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Abstract

The investigation of changes in the mechanical properties of biological tissues holds paramount
significance in medical research. This paper presents an elasticity measurement method aimed at
extracting and quantifying elasticity information. The proposed method integrates theories re-
lated to the quantification of Young’s modulus using shear waves and utilizes swept optical cohe-
rence tomography (OCT) techniques. A novel optical coherence elasticity imaging system based on
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swept OCT is designed and constructed as a platform for this method. The system employs piezoe-
lectric stack-generated double-pulse excitation to induce shear waves and utilizes a phase-resolu-
tion algorithm for the extraction and measurement of the internal velocity of the sample. Fur-
thermore, the system facilitates the quantification of sample elasticity through shear wave mea-
surement. Experimental validation of the proposed method is conducted on agar samples utilizing
double-pulse excitation to quantify the Young’s modulus of shear waves. The measured average
Young’s modulus of the agar samples is found to be 23.29 kPa, demonstrating close alignment with
theoretical expectations and thereby affirming the feasibility of the proposed elasticity measure-
ment method facilitated by this system.
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Figure 1. Schematic diagram of SS-OCT system
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Figure 2. Schematic structure of SS-OCT system
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Figure 3. Schematic structure of the excitation device
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Figure 4. Diagram of the M-B scan mode
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Figure 6. Diagram of the elasticity test experiment

B 6. MM I R IR E

SR ERT, OCT RAWENE SiEHI R B MMIELE S, RS0 M-B H#HE A fUALEHTIE
ZEf) A-scan; S ICFEIRHE 5 R A BBURE] TWIEEE S, JFas s HER R HAEE Y 1 kHz 107 AUk
M55 LRSI S E O AV IR B J7 MR B « RN = A B DI iy & T B T-URE I 77 1 B O s Ayt g PO
JfEAE, 20— i E BRI s A, SRR A SRR AR, KR A fE M-scan BHE RS T A
KRR FR . 76 M-B $5iRE0A,  BEIK M-scan £45 1000 ¢ A-scan, HT4055% A 100 kHz, [Hit
Bk A-scan ZIFIAHZE 10 ps. %1 M-scan A= i UK, UG IIRE AL AR NI R], AR AN [RIR B A A A7
%o B RAEHE RES I ITVES A S SEA B ISR MG 25 A AT 22 B[R] AR AL,
ATLAR 3] O ALl 5| B VI BE Ay B BRI st (B[R] 22

STAHEE 2 mm PP RAE s AVB TEAH [FIURD N 42 B8 Bk ik b AT 43, segt s S an 1l 7 pos oy,
K 7(a)f1E 7(c)& i M-B HH A3 201 OCT A 22 B, W H 41 €838 40 3 WA it Lo B[R] 32 81 ok b S 76 FH
FADE 22 R AEARAN, B R R 7 AR AN Z2 A0 A0 PR P K o T L R P T DA LB S ARV BE S 1) B s 85 1)
BAERRBIE ] B EEM T A s, BARG, 2R R AR T 30k ot B — AT ARG, 22 70 A, KAl
722 53 A 2R 58— AUk W B A o N [ B [ AT B 030 )08 4% A RN T, DT Al R s i 0 59 )
(AL AR (] . FEARSCHSZER o, ETHRE AL B PRSI SR B 7 1A BB — AT B i B 21, F43 AL
AELCAER AL B BRI Ak 1) 15 38 BIA B %) o SRR ] 7 (a) AT 7(c) Hh ) — R B A (P Hh 1 b ) it
FTAY TS Xk LR AR AL 22 50 A 28 3 an P 7 (o) RTEE] 7(d) Az, mTCUR B Ay B 7 2 BY Ui 1 0 s e 1) 1)
IEBTZ53 502 1.91 ms A1 2.63 ms, FRARE 3 (13) A1 (14) 5t AT LATHSE i st s o 7 (1)~ 350 IR iRy 23.21
kPa.

DOI: 10.12677/mos.2024.133335 3683 e RSE TR


https://doi.org/10.12677/mos.2024.133335

| Df
.
®
3

1 T T T T T T T T T
1.4 (b) — A
0.9
12 - (1.91,1.1) .
0.8
1.0 | -
0.7 1
0.8 | -
06 ~ 4
T o6l i
05 = 1
=
= 0.4 .
0.4 < 1
0.2 a
0.3 ]
0.0 [
0.2 1
-0.2 E
0.1 i
04 | 4
0 1 1 1 1 ||
0 2 4 6 8 10
B A (ms)
1 T T T T
1.4 F (d) —— B4
0.9
1.2 -
0.8
1.0 | -
0.7
0.8 I -
o3 0.6
E (2.63,0.464 ]
0.5
E 0.4
=0
0.4 i<
0.2
0.3
0.0
0.2
-0.2
0.1
04 F g
0 1 1 1 1
0 B 4 6 3 10 0 2 4 6 8 10
[ 18] (ms) i 8] (ms)

Figure 7. Phase difference plots obtained from the measurement of the detection points: (a) and (c) are the phase difference
plots of the two detection points A and B, respectively; (b) and (d) are the phase difference distribution curves at the white
line markers in (a) and (c), respectively
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Table 1. Experimental results of OCE measurements on agar samples
= 1. IRAEHES OCE MESLRER

(VA BY )PP TE (M) P IRAR B (kPa)
1 7.72 23.21
2 8.48 25.53
3 7.89 23.74
4 7.54 22.67
P 7.91 23.29
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