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1  Introduction

　In the past decade, liquid-crystal displays 

(LCDs) with cold-cathode fluorescent lamp 

(CCFL) backlights have increasingly been 

used, replacing the use of cathode ray tube 

monitors in medical settings as soft copy 

reading devices. However, according to 

investigations in Japan regarding the quality 

control of LCDs, the rate of performing quality 

control was low, implying that LCDs with 

degraded quality may be used in hospitals.1) 

Aged-deterioration of LCDs can lead to a 

decrease in the maximum luminance (Lmax), 

change in chromaticity, and luminance non-

uniformity.2) Takahashi et al. examined the 

relationship between the Lmax and operating 

time of the display backlight over a three-

year period for 249 LCDs (initial Lmax setting: 

240 cd/m2, color temperature: 7,500 K, 

(RadiForce® RX210), EIZO Co., Ishikawa, 

Japan).3) They reported that the Lmax of 39 of 

the LCDs were less than 170 cd/m2 because 

of aged-deterioration.3) Akamine et al . 

examined the color temperature of two same 

type LCDs (RadiForce® RX210) with different 

operating times (under 10,000 hours and over 

20,000 hours). They reported that the color 

temperature was different between these 

LCDs due to deterioration of phosphor in the 
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【Abstract】
　The purpose in this study is to examine the effect of the luminance non-uniformity caused by the aged-deterioration of 
medical liquid-crystal displays (LCDs) for the low contrast detectability using a contrast-detail phantom. Two medical LCDs 
of the same-type with different operating times were used. The first was operated for 38,000 h (aged-deterioration LCD) 
and the second for 200 h (non-deterioration LCD). These LCDs were calibrated to the grayscale standard display function 
with a maximum luminance of 170 cd/m2. Contrast-detail images acquired under the same exposure conditions were 
displayed on each LCD and an observer study was performed by ten radiological technologists. The average image quality 
figures of the aged-deterioration and non-deterioration LCDs were 74.2 and 70.4, respectively and a significant difference 
was seen (p = 0.036). Our results indicated that the luminance non-uniformity caused by aged-deterioration of the LCD 
may affect the low contrast detectability.

【要 旨】
　医用液晶ディスプレイ（LCD）の経年劣化による輝度不均一性が，低コントラスト検出能に与える影響を調査した．使用時間が
38,000時間（劣化LCD）と200時間（未劣化LCD）の同一規格のLCDを使用した．2台のLCDを最大輝度170cd/m2に校正した．同
じ露光条件で取得されたCDファントム画像を各LCDに表示し，10人の診療放射線技師が観察実験を行った．劣化LCDと未劣化LCD
のimage quality figureは74.2と70.4であり，paired-t検定で有意差を示した（p＝0.036）．LCDの経年劣化が低コントラスト検出能
に影響を与える可能性がある．
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CCFL and color filter.4)

　There is a case study report that display 

performance will degrade with increasing time 

in use, which in turn may degrade diagnostic 

performance.5) To the author’s knowledge, 

there are no previous reports in the literature 

regarding the effects of luminance non-

uniformity, caused by the deterioration of 

the medical LCD, on soft copy reading. We 

assumed that the luminance non-uniformity 

may affect the low-contrast detectability. As 

a preliminary study for exploring the effects 

of the LCD luminance non-uniformity, we 

used the contrast-detailed (CD) phantom 

and compared the low-contrast detectability 

for two same type LCDs with different 

operating times. The purpose of this study 

was to examine the effect of luminance non-

uniformity caused by aged-deterioration for 

the detectability of low-contrast signals.

2  Materials and Methods

　A case study approach was used to perform 

a physical evaluation and observer study 

for medical LCDs (RadiForce® RX210, EIZO 

Co., Ishikawa, Japan) Two same type color 

LCDs with different operating times were 

used in this study. The first was operated for 

about 38,000 hours [aged-deterioration LCD 

(ADLCD)] and the second for about 200 hours 

[non-deterioration LCD (NDLCD)] (Fig.1). 

