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ABSTRACT

Demand for examinations using transvaginal transducer with high frequencies is increasing to observe pelvic
organs in gynecological ultrasound tests. However, the quality control of the replacement probe in clinical trials
is not properly implemented and the evaluation criteria have not been established. Therefore, 58 transvaginal
transducers and 20 convex transducers were applied to the ATS-539 ultrasound phantom for 20 ultrasound devices
currently in clinical use to obtain their respective images and measure them quantitatively and qualitatively. For
quantitative measurements, vertical measurement, horizontal measurement, and focal zone and qualitative
measurements, dead zone, axial-lateral resolution, sensitivity, functional resolution, gray scale-dynamic range were
performed. Quantitative statistical analysis showed significant differences between the two transducers in the
lateral measurement and local area (p<0.05). qualitative comparative analysis showed differences in sensitivity and
functional resolution. This occurs due to the difference in frequency between transducers and the transducer's
injection geometry. Based on the above experiments, the tolerance for horizontal measurement is raised to 10%
(8 mm), the tolerance for sensitivity is observed up to 6 cm deep, which is 12 ¢cm deep,which is the level of
the third quartile (75%). The permissible range of functional resolution is up to 6 (12 cm), 6 (12 cm), 11 (11
cm), 9 (9 cm), 6 (6 cm) target, which is the level of the third quartile (75%). It is considered reasonable to adjust
the depth of targets in gray scale-dynamic range to measure at a depth of 2 cm, which is 50% of the depth of
4 cm. As above, the criteria for evaluating the quality of transvaginal transducer for use in the past have been
proposed and it is expected that this study will be used as a basic data for the production of phantom exclusively
for transvaginal transducer in the future.
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Table 1. Acceptance Criteria of Multipurpose Phantom Model 539 for Quality Assurance Testing of Ultrasound

Equipment
Test Item Measurement method Acceptance criteria
Vertical Depth: 14 cm
Measurement multiple focus The distance between 1 to 11 target is 10£1.0 cm
Image center:Fifth Target
Quantitative Horizontal Depth: 14 cm
measurements Measurement single focus (5~ 6cm) The distance between the Horizontal target is 8+0.4 cm
Image center: center of target
Focal Zone Depth: 14 cm Sixth target horizontal distance/
single focus (6~ 7cm) tenth target horizontal distance x 100 (focusing rate<75)
Image center: Target
Dead Zone Depth: 5 cm All nine targets must be exactly separated
single focus (0.5~ 1cm)
Axial/Lateral D.epgh:f14 cm6~7 All el | b 1 d
Resolution single focus ( cm) eleveneleven targets must be exactly separate
Image center: Target
Qualitative Sensitivit girl)ttihzlel Sfongs The 8 mm cylindrical target should show up to the 8th
measurements Y Imagg center: center of 8 mm target structure and measure the depth vertically (16£1 cm)
Functional r?li]l)ttih:lel 8f02$ Targets appear vertically and are as circular as possible,
Resolution P with a continuous appearance of 180° or more

Image center: center of 4 mm target

Gray Scale/ Depth: 10 cm
Dynamic single focus (4~5 cm)
Range Image center: center of target

Four or more cylindrical structures are clearly
distinguished and the boundary line is maintained
continuously at more than 180°

Fig. 1. Vertical measurement images obtained by convex
transducer(right) and transvaginal transducer(left).
Evaluate whether structures located parallel to ultrasonic
beams are accurately measured. Distance of 10 cm along
the ultrasonic beam axis from the first target to the 11th
target is measured.

Fig. 2. Horizontal measurement images obtained by
convex transducer(right) and transvaginal transducer(left).
Evaluate whether structures located vertically with
ultrasonic beams are accurately measured. Distance of

8 cm vertically from the ultrasonic beam is measured.

Fig. 3. Focal zone images obtained by convex transducer
(right) and transvaginal transducer(left). The one focus is
positioned at a depth of 6 -7 cm, then the transverse
distance of the target at the depth of focus is measured,
and the transverse distance of the target located 4 cm
behind this is measured.

Fig. 4. Dead zone images obtained by convex transducer
(right) and transvaginal transducer(left). The distance
between the phantom and front of the transducer to the
first recognized echo. A total of nine targets are
configured and how many are separated are measured.
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Fig. 5. Axial-lateral resolution images obtained by
convex transducer(right) and transvaginal transducer(left).
With the ability to distinguish between two structures
that are located close to each other, A total of 11
targets are configured and how many targets are
separated are measured.

