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Abstract

Here, the blood vessel shape was accurately measured to evaluate the viscoelastic properties of the radial artery. For a robust

measurement, the shape parameters of the elliptical blood vessel were determined by integrating brightness over the entire vessel

instead of using the brightness gradient at the vessel boundary. The usefulness of the proposed method was demonstrated via

simulations and in vivo experiments. The obtained results exhibited considerable potential for estimating the viscoelastic

properties of elliptically deformed blood vessels.

Hosted file

ElectronicsLetter_ishikawa.docx available at https://authorea.com/users/578899/articles/

620597-measurement-of-vessel-shape-for-estimating-viscoelastic-properties-of-the-radial-

artery-under-ultrasound-probe-pressure

𝑎

𝑥

𝑧

𝑎

arterial wall

1

https://authorea.com/users/578899/articles/620597-measurement-of-vessel-shape-for-estimating-viscoelastic-properties-of-the-radial-artery-under-ultrasound-probe-pressure
https://authorea.com/users/578899/articles/620597-measurement-of-vessel-shape-for-estimating-viscoelastic-properties-of-the-radial-artery-under-ultrasound-probe-pressure
https://authorea.com/users/578899/articles/620597-measurement-of-vessel-shape-for-estimating-viscoelastic-properties-of-the-radial-artery-under-ultrasound-probe-pressure


P
os
te
d
on

22
J
an

20
23

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
67
44
08
66
.6
16
29
33
3/
v
1
—

T
h
is

a
p
re
p
ri
n
t
a
n
d
h
as

n
ot

b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

0.5 1.0 1.5 2.0
0

2.5

1

0.5

radius [mm]

n
o
rm

al
iz

ed

2



P
os
te
d
on

22
J
an

20
23

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
67
44
08
66
.6
16
29
33
3/
v
1
—

T
h
is

a
p
re
p
ri
n
t
a
n
d
h
as

n
ot

b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

2 mm

2
 m

m (a)

(b)

2
 m

m

2 mm

m
m

mm

m
m

mm

3



P
os
te
d
on

22
J
an

20
23

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
67
44
08
66
.6
16
29
33
3/
v
1
—

T
h
is

a
p
re
p
ri
n
t
a
n
d
h
as

n
ot

b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

time [s] from R-wave

1.9

1.7

1.5

0 1 0 1

1.9

1.7

1.5

2.2

1.8

2.0

0.9

0.7

0.9

0.7

E
C

G (a-1)

(a-2)

(a-3)

0 1 2

(c-3)0.7

0.5

(c-2)

(c-1)

(b-2)

(b-3)

(b-1)

(a-4)
0.5

0.4

0.4

0.5 0.4

0.3

(b-4) (c-4)

m
aj

o
r

ra
d

iu
s

[m
m

]

m
in

o
r

ra
d

iu
s

[m
m

]

fl
at

te
n
in

g

ra
ti

o
 ρ

0.5 1.0 1.5 2.0 2.5 0.5 1.0 1.5 2.0 2.5
assumed radius 𝑎 [mm]

0.5 1.0 1.5 2.0 2.5
0.05

0.1
0.15

0.2
0.25

0.35
0.3

0.05
0.1

0.15

0.2
0.25

0.35
0.3

0

(a-1) (b-2)(b-1)

0.5 1.0 1.5 2.0
0

2.5

1

0.5

(a-2)
1

0.5

assumed radius 𝑎 [mm]

n
o

rm
al

iz
ed

n
o

rm
al

iz
ed

estimated radius [mm] estimated radius [mm]

4


