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The Image Quality of a Digital Chest X-Ray Radiography System:
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Purpose: To evaluate the performance of imaging devices, which should be periodi- Index terms

cally monitored to maintain high quality images to the radiologists. Additionally, Thoracic X-Ray Images

this evaluation may prevent patients from radiation over-exposure. The most suit- Noise Equivalent Quanta

able engineering standard for imaging performance evaluation of digital X-ray tho- Modulation Transfer Function
racic imagers was determined. Normalized Noise Power Spectrum

Materials and Methods: |EC 62220-1 standards were used to evaluate the perfor-
mance of the imagers. In succession, the visibilities of overall image, pneumothorax,
and humerus head in anthropomorphic thoracic phantom images were used to

evaluate the image qualities by radiologists. Received August 1, 2011; Accepted August 15, 2011
Results: The rank correlation coefficient (o) of visual scoring by radiologists with sys- Corresponding author: Myung Jin Chung, MD
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tem spatial resolution is not meaningful (p-value, p = 0.295), but is significant with 50 Irwon-dong, Gangnam-gu, Seoul 135-710, Korea.
image noise (p-value, p = -0.9267). Finally, the noise equivalent quanta (NEQ) presents Tel. 82-2-3410-2519 Fax. 82-2-3410-2559
a high rank correlation for visual scoring of radiologists (p-value, p = 0.9320). E-mail: chungmjmd@gmail.com
Conclusion: Image quality evaluation of radiologists were mainly affected by imag- This study was supported by a 2010 research grant from
ing noise. Hence, the engineered standard for evaluating image noise is the most Pusan National University Yangsan Hospital, and
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ally, the NEQ can be used to evaluate the performance of radiographic systems, be-

cause it theoretically corresponds to the synthetic image quality of systems. Copyrights © 2011 The Korean Society of Radiology
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Table 1. Specifications of Digital X-Ray Imaging Devices for Acquisi-
tion of Radiographic Thoracic Images

Specifications Philips Canon

Model Digital Diagnose CXDI-40G
Numbers 2 1

Detector material Csl (TI) Gd,0.S

Pixel pitch (mm) 0.143 0.160

Array size 3,001 by 3,001 2,688 by 2,688
Imaging size (cm?) 43 by 43 41 by 41
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Exposure

Fig. 1. An example of acquired images for MTF and NNPS measure-
ments.

Note.—MTF = modulation transfer function, NNPS = normalized noise
power spectrum

Table 2. Criteria for Quality Evaluation of Radiographs on European
Guidelines, Modified in 1996

Number
01 Reproduction of the vascular pattern of the lung

Criteria Description

02 Visually sharp reproduction of the trachea and the proximal
bronchi, the border of the heart and aorta

03 Visually sharp reproduction of the diaphragm and the
costophrenic angles

04 Visualization of the retrocardiac lung and mediastinum

05 Thin linear structure (0.5-2 mm): fissures, peripheral vessels

06 Rounded structures (2-6 mm): vessels seen en face

07 The carina with the main bronchi

08 The thoracic vertebrae

09 The interface mediastinum - lung

10 The costopleural junction
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710 w2 INNPSe] S71&°] 212} 460.5%2F 391.8%°]1L
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AT IMTE Alojoll= SRS AREAT =R eisk
CHTable 3)(Fig. 3). TfRF Bt iMTF= A|AHIO] FRof o}
ot gefAls Zo ' LpERET|, System AQF Bt iMTF
= W% 1.36°19 System C2] F-2-0ll= 1,142 AARE QI
obH FATt 2 7oA D5 FR Y s sH

T ‘_1——__{ L
52 YISt oaksol ZARE Auh Al THA] AlE] R

ofA Aol okt Y4 B7Hel Bt A (Mean
score)7F 5715t M (Fig. 4A), B= F7F =0lA mlEAl
ol S7toll mE Hao] ST H T ITH(Table 4).
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Fig. 2. (A) An anthropomorphic phantom and (B) its radiographic image.
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Fig. 3. Relationships between exposures and (A) iMTFs, (B) iNNPSs and (C) iNEQs.

Note.—iMTF =
spectrum
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TAI(Rank correlation) & 2419t
Olofi= F-2mlet At AT =gl 0T o] wio] »e
A Al4=(Spearman’s rank correlation coefficient, p)= p =
-0.9267(p < 0.001)°]cH(Fig. 4C). E3F iNEQ2} Mean
score®] 9= p = 0.9320(p < 0.001)= -F-2Jv[dk A
TAZE TEE UK Fig, 4D). 72vh iMTF2F Mean score Ak
Olofl= F-ojuleh At AT HEA] S TH(Fig. 4B).
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Table 3. Acquired Engineering Factors for the Evaluation of Image

Hed e

Table 4. The Averaged Scores for Image Quality Evaluation by Radi-

Quality ologists
Exposure iMTF iNNPS iNEQ Exposure  Overall Pneumo- Humerous Mean
(mR) (mm™) (mm) (mm?) (mR) Noise thorax Head
System A 0.30 1.338 5.32E - 05 6.19E + 04 System A 0.30 25 3.25 2.75 2.83
0.40 1.278 4.77E - 05 6.67E + 04 0.40 2.5 3.25 3 292
0.64 1337 3.22E - 05 9.96E + 04 0.64 3 3.75 3.25 3.33
1.30 1.369 1.70E - 05 1.89E + 05 1.30 4 3.75 35 3.75
21 1.463 1.14E - 05 2.89E + 05 21 4.25 35 3.75 3.83
System B 0.24 1.421 5.83E-05 591E + 04 System B 0.24 2 25 1.75 2.08
0.42 1.374 454E - 05 7.17E + 04 0.42 25 35 2.25 2.75
0.86 1.188 2.30E - 05 1.37E + 05 0.86 35 3.75 2.75 3.33
1.35 1.410 1.54E - 05 2.11E + 05 1.35 3.75 3.75 3 3.50
2.18 1.421 1.04E - 05 3.13E + 05 2.18 3.5 3.75 35 3.58
System C 0.46 1.134 1.20E - 04 2.73E+ 04 System C 0.46 15 2.75 2.25 2.17
0.74 1.182 8.77E - 05 3.77E+ 04 0.74 15 35 3 2.67
0.95 1.126 6.71E - 05 494E + 04 0.95 2 3.5 3 2.83
1.53 1.149 3.49E - 05 9.55E + 04 1.53 2.5 3.5 3 3.00
1.95 1.1M 2.44E - 05 1.37E + 05 195 3 3.75 35 342
Note.—iMTF = integrated modulation transfer function, iNEQ = integrated
noise equivalent quanta, INNPS = integrated normalized noise power spec-
trum
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Fig. 4. Relationships between mean scores by radiologists and (A) exposures, (B) iMTFs, (C) iINNPSs, and (D) iNEQs.
Note.—iMTF = integrated modulation transfer function, INEQ = integrated noise equivalent quanta, iINNPS = integrated normalized noise power

spectrum
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