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The aim of the study is to evaluate the reliable pro-
duction of temporal subtraction images in a picture ar-
chiving and communication system environment and to
establish objective criteria for the evaluation of image
quality. A total of 117 temporal subtraction chest
images (55 in the upright position, 62 in the supine
position) were obtained in five consecutive days. In all of
these, we confirmed that there were no interval changes
on the original images, and cases with diffuse lung
disease were excluded. The temporal subtraction
images were classified by three chest radiologists into
five levels: 5, excellent; 4, good; 3, acceptable; 2, poor;
and 1, very poor. The following were examined: (1) the
yield of adequate quality of the temporal subtraction
images; (2) whether the temporal subtraction images
were obtained in the warping or nonwarping mode; and
(3) the correlation of the overall subjective image quality
with the relative shift angles, relative shift distances,
and the standard deviation of gray levels in the temporal
subtraction images. The percentages of acceptable
temporal subtraction images were 100% and 66% in
the upright and supine positions, respectively. Sixteen
(26%) of the 62 supine-position images were made in
nonwarping mode, whereas all upright images were
made in warping mode. Significant correlations were
obtained in the relative shift angle (P G 0.05), relative
horizontal shift distance (P G 0.05), and standard
deviation of gray levels (P G 0.0001). Temporal subtrac-
tion images with acceptable image quality were
obtained in the upright position. The objective criteria
may be useful for the evaluation of image quality.
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INTRODUCTION

Some computer-aided diagnosis (CAD) systems

have already been manufactured, and, in many

cases, evaluation has commenced at the clinical

level.1Y3 The purpose of CAD is to achieve effi-

ciency in diagnostic work by reducing reading time

and improving accuracy. CAD has a great potential

for future development by linking imaging equip-

ment such as computed radiography (CR) equip-

ment and flat panel detectors (FPDs) to a picture

archiving and communications system (PACS).4

The temporal subtraction technique is recognized

as one of the most useful in CAD. Temporal

subtraction is a technique in which a previous

chest radiograph is automatically registered with

and subtracted from a current radiograph to

enhance interval changes.3,5 It is difficult for

radiologists to identify subtle interval changes,

particularly in lesions that overlap normal anatom-

ic structures such as ribs, great vessels, the heart,
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and the diaphragm. In such cases, temporal sub-

traction images can be useful for enhancing

changes in local opacities.6 Some reports have

indicated the usefulness of temporal subtraction

images in the early detection of lung cancer or

infection.3,7,8

Since January 2001, we have developed a sys-

tem for the comparative interpretation of chest

radiographs while referring to temporal subtrac-

tion images. A commercially available system for

temporal subtraction was integrated into our

hospital’s PACS. We applied our technique not

only to upright positioning images, but also to

portable chest radiographs, primarily in the inten-

sive care unit. In clinical practice, it is necessary

that the system reliably produce temporal subtrac-

tion images of good quality; if the quality is not

sufficient, excessive misregistration artifacts will

make it difficult for radiologists to differentiate

between true interval changes and simple artifacts.

Furthermore, for temporal subtraction images,

there is no objective method of evaluating image

quality, and we must therefore depend exclusively

on subjective methods for such evaluation.9

One purpose in this study was to evaluate the

reliable production of temporal subtraction images

in a PACS environment and to establish objective

criteria for the evaluation of image quality by

using both original images and temporal subtrac-

tion images.

MATERIALS AND METHODS

Data Acquisition and Storage of Digital
Chest Radiographs

In January 2001, we integrated a commercially available

system for temporal subtraction into the PACS of our hospital.

The image data were obtained from CR (FCR 5501D and FCR

5000, Fuji Photo Film, Tokyo, Japan) or from digital

radiography with an FPD (CXDI-11, Canon, Tokyo, Japan,

and Thorax FD, Siemens, Erlangen, Germany) and recorded on

a PACS (TOSPACS, Toshiba, Tokyo, Japan) with digital

imaging and communications in medicine (DICOM) protocol.

