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V. Bone Analysis

1) Bone mineral weight and density
1. Dual energy X-ray absorptiometry (DXA

Whole body bone mineral weight

Whole body bone mineral density

Head bone mineral weight

Head bone mineral density

Left arm bone mineral weight

Left arm bone mineral density

Right arm bone mineral weight

Right arm bone mineral density

Left rib cage bone mineral weight

Left rib cage bone mineral density

Right rib cage bone mineral weight

Right rib cage bone mineral density

Thoracic spine bone mineral weight

Thoracic spine bone mineral density

Lumbar spine bone mineral weight

Lumbar bone mineral density

Pelvic bone mineral weight

Pelvic bone mineral density

Left leg bone mineral weight

Left leg bone mineral density

Right leg bone mineral weight

Right leg bone mineral density

Lumbar spine 2-4 bone mineral density

Right and left femoral neck bone mineral density
Right and left trochanter region bone mineral density
Right and left Ward's triangle bone mineral density

2. Peripheral quantitative computed tomography (pQCT) (Fig.1)

D100: Cortical and trabecular bone density of ultradistal radius.
D50: Trabecular bone density over the core volume of ultradistal radius.
P100: Cortical bone density of proxima
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Fig. 1 Measurements of bone mineral density with pQCT
(DENSTECAN 1000)



Bone mineral density

1. Dual energy X-ray absorptiometry (DXA)

(Hologic QDR-4500)

Whole body bone mineral weight (g)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 2362.4 321.1 263 2273.1 302.5 285 2210.8 322.2 281 2023.0 325.8 273 1961.6 347.1 16 2212.9 341.8 1118
Female 1984.1 251.3 251 1768.4 271.7 278 1533.7 240.1 266 1366.2 267.5 257 1233.5 168.1 19 1654.6 348.3 1071
Total 2177.7 345.4 514 2023.9 382.6 563 1881.5 442.7 547 1704.5 444.1 530 1566.3 451.2 35 1939.8 443.7 2189
Whole body bone mineral density (g/cm?)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 1.116 0.091 263 1.105 0.093 285 1.095 0.102 281 1.046 0.103 273 1.033 0.097 16 1.090 0.101 1118
Female 1.098 0.086 251 1.0150.105 278 0.918 0.085 266 0.870 0.091 257 0.828 0.059 19 0.972 0.128 1071
Total 1.107 0.089 514 1.061 0.109 563 1.009 0.129 547 0.960 0.131 530 0.922 0.130 35 1.032 0.129 2189
Head bone mineral weight (g)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean  SD N Mean  SD N
Male 508.1 78.6 263 501.2 82.3 285 484.6 86.7 281 451.3 87.2 273 431.4 84.6 16 485.5 86.7 1118
Female 547.7 92.0 251 485.7 95.7 278 407.6 79.0 266 373.7 77.4 257 339.1 47.6 19 451.4 109.5 1071
Total 527.4 87.6 514 493.6 89.4 563 447.2 91.5 547 413.7 91.2 530 381.3 80.8 35 468.8 100.0 2189
Head bone mineral density (g/cm?)
40 - 49yr 50 - 59yr 60 — 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean  SD N Mean  SD N
Male 2.030 0.272 263 2.041 0.285 285 1.997 0.313 281 1.906 0.320 273 1.859 0.308 16 1.992 0.303 1118
Female 2.345 0.337 251 2.102 0.359 278 1.805 0.304 266 1.710 0.301 257 1.613 0.187 19 1.982 0.410 1071
Total 2.184 0.343 514 2.071 0.325 563 1.903 0.323 547 1.811 0.326 530 1.725 0.275 35 1.987 0.359 2189
Left arm bone mineral weight (g)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 172.4 25.0 263 168.4 25.1 285 163.9 26.1 281 152.3 26.4 273 148.9 35.0 16 164.0 26.9 1118
Female 122.1 17.6 251 111.1 18.9 278 97.7 16.6 266 86.3 20.2 257 78.5 13.4 19 103.8 22.8 1071
Total 147.8 33.2 514 140.1 36.3 563 131.7 39.8 547 120.3 40.6 530 110.7 43.6 35 134.6 39.1 2189
Left arm bone mineral density (g/cm?)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 0.778 0.057 263 0.773 0.059 285 0.766 0.070 281 0.737 0.062 273 0.736 0.069 16 0.763 0.064 1118
Female 0.679 0.045 251 0.640 0.055 278 0.596 0.050 266 0.566 0.056 257 0.548 0.056 19 0.619 0.067 1071
Total 0.730 0.072 514 0.707 0.088 563 0.683 0.105 547 0.654 0.104 530 0.634 0.113 35 0.693 0.098 2189
Right arm bone mineral weight (g)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N



