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Three-dimensional Microstructural Analysis of
Human Lumbar Vertebrae Using
Microcomputed Tomography in
Bone Metastasis from Prostate Cancer

Tsutomu Tamada

Prostate cancer frequently metastasizes to bone, inducing
osteosclerotic lesions. However, the morphological details
of bone metastasis of prostate cancer have not been clari-
fied. The trabecular bone structure of bone metastasis from
prostate cancer was investigated in three dimensions using
microcomputed tomography (micro-CT). A total of 17 cubes
of the lumbar spine of a 77-year-old man with prostate can-
cer were excised post mortern: four of them from non-meta-
static and the rest from metastatic sites. The samples were
measured using micro-CT with a resolution of 23.2 wm and
the standard structural indices and degree of anisotropy were
computed. After micro-CT measurement, the samples were
tested in a destructive manner for the assessment of mechanical
properties. Samples from the metastatic sites showed sig-
nificantly higher values than those from non-metastatic sites
for bone volume (BV), bone surface (BS), bone volume frac-
tion (BV/TV), trabecular thickness (Tb.Th), and trabecular
number (Tb.N) (p < 0.005). Bone surface density (BS/BV)
and trabecular separation (Th.Sp) were significantly higher
in the samples from non-metastatic sites (p < 0.001). Samples
from metastatic sites showed a more isotropic arrangement
of trabecular bone than those from non-metastatic sites. Three-
dimensionally reconstructed images depictad several different
patterns of sclerotic bone metastasis, and osteolytic appearance
was observed in all of them. Structural parameters such as
BV/TV were well correlated with the mechanical properties
(r=10.899). The present study clarified the trabecular mi-
crostructure of bone metastasis from prostate cancer and
suggests that both osteolysis and osteogenesis progress while
interacting with each other in all phases of bone metastasis.
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Fig. 1 Soft X-ray im-
age of the lumbar spine
(LL2-L5). The sample
was obtained from au-
topsy of a 77-year-old
man with bone me-
tastases from prostate
cancer. The L2 and L5
vertebral bodies are
diffusely involved.
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Table 1 The three-dimensional (3D) microstructural indices

TV (tissue volume: mm?)

BV (bone volume: mm?)

BS (bone surface: mm?)

BS/BV (bone surface density: /mm)

BV/TV (bone volume fraction: %)

Th.Th (trabecular thickness: um) = 2/(BS/BV)

Tb.N  (trabecular number: /mm) = (BV/TV)/Tb.Th
Tb.Sp (trabecular separation: um) = (1/Tb.N) —-Tb.Th
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Table 2 Comparison of Ihree-dimeansional(;BD)mir:rozstructLJral indices between the non-metastatic
and metastatic groups (mean £ SD)

No metastasis(n =11) Metastasis (n = 13) tvalue FPvalue |
BV (mm?) 1.08 +0.26 3.29+1.18 6.07 0.0001
BS (mm?) 23.23 + 4.66 53.81+19.31 511 0.0001
BS/BV (/mm) 21.74 +1.23 16.89 + 3.81 4.03 0.0006
BV/TV (%) 9.76 + 2.36 29.76 + 10.68 6.07 0.0001
Tb.Th (um) 92.30 + 5.59 124.13 £ 28.25 3.66 0.0014
Tb.N (/mm) 1.05 +0.21 2.45+0.87 5.11 0.0001
Tb.Sp (um) $895.34 + 206.30 335.24 + 153.53 7.62 0.0001

BV, bone volume; BS, bone surface; BS/BV, bone surface density; BV/TV, bone volume fraction; Tb.Th,

trabecular thickness; Th.N, trabecular number; Tb.Sp, trabecular separation.
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Fig. 2 Grade 0: normal trabecular bone. The two-
dimensional (2D) (A)and three-dimensional (3D) (B)
images of normal trabecular bone sample from a pros-
tate cancer patient obtained using microcomputed
tomography (micro-CT)are shown. The 2D image was
obtained at a single slice (512 x 512 image matrix),
and the 3D image was obtained from reconstruction
of 250 consecutive slices. The 3D image clearly shows
both trabecular rod-like and plate-like structures, which
are not recognized in the 20) image.
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Fig. 3 Grades 1 1o 4: metastatic trabecular bones. 2D (A)and 3D (B)images of human trabecular bone samples from the prostate can-
cer patient obtained using micro-CT. Tb.N in Grade 1 is greater than in Grade 0. In Grade 2, Tb.Th is also greater, and is markedly so
in Grade 3. In Grade 4, Tb.N is higher and so Th.Sp is less. Tb.Th is also less in Grade 4, however.
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Fig. 4 Grade 4. 2D image of trabecular bone sample from the
prostate cancer patient obtained using micro-CT. The image
shows sclerotic change as well as osteolytic change of trabe-
cular bone,
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Fig. 5 Relation between bone volume fraction
(BV/TV)obtained from micro-CT and stiffness
in the samples from metastatic sites.
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