The image data from the CR and FPD were stored with 1,760

� 2,140 matrix and 10-bit grayscale, and a 2,200 � 2,675

matrix and 12-bit grayscale, respectively. All radiographs

obtained in our hospital were transferred to the PACS server

mentioned above as well as to an exclusive server (Truedia X/

Fig 1. Examples of temporal subtraction images with each of the ve different scores. (a) Excellent (5 points); (b) good (4 points); (c)
acceptable (3 points; (d) poor (2 points), and (e) very poor (1 point). Misregistration artifacts come into prominence in images with the
lesser scores.
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R, Mitsubishi Space Software, Amagasaki, Japan) to produce a

temporal subtraction image simultaneously. A previous image

of the same patient with the same type of examination was

selected by header information from DICOM and automatical-

ly loaded with a current image to a display terminal (TWS-

2500, Toshiba) with two monochromatic cathode ray tubes

(2,560 � 2,048 pixels, Barco, Kortrijk, Belgium) before

interpretation. The temporal subtraction images were trans-

ferred to the same display terminal shortly thereafter. The link

between PACS, the hospital information system (HIS), and the

radiology information system (RIS) allows information about

images and patients to be transferred automatically to a display

terminal. We applied this technique not only to upright chest

images, but also to portable chest radiographs, which are

obtained primarily for intensive care unit or coronary care unit

patients.

Production and Display of Temporal
Subtraction Images

The server for producing temporal subtraction images can

distinguish posteroanterior and anteroposterior chest radio-

graphs from other radiographs such as lateral chest, abdomen,

and bone radiographs, according to DICOM header informa-

tion. In addition, the server can compress and store temporal

subtraction images with a 586 � 586 matrix size. This server

was designed to produce five temporal subtraction images

automatically from the current and five previous radiographs.

The CPU time for producing a single temporal subtraction

image was 6 s; thus, the server requires 30 s to produce five

temporal subtraction images upon the arrival of a new chest

radiograph if it already has five or more previous radiographs

of the same patient. When extraction of the thorax was possible

Fig 2. (a) Previous chest radiograph, (b) current radiograph, and (c) temporal subtraction image produced by warping mode and scored
at 5 points. The temporal subtraction image shows only slight misregistration artifacts on the margin of the heart. The standard deviation
of the grayscale of the temporal subtraction image was 41. The relative shift angle, vertical shift, and horizontal shift between the
previous and current chest radiographs were 0.3-, 16 pixels, and 15 pixels, respectively.

Fig 3. (a) Previous chest radiograph, (b) current radiograph, and (c) temporal subtraction image produced by warping mode and scored
at 2 points. The temporal subtraction image shows remarkable misregistration artifact image of the thoracic cage. The standard
deviation of the grayscale of the temporal subtraction image was 96. The relative shift angle, vertical shift, and horizontal shift between
the previous and current chest radiographs were 1.8-, 0 pixels, and 12 pixels, respectively.
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on both previous and current images, the present system

produced temporal subtraction images using the warping mode

after global matching. Namely, the warping mode is a regis-

tration method by using nonlinear distortion in addition to

linear image shift and rotation. However, if this was not

possible, the warping mode was not applied and only global

matching was performed (nonwarping mode). In addition,

when extraction of the thorax was possible on both the pre-

vious and current images, the relative shift angles and relative

shift distances (vertical and horizontal) between current and

previous images were calculated. Temporal subtraction images

were displayed with a 586 � 586 matrix and 8-bit grayscale.

The appearance of a new opacity was shown in black, and the

disappearance of an existing opacity was shown in white.

Evaluation of Subjective Image Quality

A total of 218 temporal subtraction images were obtained

on five consecutive days. Our institutional review board

approved our study, and informed consent from all study

subjects was obtained. Of these images, 76 temporal subtrac-

tion images obtained with FPDs were excluded. Because

portable chest radiographs were obtained with CR only, the

yield of subtraction images with reliable image quality can be

compared between the two positions. We investigated the

temporal subtraction images with particular attention to certain

interval changes by using original images. Cases with diffuse

lung disease were excluded by two chest radiologists. Conse-

quently, 19 images were omitted because of the existence of

certain interval changes, and six images were omitted because

of diffuse lung disease. Finally, a total of 117 temporal

subtraction images (upright position: 55 images, supine

position: 62 images) were evaluated. The FCR 5501D was

used for cases in the upright position and the FCR 5000 for

those in the supine position. Three chest radiologists evaluated

every temporal subtraction image at the same time based on the

subjective image quality, and thus arrived at a consensus in

scoring. These three observers, each of whom had at least 1

year of experience in interpreting chest radiographs using

temporal subtraction images, rated the quality of each image at

one of five levels: 5, excellent; 4, good; 3, acceptable; 2, poor;

or 1, very poor (Fig. 1).9 All temporal subtraction images were

evaluated on the display terminal of our hospital by soft copy.

We examined the yield of temporal subtraction images for each

position, noting whether the images had been obtained in the

warping or nonwarping mode. Differences in subjective image

quality between these two modes were analyzed statistically by

MannYWhitney U test.

