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A Performance Enhancement of Osteoporosis
Classification in CT images

Sung-Tae JungJr

ABSTRACT

Classification methods based on dual energy X-ray absorptiometry, ultrasonic waves, and quantitative

computed tomography have been proposed. Also, a classification method based on machine learning with
bone mineral density and structural indicators extracted from the CT images has been proposed. We
propose a method which enhances the performance of existing classification method based on bone mineral

density and structural indicators by extending structural indicators and using principal component

analysis. Experimental result shows that the proposed method in this paper improves the correctness
of osteoporosis classification 2.8% with extended structural indicators only and 4.8% with both extended
structural indicators and principal component analysis. In addition, this paper proposes a method of
automatic phantom analysis needed to convert the CT values to BMD values. While existing method
requires manual operation to mark the bone region within the phantom, the proposed method detects
the bone region automatically by detecting circles in the CT image. The proposed method and the existing
method gave the same conversion formula for converting CT value to bone mineral density.
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Fig. 1. Cross—sectional diagram of the phantom,
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(a) (b)

(c) (d)

Fig. 2. Slice image of the phantom (a) Section S1 and
S4  (b) Section S2 and S4 (c) Section S3 and
S4 (b) Section S4 and S6.
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Fig. 3. Binarized image (a) a slice within section 1 (b)
a slice between section 1 and section 2,
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Fig. 4. Filling and noise removing (a), (b) hole filled
image (c), (d) eroded image (e), (f) dilated image.
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Fig. 5. Extracted contour image.
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Fig. 7. 3D image of the extracted cortical and trabecular bone region (a) Section 1 (b) Section 2 (c) Section 3 (d)
Section 4 (e) Section 5 (f) Section 6,

Table 1. Estimated HU Value for the Six Sections of the Phantom

Section Density Thickngss of Cortical Trabecular Region Cortical Region

(mg HA/cm?®) Region (mm) (HU) (HU)

S1 200 1.2 544.6 1415.8

S2 100 0.6 330.6 1251.6

S3 50 1.2 261.0 1481.7

S4 0 2.5 292.4 1636.7

S5 0 1.0 128.2 14476

S6 0 2.5 283.0 1643.3
o) W@ HU kol vheht ek ol eht Q2 & ol QolA £ekolz M7k ezt 2olz} 7] o
gl tigk HU k& Aoy Xdm o] FA7 & Fo|t}. Table 1& AW RWA S4, S5, 56 Y92 4%
ASo] HU R= 271ehe AL 2 4 9ok aum & 593, HU gho] S49} 62 wlsata S5 2}
of slgete Y FHHUA 54, S5 56 Gl 2 o7t v A& & F Atk 99 S50 HU gkl 2
2 4o A Sl = EFsEA 549 S6 B 2 AL AL o] FATE S4¢)F S6RTE gFr] &<l
o HU @& AE W58 S5 99je HU gkl 2 Ao 48t 99 S1,S2, $39 ASdE 4s
A g, oA maEe Aume] FAzk o 7} F7kshs YRS HU gl F71skE st 9%
2 Zlol 7|0 Ao = A Hr SHA FES & g Utk o]ek o] Am o FA o
olRA T YW PF HU g Fu2P [11]  IFS wong Auw T4z 2& S13} $32 7|
olA & gkt 99.4% o1F dASAT. B HU TOoE HU #3 A= # Atole] aA4 & 733l
goll okzbel Apolzk vhi Ao ele) wolz g th WAL 23 WANA F WE Avke Fael
AE FAPeR AT A9 AF5oE F23 A WS o] &t Fekew, HU gto] XolaL ¥
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8-noded
(a)

(c)

