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Demonstrating Small Simulated Low-density Lung Nodules
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Introduction

A high-quality, conventional chest radiograph should be ob-
tained in lung cancer screening programs to efficiently detect
the faint, small nodular shadows due to early lung cancer in the
lung fields, although it is difficult to image the entire lung field
within the linear part of the characteristic curve of the screen-
film system owing to the wide variation in tissue density in the
thorax, which ranges from the well aerated lung superimposed
on the intercostal spaces to the lung area superimposed on the
heart or diaphragm'”. In the detection of early cancer in the lung
fields, it is important to consider the very low density (CT val-
ues of nearly -600 HU to -300 HU) commonly exhibited by early
adenocarcinomas in the lung. The detectability of such nodules
would be greatly influenced by the contrast and noise charac-
teristics of the photographic system, the cornplexity of anatomical
structures around the nodule, the characteristics of the observa-
tion system for x-ray films, the interpreter, and so on?*’. The
choice of x-ray film/screen system basically determines the ef-
ficacy of screening; specifically, the contrast characteristics of
x-ray films together with noise level, which varies at different
optical densities, affect the detectability of nodular shad-
ows'?-1¥ The present study was carried out to determine the
most suitable sensitometric characteristics and to assess the ef-
fects of the noise level of the x-ray film/screen system on the
detectability of nodular shadows within the lung fields, particularly

in low-density areas.

Materials and Methods

1. Materials

The x-ray equipment and screen/film combinations used in
the study are listed below.

X-ray system: HD150B-30 (Shimadzu Corporation, Tokyo),
X-ray tube: P38C (focal spot size, 0.3/0.8 mm)

X-ray film/ screen systems: six combinations, including HR-
S/HR-3 (HR 3), SUPER HR-S/HR-3 (super/HR-3), SUPER HR-

37



510 Performance of x-ray film/screen systems
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noise.

Processing of radiographs: processor, KX-500 auto-
matic film processor (Konica Corporation, Tokyo); de-
veloper, RD-3; development temperature, 32.5°C. The
characteristic curves under the above conditions and the
density gamma curves are shown in Figs.]1 and 2, and
root mean square (RMS) values are shown in Fig.3. The
characteristic curves, the density gamma curves and RMS
values were counted using our sample films. The char-
acteristics of each system are shown in Table 1.

2. Simulated nodules

Six types of simulated nodules were prepared from vinyl
chloride in two sizes(5 and 10 mm)and three shapes
(spherical, 1/2 flared spherical, and 2/3 flared
spherical). The base diarneters of the 1/2 and 2/3 flared
spherical nodules were identical: 7.5 mm for the 5-mm
size and 15 mm for the 10-mm size (Fig.4). The spheri-
cal nodules represented well-defined nodules, and the
flared spherical nodules represented poorly defined nod-

Fig.1 Characteristic curves plotting film optical density as a function of

log relative exposure

ules (Fig.5).
3. X-ray films for interpretation
Imaging parameters: x-ray tube voltage, 120 kVp; tube
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current, 100 mA.; FFD, 200 cm.

Exposure time: Four exposure times were selected to
obtain background optical density (BOD)values for the
nodules of 0.27, 0.33, 0.4, and 0.5 for the nodules of 5
mm and 10 mm size. Twenty radiographs were printed
on an x-ray film (14" by 14")on which a 4 by 4 square
grid (with each frame 6 ¢cm by 6 cm in size) had been
predetermined with a simulated nodule placed in it. X-
ray exposure was performed with a flat acrylic plate with
a thickness of 20 cm placed on the film to adjust the ra-
diographic density.

X-ray films for interpretation were prepared by dividing
the x-ray films obtained as described above into sepa-
rate frames of 2880 grids with all types of simulated nod-
ules generated for interpretation (20 grids for each com-
bination of imaging parameters: 6 screen/film sys-
tems, 6 nodule types, and 4 different density
conditions). In addition, 960 grids without nodules were
generated (40 grids for each combination of imaging

Fig.2 Density-gamma curves of the six film/screen systems

S30/HR-3 (super30/HR-3), SUPER HR-S/HR-4 (super/HR-4), UR-
1/HG-M (UR-1), and UR-2/HG-M (UR-2) (Fuji Medical Sys-
tems, Tokyo).

