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ABSTRACT

Background The aim of this study was to evaluate the
usefulness of noise reduction procedure (NRP), a func-
tion in the new image processing for chest radiography.
Methods A CXDI-50G Portable Digital Radiography
System (Canon) was used for X-ray detection. Image
noise was analyzed with a noise power spectrum (NPS)
and a burger phantom was used for evaluation of den-
sity resolution. The usefulness of NRP was evaluated
by chest phantom images and clinical chest radiogra-
phy. We employed the Bureau of Radiological Health
Method for scoring chest images while carrying out our
observations.

Results NPS through the use of NRP was improved
compared with conventional image processing (CIP).
The results in image quality showed high-density resolu-
tion through the use of NRP, so that chest radiography
examination can be performed with a low dose of radia-
tion. Scores were significantly higher than for CIP.
Conclusion In this study, use of NRP led to a high
evaluation in these so we are able to confirm the useful-
ness of NRP for clinical chest radiography.

Key words  chest radiography; image processing;
noise power spectrum; noise reduction procedure; ob-
servation

For digital radiography, the conventional film-screen
system for X-ray radiography is replaced with computed
radiography and a flat panel detector (FPD). In ana-
log radiography, film density and changes in contrast
depend on the exposure conditions, whereas in digital
radiography, the X-ray image is dependent on the image
processing that incorporates various parameters. The
image processing procedure changes the exposure con-
ditions for the X-ray device. Suitable radiograms can be
achieved with digital radiography even by an inexperi-
enced radiological technologist.

Digital X-ray image quality is adjusted based on 3
factors: contrast, sharpness and graininess. Optimization
of image quality is affected by these 3 closely related fac-
tors. The graininess on an X-ray image is statistical noise
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caused by the characteristics of the X-ray detector and
variations in radiation doses. Reducing the radiation dose
for patients is important, and the graininess in digital im-
aging is most affected by dose reduction. Therefore, the
improvement of graininess can actually lead to reducing
radiation doses.! There are many reports on image pro-
cessing of the X-ray imaging,> > * > © but excessive im-
age processing can deteriorate image quality.” 8

The noise reduction procedure (NRP) is a func-
tion of the image processing software MLT-S (Canon
Lifecare Solutions, Osaka, Japan). NRP analyzes the
image noise superimposed on each spatial frequency
component, and reduces noise by subtracting the noise
from each spatial frequency component. Our aim in
this study was to verify the usefulness of NRP in chest
radiography compared with the current image process-
ing. We performed 2 types of evaluations in the present
study, a physical characteristic analysis of graininess,
and observation. However, the 2 types of evaluations
may not be correlated. Therefore, to optimize the image
processing procedure conditions for chest radiography,
we performed an overall evaluation of chest radiogra-
phy using a phantom and various clinical cases during
observation.

SUBJECTS AND METHODS

X-ray devices and phantoms

A DHF-1510S (Hitachi Medical, Tokyo, Japan) was used
for X-ray equipment, and a CXDI-50G (Canon) was
used as the X-ray detector. This detector is a terbium
doped gadolinium oxysulfide (Gd20,S:Tb) FPD employ-
ing indirect conversion with a pixel pitch of 0.15 mm. A
burger phantom was used to evaluate density resolution,
and a PBU-SS-2 chest phantom (Kyoto Kagaku, Kyoto,
Japan), which simulates the chest structure, to simulate
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chest radiography. Both phantoms were used for obser-
vation. A high-resolution monitor ME355i2 (TOTOKU,
Tokyo, Japan) was also used for observation. Images
were analyzed using ImageJ image processing (NIH,
Bethesda, MD).

Image processing for evaluation

An X-ray image processed by the current method is
referred to as “conventional image processing (CIP)” in
the present study. CIP is used in our hospital for chest
radiography. An X-ray image processed by MLT-S is
referred to as “new image processing (NIP)”. The noise
reduction factor in NRP can be changed from 1 to 10
during radiography image processing. NRP with the as-
sociated noise reduction factor is referred to as NIP (factor
1) to NIP (factor 10), in the order of increasing image
processing strength.

NRP is able to reduce image noise that is strength-
ened during image processing. Although image process-
ing strengthens the noise, the radical nature of an image
will reduce because of the method of noise reduction
with NRP. Detection of a small signal is reportedly
reduced by excessive processing.” Therefore, in this
study, we employed NIP (factor 5) and NIP (factor 7)
for moderately and slightly strong image processing,
respectively. Other processing conditions, for example,
contrast and edge enhancement, were selected based on
manufacturers’ recommendations.