Establishment of Criteria for Objective Image
Quality

All 117 temporal subtraction images and the corresponding

original images were examined with an internal algorithm by

use of an exclusive work station. First, the relative shift angles

and relative shift distances (vertical and horizontal) between the

previous and current images were calculated in cases in which

the thorax could be extracted by the temporal subtraction

system on all images. Specifically, the axis of thorax was

extracted in previous and current image, and the relative shift

angle between these axes was calculated. The locations of the

thorax in the whole chest radiograph were identified on previous

and current images, and the relative shift distances were cal-

culated between them. Second, the standard deviation of

the grayscale of each temporal subtraction image was calcu-

lated. Finally, the correlation of these parameters and the overall

subjective image quality were examined. Statistical analysis

was carried out by Spearman’s correlation coefficient by

rank (S.S.).

RESULTS

The average scores for overall subjective image

quality in the upright and supine positions were 4.2

and 2.9, respectively. Subtraction images with

scores of 3 or more (acceptable, good, and excel-

lent) were considered to be acceptable for clinical

use. The percentages of acceptable temporal sub-

traction images were 100% (55/55) in the upright

and 66% (41/62) in the supine position in terms of

the subjective overall image quality (Fig. 2). Sixteen

of the 62 (26%) supine position images were made

using the nonwarping mode, whereas all upright

images were made using the warping mode (Fig. 3).

There was a significant difference in subjective

image quality between the 46 images produced with

the warping mode and the 16 images obtained with

the nonwarping mode (Table 1).

Table 2 shows the values of each parameter for

objective image quality in the upright and supine

positions. The means and standard deviations of the

relative shift angle and the distance between the

Table 1. Ratio of warping mode to nonwarping mode and sub-

jective image quality in two positions

Position Mode Number Subjective image quality

Upright 4.2

Warping 55 (100%) 4.2

Nonwarping 0 (0%)

Supine 2.9

Warping 46 (74%) 3.1 P G 0.01

Nonwarping 16 (26%) 2.7

MannYWhitney U test.

Table 2. Value of each parameter for objective image qualities

in two positions

Relative

shift

angle (-)

Relative shift,

vertical

distance

(pixels)

Relative shift,

horizontal

distance

(pixels)

Standard

deviation

of grayscale

Upright 1.2 T 0.9 13.2 T 8.5 10.1 T 8.8 44.3 T 14.4

Supine 2.2 T 1.7 22.7 T 22.9 22.8 T 16.1 57.2 T 16.6
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current and previous images in the upright position

are larger than those in the supine position.

Additionally, the standard deviation of the gray-

scale of the temporal subtraction images in the

upright position is larger than that of images in the

supine position. The Spearman’s correlation coef-

ficients by rank between subjective overall image

quality and each parameter were as follows

(Fig. 4): j0.200 for relative shift angle, j0.211

for relative horizontal shift, j0.071 for relative

vertical shift, and j0.490 for standard deviation of

gray levels. No significant correlation was found in

the relative vertical shift distance, although signif-

icant correlations were found in the relative shift

angle (P G 0.05), relative horizontal shift distance

(P G 0.05), and standard deviation of gray levels

(P G 0.0001).

DISCUSSION

Interpretation of digital chest radiographs in

soft-copy images has been introduced at many

hospitals with the rapid development of PACS in

radiology. Several previous studies have shown no

definite differences between soft-copy and hard-

copy image quality with respect to the accuracy of

diagnosis for various conditions.10,11 The present

Fig 4. Correlation between overall subjective image quality and the following parameters: (a) relative shift angle, (b) relative horizontal
shift distance, and (c) relative vertical shift distance between previous and current chest radiographs. (d) Correlation between subjective
image quality and standard deviation in temporal subtraction images.
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study shows that interpretation based on soft-copy

chest radiographs is sufficiently practicable. Ad-

ditionally, the interpretation of soft-copy images

in a PACS environment has the potential for great

future development because it links digital chest

radiography technologies such as CR or FPD to

CAD. We installed a server for producing tempo-

ral subtraction images in PACS, and the images

made by this server are automatically loaded into

the display terminal. This image-loading tech-

nique can easily be applied to other CAD systems

such as CAD for mammography, gastrointestinal

examinations, computed tomography (CT),

etc.1,2,12,13 The linkage of CR or FPD to PACS

and CAD systems provides opportunities for

significant technological advancement.4,14

Conventional radiographs must be converted to

digital data by a film digitizer to yield temporal

subtraction images; however, this process requires

personnel costs. The present system, on the other

hand, requires only a part of the maintenance

costs for PACS and does not require personnel

costs for producing temporal subtraction images

because the system is automatic. Furthermore,

because the images are obtained together with the

original chest radiographs identified by patient

code, the examination time, and the date, human

error will be reduced in the production and display

of temporal subtraction images using this system.