Fig. 6. Sensitivity images obtained by convex transducer
(right) and transvaginal transducer(left). To assess the

penetration depth of ultrasonic beams, The total number
of targets consists of eight and how many are observed.
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Table 2. Reliability of evaluators in Qualitative
Evaluation of TV and TA

Cronbach's a ICC(2, 3) 95% CI p
IN% 0.968 0.965 0.957-0.972 0‘00*
TA 0.974 0.971 0.961-0.979 0'00*

(*p < 0.05)

Fig. 7. Functional resolution images obtained by convex
transducer(right) and transvaginal transducer(left). It is
the ability to express the size, shape, and depth of an
ecogenic structure, and the number of structures observed
appropriately by size was measured.

Fig. 8. Gray scale and dynamic range images obtained
by convex transducer(right) and transvaginal transducer
(left). The contrast of the images was evaluated and the
number of circles with six structures clearly distinguished
and boundaries of more than 180° continuously
maintained in circles was measured.
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Table 3. Number of TV and TA Transducer on Vertical Measurement

Vertical

9.51 9.61 9.71 9.81

9.91 10.1 10.21

Measurement 0 ~9.6 ~9.7 ~9.38 ~9.9 ~10  ~102  ~103  Total MeaniSD  p
No. of TV 2 1 0 0 1 14 40 0 58
ransducer 10.01+0.13
% 3.45 1.72 0 0 1.72 24.14 68.97 0 100 N
0.409
No. of TA :
o O e 0 0 0 0 1 4 13 2 00 o8
% 0 0 0 0 5 20 65 10 100
(*p < 0.05)
Table 4. Number of TV and TA Transducer on Horizontal Measurement
Horizontal - 8.11 8.21 8.31 8.51 8.61
Measurement 8.1 ~82 ~83 3.4 -85 ~3.6 ~3.7 Total Mean+SD P
No. of TV 2 | 0 12 13 3 58
transducer 8.45+0.10
% 3.45 1.72 0.00 20.69 46.55 22.41 5.18 100 "
0.00
No. of TA 0 2 8 10 0 0 20
transducer 8.29+0.06
% 0 10 40.0 50.0 0 0 100
(*p < 0.05)

Table 5. Number of TV and TA Transducer on Focusing Rate

Focusing Rate 54~69 70~85 86~101 102~117  118~133  134~149 Total Mean+SD p
No. of TV
Transducer 1 28 8 3 3 58 85.59421.29
% 18.97 48.28 13.79 5.17 5.17 100 N
0.00
No. of TA 9 1 0 0 0 20
Transducer 71.45+8.60
% 45 55 0 0 0 100
(*p < 0.05)
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Table 6. Number of TV and TA Transducer Axial-Lateral Resolution

No. of phantom target >9 10 11 Total
No. of TV transducer 0 5 53 58
% 0 8.62 91.38 100
No. of TA transducer 0 0 20 20
% 0 0 100 100
Table 7. Number of TV and TA Transducer on Sensitivity
No. Phantom Target 4 5 6 7 8 Total
No. of TV Transducer 8 12 23 15 0 58
% 13.79 20.69 39.66 25.86 0 100
No. of TA Transducer 0 0 0 4 16 20
% 0 0 20 80 100
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Fig. 12. The Difference between TV and TA
Transducer in Sensitivity.

468



"J. Korean Soc. Radiol., Vol. 15, No. 4, August 2021"

Iv. DISCUSSION

AHUAA o A7 gl Zrhs
%g] T:ﬂ—I;Li 7:];0 E]— ;(]_E o]_“l

o Aabe] Sest s

EURNly

N

)=
A

7]’1:!3 —L‘—iqﬁal—

oX, o J
o o ml P

PvZolo o o B o

N
N
Lol g

i dm
o ox o

o

&

N

N

ol

o,

K

>y
(g8

M d

X

AN
o
2
>~
>
o
A
s

A e

o N

% ¥
(¢} (o]
X

- 2k
&2 14 O
S E

Mo
o,
N

N

N

HN

-81-—5—}0 al, 074]_ 0149_ HAE 10%O =

L o
E A83 2y dd g4 25.86%, =
bl
2]
g Al AA FEAA 100 % A5t
ATk Al Aot el BAHE A=
=

[
gu) e $F Hush A FE &
Els
o]

=)
Tpolol upel HASTHI FALE Wiz 3
Bn AR FE SRS ARels At
BEA4E 0L WIEOR ksl
A Frar AdEw g5 FA
(Scanning Geometry)oll W} 22} ko] th=7] wj&
of Awl =4 AZro] AA gL B2 SPH
GA A solor gkl 4A HEAL obF 2
< 2 ®EA(Micro Convex Transducer)= -7 5]

25§ W gEAR AT AT A4S 4

(2 o=
ﬂﬂ
oft o L 1 do

o0ogoh o g rfu o &

im‘*’ﬁ\‘w»ww
ﬂ

J

]U

O

>

4
o

4 BEAIL A 5] U BEY B

=2

MBR F GER 2 A F49 Aolst w4
@ Aom wuath B8 F A 349 ot
2o G Azge] gy HRe] uPOR WAy
e, 2 A 249 e gEAe] TA4,
9 P, 283t stebdee ols wg@T o