Of these, UR-1 and UR-2 have been commercially available
since 1993. Both of these are superior to the older HR series (HR-
3, super/HR-3, super/HR-4, and super30/HR-3) with respect to

38

parameters: 6 photographic systems and 4 density
conditions). A total of 3840 grids were randomly arranged
and placed on a view box with a brightness of approxi-
mately 6000 lux. During interpretation, areas surrounding the
grids were covered to make them dark.
4. Interpretation

Eight diagnostic radiologists with 2 to 33 years of clinical
experience evaluated all test grids. Prior to the interpretation of

x-ray films, a sample film in which the six types of simulated

HAENRSE H58% 595
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3 Table 1 Characteristics of the six film/screen systems
Film/screen system Caontrast type Subjective evaluation
of noisiness
HR-3 standard good
super/HR-3 standard degraded (slight)
3- super30/HR-3 standard degraded (slight)
super/HR-4 standard most degraded
UR-1 standard excellent
g o UR-2 | high (slight) excellent
v HR-3 = HR-S/HR-3, super/HR-3 = SUPER HR-S/HR-3, super/
HR-4 = SUPER HR-S/HR-4, super30/HR-3 = SUPER HR-S30/
HR-3, UR-1 = UR-1/HG-M, UR-2 = UR-2/HG-M
———- HR3
«< 5 T/ === super/HR3
|8/ A i super30/HR3 used was SPSS™,
; e super/HR4
i ............... UR-1
[ - UR-2 Results
0 ! T T T T T ) . . 5 B
0 0.5 1 15 2 25 1. Detection rate of simulated nodules according
Density to the photographic system

Fig.3 Root mean square (RMS)values for the six film/screen sysﬁem's'._

nodules had been imaged at BOD 0.5 were shown to the inter-
preters. They then evaluated all test grids in random sequence
and recorded the presence or absence of nodule on each grid.
The following five levels of confidence were used: (1)nodular
shadow absent, (2)nodular shadow probably absent, (3)nodu-
lar shadow possibly absent or present, (4)nodular shadow prob-

ably present, (5)nodular shadow present. The time required for

evaluation of each film was approximately 5 seconds, and im-

ages were observed at a viewing

distance of 40 to 50 cm. However,

Table 2 shows the results of the interpretation experi-
ment. For 10-mm nodules, Az was high for all photo-
graphic systems examined. Only at BOD 0.27, was UR-

2 superior to other systems, particularly as compared with HR-
4 or HR-3.

For 5
the HR series. UR-1 was inferior to the others; in particular, the

5-mm nodules, UR-2 gave the best results, followed by

difference was large at BOD 0.27, becoming less as optical density
increased. When BOD was 0.40, no statistically significant dif-
ference was recognized among systems, excluding UR-1, and

at BOD 0.50 the results were identical. In a comparison between

these conditions could be adjusted
as desired by the interpreter.
5. Statistical analysis

The accuracy values for 144
combinations of the test parameters
(consisting of 6 nodule types, 4
optical densities and 6 screen/film
systems) were calculated for each
of the eight interpreters. Moreover,
receiver operating characteristic
(ROC)analysis'>"'®was performed =~ | e
by generating ROC curves using
the ROCFIT program to calculate
the area under the curve (Az). Mean
values of 8 observers between the

groups were compared using

,a-——-c;:h

----------------- :_‘.-.-_;--—-———-———————-——————--

Student's t-test or Welch's t-test.

