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Abstract The temporal subtraction image which is

obtained by subtraction of a previous image from a current

image of the same patient can enhance interval changes. In

this study, we applied the temporal subtraction method for

lung cancer screening and evaluated the clinical usefulness

by comparing the review time and the detection accuracy of

lung cancers without and with subtraction images. Since

1996, we have been performing screening chest radiography

for a mass survey of lung cancers in the Iwate Prefecture,

Japan, by using a van equipped with a computed radiography

system and a digital archive system. During the 12 years

from 1997 to 2008, a total of 186,340 examinations were

performed, and 121,526 (65.2%) temporal subtraction

images were provided in the lung cancer screening. Twenty-

four abnormal cases with lung cancer and 270 normal cases

were selected from the lung cancer screening. Five radiol-

ogists participated in an observer performance study and

interpreted previous and current chest radiographs without

and with temporal subtraction images. In addition, radiolo-

gists interpreted previous and current images with a double-

reading method. The average ROC curves demonstrated a

significant improvement in the detection accuracy of lung

cancers with the temporal subtraction images compared with

that without the temporal subtraction images, and that with

the double-reading method. Therefore, we believe strongly

that the temporal subtraction method is clinically useful for

radiologists in the detection of lung cancers in mass surveys.
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1 Introduction

Chest radiography has played a key role in radiologic

imaging for early detection of lung lesions, particularly

lesions resulting from tuberculosis or cancer.

On the other hand, computed tomography (CT) tech-

nologies have advanced at a remarkable pace in recent

years. CT can now clearly reveal subtle lung cancer lesions

such as ground-glass opacity nodules which are not readily

imaged on chest radiographs [1]. Therefore, the role of

chest radiography has begun to shift. However, chest

radiography continues to offer clear advantages over other

modalities because of the low radiation exposure, low cost,

and the capacity to examine a wide image area at once. In
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addition, digital chest radiography systems such as com-

puted radiography (CR) systems [2] have been installed in

many hospitals. Digital image processing is one of the most

important advantages of the digital chest radiography

systems.

The temporal subtraction method based on nonlinear

image warping is a successful utilization of digital image

processing in digital chest radiographs. The temporal

subtraction image which is obtained by subtraction of a

previous image from a current image of the same patient

can enhance interval changes because of the elimination

of normal structures such as ribs and pulmonary vessels

[3, 4]. Many investigators reported the clinical usefulness

of temporal subtraction images for assisting radiologists

in the detection of interval changes in digital chest

radiographs [5–8]. However, to our knowledge, the

application and clinical evaluation of temporal subtraction

for lung cancer screening have not been studied

thoroughly.

Therefore, we applied the temporal subtraction method

to lung cancer screening and evaluated the clinical use-

fulness by comparing the reviewing time and the detection

accuracy of lung cancers without and with subtraction

images.

2 Materials and methods

2.1 Temporal subtraction method

The computerized scheme of the temporal subtraction

method between previous and current images includes

three major steps: (1) global image matching, (2) local

image matching, and (3) nonlinear image warping. The

technical details of the temporal subtraction method have

been published previously [3, 9–11]. For global image

matching, the previous image was shifted and rotated to

match the current image. For local image matching,

approximately 300 template regions of interests (ROIs)

with a 32 9 32 matrix size and the corresponding search

area ROIs with a 64 9 64 matrix size were selected on

the current and the previous image, respectively. The

local shift vectors, which indicate the shift in location

for all pairs of selected ROIs, were determined by use of

the cross-correlation technique for finding the best-mat-

ched areas in the search area ROIs. The local shift

vectors for each pixel in the previous image were

obtained from two-dimensional (2-D) surface fitting with

a polynomial function. Then, the previous image was

nonlinearly warped according to the local shift vectors.

Finally, the temporal subtraction image was obtained by

subtraction of the warped previous image from the cur-

rent image.

