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Microarchitecture of Trabecular Bone in Type 2 Diabetic Rats
— Three-dimensional Analysis Using Microcomputed Tomography —

Hidenao Miyoshi

Unlike type 1 diabetes mellitus, type 2 diabetes shows a low frequency of low bone mass, and it
has been questioned as a cause of osteoporosis. However, it has recently been reported that type 2
diabetes is related to the increase in a fracture risk, and the existence of the factor except for low
bone mass is suggested as the mechanism. In this study, the change of microarchitecture of

trabecular bone in diabetes mellitus was studied using type 2 diabetic rats, and its significance in the
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pathophysiology of the diabetic osteoporosis was examined.
Type 2 diabetic rats (OLETF, n = 7 — 11 for each group) of 14, 28, 42 and 56 weeks old
and control rats (LETO,n = 8§ — 11 for each group) of the same week old were used for the study.

After the sacrifice, the fifth lumbar vertebral body (LV), proximal tibial metaphysis (PT), and

distal tibial metaphysis (DT) were scanned by microcomputed tomography (micro-CT) with

the slice thickness of 14.1-18.6 um and the pixel size of 17.6-23.2 ym. Three-dimensional

image data were analyzed by the image analysis system to evaluate trabecular bone volume fraction,

trabecular thickness, number, separation and connectivity, trabecular bone pattern factor, structure

model index, and degree of anisotropy. The third lumbar vertebral body was compressed to obtain

the breaking force.

In all week groups, body weight and blood glucose levels were higher in OLETF rats. OLETF

rats showed higher values of bone volume fraction in LV at 14 weeks old and in DT at all week

groups. On the other hand, at 42 and 56 weeks old OLETF rats showed lower bone volume fraction
in PT. The trabecular structure of LV in OLETF rats was rod-like and less connected at 28, 42

and 56 weeks old, whereas DT in OLETF rats showed plate-like and more connected structure at all

week groups. The breaking force of LV was significantly lower in OLETF at 42 and 56 weeks old.

These results indicate that the bone change in diabetes mellitus greatly varies among the skeletal

sites, and suggest that, in the mechanically less loaded site like lumbar vertebra, the deterioration of

trabecular microstructure is highly responsible for the decrease in bone strength. (Accepted on August
9, 2003) Kawasaki Igakkaishi 29(2) . 131 —143, 2003
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Fig. 1 Mid-sagittal tomograms of the fifth lumbar vertebral
body (A), proximal (B) and distal (C) tibial me-
taphyses. Each arrow indicates the scan region for the
acquisition of three dimensional CT data.
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Table 1. Parameters for the quantification of three-dimensional cancellous

bone architecture
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Connectivity Density (CD)

Trabecular Bone Pattern Factor (TBPf)
Structure Model Index (SMI)

Degree of Anisotropy (DA)
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Fig. 2 Body weight changes of OLETF (open circles)
and LETO (closed circles) rats from 14 to 56 weeks
of age. Mean = SD. OLETF vs LETO rats ;
#p<<0.001, °p<0.01, and p< 0.05.
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Table 2. Blood glucose, fructosamin, triglyceride, cholesterol, Ca, and P levels

in OLETF and LETO rats
age (weeks)
group 14w 42w 56w
(=7~10) @®=7) (@=11)
Glucose (mg/dl) OLETF 3709 % 107.3° 3750 + 1204 525.6 + 204.3"
LETO 250.3 =+ 48.3 286.8 £ 69.6 2436 £ 755
Fructosamine (x mol/L) OLETF 582.7 * 36.1° 358.7 £ 532 380.0 £ 60.4°
LETO 5263 =+ 30.8 3163 £ 17.7 299.0 = 36.0
Triglyceride (mg/dl) OLETF 1204 = 34.9° 3764 % 201.9° 529.1 % 250.2°
LETO 72.7 £ 25.0 67.6 = 27.8 69.3 £ 213
Cholesterol (mg/dl) ~ OLETF 110.0 & 104° 1756 & 36.6° 2432 =+ 474°
LETO 919 * 32 999 £ 11.8 106.0 = 11.1
Ca (mg/dl) OLETF 10.0 = 0.3 10.0 = 04 10.5 = 0.8
LETO 103 = 0.2 106 £ 14 105 £ 1.1
P(mg/dl) OLETF 74 £ 1.0 59 £ 0.7 65 £ 1.5
LETO 83 £ 09 77 x 34 6.5 = 23
Values are mean+ SD. OLETF vs LETO rats ; *p<0.001, °p<0.01, and
°p<0.05.
Table 3. Trabecular bone parameters in the fifth lumbar vertebral body
age
group 14w 28w 42w 56w
(n=10) (n=10) (n=7~8) (n=11)
BV/TV (%) OLETF 4505 + 2.55° 4899 * 3.17 3528 * 2.13 3092 * 4.15
LETO  41.00 * 329 4849 * 556 3671 * 234 32,97 * 2.95
Tb.Th(um) OLETF 7842 * 346° 96.02 * 757 7291 * 3.59 69.71 = 7.58
LETO 7092 *+ 4.90 91.68 * 1033 7133 * 435 7175 £ 691
Tb.N (/mm) OLETF 574 %= 0.14 511 % 0.17° 484 + 022° 443 * 025°
LETO 578 * 0.10 529 * 0.15 5.15 *+ 0.06 460 * 0.17
Tb.Sp(um) OLETF 9581 * 628 99.89 + 630 134.06 *+ 9.53° 15670 £ 15.95
LETO 10222 = 7.1 97.52 = 1154 12301 * 518 14588 £ 831
CD OLETF 10538 + 821 60.81 % 732 6565 % 9.99 54.78 = 7.07
LETO 106,53 = 541 63.50 £ 8.64 6921 + 473 5433 * 1272
TBPf(/mm) OLETF  -2.74 % 1.63 -6.57 * 125° 237 £ 136 3.93 + 1.30°
LETO  -227 + 2.08 -838 = 155  -0.26 * 0.70 077 + 158
SMI OLETF 054 = 022 034 = 032° 094 = 0.10° 1.00 * 0.13°
LETO 051 * 022 -002 = 033 046 * 0.12 0.66 = 022
DA OLETF  1.82 * 0.08 175 % 0.05* 187 * 0.09° 1.83 = 0.11
LETO 198 = 0.04 1.87 % 0.05 197 = 0.05 1.90 + 0.07
Values are mean= SD. OLETF vs LETO rats ; p<0.001, "p<0.01, and