Ethical considerations

The Ethics Committee of Tottori University approved
the use of clinical images for the experiment (approval
number 1143). We explained the study to the patients,
and only the images provided were used for this study
after obtaining consent from them.

Measuring the NPS

X-ray image noise was evaluated using the noise power
spectrum (NPS). A decrease in the NPS value indicates
an improvement in graininess. Images that emitted X-
ray uniformly were used for NPS analysis. Only the
image processing on the FPD console was changed for
each acquired image, and these images were used for
subsequent NPS analysis after output in formats used for
digital imaging and medical communication. CIP and
NIP (factor 5) were chosen for NPS analysis.

Evaluation of density resolution

The density resolution was evaluated by observation
through the use of the burger phantom, which is a plate
used to evaluate density resolution; the depth becomes
gradually shallow laterally, and the diameter changes in
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Fig. 1. Burger phantom X-ray image. The burger phantom is a
plate used to evaluate density resolution; the depth becomes grad-
ually shallow laterally, and the diameter changes in the lengthwise
direction.

a lengthwise direction. The same geometric parameters
were used with the burger phantom image for the clini-
cal chest radiography. We placed an acrylic plate (20
cm) in front of the burger phantom to simulate the aver-
age thickness of a human body. Figure 1 shows the X-
ray image of the burger phantom. The observers evalu-
ated the limit of detection with this signal. CIP and NIP
(factor 5) were used for this evaluation. Eleven radiologi-
cal technologists (experience: 2-36 years) in our hospital
participated in the observation. The density resolution
was calculated from the results of the observation and
expressed as a contrast-detail (C-D) diagram. The curve
of the C-D diagram (below) shows high-density resolu-
tion. The image quality figure (IQF) was calculated from
the same results.® The IQF, obtained from n lines of the
burger phantom, was calculated using the formula:

n
IQF = D, Ci X Dimin

i=1

@D

where G; is the signal diameter of line i, and D; is the
signal thickness in line i detectable by an observer.
D; decreases as the density resolution increases. Thus,
a small IQF denotes a high density resolution. To inves-
tigate the change in IQF according to exposure dose,
we prepared the evaluation samples with NIP(factor 5)
that were obtained at various exposure times. An expo-
sure time of 25 ms is equivalent to an exposure dose of
100%: we employed exposure times of 20 ms (80%), 16
ms (64%) and 12 ms (48%).

Evaluation using a chest phantom

The chest phantom simulates the chest structure for use
in chest radiography. Radiograms of the chest phantom
were acquired to compare image-processing methods
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Table 1. Assessment items of the BRH method: (a) anatomic landmarks and (b) physical parameters

(@) Anatomic landmarks
i Bony thorax (ribs & clavicles)
(clearness of the edge)

Cortical margins

Trabeculae

ii  Retrocardiac area Left diaphragm

Spine

iii Diaphragm (diaphragm outline)

iv  Trachea (visible to)

v Pulmonary vasculature
(maximum measurable to)

(b) Physical parameters

vi Contrast
Poor, but diagnostic
Unacceptable,

not diagnostic
vii Graininess

viii Density

Poor, but diagnostic

iv  Detail

Optimally visualized
Adequately visualized
Poorly visualized

Not visualized

Optimal detail

Adequate detail

Poor detail

Not visualized

Totally visualized
Partially visualized

Not visualized

Too well visualized
Optimally visualized
Acceptably visualized
Poorly visualized

Not visualized

Both visualized

Right only

Left only

Not visualized

Left main stem bronchus
Carina

Neck and upper mediastinum
Not visible

Right costophrenic angle
Right mid-lung

Right descending pulmonary artery
None
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Reference for Table 1: Cortical margin
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Fig. 2. Noise power spectrum (NPS).
The characteristic for horizontal direc-
tion and vertical direction is referred to
as “parallel” and “perpendicular”, re-
spectively. The NPS with NIP (factor 5)
was smaller than that CIP in all spatial
frequencies. CIP, conventional image
processing; NIP, new image processing.