In our system, temporal subtraction images were

displayed with a 586 � 586 matrix and 8-bit

grayscale because these values of matrix and

grayscale of temporal subtraction were enough to

enhance interval changes between previous and

current images.3,5,7

The usefulness of temporal subtraction images

in detecting a number of abnormal lesions such

as lung nodules and interstitial infiltrates has

previously been reported.3,5,7,8 This usefulness is

based on reliable production because excessive

misregistration artifacts of temporal subtraction

images often cause great problems for radiolog-

ists. Katsuragawa et al9, reported from compari-

son of the qualities of subtraction images obtained

with warping and non-warping methods that

clinically acceptable temporal subtraction images

were produced in 81.2% (147/181) and 97.2%

(176/181) of all cases with non-warping and

warping subtraction method, respectively. The

original images in their study were obtained in

the upright position from patients in lung cancer

screening programs. The yield of acceptable

upright images in the present study was 100%.

In the past, no study evaluated the image quality

of subtraction images of patients in the supine

position. The yield of temporal subtraction images

with acceptable image quality was 66% in

portable chest radiographs in our study. This

result is unsatisfactory for routine clinical use,

but may be a consequence of radiographic filming

conditions in the supine position. Because the x-

ray target and detector are synchronized in chest

radiography in the upright position, the x-ray

target may be located at the median of the patient’s

thorax. On the other hand, radiologic technologists

can hardly center the x-ray target on a film because

they must locate the x-ray target and the film

independently. Thus, the software of our current

system has a limitation to produce consistent

temporal subtraction images of good quality by

using supine chest radiographs.

Usually, an objective parameter used to define

the image quality of chest radiographs is the

signal-to-noise ratio (SNR).15,16 However, the

SNR cannot be used on temporal subtraction

images because there is no signal that is registered

completely except for the true interval change.

When there is no interval change between current

and previous images, a temporal subtraction

image registered completely shows a monotonous

medium gray; in this case, darker or lighter areas

on an image are caused by misregistration

artifacts. In other words, because true interval

changes are signals and misregistration artifacts

are noise in temporal subtraction images, it is

difficult to distinguish between true interval

changes and misregistration artifacts without

referring to original images. Thus, it is not

desirable in terms of quality assurance that

temporal subtraction images do not have an

objective parameter of image quality. In the

present study, we used the standard deviation of

the grayscale of temporal subtraction images as an

objective parameter of image quality. However,

when there were massive or diffuse interval

changes between current and previous images,

the standard deviation of the grayscale of tempo-

ral subtraction images could not be used. On the

other hand, the relative shift angle and the vertical

distance between current and previous images

show a weak correlation with overall subjective

image quality, and this correlation was found to
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be statistically significant. Although the relative

shift angle and the vertical distance between

current and previous images cannot directly

indicate objective image quality, they can never-

theless be used as objective parameters of image

quality. Furthermore, the points of subjective

image quality were not along a line with negative

slope according to expectation on the standard

deviation of grayscale. Chest radiologists evaluate

mainly image quality of the intrathoracic areas,

whereas the standard deviation of grayscale was

calculated in the whole area including extratho-

racic area. This disparity may be the reason why the

points were not along a negative line in Figure 4d.

A score of 3 was given to more images than the

other scores because among the chest radio-

graphs in the supine position, many images in

which the thorax could be extracted by the

temporal subtraction system were given a score

of 3.

The present study had several limitations. Al-

though the observers in our study had enough

experience to interpret chest radiographs using

temporal subtraction images, we had a low number

of total observers. The case selection in our study

was based on chest radiography, the existence of

true interval changes was not confirmed on CT, and

analysis of the internal algorithms of the present

CAD system required an exclusive work station.

For all these reasons, it would be difficult for other

investigators to conduct a similar study. The

primary purpose of temporal subtraction tech-

niques is to enhance interval changes. However,

our study examined only the cases without interval

change between previous and current images

because study design would become complex.

Further study would be needed on cases with

interval changes. Finally, we did not examine the

influence of individual interpretation on the quality

rating of temporal subtraction images. Thus,

further investigation seems warranted. Neverthe-

less, the present findings clearly show the benefits

of integrating the temporal subtraction technique

into PACS.

In conclusion, we integrated PACS with a

commercial system capable of automatically pro-

ducing temporal subtraction images. All temporal

subtraction images obtained with patients in the

upright position were of acceptable quality for

clinical use, as were 66% of the images taken in

the supine position, which produces worse filming

conditions. Objective parameters such as the

standard deviation of the grayscale of temporal

subtraction images and the relative shift angle and

distance between original images may also be

useful in evaluating image quality.
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