p<0.05.
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Table 4. Trabecular bone parameters in the proximal tibial metaphysis

age
group 14w 28w 2w S6w
(n=10) (n=10) (n=7~8) (@=11)
BV/TV (%) OLETF 33.08 = 4.68 3198 = 3.30 17.82 * 3.66° 13.53 = 4.90°
LETO 2920 £ 320 3632 £ 4.88 2473 * 3.04 21.40 £ 3.85
Tb.Th(zm) OLETF 6537 = 4.08° 73.69 = 3.73 61.14 £ 639 63.60 £ 8.38
LETO 61.51 £ 334 76.60 = 4.03 65.89 £ 3.54 67.52 £ 4.56
Tb.N (/mm)  OLETF 5.04 = 044 434 £ 035 290 * 0.31° 2.07 £ 0.57°
LETO 4.74 £ 027 4.73 £ 0.50 3.74 = 028 3.15 = 045
Tb.Sp(um) OLETF 134.49 + 22.13 158.34 * 21.04 287.65 * 40.87° 459.19 *+172.65
LETO 15026 £ 14.79 136.77 £ 23.54 202.75 £ 23.95 257.13 = 62.64
CD OLETF 8846 + 1732 6435 * 1453 3178 = 3.65° 1471 = 5.42°
LETO 84.06 = 7.64 7126 *x 13.01 4699 * 525 2923 = 7.13
TBPf(/mm) OLETF 1039 = 272 044 £ 1.26° 1529 = 1.86° 16.53 = 2.92°
LETO 1134 £ 1.75 -1.68 = 2.57 1270 £ 141 13.80 = 2.08
SMI OLETF  2.03 = 020°  1.82 % 0.13° 222 £ 0.16° 229 £ 0.25°
LETO 1.83 = 0.14 1.63 = 0.28 1.90 = 0.17 2.03 = 022
DA OLETF 1.55 = 0.04 1.34 £ 0.05° 124 = 0.05 1.19 = 0.06
LETO 1.56 = 0.02 126 = 0.05 127 £ 0.04 1.22 £.0,07

Values are mean+ SD. OLETF vs LETO rats ; *p<0.001, °p<0.01, and

p<0.05.

Table 5. Trabecular bone parameters in the distal tibial metaphysis

age
group 14w 28w 42w 56w
(n=10) (n=10) (m=7~8) (n=11)
BV/TV (%) OLETF 49.84 * 424" 5210 * 3.04° 41.13 £ 350° 42,99 + 5.82°
LETO 2745 £ 206 29.16 = 3.86 23.87 £ 1.89 2449 £ 322
Tb.Th(zm) OLETF 9470 * 6.52° 10501 * 6.79° 92.81 = 545° 101.00 = 10.24°
LETO 6732 £ 2.11 7890 £ 3.99 7891 £ 236 8739 £ 6.96
Tb.N (/mm)  OLETF 526 £ 0.19° 497 £ 026" 443 £ 027° 425 £ 0.18°
LETO 4.08 = 022 3.68 = 0.36 3.02 = 0.20 2.80 = 0.28
Tb.Sp(um) OLETF 9563 = 10.57° 96.70 = 885" 133.57 + 14.75° 134.96 * 18.68"
LETO 178.73 £ 14.39 19522 =* 3338 253.10 * 22.68 273.20 £ 40.16
CD OLETF 7229 * 5.19° 58.60 = 14.06° 41.02 * 641° 2720 = 2.81°
LETO 5224 £ 656 29.56 £ 5.03 16.51 £ 2.12 10.96 = 4.20
TBPf (/mm) OLETF 2.82 = 189" -537 £ 0.68" 5.84 + 0.65° 4.60 = 1.85°
LETO 10.54 £ 056  -0.59 * 0.65 10.58 * 0.64 9.91 = 091
SMI OLETF 125 + 0.24° 126 £ 0.21° 139 * 0.09° 1.03 £ 0.18°
LETO 1.88 £ 0.07 1.96 £ 0.13 2.06 = 0.12 203 * 0.14
DA OLETF 151 * 0.04° 1.34 = 0.06 1.56 * 0.08° 152 £ 0.10°
LETO 1.35 + 0.05 1.30 = 0.04 1.38 = 0.06 1.34 £ 0.10

Values are mean = SD. OLETF vs LETO rats ; * p<0.001, and °p<0.01.
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Fig. 3 Typical three-dimensional images by micro-CT of the fifth lumbar vertebral body in OLETF(A) and
LETO(B) rats. The whole bone (upper panel) and the trabecular bone (lower panel). The trabecular
structure of the fifth lumbar vertebral body in the OLETF rat was rod-like and less connected than LETO
rat.
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Fig. 4 Ultimate breaking force of the third lumbar
vertebral body in OLETF (open circles) and LETO
(closed circles) rats. Mean = SD. OLETF vs LETO
rats ; * p<0.05.
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