0.1 1
Spatial frequency

CIP, NIP (factor 5) and NIP (factor 7). The geometry for
the chest phantom radiography is similar to that for chest
radiography of patients in our hospital. The observers for
this experiment were the same observers in the burger
phantom study. Observation was similar to that done
for the clinical interpretation of radiograms (i.e. room
lighting, high-resolution monitor, etc.). We employed the
Bureau of Radiological Health (BRH) method for scor-
ing the chest phantom images (Tables 1a and b).!° The
BRH method is used for the overall evaluation of chest
radiography using a screen or film. The chest radiogra-
phy score was calculated as an anatomical index (perfect
score: 100 points) and a physical index (perfect score:
100 points). We changed the grand total to an overall
perfect score of 100 using the following formula:

Total score of Al + total score of PI y
200 -N

100

@

where Al is the anatomical index, N, the evaluation item
and PI, the physical index. However, if the observer
could not evaluate an image because of a lesion, we de-
ducted the score for the N from the denominator. The
Wilcoxon signed-rank test was used to test for statistical
significance, with the significance level set at P < 0.05.

Evaluation using clinical chest radiography

Forty patients [28 men, 12 women, mean (s) age: 63.9
(16.0)] involved in diagnostic chest radiography in our
hospital (examinations: February to April, 2009) were
subjected to the observation experiment. Diagnoses in-
cluded 5 normal subjects, 13 patients with lung cancer
(including postoperative diagnosis), 13 patients with
interstitial pneumonia, 3 patients with sarcoidosis, 2 pa-
tients with nontuberculous mycobacterial infection and
4 patients with other diseases. The geometry conditions
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for X-ray radiography were as follows: upright position,
posterior-anterior view, focus to detector distance of 200
cm. Four pulmonologists and 2 radiologists took part in
this observation experiment. All observers were prepped
using other samples of radiograms of the chest phantom
beforehand and confirmed the evaluation region and cri-
terion. CIP, NIP (factor 5) and NIP (factor 7) were used
to process the chest radiograms, and the BRH method
was used for scoring the images. All patients were clas-
sified and evaluated using the same methods. Classifica-
tions are described in the following section.

Subject classifications for chest radiography

All patients were classified according to body mass in-
dex (BMI), aeration of the lung and presence of a lung
lesion, and evaluated with only 2 processing methods,
CIP and NIP (factor 5).

Because graininess is most affected by variations in
a patient’s physique, we classified all patients by BMI. A
BMI less than 18.5 was classified as underweight; a BMI
of 18.5 but less than 25, as normal and a BMI more than
25, as overweight.!!

Evaluations of chest radiograms are also affected
by density variation in the lung field caused by aeration.
The right diaphragm should be at the height of the poste-
rior 10th rib under sufficient inhalation.'> When the right
diaphragm was positioned at the height of the 9th rib,
the case was classified as “poor”. The case was classified
as “good” when the right diaphragm was positioned at
any height below the 9th rib.

To optimize image processing, it is important to
evaluate chest radiograms with various lesions. We clas-
sified all patients with lung lesions into 4 patterns: inter-
stitial markings, a nodule, a consolidation and a normal
pattern.!
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RESULTS
Figure 2 shows the NPS analysis results. An
NPS with an NIP was smaller than that with
CIP for all spatial frequencies. Moreover, the
NPS was small when the image processing
was strong.

Figure 3a shows the C-D diagram calcu-
lated in the burger phantom study. The curve
for NIP (factor 5) was below that for CIP. Fig-
ure 3b shows the IQF value for each exposure
dose. As shown in Fig. 3b, the IQF value with
CIP was equal to the IQF value at 72% expo-
sure dose with NIP (factor 5).

Table 2 shows the results of the observa-
tion with the chest phantom image. The total
score for NIP (factor 7) was significantly
higher than that for CIP. There was no differ-
ence in the total score between CIP and NIP
(factor 5). Many assessment items for the BRH
method with NIP were improved compared
with CIP; in particular, the graininess score
was significantly higher.