2.2 Application of temporal subtraction method

for lung cancer screening

Since 1996, we have been performing screening chest

radiography for a mass survey of lung cancers in the Iwate

Prefecture, Japan, by using a van equipped with a CR

system (FCR 9501: FUJIFILM Medical, Tokyo) and a

digital archive system [12, 13]. The application of the

temporal subtraction method to lung cancer screening

started in 1997. In addition, we incorporated a remote

network system (SYNAPSE: FUJIFILM Medical, Tokyo)

and a screening image-reading system (MC-R: FUJIFILM

Medical) to enable remote reading, as shown in Fig. 1.

Chest images captured by the mobile CR van in commu-

nities in the Iwate Prefecture were recorded in a storage

medium and then saved to an image server. A temporal

subtraction image for each patient was provided from

current and previous images in the image server. Three

images, of previous, current, and subtraction images, were

displayed on two monitors by use of the remote network

and the screening image-reading system, as shown in

Fig. 2. Double reading along with the primary and sec-

ondary readings for the diagnosis of lung cancers was

employed in the lung cancer screening (Fig. 1).

2.3 Observer performance study

In order to evaluate the usefulness of the temporal sub-

traction images in radiologists’ diagnosis of lung cancers in

screening chest radiography, we performed an observer

performance study.

An image database used in the observer performance

study included 24 abnormal cases with lung cancer and

270 normal cases which were selected from the lung

cancer screening conducted in the Iwate Prefecture from

1997 to 2010. All abnormal cases were judged to be

suspicious for lung cancers in the screening and were

finally diagnosed as having lung cancer in further exam-

inations and biopsies. The histologic classification of

the 24 cases was as follows: adenocarcinoma (n = 10),

Fig. 1 Lung cancer screening with a CR system
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squamous cell carcinoma (n = 9), small cell carcinoma

(n = 3), non-small cell carcinoma (n = 1), and large cell

carcinoma (n = 1). The physical type of the 24 cases was

as follows: nodule (n = 18), tumor (n = 2), and infiltra-

tive or amorphous (n = 4). The mean size of the abnor-

mal lesions was 2.3 cm (range 1.0–5.0 cm). All 270

normal cases for which the previous images were avail-

able were selected from the screening in 2008.

Five radiologists with more than 11 years experience in

diagnostic radiology participated as observers. Before the

test, five training cases which were not included in the

database were presented for the observers to be familiar

with the observer performance study. Then, the observers

were informed about the total number of cases in the study

and the fraction of lung cancers.

An independent test method was employed for the 24

abnormal and 270 normal cases included in the image

database. After random intermixing of abnormal cases with

normal cases, one case was shown at a time, and the

reading time was not limited. The observer performance

study consisted of three reading sessions. In the first ses-

sion, observers viewed current and previous images only.

In the second session, observers viewed current and pre-

vious images as well as temporal subtraction images. In the

third session, observers viewed current and previous ima-

ges, taking into account the diagnostic result of a specific

observer. The third session simulated the conventional

double-reading method in lung cancer screening [14].

Three weeks elapsed between reading sessions so that

learning effects were reduced.

For the observer performance study, current and previ-

ous images were displayed on a monochromatic liquid-

crystal display (LCD) monitor (RadiForce GS320-CL-P:

Nanao, Hakusan) with 1,536 9 2,048 pixels, and a tem-

poral subtraction image was displayed on another LCD

monitor of the same model, as shown in Fig. 2. The

observers were permitted to change the brightness and

contrast of the LCD monitors. Each observer’s confidence

rating regarding the presence or absence of a lung cancer

was recorded on a 5-point rating scale defined as follows:

1, definitely absent; 2, probably absent; 3, uncertain; 4,

probably present; 5, definitely present. The reviewing time

was measured from the moment that the first image was

displayed on the monitor to the moment that the observer

recorded his or her confidence rating for a final case used in

each reading session.