The statistical software package simulated nodules

FR104E8 H25 H

Fig.4 Photographs and dimensions of spherical, 1/2 flared spherical, and 2/3 flarea_gpherical
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(A) (B)

super/HR-3 and super/HR-4, in which the same x-ray film and
different screens were used, the latter was inferior at BOD 0.27.
2. Detection rate of nodules according to film density
For 10-mm nodules, UR-2 was the best in detecting nodules
at BOD 0.27, as shown in Table 2. At BOD values of 0.33, 0.40,
and 0.50, detectability was higher than at BOD 0.27, and there
was no statistically significant difference between 0.33, 0.40 and
0.50. For 5-mm nodules, UR-2 showed the best detectability at
a density of 0.27, followed by the HR series and UR-1. Fig.6
shows the ROC curves for each imaging system shown with 2/
3 spherical nodules. No differences were detected between UR-
2 and the HR series at BOD 0.33 or higher. The detectability of
UR-1 was frequently lower than that of UR-2 and the HR se-
ries. Figs.7A, and 7B illustrate averaged ROC curves. In the FIR

Performance of x-ray film/screen systems

(c) |

Fig.5 End-on
images of the
simulated nod-
ules shown on a
conventional
radiograph:(A)
spherical, (B)1/2
flared spherical,
and(C)2/3 flared
sphericall

series and UR-1, detectability was markedly decreased at BOD
0.27, compared with density values of 0.33 to 0.50(P < 0.01)
. For UR-2, on the other hand, almost identical detectability was
obtained, compared with the results obtained at density values
of 0.27 to 0.50.
3. Detection rate of nodules according to their configuration
Table 3 shows differences in detectability according to the shape
of the nodule for 1/2 and 2/3 flared spherical nodules with identical
base diameters. For 10-mm nodules, Az values were larger for
1/2 flared spherical nodules than for 2/3 flared spherical nod-
ules, irrespective of the system used, when BOD was 0.27. In
particular, statistically significant differences were recognized
(P < 0.01) for super/HR-3, super/HR 4, and UR-2. Even for 5-
mm nodules, the Az values of 1/2 flared spherical nodules were

Table 2 Observer performance for the six film/screen systems indicated by the area under the ROC curve (Az)

Thickness| Film/screen Shape
system Spherical 1/2 flared spherical 2/3 flared spherical

10mm Density | 0.27 0.33 0.40 0.50 0.27 0.33 0.40 0.50 0.27 0.33 0.40 0.50
HR-3 0.92 0.97 0.98 0.98 0.94 0.97 0.98 0.98 0.85 0.96 0.98 0.98
super/HR-3 0919 | 0.97 0.98 0.98 0.92 0.97 0.98 0.98 0.80} 0.94 0.98 0.98
super30/HR-3 | 0.95% 0.98 0.98 0.98 0.94 0.98 0.98 0.98 0.905| 0.96 0.98 0.98
super/HR-4 0.e2 ! 0.97 0.98 0.98 0,93} 0.97 0.98 0.98 0.783; 0.92 0.98 0.98
UR-1 0.92 J 0.97 0.98 0.98 0.89-+ 0.97 0.98 0.98 0.86 J 0.96 0.¢8 0.98
UR-2 0.97 0.97 0.98 0.98 0.97 0.97 0.98 0.98 0.93 0.97 0.98 0.98

5mm Density | 0.27 0.33 0.40 0.50 0.27 0.33 0.40 0.50 0.27 0.33 0.40 0.50
HR-3 0.?9-’_‘ 0.93 0,97-! 0.98 0,?9}] 0.93 0.97 1 0.98 0.77 0.89 0.95 0.98
super/HR-3 0.72-.| 0.86 0.97 0.97 0.80-; 0.88 0.947 | 0.97 0.69 0.89 0.57 0.96
super30/HR-3 0811J-H 0.93 0.96 | 0.97 0.?3~|'J 0.88 0.97 **i 0.97 0.68+| 0.90 h 0.¢6 -‘ 0.97
super/HR-4 o.soi llloo1 « 0.96 J* 0.98 0.63 J* J 0,94} 0.96770.98 0.68 } 0.92-] o.gsJ 0.98
UR-1 0.69- Jo.aa1 0.887 0.96 0.75- % 0.90-] 0.954 Jo.gs 0.674% 0.;8?-|J 0924 0.96
UR-2 0.88 ELS!SJZJ 0.983‘. 0.98 0.89 0.96 ] 0,9?3t 0.98 0.85 J 0.93—"3 0,97j 0.97

* statistically significant difference (P < 0.05)

HR-3 = HR-S/HR-3, super/HR-3 = SUPER HR-S/HR-3, super/HR-4 = SUPER HR-S/HR-4, super30/HR-3 = SUPER HR-S30/HR-3,

UR-1=UR-1/HG-M, UR-2 = UR-2/HG-M

40
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HR-4, and UR-2 for 10-mm nodules when BOD was (.27.
In a comparison of spherical and 1/2 flared spherical nod-
ules, no statistically significant differences were recog-
nized between systems, irrespective of the optical den-

sity.