Male 180.2 26.5 263 174.7 25.1 285 168.9 25.4 281 155.1 26.8 273 152.8 36.5 16 169.4 27.7 1118
Female 127.3 17.7 251 115.2 18.3 278 100.9 16.9 266 88.9 19.3 257 81.4 13.8 19 107.6 23.1 107
Total 154.3 34.8 514 145.3 37.0 563 135.8 40.3 547 123.0 40.6 530 114.0 44.6 35 139.2 40.1 2189
Right arm bone mineral density (g/cm?)
40 - 49yr 50 - 59yr 60 — 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean  SD N Mean  SD N Mean  SD N Mean  SD N Mean  SD N
Male 0.801 0.061 263 0.793 0.060 285 0.781 0.065 281 0.749 0.066 273 0.750 0.076 16 0.781 0.066 1118
Female 0.697 0.046 251 0.655 0.057 278 0.605 0.050 266 0.573 0.052 257 0.557 0.057 19 0.631 0.070 1071
Total 0.750 0.075 514 0.725 0.091 563 0.696 0.106 547 0.663 0.106 530 0.646 0.117 35 0.707 0.101 2189
Left rib cage bone mineral weight (g)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 90.6 16.6 263 87.7 13.7 285 84.9 15.3 281 76.6 16.1 273 73.3 14.2 16 84.8 16.3 1118
Female 76.8 14.0 251 68.3 13.3 278 61.2 12.0 266 56.9 12.7 257 51.7 7.7 19 655 15.0 1071
Total 83.8 16.9 514 78.1 16.6 563 73.4 18.2 547 67.1 17.6 530 61.5 155 35 75.3 18.4 2189
Left rib cage bone mineral density (g/cm?)
40 - 49yr 50 - 59yr 60 — 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean  SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 0.644 0.069 263 0.635 0.063 285 0.630 0.073 281 0.606 0.072 273 0.587 0.052 16 0.628 0.070 1118
Female 0.609 0.057 251 0.559 0.071 278 0.511 0.048 266 0.495 0.049 257 0.477 0.034 19 0.542 0.072 1071
Total 0.627 0.066 514 0.598 0.077 563 0.572 0.086 547 0.552 0.083 530 0.527 0.070 35 0.586 0.083 2189
Right rib cage bone mineral weight (g)
40 - 49yr 50 - 59yr 60 — 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean  SD N Mean  SD N
Male 91.7 17.8 263 87.9 153 285 86.2 17.2 281 79.4 17.8 273 73.9 16.2 16 86.1 17.6 1118
Female 78.2 14.3 251 71.4 13.4 278 65.1 13.5 266 61.0 14.1 257 52.5 10.8 19 68.6 15.3 1071
Total 85.1 17.5 514 79.7 16.6 563 75.9 18.7 547 70.5 18.5 530 62.3 17.2 35 77.5 18.7 2189
Right rib cage bone mineral density (g/cm?)
40 - 49yr 50 - 59yr 60 — 69yr 70 — 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 0.653 0.070 263 0.640 0.063 285 0.640 0.075 281 0.616 0.071 273 0.613 0.067 16 0.637 0.071 1118
Female 0.611 0.061 251 0.568 0.060 278 0.518 0.049 266 0.504 0.049 257 0.476 0.043 19 0.549 0.070 1071
Total 0.632 0.069 514 0.605 0.071 563 0.580 0.088 547 0.561 0.083 530 0.539 0.088 35 0.594 0.083 2189
Thoracic spine bone mineral weight (g)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean SD N
Male 109.6 27.1 263 110.2 24.8 285 110.2 28.4 281 97.9 29.2 273 97.3 30.4 16 106.9 27.9 1118
Female 93.9 19.9 251 83.2 185 278 744 17.8 266 64.8 18.1 257 61.6 13.4 19 78.7 21.3 1071
Total 101.9 25.1 514 96.9 25.7 563 92.8 29.8 547 81.9 29.5 530 77.9 28.8 35 93.1 28.6 2189
Thoracic spine bone mineral density (g/cm?)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 0.843 0.116 263 0.859 0.114 285 0.880 0.138 281 0.855 0.149 273 0.838 0.125 16 0.859 0.131 1118