An ROC analysis was employed for comparison of

observer performance for detection of lung cancers in the

three reading sessions. The area under the ROC curve

(AUC) was obtained by use of the computer software

ROCKIT provided by Metz [15]. The statistical signifi-

cance of the difference in AUC values among the three

reading sessions was estimated by use of one-tailed paired

Student’s t test. In addition, we determined the difference

between the observers’ confidence ratings without and with

temporal subtraction images in order to estimate the ben-

eficial and detrimental effects of temporal subtraction

images on the detection of lung cancers. It should be noted

that the confidence rating without the temporal subtraction

image was obtained when an observer viewed current and

previous images alone at the first reading session, and not

at the third reading session.

3 Results

The number of examinations and the use of temporal

subtraction images in the lung cancer screening in the

Iwate Prefecture for each year are shown in Fig. 3. During

the 12 years from 1997 to 2008, a total of 186,340 exam-

inations were performed, and then 121,526 (65.2%) tem-

poral subtraction images were provided for lung cancer

screening. About one quarter of the total subtraction ima-

ges were selected randomly for subjective evaluation of the

image quality. A radiologist judged the image quality as

being acceptable for the diagnosis in the lung cancer

screening when the subtraction image had a relatively

small amount of misregistration artifacts, as shown in

Fig. 4. As a result, 26,504 (88.4%) of 29,987 temporal

subtraction images were considered acceptable. The results

obtained over the years indicate that the temporal sub-

traction method could be applied for more than 60% of

Fig. 2 Viewing and reporting

system in lung cancer screening
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cases examined in the lung cancer screening in the Iwate

Prefecture, for which previous images were available, and

the image quality of most subtraction images was accept-

able for the detection of lung cancers.

The average ROC curves demonstrated a significant

improvement in the detection accuracy of lung cancers

when temporal subtraction images were used, in compari-

son with that without the temporal subtraction images and

that with the double-reading method, as shown in Fig. 5.

The average AUC value increased significantly from 0.951

without the temporal subtraction image and 0.890 with the

double-reading method to 0.990 with the temporal sub-

traction image (P = 0.028 and P = 0.002). However, there

was no statistical significance (P = 0.199) between the

average AUC values without the temporal subtraction

image and with the double-reading method.

The beneficial and detrimental effects of the temporal

subtraction images in lung cancer cases and normal cases

for each observer are shown in Figs. 6 and 7, respectively.

Fig. 3 Number of examinations

in lung cancer screening in the

Iwate Prefecture for each year

Fig. 4 Demonstration of a temporal subtraction image: a current

image with a lung cancer, b previous image, and c temporal

subtraction image. The temporal subtraction image clearly enhanced

an abnormal lesion due to lung cancer as shown by an arrow. The

subtraction image had a relatively small amount of misregistration

artifacts

Fig. 5 Average ROC curves for detection of lung cancers
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The effect of the subtraction images was beneficial for all

but one observer in improving the performance in lung

cancer cases, but was less effective in normal cases. The

average numbers of cases beneficially affected and detri-

mentally affected by use of subtraction images in lung

cancer cases were 10.6 and 3.2 (P = 0.038), respectively,

whereas the average numbers of cases beneficially affected

and detrimentally affected by use of subtraction images in

normal cases were 7.0 and 6.2 (P = 0.404), respectively.

The average reviewing times per case without and with

subtraction images for all five observers are shown in

Table 1. When subtraction images were available, the

mean reviewing time per case was reduced slightly by 0.9 s

(6.3%), from 14.2 to 13.3 s. However, the difference in the

mean reviewing time per case without and with subtraction

images was not statistically significant (P = 0.236).

4 Discussion

The results of our observer performance study indicate that

the temporal subtraction method can significantly improve

the observers’ performance for the detection of lung can-

cers in screening. These results for cases selected from the

mass survey of lung cancers were very similar to other

previous results for cases selected from the examinations in

various hospitals [5–8].

In the analyses for beneficial and detrimental effects, the

effect of the temporal subtraction image was beneficial for

all but one observer in improving the detection accuracy in

lung cancer cases, but was less effective in normal cases.

