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Investigation of Estimating Strain Using Diffusion Tensor Magnetic Resonance Imaging
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Mechanical stress applied on a living body influences the
structure and function of the living body, and knowledge of the
spatial distribution of stress in the living body is important for
study of a new treatment or prevention of diseases. The
mechanical stress has a close relationship to the strain. In this
paper, we propose a method to estimate strain distribution in
the living body based on the diffusion tensor magnetic
resonance imaging technique. The computer simulation and
animal experiments showed that the apparent diffusion
coefficient (ADC) in the direction of cell compressing decreased
when cells were compressed. The smaller the cross-sectional
area of cells became, the more mean diffusivity decreased. The
change of cells reflects diffusion anisotropy. From these results,
we concluded that strain in a living body can be estimated
using MRIL
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KD 7= DIZ BTN H D0 RFEEBE LT /LT
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KEANTY I alb—a s fTor
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2% Y MPG #HIN L= E B 0L E UL L.
RCIEANTH=0,12,.N (N=TE/At) OFFETEKIE
HEETo. T v Y VOERSNE, R2IDHR2E)D L
IUZMPG ZEIINL TRV EED S B8 & MPG ZEIIN L 7=k
DIEBREDHIZ L > TRES. (BRI LOMERHEDFN
WZHBIS D72, [EBHMEDOHIIRBMEOMRHEDFID & %L
725, LER-ST, MPG ZEIINIL TWARV DR £T 1
ERELTVDOT, RRIDE-THEShZ M) D24+
ROFHEZ 2.3 LRQHZEIT HIEBREDH L LTHR
77,
2B, BAEHE TR/ T A—FIRDEY ThD. KE
JRFOBKIE#RL y = 2.675x10 rad / s I T, EOFLEBURKK
D=195x10"mm? /s , MPG D3 g=5x102T/m,
Ar=0.1x10"5, Ax=Ay=1x10"mm, TE=55ms, 1
? MPG DHIIEEM A =30ms, 1EIHD MPG & 2EEBE®
MPG OFERES =15ms .
2. 2. 2 HhILBEHETL
)RR DET N ERD L HIEBE LT
« EATTORE, —AROFRREDOWTEIL 50 » m MU DEFE
* MRS I SRR DADETET 5. T7abb, NS &
DIRIEOBENTER L7220
- BEIOBIEIZ Z DFEFLB—REICTHE L THB.
INHDEHDOT, BEmEs% L E AR ORHEES 21 L
LIz3HE (Fig. 2.1) &, #E8EEYE L\ SRy st L=
& (Fig. 22) D 2@BVIZONVTY I alb—ia v {Tolk #
NENOEUIRD L DT LT ok, OFAITEEFORE
(60um MWHDIESH) *EAEL L CHEShE.
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Fig. 2.1 Cell-models when aspect ratio of cells changed (unit:
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Fig. 2.2 Cell'models when cross-sectional area of cells changed
(unit: pm).
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SERREHRIIA Vo a—RIINZ T MPG ZENE 32 &ick
STHRB L. BEEMHII  IaL— g b—FKEXgE.
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NEDOFERORNHS, FHE L TRV ERE ERE LEEOZh
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&m& LT L,0FR, O,0Fm, A,D5mO 3HECEILE. F
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(et 7)1 1O

Sample

Fig. 2.3 Samples were compressed by two plane plates using
screws on the plates.
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Fig. 3.1 Result of simulation: relationship between strain and
apparent diffusion coefficient (ADC) when aspect ratio of cells
changed. (a) Change of Ixx (ADC in x direction). (b) Change of
Dyy (ADC in y direction). (c) Change of mean diffusivity. (d
Change of fractional anisotropy.
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Fig. 3.2 Result of simulation: relationship between stain and
apparent diffusion coefficient when cross-sectional area of cells
changed. (@ Change of mean diffusivity. (b) Change of
fractional anisotropy.
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Fig. 3.3 Result of animal experiment: change of ADC when
frog gastrocnemius was compressed in x direction. (a) Change
of Dxx (ADC in x direction). (b) Change of Dyy (ADC in y
direction) {¢) Change of mean diffusivity. (d) Change of
fractional anisotropy. The left figure: without compression,
and the right figure: with compression.
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