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An acceptable mammography film digitizer must provide
high-quality images at a level of diagnostic accuracy
comparable to reading conventional film examinations.
The purpose of this study was to determine if there are
significant differences between the interpretations of
conventional film-screen mammography examinations
and soft copy readings of the images produced by a
mammography film digitizer. Eight radiologists inter-
preted 120 mammography examinations, half as original
films and the other half as digital images on a soft copy
work station. No radiologist read the same examination
twice. The interpretations were recorded in accordance
with the Breast Imaging Reporting and Data System and
included other variables such as perceived image quality
and diagnostic difficulty and confidence. The results
provide support for the hypothesis that there are no
significant differences between the interpretations of
conventional film-screen mammography examinations
and soft copy examinations produced by a mammogra-
phy film digitizer.
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INTRODUCTION

D igital imaging is rapidly becoming the basis

of modern radiology practice, resulting in

the gradual replacement of conventional radio-

graphs. Many health care institutions plan to in-

stall, or already have, implemented digital

imaging systems or filmless radiology depart-

ments. In mammography, several studies have

evaluated digital mammography systems and

found no significant differences between film and

soft copy interpretations in terms of accuracy,

sensitivity, specificity, image quality, recall rates,

and other parameters.1

Film digitizers serve an important role in the

transition from conventional radiography by pro-

viding images that can be compared directly with

new digital examinations for soft copy display. With

a wide variety of clinical applications in picture

archiving and communications systems and tele-

radiology, film digitizers must be able to bridge the

transition between hard copy and soft copy display

without sacrificing accuracy, sensitivity, or speci-

ficity. An acceptable film digitization system must

provide high-quality digital images to achieve levels

of diagnostic accuracy that are accepted as essential

to interpretation of hard copy films.

A variety of studies were conducted comparing

the performance of film digitizers with conven-

tional hard copy films. Findings from some

previous studies showed significant differences

1From The Johns Hopkins Medical Institutions in Balti-

more, The Johns Hopkins School of Medicine, 600 North Wolfe

Street, Baltimore, MD 21287, USA.
2From Uniformed Services University of the Health Sci-

ences in Bethesda, Bethesda, MD, USA.

The study was conducted primarily at the Johns Hopkins

Medical Institutions in Baltimore, MD where all of the authors

except Dr. Chad Mitchell are located. He is a Naval Officer at

the Uniformed Services University of the Health Sciences in

Bethesda, MD.

Correspondence to: Joseph N. Gitlin, D.P.H., The Johns

Hopkins School of Medicine, 600 N. Wolfe Street, Baltimore,

MD 21287, USA; tel: +1-410-9553449; fax: +1-410-9550589;

e-mail: jgitlin@jhmi.edu

Copyright * 2006 by SCAR (Society for Computer

Applications in Radiology)

doi: 10.1007/s10278-006-1046-1

42 Journal of Digital Imaging, Vol 20, No 1 (March), 2007: pp 42Y52



between readings of radiographic film and soft

copy reading in terms of diagnostic accuracy,

sensitivity, specificity, and/or image quality.2Y5

However, findings from other studies have sug-

gested that improvements in the film digitization

and soft copy display process may produce radio-

graphs that can be interpreted with comparable

levels of accuracy, sensitivity, specificity, and

image quality.6Y9

In this study, we make an effort to assess the

clinical performance of digitizers by testing the

hypothesis that there are no significant differences

between the interpretations of mammography

images resulting from digitizing films using a

charge-coupled device (CCD) film digitizer and

the readings of the original films as measured by

accuracy, sensitivity, specificity, and receiver op-

erating characteristic (ROC) analysis. The study is

intended to provide rigorous tests of the hypothesis

in an environment in which the transition from

conventional film practice to digital imaging is

underway and where there is substantial interest in

determining the efficacy of film digitization and

soft copy interpretation of medical images.

MATERIALS AND METHODS

To determine the clinical efficacy of digitized

film readings and their perceived image quality on

an electronic work station, 120 mammography film

examinations with a range of negative and positive

ratings were selected to ensure an adequate degree

of statistical power (80%) and a type I error rate of

5%. Based upon Obuchowski_s10 article, a sample

of 120 examinations was selected to be read by

eight qualified readers to meet the desired statisti-

cal power and error rate. The study design allowed

for the detection of moderate differences in

diagnostic accuracy (10%), a moderate degree of

interobserver variability (0.05), and a 2:1 ratio of

negative/positive cases. Two additional readers

were added as alternates for two naval officers

who were subject to active duty deployment.