Female 0.869 0.108 251 0.782 0.120 278 0.699 0.098 266 0.653 0.102 257 0.604 0.082 19 0.748 0.135 1071
Total 0.856 0.113 514 0.821 0.123 563 0.792 0.150 547 0.757 0.164 530 0.711 0.156 35 0.805 0.144 2189
Lumbar spine bone mineral weight (g)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 61.4 13.7 263 59.3 12.6 285 59.4 16.1 281 55.2 16.4 273 57.5 155 16 58.8 14.9 1118
Female 56.1 11.6 251 45,9 11.8 278 37.9 10.1 266 34.5 11.8 257 27.5 9.2 19 43.3 14.1 1071
Total 58.8 13.0 514 52.7 13.9 563 49.0 17.2 547 452 17.7 530 41.2 19.5 35 51.2 16.5 2189
Lumbar bone mineral density (g/cm?)
40 - 49yr 50 - 59yr 60 — 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 0.990 0.150 263 0.986 0.147 285 0.993 0.174 281 0.972 0.204 273 0.956 0.213 16 0.985 0.171 1118
Female 1.055 0.145 251 0.925 0.153 278 0.822 0.123 266 0.786 0.146 257 0.727 0.100 19 0.893 0.176 1071
Total 1.022 0.151 514 0.956 0.153 563 0.910 0.174 547 0.882 0.201 530 0.832 0.197 35 0.940 0.179 2189
Pelvic bone mineral weight (g)
40 - 49yr 50 - 59yr 60 — 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean  SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 239.7 53.2 263 226.1 49.1 285 217.6 51.7 281 193.0 49.4 273 184.1 44.2 16 218.5 53.5 1118
Female 206.7 39.7 251 174.7 48.0 278 143.4 32.7 266 121.7 35.6 257 105.6 23.7 19 160.5 50.8 1071
Total 223.6 49.8 514 200.7 54.9 563 181.5 57.2 547 158.4 56.0 530 141.5 52.2 35 190.1 59.7 2189
Pelvic bone mineral density (g/cm?)
40 - 49yr 50 - 59yr 60 — 69yr 70 — 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 1.128 0.130 263 1.109 0.131 285 1.100 0.142 281 1.029 0.143 273 1.010 0.123 16 1.090 0.142 1118
Female 1.158 0.131 251 1.078 0.179 278 0.982 0.117 266 0.902 0.144 257 0.833 0.099 19 1.026 0.174 1071
Total 1.143 0.131 514 1.094 0.157 563 1.043 0.143 547 0.967 0.157 530 0.914 0.141 35 1.059 0.162 2189
Left leg bone mineral weight (g)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean SD N
Male 458.2 70.0 263 433.1 63.0 285 422.2 64.4 281 383.7 68.5 273 377.1 73.1 16 423.4 71.7 1118
Female 339.5 46.7 251 308.6 48.2 278 275.6 47.6 266 240.6 59.6 257 221.6 45.7 19 289.8 62.8 1071
Total 400.2 84.2 514 371.6 83.9 563 350.9 92.7 547 314.3 96.2 530 292.7 98.2 35 358.0 94.9 2189
Left leg bone mineral density (g/cm?)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 1.244 0.119 263 1.225 0.117 285 1.214 0.127 281 1.138 0.122 273 1.136 0.126 16 1.204 0.128 1118
Female 1.092 0.083 251 1.028 0.096 278 0.956 0.090 266 0.893 0.101 257 0.863 0.076 19 0.990 0.119 1071
Total 1.170 0.128 514 1.128 0.146 563 1.089 0.170 547 1.019 0.166 530 0.987 0.171 35 1.099 0.164 2189
Right leg bone mineral weight (g)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 450.5 68.0 263 424.5 61.0 285 412.8 61.7 281 378.6 66.0 273 365.2 72.7 16 415.6 69.3 1118
Female 335.9 44.6 251 304.2 47.7 278 269.9 46.8 266 237.7 60.4 257 214.1 39.7 19 2855 62.3 1071



