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Detection of Simulated Lung Nodules
Evaluated with Variouus
Film/Screen Systems

Li-Feng

The imaging characteristics (contrast and noise) of x-ray
film/screen combinations were examined for their suitabil-
ity in the detection of faint nodules of lung cancer. Two
hundred conventional chest radiographs of a human chest
phantom were obtained with 5 mm or 10 mm spherically or
hemispherically shaped simulated nodules placed on the
posterior surface of an anthropomorphic chest phantom.
Nodules were placed on several selected lung areas, and were
overlain by the intercostal spaces, ribs or mediastinum. Five
combinations of film/screen systems that differed in their con-
trast (characteristic curve)and noise were used to obtain the
radiographs. The detectability of simulated nodules shown
on the radiographs was evaluated based on the results ob-
tained by an interpretive study by 6 observers utilizing re-
ceiver operating characteristic (ROC)analysis and calculating
the average area under the ROC curve (Az).

The system with standard contrast and improved noise
reduction was favorable in detecting nodules of 5 mm in di-
ameter. The system with latitude-type contrast was not suitable
for the detection of nodules placed in the intercostal spaces.
Systems with degraded noise or low contrast showed poor
performance in detecting hemispheric nodules, since ill-de-
fined nodules were overlain by the ribs. For the detection
of nodules on the mediastinum or diaphragm, display of these
regions with sufficient density and improved contrast appeared
mandatory.

The combination of a high contrast x-ray film, low noise
x-ray film/screen combination, high voltage x-ray exposure,
and the addition of a compensatory x-ray filter or screen
appears suitable for improved recognition of a small, faint,
lung nodules.
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Fig.1 Characteristic curves of the five combinations of the film/screen sys-
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Fig.2 Root-mean-square (RMS)of the film/screen systems (lines a through )
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Table 1 Five combinations of the film/screen
) Average gradient Subjective evaluation of
Cantraet type (G) noisiness
Film/screen

UR-1/HG-M low 2.10 excellent
UR-2/HG-M slightly high 2.70 good
sHR-5/HR-3 standard 2.60 slightly degraded
sHR-5/HR-4 standard 2.60 most degraded
sHR-L/HR-3 low 2.25 good
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BE B ORINIES TH -2, S HIDERTIE, f§
FL7: S FEOXE 7 1V 4 —BIRIERD T TIZ BTl
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WRE L72A, EOMORTEF MR DML IXHE 7 1 NV L 04
AR AR LT b L 7.
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Bz L C#E D & L1T - 72 (Fig.4).
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Fig.3 Profile-(A)and end-on-(B)photographs of the three types
of the simulated nodules; sphere shaped, 1/2 sphere shaped, 1/3
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Fig.4 A sample radiograph of the chest phantom, showing the
1€ choice sites to place the nodules. The arrows indicate the
nodules.
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Table 2 Observer performance for the 5 mm sized spherical vs. hemispherical lung nodules, and for the five combinations of the film/
screen, indicated by the area under the ROC curve (Az)

Location of Intercostal Overlain area by the rib (s) Overlain area by ==
nodules ung area Mid lung zone Eetlpiieral rathor m?nl:dail:;z:;%']r:‘lm

PR 9 dense lung zone ‘
nc?gullge{;ra i Sphere Hemisphere Sphere  Hemisphsere Sphere  Hemisphere Sphere  Hemisphere
Film/screen

UR-1/HG-M 091 < 097 0.92 0.88 - 0.66 ‘J 0.62 0.96 0.95

UR-2/HG-M 094 < 0.99 0.93 0.91 —‘ 0.65 - 062 - 0.95 0.92

¥ &
sHR-S/HR-3 0.95 0.97 0.92 0.90 0.64 J > 056 = 0.95 0.93
sHR-S/HR-4 0.94 0.97 0.90 0.93 059 = 0.62 = J 0.95 0.93
# :
sHR-L/HR-3 0.94 0.98 0.89 0.69 066 1> 0.55_. 0.96 0.94

">"or" <" and # means statistically significant difference (P < 0.05)
## Data for No.14 nodule in the mediastinum are omitted, dut 1o its very mach degraded conspicuity and poor performance datd caused by the overlying spine.

& L7z FEEOFIEORIEIZIL S B OREEIE % v/, HiOTARR O E A b e P L TE
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SROFFEFEER TR ORI o 72X 7 4V L O M7z sHR-S/HR-3 | X 2 KMy, Wi S 2 5o
M AR R AT £201219,200 (3 > TV 7 1 b L2008 x BEHiERAE PR OMUINERIAEA - 72, sHR-S/HR-4(EN™3E { T
16 X FEHHE 6 %) Th A, HHORIR L FEE i oFhEh ERIZAS 1 O DA - 72,
WA LT, Feigd Z & OFIEF R 2 ROC (Receiver operating WERREI 5 I HERS 2 AR TE SN ORISR B
characteristic) Jf#iT L 721419, Z O34, #EEiATEEIZE D WL, FRZIEPREL D T CNTwe X7 4 ML -1
NIFBRLIZDWTDHESDS),5) Db D, BLOHE) DD EHGRIZ X B HIHERDFELZD S F, UR-1/MG-MAS I
DONF% TP (true positive) & L, HI5E3) Db DO H L H) [ZReReEr o7,
7E1),2) Db D Ffalse-negative & L7219, FLT, @i REERTIE, | e AONTFOFSET O EE 40 1255

& OROCHIAF ZTER L, #hi T otmf
(Az) BRI L7, HEEMWEIZIZSw-
dent? t ¥ % Hl 7z,

#w R

Smm K D BB O F I FERO K5 H
% Table 2027~ L7z, NEFIHRIEE L&,
BRIAS I ORI LR L 0 &
X#h7 4 Vb —HEMRICB W TR
<, #FIZUR-1/HG-M & UR-2/HG-M{i
FHFIZTE D7D T - 72 (Fig.s5).
B cE R 5 b OB hBED
DL EHHIZRRET L, IR
TEAS T ASRRIE T A o 72, BRI
AT OB D EERICREE & ) eemh
o7, sHR-S/HR-41ZBIFH Y TH-ER RS

i ORI ER AT Ao 7.

X8 7 4V &b — BRI X B R Fig.5 A close.-\up radiograph of the left lung fi?ld)of the chest phantom, with 5 mm
bt A e : hemispherical nodules (A)and spherical nodules (B), placed on its surface. Nodules in
HOZALEH% L, UR2HG-MIZ, the intercostal area and overlain by the ribs are arrowed.
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Table 3 Detectability for the 10 mm nodules in the mediastinum

Configuration Sphere 1/2 sphere 1/3 sphere
Film/screen

UR-1/HG-M 100 98 — > 89 -—|
UR-2/HG-M 94 90 - > 83 —

] s
sHR-S/HR-3 96 90 ‘ > 83
sHR-S/HR-4 93 89 > 84
sHR-L/HR-3 97 93 - > 85 —

> and # mean a statistically significant differnce (P <0.05)
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