The 120 cases were selected from the mam-

mography film library at the Johns Hopkins

Medical Institutions. The examinations included a

range of diagnostic and screening examinations

using a variety of criteria, including patient age and

the Breast Imaging Reporting and Data System

Fig 1. VIDAR CAD PRO advantage.
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(BI-RADS) assessment categories.11 BPositive^
examinations were confirmed by pathology

reports in which there was a tissue diagnosis of

cancer within 1 year of a positive examination.

BNegative^ examinations were confirmed if there

were no known tissue diagnoses of cancer within

1 year of a negative examination. Using the above

criteria, 44 positive examinations and 76 negative

examinations were selected to provide a negative/

positive case ratio of 1.7:1. Prior films and reports

were included in the study when they were

available.

The digitizer (Fig. 1) used to scan the films

was a CAD PROi Advantage film digitizer

developed by VIDAR Systems Corporation, Hern-

don, VA, USA. Depending on film size, digitized

image files ranged from 40 to 70 MB. The

selected film mammography examinations and

their digitized counterparts included only the two

standard views (craniocaudal and mediolateral) of

each breast.

The scanned images were transmitted from the

digitizer unit to an acquisition station connected via

a SCSI interface. The acquisition work station was

a Dell Precision Work Station 450 (Dell Computer

Corporation, Round Rock, TX, USA) with Dual

Xeon 2.4 GHz processors, equipped with two 20

GB SCSI drives and 1.25 GB of RAM. It included

an Adaptec 2930 PCI SCSI card (Adaptec, Inc.,

Milpitas, CA, USA) used to interface with the

VIDAR film digitizer. Clinical Express 2.0

(VIDAR Systems Corporation) was the viewing

application that was installed on the acquisition

work station. The computer acquired images from

the VIDAR digitizer and Bpushed^ them to a twin

work station that created Digital Imaging and

Communication in Medicine (DICOM) files for

network transmission to the display work station

for viewing and interpretation.

The diagnostic viewing work station was a

Gateway S5600D (Gateway Incorporated, Irvine,

CA, USA). The work station application ran on an

800-MHz Pentium III processor with 1 GB of

RAM. Two Simomed (Siemens, Arlington, TX,

USA) portrait style monitors were attached to the

work station to support high resolution (2,500 by

2,000 pixels) and 8-bit grayscale contrast for

image display. So as to simulate optimal clinical

conditions for reading mammography, as indicat-

ed by the American College of Radiology,12 the

ambient lighting was observed at levels well

below 50 lux (the observed measurements were

approximately 6 lux). The mammography film

viewboxes met the minimum American College of

Radiology (ACR) standard of 3,000 cd/m2 (the

observed measurements were above 4,300 cd/m2).

Fig 2. Readers_ description of breast composition by display
mode.

Table 1. Readers_ Agreement Between Breast Composition Ratings

Soft Copy Readings

Film Readings

Almost Entirely

Fat

Scattered Fibroglandular

Densities

Heterogeneously

Dense

Extremely

Dense

Not

Determined

Total

Readings

Almost entirely fat 34 7 0 1 0 42

Scattered fibroglandular

densities 17 142 24 0 1 184

Heterogeneously dense 0 45 154 17 1 217

Extremely dense 1 0 10 23 0 34

Not determined 0 1 1 1 0 3

Total readings 52 195 189 42 2 480

Percent agreement 65.4 72.8 81.5 54.8 73.8
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All of the readers were board-certified radiol-

ogists with experience in soft copy interpretations.

Each of the readers read 120 cases, 60 on film and

60 on soft copy. No radiologist read the same

examination twice. Actual dates of current and

prior examinations were not made available to the

readers to comply with the Health Insurance

Portability and Accountability Act (HIPAA) reg-

ulations. Instead, the time interval between the

two examinations was recorded and made avail-

able to the study participants. The readers were

also provided with access to reports from previous

mammography examinations, when prior films

were available. The prior films were also digitized

and were made available in the appropriate mode,

i.e., film or soft copy, for each reading session.

To ensure compliance with HIPAA regulations,

all Protected Health Information on the films was

concealed before digitization and was not avail-

able to the readers on the films, images, or reports

during the reading sessions. The age of the patient

(not date of birth) was available for all mammog-

raphy examinations. The protocol was approved

by the Johns Hopkins Medicine Institutional

Review Board (IRB) before the study was begun.

