https://doi.org/10.7742/jksr.2019.13.2.209

PISSN : 1976-0620, eISSN : 2384-0633
"J. Korean Soc. Radiol., Vol. 13, No. 2, April 2019"

Optimal Ambient Illumination Study for Soft-Copy Ultrasound Images

Hyun An,' Hyo-Yeong Lee*"

1Department of Radiology, Inje University Busan paik Hospital

2Department of Radiological Science, Dongeui University

Received: February 17, 2019. Revised: April 26, 2019. Accepted: April 30, 2019

ABSTRACT

The purpose of this study was to suggest the optimum ambient illumination level for proper visualization in
image inspection and reading on CRT and LCD monitors used for ultrasound and reading. The evaluators were
divided into 4 groups: 20 (Ultra-sonographer: 20 groups (4 groups: ultra-sonographer, 1-5 years, 5
ultra-sonographers, 6 to 10 years, 5 ultra-sonographers, 11 to 15 years, The subjects were 32 questions. The
evaluation method was image evaluation of ultrasonic soft copy images for 30 seconds per 10, 25, 100Lux
ambient illumination. The evaluation results were evaluated as 6 points (Normal = Definitely no lesion), 2 points
= possibly not a lesion, 3 points = probably not a lesion, 4 points = possibly a lesion, 5 points = probably a
lesion, 6 points = Definitely a lesion). In this study, the results of ROC analysis according to ambient light
illumination reading softcopy images used for lesion detection of all ultrasound images showed the highest
sensitivity, specificity, and AUC results at 10Lux. It was found that optimal use of 10Lux for ambient light
illumination would provide optimal detection of lesions in ultrasound soft copy images. Based on the future
research data, it will be presented as basic data for designing ambient light brightness of ultrasound imaging

laboratory and reading room.
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Fig. 1. Digital illuminometer.
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The USS images in the viewdex image scoring

Fig. 2. The USS images in the viewdex image scoring
software.

Fig. 3. (a) Ambient lightings used 10 Lux, (b) Ambient
lightings used 25 Lux, (c) Ambient lightings used 100
Lux

I, RESULT

Fugol 540l e 1§ 2 A4 Aol

Ultra-sonographers (1~5 years), Ultra-sonographers
(6~10 years), Ultra-sonographers (11~15 years), Ultra-
sonographers (16~20 years) 3 7}A} 47174 +3E
of theh AxkaQl S ol wE Hf2}o]= Table
20 “ERH AT

10 LuxollA ZF3+e]
(1~5 years)oll 4] 4.13+.835, Ultra-sonographers (6~10
years)l 4] 4.63+.518, Ultra-sonographers (11~15 years)
of| A 4.63+.774, Ultra-sonographers (16~20 years)©ll 4|
5635185 YERlOH, 4715 P EAH R #
o] gk Z}Fo] 7} YRS THp=.004). 25 Lux©ll Al Z153+9]
Z}o] = Ultra-sonographers (1~5 years)ol| A4 3.00+.756,
Ultra-sonographers (6~10 years)ol| 4 3.50+.535, Ultra-
sonographers (11~15 years)oll A 4.88+.991, Ultra-sono
graphers (16~20 years)oll 4] 5.25+.886= LEF AL
W, 47§ 7 BAMNSR fela Aolsh vebu
(p=.000). 100 Luxol| A “1E7re] po]=
aphers(1~5 years)oll 4] 2.62+.744, Ultra-sonographers
(6~10 years)ol| 4 3.38+.518, Ultra-sonographers (11~15
years)ol| A 3.75+1.16, Ultra-sonographers (16~20 years)
o Al 5.13+.991 YERNIA W, 4715 F SAH L
2§99 2ol LR Thp=001). 4715 1+ A%
(score)ol] W3 H X FHA} Aol A FHF 10
Lux7} 25 Lux, 100 Lux®.t} =74 YeRgon, 1§
ZF| A &= Ultra-sonographers (16~20 years)—Ls5 1 4]
= ebste

