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wol F9jo Az ke /AR 549 Aoyt Ar] wEe (100 4x), Ak, we EITE = 4A gl B Az o}k AA A
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AT F AFE AR 2 A7s, Mo RG] EE I3 s W Hel Foo dxdo) fid e d o) I8 4" 4A4E AY
A EIT 7]ge] @uds 8% dS5she Az dHez 889 7Ieds Ao

Abstract : Osteoporosis is a clinical condition in which the amount of bone tissue is reduced and the likelihood of fracture is increased. It is
known that the electrical property of the bone is related to its density, and, in particular, the electrical resistance of the bone decreases as the
bone loss increases. This implies that the electrical property of bone may be an useful parameter to diagnose osteoporosis, provided that it can
be readily measured. The study attempted to evaluate the electrical conductivity of bone using a technique of electrical impedance tomography
(EIT). It may not be easy in general to get an EIT for the bone due to the big difference (an order of 2) of electrical properties between the
bone and the surrounding soft tissue. In the present study, we took an adaptive mesh regeneration technique originally developed for the
detection of two phase boundaries and modified it to be able to reconstruct the electrical conductivity inside the boundary provided that the
geometry of the boundary was given. Numerical simulation was carried out for a tibia phantom, circular cylindrical phantom (radius of 40
mm) inside of which there is an ellipsoidal homeogenous tibia bone (short and long radius are 17 mm and 15 mm, respectively) surrounded
by the soft tissue. The bone was located in the 15 mm above from the center of the circular cross section of the phantom. The electrical
conductivity of the soft tissue was set to be 4 mS/cm and varies from 0.01 to 1 mS/cm for the bone. The simulation considered measurement
errors in order to look into its effects. The simulated results showed that, if the measurement error was maintained less than 5 %, the
reconstructed electrical conductivity of the bone was within 10 % errors. The accuracy increased with the electrical conductivity of the bone, as
expected. This indicates that the present technique provides more accurate information for osteoporotic bones. It should be noted that the
simulation is based on a simple two phase image for the bone and the surrounding soft tissue when its anatomical information is provided.
Nevertheless, the study indicates the possibility that the EIT technique may be used as a new means to detect the bone loss leading to
osteoporotic fractures.

Key words: Bone, Electrical conductivity, Osteoporosis, Electrical impedance tomography
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Fig. 1. Electrical resistance against treatment time for the
sample pork tibiae. The electrical resistance of the bone
decrease with the treatment time and, this indicates, the longer
it was treated, the more the bone was lost.
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Fig. 2. FEM meshes for the simulation. (a) the mesh used in
the forward problem, (b) the mesh used in the inverse
problem.
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Fig. 3. Geometry of the cross sectional view of the cylindrical
phantom (R = 40 mm) for the tibia whose cross sectional
shape is an ellipsoid (a = 15 mm, b = 17 mm) surrounded by
soft tissue.
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Fig. 5. Reconstructed electrical conductivity of the bone
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(e) 1.0 %, 20 %, (g) 50 %
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U AL BIIAALG. oste Wl BYT/F M
) 543 o] B0t A2 v, 9 w9
Q49 SAE 989 ¥ A% THTE AU BaE
% 9t 754 e AR
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FLE A7IHA 5L 7HAE we d 2oz pAd
#HEL g oer o] 9G4 (two phase image)s EH-U3I
Aok BUE ET 942 48 & & 5 % oM<=
wd FAsiA wel 99 d 24 Ay AREE F
Fste Aoz Jehgth AlE#H Ay 4dHd FAEE
Fo|7] A&l W M7H FAo] FHHoE WS}
= g4 i3 o 94 (multi phase image) EU0 =
g3t Aol a7do

B oAye Hxz wo HrH] HFE WAz §
Z g9 78S Atstn Aok EIT & 9%
35 2 23 Ads g3 AR 2857 A
, AR ET 94 B 71 o83 F7HAL A
Poldz HY PSS T AAFeE ¥ 49 EIT 4
Aol FaA Hr 2 olE vgeg 3 oY in vitro,
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