The interpretations of the examinations were

recorded on a Microsoft (MS) Access 2000 (Micro-

soft Corporation, Redmond, WA, USA) data entry

form on a laptop. The form provided for the readers_
ratings of the study parameters, including breast

composition, BI-RADS assessment, diagnostic con-

fidence, diagnostic difficulty, and image quality. The

readers were also able to comment on the functions

of the digital work station and on the quality of the

images. The resultant data in this paper for each of the

five specified parameters are presented in the same

sequence as they appeared on the data entry form.

The data entry form was linked to an MS Access

database where the data were stored. After the 16

reading sessions were completed, the resultant data

were tabulated and analyzed to determine the extent

of the differences between film and soft copy

interpretations. There were no constraints placed

on the time needed by the radiologists for the

reading sessions. The length of reading sessions

varied from 125 to 205 min for soft copy sessions

and 103 to 180 min for film sessions. Based upon the

recorded starting and ending times, on average,

readers took more time to complete soft copy

sessions than film interpretation sessions (169 vs

130 min). This is probably because of the greater

familiarity of the readers with film than with soft

copy interpretations.

Comparable data were tested for statistical

significance at the 95% confidence level using

the Wilcoxon signed-rank test and the chi-square

test.13 Measures of sensitivity and specificity were

calculated to compare film interpretations with

readings of digitized images.14 Receiver operator

characteristic analysis was performed using the

Fig 3. Readers_ BI-RADS assessment categories by display
mode.

Table 2. Readers_ Agreement Between BI-RADS Ratings

Soft Copy Readings

Film Readings

1 2 3 4 5 Not Determined Total Readings

1 47 21 8 15 0 0 91

2 27 85 8 11 0 0 131

3 15 4 34 6 1 0 60

4 11 6 5 94 16 0 132

5 0 0 0 3 20 0 23

Not determined 0 0 0 0 0 43 43

Total readings 100 116 55 129 37 43 480

Percent agreement 47.0 73.3 61.8 72.9 54.1 64.1
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computer program ROCKIT. Diagnostic accuracy

of the readers_ interpretations was assessed by

determining the areas under the ROC curves.15

This was developed by C.E. Metz at the Univer-

sity of Chicago, which is a combination of three

previous algorithms that can be used to analyze

both discrete and continuously distributed data.16

Agreement analysis was also performed to

supplement the statistical analysis of the distribu-

tion of readers_ ratings of film and soft copy in-

terpretations.17,18 The agreement was assessed

between film and soft copy readers by comparing

their ratings given for breast composition, BI-RADS,

diagnostic confidence, diagnostic difficulty, and

image quality. Tests of statistical significance were

performed on the data resulting from the interpreta-

tions of the eight initial readers and from the group of

ten readers. Apart from image quality, there were no

statistically significant differences between film and

soft copy interpretations. The results shown in this

paper are based primarily upon the data provided by

the eight original readers. In addition, a comparison

of the results of the eight original readers_ interpre-

tations with those for all ten participants is shown in

Appendix A.

RESULTS

The 120 selected examinations viewed by the

eight original readers to compare film and soft copy

interpretations are shown for each of the study

parameters as percent distributions in the bar charts,

and as counts in the agreement tables that follow.

Breast Composition

For breast composition, the readers categorized

each of the examinations in accordance with the

ACR BI-RADS Atlas. The categories shown in

Figure 2. included Balmost entirely fat^, Bscattered

fibroglandular densities^, Bheterogeneously dense^,

and Bextremely dense.^ The results indicate that

Balmost entirely fat^ was reported as 11.0% for film

and 8.8% for soft copy interpretations. For

Bscattered fibroglandular densities^, 40.8% were

reported for film compared to 38.3% for soft copy.

The description Bheterogeneously dense^ was

reported for 39.4% of film readings and 45.2% for

soft copy display, and ^extremely dense^ breast

composition was reported for 8.3% of film readings

and 7.1% of softcopy interpretations. The distribu-

tion of breast composition ratings on film examina-

Table 3. BI-RADS Ratings by Study Readers Compared with the Original Clinical Interpretations

BI-RADS Ratings

Film Mode Soft Copy Mode

Negative Positive Total Negative Positive Total

1, 2, 3 241 (TN) 56 (FN) 297 248 (TN) 66 (FN) 314

4, 5 62 (FP) 119 (TP) 181 53 (FP) 110 (TP) 163

Not reported 2 3

Total 303 175 480 301 176 480

Table 4. Percent Distributions of Readers_ BI-RADS Ratings

Related to Sensitivity and Specicity

Readers_ BI-RADS Ratings

Sensitivity Specificity

Film Soft Copy Film Soft Copy

1, 2, 3 33.7 37.5 79.5 82.4

4, 5 66.3 62.5 20.5 17.6
Fig 4. Receiver operating characteristic by display mode.
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tions was compared with that the distribution on

soft copy examinations using the chi-square test.