2Fe] = Ultra-sonographers

Ultra-sonogr

2. FHFo] FA] IE ROC T &4

FW ol 5el wE ROC 41 4 AIE Ta
ble 39 YEFNRATE 10Luxol A 1&3Fe] ZFol= U
Itra-sonographers (1~5 years)| A W= 75.0%, 5-°]
= 75.0%, AUC 0.84, 95% CI; 0.67~0.94, Ultra-sonog
raphers (6~10 years)ol| A "7 81.2%, 5°|% 81.2%,
AUC 0.89, 95% CI; 0.73~0.97, Ultra-sonographers (11
~15 years)ol A W% 81.2%, So°]% 87.5%, AUC
0.91, 95% CI; 0.75~0.98, Ultra-sonographers (16~20 y
ears)oll A W% 81.2%, 5°]% 93.7%, AUC 0.94,
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95% CI; 0.79~0.995 YWl om, 4715 3 &A%
o7 folat o] 7} LhERTHp<.0001). 25 Luxol A
1% 9] Z}o]i= Ultra-sonographers (1~5 years)ol| 4]
WUHE 75.0%, 5°]% 62.5%, AUC 0.73, 95% CI; 0.
549~0.874, Ultra-sonographers (6~10 years)ol| 4] 717}
% 75.0%, 5°]% 68.7%, AUC 0.75, 95% CI; 0.57~
0.89, Ultra-sonographers (11~15 years)°l| 4] W 7%= 8
1.2%, 5°]% 75.0%, AUC 0.84, 95% CI; 0.67~0.95,
Ultra-sonographers (16~20 years)oll 4] W17+ 87.5%,
5ol% 75.0%, AUC 0.88, 95% CI; 0.71~0.965 }+E}
Wl oH, 4715 3 BAA o2 o3 2] 7} vE}
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81.2%, AUC 0.69, 95% CI; 0.51~0.84, Ultra-sonograp
hers (6~10 years)ol| A TI7H%= 81.2%, 5°]% 56.2%,
AUC 0.71, 95% CI; 0.52~0.85, Ultra-sonographers (11
~15 years)ol A WZAE 50.0%, S°]%= 81.2%, AUC
0.75, 95% CI; 0.57~0.89, Ultra-sonographers (16~20 y
ears)ol| A 7 87.5%, 5°l% 56.2%, AUC 0.79,
95% CI; 0.61~0.915 YERHN oM, 4715 3+ &4
Aoz o3k ZpolE e ATHp<.05). 232
&, 10 Lux, 25 Lux, 100 Lux FH%F oA wizte,
Solx, FAstHA F4o]A 10 Lux”} 25 Lux, 10
0 LuxX®th A YEFRiTH

3. 3 g 43F 3 ROC T4 4 Hlu
FW Ao WE 4 2F IF ROCHA 4 HIALE Ta
ble 4o LERNRATE 10 Luxol Al AUCH e whE 1
& %+ *}e]+= Ultra-sonographers (1~5 years) ~ Ultra-
sonographers (6~10 years), Ultra-sonographers (1~5 ye
ars) ~ Ultra-sonographers(11~15 years)o| A& F+ ZLi&
ZF 2ol 7} YERFA] @ A TH(p=.520, p=.166), Ultra-
sonographers (1~5 years) ~ Ultra-sonographers (16~20
years)l| A = 2}o] & X 9 TH(p=.004). Ultra-sonograph
ers (6~10 years) ~ Ultra-sonographers (11~15 years)©]|
A& ZpolE YEFA] ek o™ (p=.501), Ultra-sono
graphers (6~10 years) ~ Ultra-sonographers (16~20 yea
)| A= Zpol & WERH ATH(p=.029). Ultra-sonogra
phers (11~15 years) ~ Ultra-sonographers (16~20 years)
oAM= zbol & RATHp=.026). 25 Lux°l A AUC%
o] wp2 1% 7t 2}o]& Ultra-sonographers (1~5 years)

~ Ultra-sonographers (6~10 years)ol| 4] & x}o]7} L€}
UA] 2k o™ (p=.366), Ultra-sonographers (1~5 years)
~ Ultra-sonographers(11~15 years)| X+ F+ 1§ 3t
Z}o] & H . tHp=.014), Ultra-sonographers (1~5 years)
~ Ultra-sonographers (16~20 years)ol| A= 2}o] & H
S TH(p=.000). Ultra-sonographers (6~10 years) ~ Ultra-
sonographers (11~15 years)o| A& }ol& YERUA|
&9k 0 1 (p=.128), Ultra-sonographers (6~10 years) ~
Ultra-sonographers (16~20 years)o| A& =}o] & }E}
W 2 BH(p=.009). Ultra-sonographers (11~15 years) ~
Ultra-sonographers (16~20 years)ol| 4= %}o]7} Y€}l
LA @9kth(p=.093). 100 Luxoll A AUCZkel w& 1
& XF #Fe]+= Ultra-sonographers (1~5 years) ~ Ultra-
sonographers (6~10 years)ol| A]+= 2ol 7} YEREA] &
?k ©.1H(p=.552), Ultra-sonographers (1~5 years) ~ Ultra-
sonographers (11~15 years)ol| = F 1§ 7F 2ol &
1 3 H(p=.016), Ultra-sonographers (1~5 years) ~ Ultra-
sonographers (16~20 years)ol| Al & x}o] & K & th(p<.
0001). Ultra-sonographers (6~10 years) ~ Ultra-sonogr
aphers (11~15 years)ol| A= 2Fo] & YERHA] ¢koko
™ (p=.092), Ultra-sonographers (6~10 years) ~ Ultra-s
onographers (16~20 years)ol| A= 2Fo]E K S TH(p=.
002). Ultra-sonographers (11~15 years) ~ Ultra-sonogr
aphers (16~20 years)o| A= 2}o] & H 2 tH(p=.010).

