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Investigating the diagnostics of aorta stiffness with 

a elastic oscillator model 

UAbstract

According to the elastic oscillation model of physics, we found 

that the aorta stiffness could be obtained by measuring the delay time 

of the aorta relative to the cardiac motion. The idea was confirmed by 

an analysis of the echocardiograph images of several samples. A 

home-made mechanical model was also employed to simulate the 

effect of cardiovascular thickness. The experimental results fitted the 

theory very well, verifying the feasibility of the elastic oscillation 

model. This measurement could be carried out with the conventional 

echocardiography instruments, making it convenient and common. 

Furthermore, the delay time could be measured with TaransThoracic 

Echo (TTE) instead of TransEsophadeal Echo (TEE). This non-invasion 

can avoid patients’ discomfort and side effect during medical process. 

The quantitative measurement also enables that the diagnostics can be 

progressed in advance. 
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1

         

(mm) 2.05 4.1 3.55 

(mm) 5.65 5.9 5.05 

( r cm) 3.6 1.8 1.5 

( P cmHB2 BO) 1.4 2.1 2.05 

(F dyne) 1
62.04 93.05 90.84 

(F/ r)
(k dyne/cm) 2 172.32 516.97 605.59 

( A )
2.8 8 11.1 

( ) 0.093 0.267 0.370 
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   < >      < >       < >       < >

6-4

       

(mm) 0.303 0.342 0.3731 0.414 0.453 

(mm) 1.95 2.65 3.3 2.85 3.1 

(mm) 6.05 5.75 5.05 5.65 5.15 

( r cm) 4.1 3.1 1.75 2.8 2.05 

( P cmHB2 BO) 1.6 1.65 1.6 2.9 2.45 

(F dyne) 1
70.9 73.1 70.9 128.5 108.6 

(F/ r)
(k dyne/cm) 2 172.92 235.85 405.14 458.94 529.58 

( A ) 
2.1 3.1 7.0 8.0 9.1 

( ) 0.070 0.103 0.233 0.267 0.303 



18

6-6

6-5

R2 = 0.9471

100

200

300

400

500

600

0.3 0.35 0.4 0.45

(mm)

(d
yn

e/
cm

)



19

6-7

0

2

4

6

8

10

12

0.3 0.32 0.34 0.36 0.38 0.4 0.42 0.44 0.46

(mm)

6-5

6-6

6-7 3-4

tanP

1
P

UV

( 6-8(a)) (

6-8(b)) (8%)

( 6-9(a)) 6-9(b)



20

(a)

SB2 B~SB8 B

UV

6-8  (a)    (b)

6-9  (a)    (b)

Qualatex (

260Q UV UV

( ) 6 12 18 24

(a) (b)

(
)

---

UV

UV

(b)



21

6-10 UV

31

37

32

0

5

10

15

20

25

30

35

40

S

A
  =4.1 
S=0.83
A

37

28

20

15

0

5

10

15

20

25

30

35

40
S

A UV 6hrs 
  =5.5 
S=0.98
A

20 19

31 30

0

5

10

15

20

25

30

35

40

S

A

UV 12hrs

A =6.7
S=1.10

22

28 28

13
9

0

5

10

15

20

25

30

35

40

S

A
UV 16hrs

A =7.6
S=1.22

23
27 28

11 11

0

5

10

15

20

25

30

35

40

3 4 5 6 7 8 9 10 11

SUV 24hrs
    =8.6
S=1.26
A A
UV 24hrs

A =8.6
S=1.26



22

6-11 UV

                (a)                                   (b) 
6-12  (a) UV  (b)



23

UV

6-10 UV

6-11

6-12(a) (b)

( )

!

       UV 0
( )

6  12  18  24

(mm) 1.6 2.4 2.4 2.8 3.05 

(mm) 5.8 5.9 5.1 4.65 5.05 

( r cm) 0.42 0.35 0.27 0.185 0.2 

( P cmHB2 BO) 1.6 2.5 2.65 2.3 3.3

(F dyne) 1
70.90 110.78 104.13 124.07 146.23

(F/ r)
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( A ) 
4.1 5.5 6.7 7.6 8.6 
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評語 

 

本作品先建立橡膠管受壓力彈性漲大的反應模式，進一步分析人體心血管

超音波的影像，並進一步建立血管硬化的預測。這是具創意的作品，而其

科學研究的態度並於作品中展現。是一優良的作品。 
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