement for Various Skeletal Sites

Skeletal site No.of rats No.of scans BMD(g/cm2)* CV(%)
Without repositioning (Group 1)
o 0.170:0013 3.420+1.487
Hindt limb 12 48 (0.136:0.198) (1272-5.617)
. 0.1930013 3.505+1.433
Lumbar spine 12 48 (0.164-0.221) (1.623-6.543)
0.318+0.025 2264+2.010
Skul 12 48 (0.280-0.368) (0.356-5.712)
, 0.186£0,014 2.886+1.173
Pelvis 12 48 (0.153-0217) (0.912-4.834)
p=0.207
With repositioning (Group 2)
. 0.188+0.006 262441202
Hind fimb> 6 24 (0.1770.199) (1.110-4.608)
. 0.202:0014 4.585+2.003
Lumbar spine 6 24 (0.179-0.237) (2.900-8.504)
0.324+0017 1.533+0.893
Skul 6 24 (0.292-0.355) (0.391-2.109)
- 0.211+0.007 1.451+0.603
Pelvis 6 2 (0.198-0.223) (0.707-2.225)
0=0.002

*Results of BMD assessment and their coefficient variation (CV) with and without repositioning. Four consecutive measurements were

carried out for each anatomical location.
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Table 2. Positioning Dependence of the Precision of BMD Measurement (h=6)

FOIA OIZUILAXI A SEE 018

AB ZELIM THRIX] MRl 2

AU =39 ¥2E

Without repositioning

With repositioning

Skeletal site CV(%) for BMD CV(%) for BMD p-value
Hind limb 3.513+1.423 2.624+1.202 0.173
(1.272-5.524) (1.110-4.608)
Lumbar spine 3.827£1.413 4,585+2,023 0.600
(2.624-6.543) (2.900-8.504)
Skull 3.727+1.872 1.53310.893 0.046
Pelvis (1.747-6.131) (0.391-2.109)
2921+1.177 1.451+0.603 0.075
(0.912-4.488) (0.707-2.225)
Significance of the Difference of the Precision in Relation to the Positioning.
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Figure 2. Bland Aliman plots between BMD measurement without (group 1b) and with repositioning (group 2) for hindlimb (A). lumbar

spine (B). skull (C) and pelvic bones(D) from Table 2.
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