One possible cause for the lesser effectiveness in normal

cases might be misregistration artifacts remaining in the

normal lung. It is necessary to reduce the artifacts on

subtraction images for further improving observers’

detection performance.

In our observer performance study, the average

reviewing time per case with subtraction images was

reduced only slightly. However, Kakeda et al. [16] reported

that the average reviewing time per case with subtraction

images was reduced significantly for detection of newly

developed abnormalities on chest radiographs. We suppose

that the reviewing time per case was affected by the

number of cases used in the observer performance study.

Kakeda et al. used 120 cases, and we used 294 cases in the

observer performance studies. Because the number of cases

in our study was much larger, observers tended to view

images quickly to shorten the elapsed time in the observer

performance study. Therefore, the average reviewing time

per case with subtraction images was comparable to that

without subtraction images in our observer performance

study. However, it should be noted that the reviewing time

per case with subtraction images was not increased despite

the addition of a subtraction image to the previous and

current images.

The detection accuracy with temporal subtraction ima-

ges is significantly superior to that with the double-reading

method, which is the conventional reading method for

screening in Japan. Therefore, this result suggests that a

single-reading method with previous, current, and sub-

traction images might replace the double-reading method

with previous and current images alone in lung cancer

screening. If the single-reading method with subtraction

images is actualized in lung cancer screening, the pro-

ductivity of the screening will be improved because of a

Fig. 6 Number of cases affected by temporal subtraction images in

lung cancer cases (A–E represent the five observers)

Fig. 7 Number of cases affected by temporal subtraction images in

normal cases (A–E represent the five observers)

Table 1 Average reviewing time per case for each observer

Average reviewing time per case (s)

A B C D E Mean

Without subtraction 14.3 10.8 14.5 13.1 18.4 14.2

With subtraction 11.2 13.3 14.1 13.9 14.3 13.3

Double reading 10.6 9.8 19.4 14.3 17.3 14.3

A–E represent the five observers
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reduction of the human resources needed and of the

reviewing time.

In order to bring the conditions of our observer perfor-

mance study close to an actual lung cancer screening, we

used a large number of normal cases (270 cases, 91.8%)

and a small number of abnormal cases (24 cases, 8.2%) in

comparison with the usual observer performance studies

[5–8]. Because the incidence rates of lung cancer are

approximately 0.06% for males and 0.02% for females in

Japan [17], the percentage of lung cancer cases in our

observer study was large. However, 24 abnormal cases in

our observer study were necessary for statistical reliability

in the ROC analysis. Therefore, we consider that the con-

ditions of our observer performance study were not com-

pletely the same as, but were very similar to, the actual

mass survey for the detection of lung cancers.

For application of the temporal subtraction method to

lung cancer screening, some issues need to be addressed.

Because a digital system such as a CR system is required to

provide temporal subtraction images, the initial cost of the

screening with a digital system is larger than that with an

analog system such as a photofluorography system, which

is employed conventionally in Japan. However, the digital

system allows the performance of digital image processing

for improvement of the diagnostic accuracy [18, 19], and

the easy and safe management of images in a digital

archive system [20]. Therefore, digital systems will be used

in many lung cancer screening programs in the near future.

Then the temporal subtraction method can be widely

applied to many screening programs. Another issue is that

temporal subtraction images cannot be provided when

previous images are not available. Only 65.2% of cases in

the lung cancer screening program in the Iwate Prefecture

had previous images to provide temporal subtraction ima-

ges. Further public relations campaign regarding lung

cancer screening is necessary for increasing the application

of temporal subtraction images.

5 Conclusions

We applied the temporal subtraction method to lung cancer

screening. The image quality of most temporal subtraction

images provided in the screening was acceptable because

of a relatively small amount of misregistration artifacts.

Our observer performance study demonstrated a significant

improvement in the detection accuracy of lung cancers

with the temporal subtraction images, in comparison with

that without the temporal subtraction images and that with

the double-reading method. Therefore, we believe strongly

that the temporal subtraction method is clinically useful for

radiologists in the detection of lung cancers in mass

surveys.
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