The results were calculated and were found not to

be significant (pe 0.508).

The overall agreement shown in Table 1 for

breast composition was 73.8%. The highest

agreement, 81.5%, was recorded for heteroge-

neously dense, and the lowest, 54.8%, was for

extremely dense.

BI-RADS Assessment

BI-RADS ratings are shown in Figure 3 for

each examination interpreted by the readers in

accordance with the ACR BI-RADS protocol. The

readers chose a BI-RADS category based upon

their interpretation of each examination. They

assigned a rating from 1 to 5, defined by the ACR

as follows: 1 negative, 2 benign findings, 3 prob-

ably benign, 4 suspicious abnormality, and highly

suggestive of malignancy.

The percentages shown on Figure 3 indicate that

the lowest values reported for both film, 8.3%, and

soft copy, 4.8%, were for category 5, Bhighly

suggestive of malignancy.^ The highest percent-

age shown for film is for category 4, Bsuspicious

abnormalities^, where 29.4% was reported. The

highest percent for soft copy is for category 2,

Bbenign findings^, where 30.8 was reported.

Average BI-RADS ratings for the four readers

who interpreted a particular case on film were

compared with the average BI-RADS ratings for

the four readers who read the same case on soft

copy. The Wilcoxon signed-rank test was used to

determine the statistical significance of the differ-

ences between the 480 film readings and the 480

soft copy interpretations. The results were not

found to be significant (pe 0.601). The distribution

of BI-RADS ratings on film were compared with

those on soft copy and the differences were tested

using chi-square and found not to be significant

(pe 0.175).

Table 5. Readers_ Agreement Between Diagnostic Confidence Ratings

Soft Copy Readings

Film Readings

Low Medium High Not Determined Total Readings

Low 30 20 24 0 74

Medium 23 140 45 2 210

High 11 34 151 0 196

Not determined 0 0 0 0 0

Total readings 64 194 220 2 480

Percent agreement 46.9 72.2 68.6 67.2

Fig 6. Readers_ ratings of diagnostic difficulty by display mode.
Fig 5. Readers_ ratings of diagnostic confidence by display

mode.
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The overall agreement shown in Table 2 for BI-

RADS ratings was 64.1%. The highest agreement,

73.3%, was recorded for category B2^ rating,

benign findings, and the lowest, 47.0%, was for

the category B1^ rating, negative.

There were 480 film readings and 480 digitized

image interpretations produced by the eight radi-

ologists who participated in the study. Each of the

readings was compared with the original clinical

interpretation of the examination and rated as Btrue

positive (TP)^, Btrue negative (TN)^, Bfalse posi-

tive (FP)^, or Bfalse negative (FN)^ as shown in

Table 3. For example, the 241 TN cases are those

that the study film readers rated as 1, 2, or 3, when

the original clinical interpretation was negative.

These ratings were used to compute sensitivity and

specificity values for film and soft copy readings.

Sensitivity refers to the proportion of positive cases

correctly interpreted as abnormal. Specificity refers

to the proportion of negative cases correctly inter-

preted as normal. Accuracy refers to the proportion

of cases (TPs and TNs) correctly identified by a

radiologist.

The percentages related to the reported BI-

RADS ratings by the readers for each display

mode regarding sensitivity and specificity are

shown in Table 4. The percent distributions shown

for each of the display modes, both sensitivity and

specificity, are quite similar. For sensitivity

calculations, the proportion of TP cases that were

given BI-RADS ratings of B4^ or B5^ on film was

compared with the corresponding proportion for

soft copy. Film interpretations were found to have

a sensitivity rating of 66.3% compared with a

sensitivity rate of 62.5% for soft copy interpreta-

tions. These differences were assessed using the

chi-square test and were not found to be signifi-

cant (p e 0.559). For specificity calculations, the

proportion of TN cases that were given BI-RADS

ratings of 1, 2, or 3 on film was compared with the

corresponding proportion on soft copy. Film read-

ings were found to have a specificity of 79.5%

compared with soft copy readings of 82.4%. These

differences were assessed using the chi-square test

and were not found to be significant (p e 0.743).