Both LCDs were calibrated to the grayscale 

standard display function (GSDF) with a 

Lmax of 170 cd/m2 by using a quality-control 

software (RadiCS®, EIZO Co., Ishikawa, Japan) 

and a near-range luminance meter (RadiCS® 

UX1 Sensor, EIZO Co., Ishikawa, Japan). 

　First, we measured the luminance uniformity 

and variation of the luminance for the physical 

evaluation of the LCDs before performing an 

observer study to evaluate the low-contrast 

detectability of the LCDs.

2.1   Measurement of luminance for physical 

evaluation

　In terms of the luminance non-uniformity 

of medical LCDs, American Association of 

Physicists in Medicine (AAPM) Task Group 18 

(TG18) required that to measure luminance of 

five points in the test pattern displayed on an 

LCD (Fig.2 (a)).6) However, such test pattern 

cannot evaluate the entire screen. Therefore, 

an original test-pattern was modified based 

on the TG18-UNL80 test pattern. The test 

pattern had the same pixel value as the 

TG18-UNL80 test pattern and was divided 

into 48 measurement regions (Fig.2 (b)); the 

luminance was measured corresponding to 

each rectangular region. The original test-

pattern was displayed on the LCDs and 

the luminance was measured by use of a 

telescopic-type luminance meter (LS-100®, 

Konica Minolta Co., Ltd., Tokyo, Japan). The 

distance between the LCD and luminance 

meter was 150 cm. The ambient light at the 

center of the LCD measured by an illuminance 

meter (ANA-F9®, Tokyo Koden Co., Tokyo, 

Japan) was 0.1 lux. Luminance measurement 

in a telescopic-type luminance meter is 

Fig. 1 The same type LCDs with different operation times displayed identical uniform test-
patterns. The operating times of (a) and (b) were about 38,000 and 200 hours, respectively. 
A luminance non-uniformity was observed for the LCD with a longer operation time.

(a) Aged-deterioration LCD 
(ADLCD)

(b) Non-deterioration LCD 
(NDLCD)

Fig. 1 The same type LCDs with different operation times displayed identical uniform test-
patterns. The operating times of (a) and (b) were about 38,000 and 200 hours, respectively. 
A luminance non-uniformity was observed for the LCD with a longer operation time.

(a) Aged-deterioration LCD 
(ADLCD)

(b) Non-deterioration LCD 
(NDLCD)

Fig.1　 The same type LCDs with different 
operation times displayed identical uniform 
test-patterns. The operating times of (a) 
and (b) were about 38,000 and 200 hours, 
respectively. A luminance non-uniformity 
was observed for the LCD with a longer 
operation time.
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affected by stray light.7, 8) To minimize the light 

emission from outside the focused area on the 

telescopic-type luminance meter, the region 

of the test pattern outside the measurement 

area was covered by solid fiberboard. The 

luminance was measured three times. The 

luminance uniformity is given by 

　
Luminance uniformity = (Lmmax - Lmmin) / 

(Lmmax + Lmmin) × 200;  (1)

　
where Lmmax and Lmmin are the measured 

maximum and minimum luminance including 

the reflected luminance. The luminance 

uniformity is calculated using only the Lmmax 

and Lmmin. To evaluate the luminance variation 

for the whole monitor screen, we also 

calculated the standard deviation (SD) of the 

luminance measured at 48 regions. Similarly, 

we measured luminance uniformity and the 

SD using TG18-UNL80 test pattern.

2.2  Observer study using CD phantom

　The observer performance test was carried 

out with a CD phantom (Kyoto Kagaku 

Co., Ltd., Kyoto, Japan).9) The CD phantom 

had signals (concave signals) of diameters 

ranging from 0.3 to 8.0 mm in 15 steps and 

depths from 0.3 to 8.0 mm in 15 steps. For 

Fig. 2 Test patterns used in this study. (a) and (b) are TG18-UNL80 test pattern and the original
test pattern modified from TG18-UNL80 test pattern, respectively.