2 +%°lfﬂ,

o

= 2
2o
o T
e
L}

g
o

N
oft

I FHEA A 7~ 870
72 20%,80% A 3Hetslem,
4~7N BATA A
20.69%, 39.66%, 25.86% A §ste] F ©HE
\%‘ J/]’E E)J\T:}_

ox K

N

=9 FHE7 2275 T 240 &
301 AAG7A =dahA] %3}% E4s 7HAx
AR Z A A FEA F 2he A FAF
s Ad "SRl A Hat 5.9 MHz, 59 ©HE
Aol Al H+ 3.8 MHz &2 °F 2.1 MHz7} 24 &
Ao A w2 FaE ZEal ok B AHEQlY
5o #FEsE G ATy FEHS AR
oA 8~10.5 cm, H]4FFol A 6~8.5 cmo|H, A&

o] A& Zo|+= ﬁA}‘ﬂoﬂl\ﬂ 3~5 cm, AR A 2
~4 ecm A7) zeThl

oje} o] Fulret HA v A7) 9 2ol
apolz Q3] AA eExzle] i Zo]Z oyl
F7FE 18 em 2ol 87 FH A BE wojok 5
= WIS AgekA gotal e, 44
SAel Q3 W7k A3 AHEA(s%) FE E
o] 12 em Zo]Ql 67 AR #TEE oo 3=

|

(e K

e}
—a

>}L_|Zinﬂ_ﬁL

469



A Study on the Quality Control of Transvaginal Ultrasound Transducer using ATS-539 Ultrasound Phantom

rir }-{lr

o H 4
o,
=
i
i)
o,
Bjie
Y
rlo
B
=
o,
o
I,
i
e

(]
o
i
i)
™

AU
m

S
>
=2,

%
%

ol
ol
Y

fo ®

o go
0%
= ¥ © (o & oX >

AR (T

ol
T w
~
2 o
25
111‘1
FOHU v
Omgﬂo}iﬁu"ﬁ
i
o I
=

2y
ro
N
=
ol
2~
rO
me
avy
N
M
o
=2
Al _HN
)
»0
re

o)
AA

2= o] T} l16]
RCR(The Royal College of Radiologists)ol]

y
%A 47 g BER F79 T O]9
-
[e]
=

Norlo

=

BE 2guh PARE 2~10 MHZS 2 W

)

ool

X
rlo
e d

9 259 HARE 5~18 MHzE
2, ARl 253 HARE 3~
gEAet 4d dEAE AHES
W zgoh Ak A 99

FAkE Adgste] A9 9

o,

ottt ”
N’
wh
£
= A
N

d

N

M
o o (S 1

1

=)

Of
e

ok
%

/\ol—

l

%‘—EHN

o
[ v

rlr
Y,
flo
u)
ot
ST

et

o
=
Yu e ARReln FAE A4
A7 Ee AEA &

M
Loon o 2

rot

i)
[0}

ol

o F
AL

K

S
Rl

b
)

» M
ﬁ
)

5

2
1
e
i
P
dlo
i
i
aiu’

>
-

2 oo

>

i Oﬁ

o

M
L

o g ooy
) my
e
2L
o

oo

)
n K
a2
rlr

i)
o

e
R
o

o
1o
N

N oo i
I S

w
ol BN
dlo
re
H
fr l iu)
et A
e, P
o e
o -
o B

i)

k)
il
>
ofo
)

i
o
o
32
iy
i g IF
_ % 2 oy X

fe e

R oA o L WA ()
fo 4] dx 2

gy
Elm—uoﬁ

1o

2

o

fatn)

o

fu

oo
2
2
S
ol
ofo
ol
ol

o

o

N

gsto] FR4VF 4w FF ARAoR A @
EAe 45 BHE ANsel Auye ¥ Be

7} e,

2oy 9 ASFA ] HAe) des fFAs
71 S8 G e} BEAe] Ardes FU1HeR
Al sojopgitt. ofd] it 1T ARl 2&ut
S AR "HEAY] AR VEE dotr
37p Yol A o] TRl 25Tk G4 ek Al
A FEAbet SURSAS ATS-539 ZawHE ol
AEsto] 7A7te Gds 85 3 F AT e
= S5t dgstalal 7 ESA Aol & F<
sttt 1 A} AbeQla HAbE A "BEA A
e o

g Auel Brk NEe B A AR ARA} 9

£ W92l 5%(4 mm)oll A 10%(+8 mm) S 2 A A]
& da7 Ak

ARl Wy A=A 71520 16 em # ol 870
3T A

EAANAM AAREL(75%) T E40] 12 em %
1 670744 HEEoJoF el Ao R Ttol=eiel
S WA Zo] gt

N

7164 s ee WE A B el R
YA E A o} 8§ mm, 6 mm, 4 mm, 3 mm, 2
mm o] g FHO] AR L(75%) TR EH 0
671, 670, 1171, 970, 670, = Zl o]+ 12 cm, 12 cm,
11 cm, 9 cm, 6 cm= 4§ Fojof Al FAot