Total 394.5 81.4 514 365.1 81.4 563 343.3 90.2 547 310.2 94.7 530 283.2 94.9 35 352.0 92.6 2189
Right leg bone mineral density (g/cm?)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 1.226 0.117 263 1.203 0.111 285 1.191 0.123 281 1.128 0.117 273 1.114 0.117 16 1.186 0.122 1118
Female 1.093 0.080 251 1.026 0.096 278 0.953 0.096 266 0.897 0.124 257 0.849 0.073 19 0.990 0.125 1071
Total 1.161 0.121 514 1.116 0.136 563 1.075 0.162 547 1.016 0.167 530 0.970 0.164 35 1.090 0.158 2189
Lumbar spine 2-4 bone mineral density (g/cm?)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 0.981 0.134 270 0.987 0.140 291 1.001 0.168 287 0.969 0.204 273 0.965 0.214 17 0.984 0.165 1138
Female 1.036 0.122 260 0.902 0.149 281 0.807 0.127 267 0.765 0.150 256 0.682 0.155 19 0.875 0.173 1083
Total 1.008 0.131 530 0.945 0.150 572 0.907 0.178 554 0.871 0.206 529 0.816 0.232 36 0.931 0.178 2221
Right femoral neck bone mineral density (g/cm?)
40 - 49yr 50 - 59yr 60 — 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 0.790 0.100 270 0.788 0.106 291 0.758 0.115 287 0.704 0.113 273 0.687 0.074 17 0.759 0.114 1138
Female 0.776 0.099 260 0.714 0.100 281 0.649 0.090 266 0.588 0.081 254 0.548 0.080 19 0.680 0.117 1080
Total 0.783 0.100 530 0.752 0.109 572 0.705 0.117 553 0.648 0.115 527 0.613 0.104 36 0.721 0.122 2218
Right trochanter region bone mineral density (g/cmz)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 0.677 0.104 270 0.686 0.102 291 0.688 0.112 287 0.631 0.111 273 0.600 0.095 17 0.670 0.110 1138
Female 0.662 0.089 260 0.604 0.098 281 0.545 0.089 266 0.491 0.090 254 0.455 0.069 19 0.574 0.111 1080
Total 0.670 0.097 530 0.646 0.108 572 0.619 0.124 553 0.564 0.123 527 0.523 0.110 36 0.623 0.121 2218
Right Ward's triangle bone mineral density (g/cm?)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 0.619 0.119 270 0.595 0.128 291 0.538 0.136 287 0.464 0.117 273 0.449 0.090 17 0.552 0.138 1138
Female 0.659 0.126 260 0.567 0.135 281 0.450 0.114 266 0.368 0.105 254 0.323 0.099 19 0.509 0.164 1080
Total 0.638 0.124 530 0.581 0.132 572 0.496 0.133 553 0.418 0.121 527 0.383 0.113 36 0.531 0.153 2218
Left femoral neck bone mineral density (g/cm?)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 0.805 0.103 271 0.800 0.110 291 0.767 0.114 286 0.713 0.109 272 0.702 0.074 17 0.771 0.115 1137
Female 0.780 0.096 260 0.716 0.099 280 0.657 0.089 267 0.594 0.078 254 0.566 0.058 19 0.686 0.114 1080
Total 0.793 0.101 531 0.759 0.113 571 0.714 0.116 553 0.656 0.112 526 0.630 0.094 36 0.729 0.122 2217
Left trochanter region bone mineral density (g/cmz)
40 - 49yr 50 - 59yr 60 — 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 0.685 0.106 271 0.696 0.105 291 0.696 0.119 286 0.635 0.116 272 0.608 0.091 17 0.677 0.114 1137
Female 0.664 0.090 260 0.607 0.100 280 0.548 0.088 267 0.494 0.091 254 0.466 0.069 19 0.577 0.112 1080