Fig. 8. Finite element modeling (a) hexahedron model
(b) bone image (c) generated finite element
model,
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Table 2. Extracted BMD and Structural Parameter Values
. Normal Osteoporosis
Index Unit P-Value
Mean SD Mean SD
Th.BMD mg/mm? 183.975 66.747 73.267 35.523 < 0.001
Ct.BMD mg/mm® 594.566 60.403 516.707 60.711 < 0.001
BS mm? 4762.334 1370.556 3335.573 886.764 0.001
BV mm?® 1670.648 853.614 702.129 242.740 < 0.001
TS mm 1447.776 236.576 1448977 210.130 0.987
TV mm® 2863.214 656.431 2747.209 541.027 0.567
BS/BV mm 3.491 1.489 4915 0.795 0.001
BV/TV % 57.371 21.734 25.665 7.900 < 0.001
BS/TV mm ! 1.706 0.455 1.229 0.299 0.001
Th.Th mm 0.907 0.206 0.697 0.135 0.001
Th.Sp mm 1.425 1.015 4.288 1.669 < 0.001
Th.N 0.423 0.139 0.226 0.087 < 0.001
Th.Pf mm -1.892 0.848 -0.386 0.510 < 0.001
SMI 1.023 0.762 0.128 0.174 < 0.001
Ct.Th mm 1.210 0.302 1.009 0.169 0.019
Ct.Ar mm® 106.540 32.750 89.702 8.509 0.042
D mm 4,331x10°° 1,834x10 1.415x10°° 0.795x10 ° < 0.001
& WEses APE FYSAT FRE BEse T Fk Abole] Apole] AF e e AT =
WHog oy 7HA Blo] AEHEEH, B =& FoTol tste] F3F okl o] gho] F2 Tl &
A+ SAD(Sum of Absoulte Difference), SVM 3t Ao E A Eoh SVMA A3 EH-2
(Support Vector Machine), <& A7 (ANN: e ER/ Y AgEE =7, 2 =24
Artificial Neural Network) Al 7}2] ¥H-& AF-8-3} € SVM 73 FollA FaEd [18]9] geolE g
Ak AR EET 44 18W e ¥4 T E AHBSRL JdEANEE FEReEE FuEH
AF= ol ARgsta A= Bl AHgste [19]1¢] 2tolB2E] & AHE-3F T
Wao g E APE FYstdon, stga Wi ZHUERHS o] &3] WE HPS FYIAL =
ALEEE G4E EBUb ARSI dE & UEot 723 AXAES ék?fﬂ Abgste] AE A
1771 B4E Sl AHE3ta Il |94S ol A < FY3HH T Table 3°l= Th.BMD THE o] 83
ST W, ITHE A YA GFoZ St o BF A¥E & Axrt L}EPUr At sl AHE
< st 1oz e A S 2‘?4_% A& | H dolE & A4 203FT 44 distko
o= 3l 2W o R WEdteE A, niA R INMFEE 17T7H74A MetE FU4 4d2 38
18-S A 93 YA GHo g g4S st 1Mo . Tb.BMD % A&7 Agole A4,
2 @dste A 7HA F 18 7HA 9 Aol st SVM, SAD %% g7}t FFHAAT =3 o
BY A9E AR, kol ABHE G AHSZ Hzol 488 HOEL BELT LR
S THRE OAAA WA FEM AES + HEst FPEE e ¢ 5 A
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Table 3. Classification results for the Trabecular BMD

Number of | Number | Correct Classification Rate
Train Data | of Test | SAD SVM ANN
17 36 83.3 86.1 80.6
16 72 84.7 83.3 80.6
15 108 84.3 84.3 81.5
14 144 84.0 82.6 80.6
13 180 82.8 82.8 78.9
12 216 829 82.4 80.1
11 252 825 81.3 78.2
10 288 81.6 81.6 79.9
9 324 82.1 81.5 80.2
Average 83.1 82.9 80.0
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Table 4, Classification results for the additional parameters

A& Az}t e Zpo]7] w &l Aoz BAHAT Hu == SVM
B AYT nge g S A3 Aol 91.0%2 ACZ YEelgT) o]}

Correct Classification Rate

Parameters Ref[11] Proposed
SAD SVM ANN SAD SVM ANN
Th.BMD 83.1 82.9 79.8 83.1 82.9 79.8
Th.BMD+1 88.3 87.1 80.0 81.7 81.8 80.1
Th.BMD+2 88.3 85.3 81.3 88.0 84.7 79.8
Th.BMD+3 88.5 86.6 78.2 87.7 83.1 785
Th.BMD+4 89.3 86.1 785 89.8 85.5 85.1
Th.BMD+5 89.4 88.9 81.6 88.4 87.6 85.5
Th.BMD+6 89.3 88.7 80.2 88.7 85.8 85.1
Th.BMD+7 88.4 85.2 85.5
Th.BMD+8 89.6 87.7 87.0
Th.BMD+9 90.7 87.2 85.4
Th.BMD+10 91.2 88.0 85.7
Th.BMD+11 929 91.6 88.5
Th.BMD+12 91.6 91.3 88.1
Th.BMD+13 91.0 91.2 87.3
Th.BMD+14 90.9 90.9 87.0
Th.BMD+15 91.1 90.5 86.6
Th.BMD+16 90.9 90.1 85.5
Average 88.0 86.5 79.9 89.05 87.19 84.69
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Table 5. Classification results with principal component

analysis
Number of Correct Classification Rate
Principle
Components SAD SVM ANN
1 90.8 89.9 90.6
2 91.0 875 86.4
3 90.9 88.9 86.1
4 90.8 88.3 86.0
5 90.6 86.5 81.5
6 91.0 89.7 88.1
7 90.9 90.5 87.1
8 90.9 89.9 84.2
9 90.8 89.9 34.8
10 90.9 89.9 85.2
11 90.9 90.2 85.9
12 90.9 90.2 85.8
13 90.9 90.0 86.2
14 90.9 90.2 86.4
15 90.9 90.2 85.8
16 90.9 90.0 86.0
17 90.9 90.1 86.2
Average 90.9 89.5 86.0
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