Table 2 also shows the results of observa-
tion with clinical chest radiography. The total
scores of NIP (factor 5) and NIP (factor 7)
were significantly higher than CIP (P = 0.0002,
P = 0.007, respectively). The contrast and the
graininess were improved compared with CIP.
Because the evaluation of NIP (factor 5) was

(mm)
10

[}
]
[ \
£ Sy
.-‘:3 ' T~
=
- CIP
-=- NIP (factor 5) el o
1 ,
1 ] 10 (mm)
Diameter
170
g b
3 160 ]
2
& 150} 1\1
2
= 140 | l ;
S 130} \'_\-[- T
T I O—
g 120f e cCIP ; ! L
g 110l ™ NIP (factor 5) I
1
100 s : : e : ‘
0 20 40 60 [200,] 80 100 120 (%)

Relative exposure

Fig. 3. The results of observation using the burger phantom.
a: Contrast-detail diagram.
b: Image quality figure.
CIP, conventional image processing; NIP, new image processing.

higher than that for NIP (factor 7), we estimated only
CIP and NIP (factor 5) in the subsequent experiment in
which all clinical cases were categorized.

Table 3 shows the results of observation with clinical
cases categorized according to various conditions of the
patients. For convenience, the CIP score is not included

in Table 3. For BMI, the scores of many assessment
items for the BRH method were significantly higher
than CIP. There was a tendency for the score to decrease
as the BMI value increased; however, NIP (factor 5)
reduced the magnitude of this decrease compared with
CIP. For aeration of the lung, both the good group and

Table 2. The results of observation with the chest phantom and chest radiography

Chest phantom (mean [s])

Chest radiography (mean [s])

Assessment items CIP NIP (factor 5) NIP (factor 7) CIP NIP (factor 5) NIP (factor 7)
Cortical margins 3.67 [0.96] 4.22 [0.90] 4.22 [0.83] 4.09 [0.82] 4.27 [0.65]* 4.21 [0.65]*
Trabeculae 2.89 [1.0] 378 [1.1] 3.56 [1.2] 349 [1.3] 3.51 [14] 344 [1.3]
Left diaphragm 14.1 [3.5] 141 [2.2] 141 [2.2] 1.1 [5.5] 112 [54] 114 [5.3]
Spine 8.33 [5.0] 7.89 [4.6] 8.33 [4.5] 6.25 [47] 8.13 [4.8]* 8.04 [5.0]*
Trachea 107 [3.1] 104 [27] 104 [29] 13.1 [3.5] 13.5 [34] 134 [3.3]
Diaphragm 150 [0.0] 150 [0.0] 150 [0.0] 117 [5.5] 120 [5.2] 121 [5.2]
Pulmonary vasculature 256 [5.1] 237 [6.0] 256 [5.1] 20.1 [11] 209 [11] 20.8 [11]
Contrast 203 [6.7] 203 [6.7] 243 [4.5] 18.0 [8.9] 196 [9.2]* 190 [9.2]
Graininess 13.0 [49] 184 [3.17* 184 [2.6]* 18.3 [3.0] 195 [1.8]* 195 [1.8]*
Density 8.89 [1.9] 8.89 [2.2] 8.89 [2.2] 9.26 [2.9] 102 [2.6]* 979 [2.6]*
Detail 211 [41] 211 [4.1] 21.1 [3.8] 184 [54] 193 [5.1]* 18.6 [5.0]
Total score 720 [21] 73.8 [19] 804 [15]* 700 [11] 740 [117* 72.8 [11]*

CIP, conventional image processing; NIP, new image processing.

*P < 0.05: Comparison with the score of CIP.
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Table 3. The results of observation with clinical cases categorized according to various conditions of the patients

BMI (mean [s]) Aeration of the lung (mean [s]) Lung lesion (mean [s])