Total 0.674 0.099 531 0.652 0.111 571 0.624 0.129 553 0.567 0.126 526 0.533 0.107 36 0.628 0.124 2217
Left Ward s triangle bone mineral density (g/cm?)
40 - 49yr 50 - 59yr 60 — 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean  SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 0.622 0.132 271 0.587 0.126 291 0.526 0.127 285 0.462 0.111 272 0.437 0.087 17 0.548 0.138 1136
Female 0.658 0.121 260 0.553 0.133 280 0.443 0.115 267 0.364 0.098 254 0.323 0.100 19 0.503 0.162 1080
Total 0.640 0.128 531 0.571 0.130 571 0.486 0.128 552 0.415 0.116 526 0.377 0.109 36 0.526 0.152 2216
2. Peripheral quantitative computed tomography (pQCT) (Densiscan 1000)
D50 (trabecular bone density over the core volume of ultradistal radius) (mg/cm3)
40 - 49yr 50 - 59yr 60 — 69yr 70 — 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean SD N
Male 288.7 64.7 257 277.9 65.8 269 264.4 63.6 258 233.6 67.9 243 247.3 58.4 15 266.5 68.4 1042
Female 248.1 58.7 240 203.7 70.3 262 154.0 55.3 249 135.1 61.1 238 120.1 68.9 21 184.1 75.9 1010
Total 269.1 65.1 497 241.3 77.5 531 210.2 81.3 507 184.9 81.2 481 173.1 90.1 36 225.9 83.1 2052
D100 (cortical and trabecular bone density of ultradistal radius) (mg/cm’)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 580.3 87.8 257 565.6 96.2 269 535.8 93.1 258 473.9 97.9 243 492.9 102.0 15 539.4 102.1 1042
Female 605.0 87.0 240 531.7 100.3 262 427.4 82.1 249 379.1 86.6 239 346.6 73.2 21 483.5 125.6 1011
Total 592.2 88.2 497 548.9 99.6 531 482.5 103.2 507 426.9 103.9 482 407.6 112.1 36 511.9 117.6 2053
P100 (cortical bone density of proximal radius) (mg/cm3)
40 - 49yr 50 - 59yr 60 - 69yr 70 - 79yr 80yr - Total
Mean  SD N Mean SD N Mean  SD N Mean  SD N Mean SD N Mean  SD N
Male 1274.3 127.3 257 1218.8 139.8 268 1174.1 138.3 256 1082.7 167.4 240 1137.9 141.0 15 1188.8 158.9 1036
Female 1369.8 126.4 238 1230.3 153.4 260 1066.6 153.6 248 953.2 170.1 237 865.8 126.0 21 1149.9 220.2 1004
Total 1320.2 135.4 495 1224.4 146.6 528 1121.2 155.5 504 1018.3 180.6 477 979.1 188.5 36 1169.6 192.5 2040
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