Discussion

In frontal chest radiographs, approximately 43 % of the
lung area and approximately 26% of the lung volume may

be obscured by cardiac, mediastinal, and subdiaphragmatic

structures”. It is important to achieve high sensitivity to
clearly visualize the areas that tend to be obscured. Sev-
eral methods have been employed to overcome this dif-
ficulty, including appropriate selection of the screen/film
system and the use of high tube kV settings, compensa-
tion filters, and so forth. Several kinds of wide-latitude

False-Positive Fraction (FPF)

1
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/ /// s - -
- ,ff‘/’/
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Fig.6 ROC curves for the six film/screen systems
(5-mm, 2/3 flared spherical nodule at 0.27 density)

film for thoracic imaging are now available: wide-lati-

generally higher. In low-density areas using super/HR-3 and UR-

1, in particular, the differences were the largest. However, no

statistically significant differences were recognized.

Analysis of the results shown in Tables 1 and 2, in a comparison

of spherical and 2/3 flared spherical nodules, revealed statisti-

cally significant differences (P < 0.05) between super/HR 3, super/

tude film minimizes film darkening in high-exposure
areas, and extended-latitude film further provides greater
darkening in low-exposure areas, which might lead us
to expect a higher contrast in visualizing any abnormal-

ity in these regions. However, contrary to this expecta-

tion, some extended-latitude films may not improve the recog-

nition of low-density nodules in underexposed areas owing to

their low gradient in the low-density range of the characteristic

curve
To
effect

clarify these points, more detailed investigations into the

of the characteristic curve are warranted. In the present

o
[e2]
I
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Fig.7 Averaged ROC curves for eight observers in detecting simulated nodules: (A)UR-1/HG-M, (B)UR-2/HG-M
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514 Performance of x-ray film/screen systems
Table 3 Observer performance evaluated by the area under the ROC curve (Az)
10mm thickness 5mm thickness
2/3 flared spherical 1/2 flared spherical 2/3 flared spherical 1/2 flared spherical

Az Az Az Az

HR-3 0.27 0.85 0.94 0.77 0.79
0.33 0.96 0.97 0.89 0.93

0.4 0.98 0.98 0.95 < 0.97

0.5 0.98 0.98 0.98 0.98

super/HR-3 0.27 0.80 << 0.92 0.69 0.80
0.33 0.94 0.97 0.89 0.83

0.4 0.98 0.98 0.97 > 0.94

0.5 0.98 0.98 0.96 0.97

super30/HR-3 0.27 0.90 0.94 0.68 0.73
0.33 0.96 0.98 0.90 0.88

0.4 0.98 0.98 0.96 0.97

0.5 0.98 0.98 0.97 0.97

super/HR-4 0.27 0.78 << 0.93 0.68 0.63
0.33 0.92 < 0.97 0.92 0.94

0.4 0.98 0.98 0.96 0.96

0.5 0.98 0.99 0.93 0.98

UR-1 0.27 0.86 0.89 0.67 0.75
0.33 0.96 0.97 0.87 0.90

0.4 0.98 0.98 0.92 0.95

0.5 0.97 < 0.98 0.96 0.96

UR-2 0.27 0.93 << 0.97 0.85 0.89
0.33 0.97 0.97 0.93 0.96

0.4 0.98 0.98 0.97 0.97

0.5 0.98 0.98 0.97 0.98

"< "and " << " mean statistically significant difference(" <" : P < 0.05," << " : P <0.01)

study, six x-ray film/screen systems with various characteristic
curves and noise characteristics were used to investigate the re-
lationship between these photographic characteristics of the system
and the detection rate of faint nodules in low-density areas.
Additional studies were performed to investigate the relation-
ship between the sharpness of the nodule contour and the de-
tection rate. The ability to detect a nodule depends upon a num-
ber of factors, including nodule size and density, sharpness of
boundaries, noise in the radiograph, surrounding (anatomical)
complexity and viewing conditions. Theoretically, Photographic

contrast C is defined as follows:
C=0434xGxdx (ul —p2)