(a) (b)

Fig.2　 Test patterns used in this study. (a) and 
(b) are TG18-UNL80 test pattern and the 
original test pattern modified from TG18-
UNL80 test pattern, respectively.

the three largest diameters, there was a single 

signal in the center, similar to conventional 

CD phantoms. However, four-point selective 

CD phantoms were used for the remaining 

signals, comprising a signal in the center 

and in one of the corners. Three CD images 

were acquired. The exposure condition was 

80 kV, 400 mA, and 25 ms and geometries 

are shown in Fig.3. A computed radiography 

(CR) system (IP: ST-VN, IP reader FCR 5000®, 

Fujifilm Co. Tokyo, Japan) was used for the 

X-ray detector. The CD images in DICOM 

format were displayed on both the ADLCD 

and NDLCD. The display function of these 

LCDs was calibrated GSDF with a Lmax of 170 

cd/m2. The illuminance of the center of these 

displays were set to 350 lux. This illuminance 

determined based on the actual measured 

illuminance at the center of this ADLCD, 

which was used in the clinical practice. The 

window level and window width were set to 

512 and 1024, respectively. Ten radiological 

technologists (1－11 years of experiences) 

participated in the observer study. They could 

observe the CD images at any distance, for 

as long as needed. Each observer recorded 

the depth at which each signal size in the 

CD phantom could be recognized with 50% 

confidence. The image quality figure (IQF) 

Fig. 3 Geometries for acquiring CD with 7-cm-thickness lucite phantoms .

X-ray
tube

SID: 124 cm

Lucite phantom

CD phantom

Anti-scatter grid
(ratio 8:1, 40 lines/cm)

Detector

Fig.3　 Geometries for acquiring CD with 7-cm-
thickness lucite phantoms.
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was calculated from individual observer data 

by the following equation; 

IQF = ∑i=15(Ci · Di,th), (2)i=1

   

where Ci represents the depth value (contrast) 

of the object (visible hole) in the column (i), 
and D(i,th) denotes the corresponding smallest 

visible diameter (threshold diameter) in the 

column (i). A small IQF value indicates high 

detectability with a low-contrast signal.9–11) 

A paired t-test analysis was performed to 

examine the mean differences of IQF values 

between ADLCD and NDLCD.

3  Results

　The results of the measured luminance 

using our original test pattern are shown in 

Figs.4 (a and b). Table 1 provides the values 

of Lmmax, Lmmin, luminance uniformities, and 

SD of the luminance value using the original 

test pattern. The luminance uniformities 

of ADLCD and NDLCD were 77.8% and 

25.4%, respectively. The ADLCD displayed 

a significant non-uniformity. The SDs of the 

measured luminance for the ADLCD and 

NDLCD were 9.30 and 3.15, respectively. 

There was a significant difference in the SDs 

between the ADLCD and NDLCD (F-test, p 

< 0.01). On the other hand, for using TG18-

UNL80 test pattern, the luminance uniformities 

of ADLCD and NDLCD were 23.2% and 

10.6%, respectively. The SDs of the measured 

luminance for the ADLCD and NDLCD were 

5.12 and 2.5, respectively. There was not a 

significant difference in the SDs between the 

ADLCD and NDLCD.

　For the observer performance test, the IQF 

values of the ADLCD and NDLCD were 74.2±
14.7 and 70.4±14.4, respectively. There was a 

statistical difference in the IQF values for the 

ADLCD and NDLCD (Fig.5) (paired t-test, p = 

0.036). 

 4  Discussion

　We measured the luminance uniformity as 

physical evaluation and IQF as low contrast 

detectability, using two same type LCDs 

with different operating times in order to 

Fig. 4 Luminance values (cd/m2) measured using the original test pattern (Fig. 2 (b)). (a) and (b)
are the luminance values corresponding to small rectangular regions of the original test pattern
(Fig.2 (b)) displayed on the ADLCD and NDLCD, respectively.

(a) (b)

Fig.4　 Luminance values (cd/m2) measured using 
the original test pattern (Fig.2 (b)). (a) and (b) 
are the luminance values corresponding to 
small rectangular regions of the original test 
pattern (Fig.2 (b)) displayed on the ADLCD 
and NDLCD, respectively.