Under- Normal Over- Normal Interstitial Consoli-

weight range weight Poor Good pattern markings  Nodule dation
Cortical margins 4.37 [0.67]* 4.29 [0.65]* 4.10 [0.71]* 4.15 [0.67]* 4.34 [0.61]* 4.40 [0.67] 4.12 [0.72]* 4.38 [0.61]* 4.32 [0.55]*
Trabeculae 347 [14]* 349 [1.39]* 3.67 [1.3] 3.35[1.5)* 3.61 [1.29]* 3.60 [1.2]* 342 [L.5]* 3.48[14] 3.57[L.3]*
Left diaphragm 12.6 [3.7]* 11.5 [5.3]* 8.63 [6.6] 103 [5.8] 114 [5.3]* 139 [2.8]* 910 [6.1] 13.5 [3.2]* 10.6 [5.8]
Spine 927 [471* 826[5.0]* 623 [41] 692[47] 8.68[49] 887[43] 6.67[49] 771[49] 924[4.8]*
Trachea 119 [3.8]* 13.8 [3.1]* 13.8 [3.9]* 139 [2.6]* 134 [3.8]* 13.6 [3.5]* 144 [2.5]* 12.6 [39]* 13.5 [3.7]*
Diaphragm 142 [2417% 123 [50]* 933 [6.01* 11.3 [57] 121 [5.1]* 147 [1.5]* 11.3 [54] 145 [2.0]* 10.1 [6.3]*
Pulmonary
. 234 [9.5] 20.5 [11* 191 [12]* 193 [12] 21.2 [11]* 271 [5.0]* 150 [12]* 274 [59]* 19.0 [11]
Contrast 21.1 [8.8]* 20.0 [9.2]* 16.6 [7.5] 182 [87] 20.0 [9.6]* 258 [8.0] 18.1 [9.7] 20.8 [8.2]* 17.8 [8.8]*
Graininess 19.5 [1.81* 195 [1.8]* 193 [2.1]* 193 [2.1]* 19.5 [L1.8]* 19.5 [1.81* 19.5 [1.8]* 19.1 [2.3]* 19.6 [1.6]*
Density 10.5 [24]* 102 [2717% 917 [23] 9.68[2.6] 104 [2.6]* 11.7 [27] 925[27] 10.5 [2.36]*10.2 [2.3]*
Detail 190 [5.5]* 19.6 [4.8]* 177 [57] 18.5 [5.1]* 195 [4.8]* 21.3 [57] 18.0 [5.8]* 192 [4.5]* 19.6 [4.3]*
Total score 747 [17* 717 [11]* 63.8 [12]* 674 [12]* 72.1 [11]* 82.3 [971* 644 [13]* 76.6 [9.3] 68.8 [8.1]*

BMI, body mass index; CIP, conventional image processing; NIP, new image processing.

*P < 0.05: Comparison with the score of CIP.

the poor group scores were significantly higher than CIP.
In the lung lesion category, the total score was higher in
order of a normal pattern, a nodule, a consolidation and
interstitial markings. The total score was significantly
improved in comparison with CIP, except in the nodule

group.

DISCUSSION

By calculating the NPS, we confirmed the effect of
noise reduction by NRP. The NPS values with NRP
were small for all spatial frequencies, which indicates
that NRP can reduce image noise in various chest struc-
tures. The difference in density resolution between the 2
processing methods was confirmed by the C-D diagram.
Figure 3 shows that the 72% of IQF with NIP (factor 5)
was equal to 100% of IQF with CIP. Therefore, it is pos-
sible to reduce the radiation dose when using the NRP.
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Fig. 4. The distribution of BMI over 1 week in patients examined
by chest radiography. Many patients had a BMI above the normal
range. BMI, body mass index.
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The score for NIP (factor 7) was significantly higher
than CIP in the phantom study; however, the score for
NIP (factor 5) was the opposite in the clinical study.
The chest phantom image is unvaried compared with
the clinical image. Thus, observer performance likely
improved because the evaluation became easier, i.e., the
decrease in image noise was enhanced by noise reduc-
tion, which facilitated evaluation. Some reports suggest
that excessive image processing deteriorates X-ray im-
age quality.” 8 In this study, the moderate processing
NIP (factor 5) was more useful than the strong process-
ing NIP (factor 7). This result corresponded with the
results of past reports. We were also able to confirm the
usefulness of NIP (factor 5) in clinical cases with inter-
stitial markings or high BMI. In cases of diffuse inter-
stitial markings, the contrast and density of the lung are
reduced, which inhibits recognition of the pulmonary
vasculature and the minor fissure. Using NIP (factor 5),
the discrimination in the lung field was improved by
noise reduction and frequency emphasis, thus the score
improved. There was a tendency for the overall score of
the high BMI group to decrease; however, the score im-
proved by 13% using NIP (factor 5). Figure 4 shows the
distribution of BMI over 1 week in patients examined by
chest radiography. Many patients had a BMI above the
normal range. This led us to believe that there are many
imaging situations where NRP can be effective.

In this study, strong image processing decreased the
image noise in the physical characteristic analysis; how-
ever, moderate image processing was most suitable for
the evaluation of clinical cases. Consequently, we were
able to optimize the image processing for chest radiog-
raphy by using NRP. These processes for optimization
will likely benefit any radiography facility.
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