IV, DISCUSSION
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Table 1. Contents of question due to the type of US images in the viewdex image scoring by general characteristics

Type Variable (n=20) Explanation of questions(n=32)
ultra-sonographers(1~5years)
General ultra-sonographers(6~10years)
characteristics Classification by sonographer career
(4 groups) ultra-sonographers(11~15years)
ultra-sonographers(16~20 years)
rsound upper abdomentiver, GB, 9% hemungiona, HCC, Regenemine
pancreas, cystic duct, spleen images(12) lesion, polyp, hypoechoic lesion etc. Observers then marked
on a confidence scale
ultrasound prostate images(3) hyperechoic lesion, hypoechoic lesion etc. of 1-6 their confidence
of the presence of a
ultrasound liver color images(2) portal vein thrombosis etc. lesion - score
1=Normal(Definitely
. . . . no lesion), score
Questions ultrasound kidney images(4) cyst, AML(angiomyolipoma), RCC, 2=p ossiblz/ not a

lesion, score

ultrasound breast images(4) hyperechoic lesion, hypoechoic lesion, etc. 3=probably not a
lesion, score
ultrasound carotid images(3) IMT thickness, Atherosclerotic plaque, etc. 4=possibly a lesion,

score S5=probably a

ultrasound thyroid(neck) images(4)

lesion, score

. . . 6=Definitel lesion).
cyst, hyperechoic, hypoechoic lesion, etc. cfinitely a lesion)

HCC ; hepatic cellular carcinoma, AML ; angiomyolipoma, IMT ; intina-media thickness, RCC ; renal cellular carcinoma.
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Table 2. Analysis of difference between mean and standard de viation of ambient light for inter-group evaluation

scores
Observers
ambient lightings Ultra-sonographers Ultra-sonographers Ultra-sonographers Ultra-sonographers

level (1~5 years) (6~10 years) (11~15 years) (16~20 years)

p-value

mean+SD mean+SD mean+SD mean+SD

10 Lux 4.13 £ .835 4.63 + 518 4.63 = 774 5.63 £ 518 .004
25 Lux 3.00 + .756 3.50 £ .535 4.88 + 991 5.25 + .886 .000
100 Lux 2.62 £ 744 3.38 + 518 375 £ 1.16 5.13 £ 991 .001

Table 3. Comparison of ROC curves results for

SD ; standard deviation, p-value ; kruskal wallis.

the three ambient lightings tested with or without lesion.

Ambient lightings level

Observers 10 Lux 25 Lux 100 Lux
SEN. SPE.  AUC p-  SEN. SPE.  AUC p-  SEN. SPE. AUC p-
©%) (%) (9% CI)  valie (%) (%) (9% CI)  value (%) (%)  (95% CI)  value
sonographers 45 45 0.84 <0001 750 625 0.73 <0001 500 812 0.69 026
(1~5 years) (0.67~0.94) (0.54~0.87) (0.51~0.84)
?gg?gri/%};i;; 812 812 5 o7y <0001 750 687 R g9) <0001 812 562 olos 5 0I5
(Sl"lll"lgsrag?;r:) 812 875 g 2 o5y <001 8L 750 o8 gs) <001 500 812 R s9) 001
sonographers 0.94 0.88 0.79
ey 812 937 (0% g <0001 875 750 (o0 <0001 875 562 o700 000

SEN ; sensitivity, SpE ; specificity, AUC ; area under the curve , CI ; confidence interval, p-value < 0.05

Table 4. Pairwise comparison of ROC curves between four groups according to ambient lighting tested.

Ambient lightings level

Observers 10 Lux 25 Lux 100 Lux
p-value p-value p-value
Ultra-sonographers(6~10 years) 0.520 0.366 0.552
Ultra-sonographers(1~5 years) Ultra-sonographers(11~15 years) 0.166 0.014 0.016
Ultra-sonographers(16~20 years) 0.004 0.000 <0.0001
Ultra-sonographers(11~15 years) 0.501 0.128 0.092
Ultra-sonographers(6~10 years)
Ultra-sonographers(16~20 years) 0.029 0.009 0.002
Ultra-sonographers(11~15 years) Ultra-sonographers(16~20 years) 0.026 0.093 0.010
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gt HAeol ¥ 2% F5S Adstazt &Qlth FI7HAES 4715F 20 (Ultra-sonographer 2078 (4 groups;

ultra-sonographer 1~5 years 5%, ultra-sonographer 6~10 years 5, ultra-sonographer 11~15 years 5%, ultra-sono
grapher 16~20 years 5y e R olon, EaaE 328 otk FIPE 2 10, 25, 100 Lux 37HA]
THE 220X 53 soft copy G 1 T 30x3F FF HUrsS o, HUF AYE 63 FHER |
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