Fig.5 Comparisons of image quality figures (IQF) between aged-
deterioration LCD and non-deterioration LCD. 

Aged-deterioration LCD
(ADLCD)

Non-deterioration LCD
(NDLCD)

Fig.5　 Comparison of image quality figures (IQF) 
between aged-deterioration LCD and non-
deterioration LCD. 

Table 1　 Results of physical evaluation for ADLCD 
and NDLCD using the original test pattern

ADLCD NDLCD

Lmmax 84.8 cd/m2 78.1 cd/m2

Lmmin 37.3 cd/m2 60.5 cd/m2

Luminance uniformity 77.8% 25.4%

SD of luminance value 9.30 3.15

SD; standard deviation, ADLCD; aged-deterioration LCD, 
NDLCD; non-deterioration LCD
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investigate the effect of luminance non-

uniformity due to aged-deterioration of the 

medical LCD.

　For both test patterns (TG18-UNL80 test 

pattern and the original test pattern), the 

luminance uniformity of the ADLCD was 

poorer than that of the NDLCD because of 

the degradation of the backlight or impurities 

contained in the liquid crystal component 

(Fig.4 and Table 1). The criteria for the 

acceptance test of the luminance uniformity 

showed that the value of luminance uniformity 

should be within 30%.6, 12) When TG18-UNL80 

test pattern was used, the results of both 

ADLCD and NDLCD were within this reference 

value (23.2% and 10.6%, respectively). On the 

other hand, when our original test pattern was 

used, the results of only ADLCD exceeded 

this value (Table 1). The SD of the ADLCD 

was significantly higher than that of the 

NDLCD when the original pattern was used. 

This is because by increasing the number of 

measurement points for the luminance of the 

entire screen, the variation in luminance of 

the entire screen (non-uniformity), measured 

more accurately compared to using TG18-

UNL80 test pattern.

　There was a statistically significant difference 

between the ADLCD and NDLCD with the 

same Lmax (170 cd/m2) for IQF values (Fig.5). 

We estimated that the reason for the higher 

IQF values of the ADLCD was because the 

region with the non-uniformity, in particular 

the black spot overlapping the signals of the 

CD phantom, resulted in low detectability of 

the low contrast signals. 

　In this study, we did not evaluate the 

chromaticity of the monitor in detail. Krupinski 

et al. reported that there is no significant 

difference in the diagnostic ability of breast 

biopsy virtual slide regions of interest for 

calibrated color LCDs and uncalibrated color 

LCDs.13) In our study, we calibrated the LCDs 

before the experiment and it is considered 

that the change in chromaticity has less 

influence on the detectability of simple signals 

using monochrome images.

　Only one LCD was used as the aged-

deteriorat ion sample; however, to our 

knowledge, there are no reports in the 

literature regarding the effects of luminance 

non-un i fo rmi ty  caused  by  the  aged -

deterioration of the LCD. This study revealed 

that the non-uniformity of the LCD may 

degrade the detectability of the low contrast 

signals.

　By measuring the luminance uniformity 

regularly, degradation in low contrast 

detectability due to aged-deterioration can 

be detectable, however determining the 

luminance uniformity is difficult because 

the use of telescopic-type luminance meters 

for measuring luminance uniformity is time 

consuming, and scientific-grade 2D luminance 

colorimeters are too costly for most users in 

hospitals. Practical and easier methods such as 

using commercially available digital cameras14), 

should be contained in constancy tests in 

certain guidelines and regular measurements 

of the luminance uniformity is required.6, 12)

5  Conclusion

　Because of either the degradation of the 

backlight or impurities contained in the liquid 

crystal component, the luminance uniformity 

of ADLCD (77.8%) was degrade compared 

to NDLCD (25.4%). There was a statistically 

significant difference between the ADLCD 

and NDLCD with the same Lmax (170 cd/m2) 

for low contrast detectability (paired t-test, 

p = 0.036). The detectability of low-contrast 

signals may be lower due to the effects of 

luminance non-uniformity caused by the 

aged-deterioration of the LCD.
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