Where C: contrast of the object, G: gradient of the film at the
density level of interest, d: thickness of the nodule, and g1 and
(2: linear attenuation coefficients of the nodule and the surround-

ing material, respectively. Because the present study focused on

the detection of nodules in specific density regions, particularly

42

those with relatively low optical density values of 0.50 or less,
corresponding to the lung fields superimposed over the heart,
diaphragm, and ribs on chest x-ray films, the value of G was not
constant, with lower values in less-exposed regions (Fig.2). Due
to the differences in these photographic features of the systems,
the detection of nodules was inconsistent among the systems.
By using UR-2 with a maximum gradient, the best results were
obtained for detecting 10-mm nodules at the lowest density of
0.27. For 10-mm nodules, nodular shadows were detected sat-
isfactorily when the density was high, irrespective of the char-
acteristics of the photographic system. The 5-mm nodules were
again detected most satisfactorily using UR-2 at any optical
density. UR-1 was inferior, although not significantly different
from the HR series. This finding emphasizes the primary im-
portance of film contrast in low-density areas. Next, at a low
optical density of 0.27, the noise of the film resulted in low
detectability in super/HR-4, which showed the worst value for
RMS (Fig.3).

HAERSRE $£58% H9%5
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Detectability depends on the sharpness of the nodule's

%17 To investigate this factor, 3 types of nodule con-

margins'
figuration were used in this study: spherical, 1/2 flared spheri-
cal, and 2/3 flared spherical nodules of the same thickness. For
10-mm nodules, detectability was low for 2/3 flared spherical
nodules at a low optical density of 0.27, with little difference
between spherical and 1/2 flared spherical nodules, which indi-
cates that the sharpness of the margins determines the detect-
ability of the nodule. Detectability was further decreased in the
HR-4 system, probably due to the inferior noise characteristics
of this system.

No significant difference was observed between spherical and
2/3 flared spherical nodules with a thickness of 5 mm. This was
presumably because the detectability of the latter type might be
enhanced by the difference in the base area. From these find-
ings, the sharpness of the margins of nodular shadows presum-
ably improves the detectability of the nodule when a system which
provides high-contrast images is employed. However, by far the
most important factor is contrast. When a low-contrast system
is used, the sharpness of the contours might not result in enhanced
of detectability.

Based on the findings of the present study, we conclude that
diagnosis should be performed using a high-contrast x-ray im-
age with superior noise to characteristics detect nodular lesions
in low-density areas where the lung fields are superimposed over
the ribs, the mediastinum, or other structures. The results of this

study also indicate that photographic systems equivalent to UR-

2 which can provide high-contrast images with superior noise
characteristics are most suitable for the detection of nodules in
low-density areas within the lung fields. Portions of the lung fields
superimposed over the ribs, mediastinum, and diaphragm tend
to become low-density areas when such a system is used. To over-
come this problem, it is desirable to use other methods such as
high-voltage imaging, compensating intensifying screens, com-

pensating x-ray filters, and so on.

Conclusion

1. In order to improve the detectability of low-density nodules
in areas of low optical density, a photographic system that main-
tains high contrast in low-density areas should be employed.
Therefore, it is desirable that the characteristic curve of the x-
ray film selected exhibit high contrast even in low-density ar-
eas.

2. Inorder to improve the detectability of nodular shadows with
unsharp margins in low-density areas, the noise characteristics
of the system should also be carefully considered.

3. The use of a chest x-ray system with high contrast and im-
proved noise level, such as the UR-2 system, is appropriate for
the detection of peripheral early lung cancers in low-density areas

within the lung.
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