Hroh

S|zt SARMSE B Al AAF B 7+
< 4em 2019 50%921 2 em ol A= FHo] 7}
SotAl EA e Zolg 24 et Jvka i
Hoh

o] ¢} o] AHF-QIF AR AH EEHAE ol &
st A PJrt 71ES AAE e, At
g5 AAxE9 #Y Azks 9% VxAsE &
£9 Aoz 7dn}

470



"J. Korean Soc. Radiol., Vol. 15, No. 4, August 2021"

[1]

[2]

[3]

[4]

[s]

[6]

[71

[8]

[91

[10]

[11]

Reference

C. H. Kim, S. N. Lee, E. K Kim. Use of Diagnostic
Ultrasonography in Primary Care. Korean J Fam
Pract. Vol. 2, No. 2, pp. 94-97, 2012

S. H. Chung, H. J. Lee, H. S. Kim, J. Y. Oh.
Health Insurance Benefit Criteria and Quality
Assurance Policies of Diagnostic Ultrasound Service
in Other Countries. Health Policy and Management.
Vol. 24, No. 2, pp. 109-1191, 2014

Ministry of Health and Welfare. Details on the
Application Criteria and Methods of Care Benefits,
Ministry of Health and Welfare Notice No. 2020-15,
2020

Ministry of Health and Welfare. Korean National
Health Accounts In 2017

K. H. Kim, J. M. Chae, S. M. Kim, D. K. Lee, K.
Y. Kim. A Study on the Evaluation of Ultrasonic
Suitability. Health Insurance Review and Assessment
Service. 2018

T. H. Im, D. G. Na. Annual report No. 1
2004-2006. Seoul, Korean Institute for Accreditation
of Medical Imaging. pp. 1-28. pp. 75-105, 2007

P. N. Kim, J. W. Lim, H. C. Kim, Y. C. Yoon, D.
J. Sung, J. S. Kim, J. C. Kim. Quality Assessment
of Ultrasonographic Equipment Using an ATS-539
Multipurpose Phantom. Journal of the Korean Society
of Radiology. Vol. 58, No. 5, pp. 533-541, 2008

J. H. Han. Analysis of a performance that use of TE
phantom in ultrasound systems. The Korean Society
of Medical Sonographers. Vol. 5, pp. 41-50, 2010

J. Y. Yu. Performance of Ultrasonographic Equipment
in General Hospitals: Quality Assessment using an
ATS-539 Multipurpose Phantom.. Jeollabuk-do,
Graduate School of Chonbuk National University,
2012

ATS Laboratories. Clinical quality assurance
phantoms: Multipurpose phantom model 539
Bridgeport, CT: ATS Laboratories Inc. 2000

Mitchell M Goodsitt, Scott Witte, David L. Hykes,
James M. Kofler, Jr. Real-time B-mode ultrasound
quality control test proceduresa Report of AAPM
Ultrasound Task Group No.l. Medical Physics, Vol.

[12]

[13]

[14]

[15]

[16]

[171

25, No. 8, 1998

Ministry of Health and Welfare. "Standards for
reporting targets and identification code of medical
equipment status". Ministry of Health and Welfare
Notice No. 125, 2011

Browne JE, Watson AJ, Gibson NM, Dudley NJ,
Elliott AT. Objective measurements of image
quality. Ultrasound in Medicine and Biology. Vol.
30, No. 2, pp. 229-237, 2004

Y. Huh. Technical and Industrial Trends of
Ultrasonic Medical Devices. Korea Evaluation
Institute Of Industrial Technology. Vol. 6, pp.
49-50, 2011

E Merz 1, D Miric-Tesanic, F Bahlmann, G Weber,
S Wellek. Sonographic size of uterus and ovaries in
pre- and postmenopausal women, Ultrasound Obstet
Gynecol. Vol. 7, pp. 38-42, 1996

S. E. Jung. Principles of quality management in
medical imaging. Journal of the Korean Medical
Association. Vol. 58, No. 12, pp. 1112-1118, 2015

The Royal Colege of Radiologists. standard for the

provision of an ultrasound service. London. 2014

471



A Study on the Quality Control of Transvaginal Ultrasound Transducer using ATS-539 Ultrasound Phantom
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