Receiver operating characteristic analysis of the

data recorded in the study summarizes the differ-

ences between the relative accuracy of readings in

each display mode (Fig. 4). The areas under the

ROC curve for film and soft copy were deter-

mined using the ROCKIT program and were

compared. The area under the ROC curve for film

examinations was found to be 0.78 and the area

under the ROC curve for soft copy examinations

was found to be 0.77. The difference between the

areas under these two curves was tested and found

not to be statistically significant (p = 0.56).

Diagnostic Confidence

Diagnostic confidence refers to the extent to

which readers are assured of their interpretations.

Table 6. Readers_ Agreement Between Diagnostic Difficulty Ratings

Soft Copy Readings

Film Readings

Low Medium High Not Determined Total Readings

Low 105 45 10 0 160

Medium 28 152 26 1 207

High 16 29 65 1 111

Not determined 0 0 0 2 2

Total readings 149 226 101 4 480

Percent agreement 70.5 67.3 64.4 67.6

Fig 7. Readers_ ratings of image quality by display mode.
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Readers rated their diagnostic confidence as

Blow^, Bmoderate^, or Bhigh^ (Fig. 5).

The readers commonly reported moderate and

high confidence levels in approximate equal

frequencies. Low diagnostic confidence for film

was reported 12.7% of the time and 15.8% of the

time for soft copy. Average diagnostic confidence

ratings of the readers who read a particular case

on film were compared with the average diagnos-

tic confidence ratings of the readers who read a

particular case on soft copy using the Wilcoxon

signed-rank test. The results were calculated and

were found to be not significant (p e 0.078). The

distributions of diagnostic confidence ratings on

film and the distribution of diagnostic confidence

ratings on soft copy were tested and found to be

not significant (p e 0.453).

The overall agreement shown in Table 5 for

diagnostic confidence was 67.2%. The highest

agreement, 72.2%, was recorded for the Bmedium^
confidence level, and the lowest, 46.9%, was for

the low confidence level.

Diagnostic Difficulty

Diagnostic difficulty is an important factor in

readers_ impressions related to accuracy of inter-

pretation. Each of the eight readers rated the

diagnostic difficulty of the examinations as low,

moderate, or high when they interpreted the cases

in film or screen modes (Fig. 6).

The examinations that were rated high difficulty

were 21.3% and 23.1% for the film and soft copy

cases, respectively, and 47.3% and 43.5% for film

and soft copy in the moderate category, respec-

tively. Readers rated low quality as 31.0 on film

and 33.1% on soft copy. Average diagnostic dif-

ficulty ratings of the readers who read a particular

case on film were compared with the average diag-

nostic difficulty ratings of the readers who read a

particular case on soft copy using the Wilcoxon

signed-rank test. The results were calculated and

were not found to be significant (pe 0.971). The

distributions of diagnostic difficulty ratings on film

and the distribution of diagnostic difficulty ratings

on soft copy were tested with the chi-square test and

found not to be significant (pe 0.970).

The overall agreement shown in Table 6 for

diagnostic difficulty was 67.6%. The highest agree-

ment, 70.5%, was recorded for the low difficulty

rating, and the lowest, 64.4%, was for the high

rating.

Image Quality

The perceived image quality of the examina-

tions affects the radiologists_ ability to make

accurate interpretations of film and soft copy

Table 8. Statistical Test Results for Eight Readers Compared to Ten Readers

Wilcoxon Signed-rank Test Chi-square Test

8 Readers 10 Readers 8 Readers 10 Readers

Breast composition N/A N/A pe0.508 p e0.401

Image quality pe0.0001* p e0.0002* pe0.001* p e0.107

Diagnostic difficulty pe0.460 p e0.971 pe0.970 p e0.953

Diagnostic confidence pe0.078 p e0.056 pe0.453 p e0.230

BI-RADS assessment pe0.911 p e0.601 pe0.175 p e0.026*

*Statistically significant

Table 7. Readers_ Agreement Between Image Quality Ratings

Soft Copy Readings

Film Readings

Adequate Good Excellent Not Determined Total Readings

Adequate 66 37 36 0 139

Good 20 185 35 1 241

Excellent 9 23 65 0 97

Not determined 0 1 2 0 3

Total readings 95 246 138 1 480

Percent agreement 69.5 75.2 47.1 66.0
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images. In this study, each of the 8 readers

interpreted 60 examinations on film and 60 as

digitized images on the electronic work station

screen. The readers assigned each examination an

image quality rating of Badequate^, Bgood^, or

Bexcellent^ based on their perceptions (Fig. 7).

The rating most frequently recorded by the

readers was good with 51.3% for film examina-

tions and 50.6% for images viewed as soft copy.

Average image quality ratings of the readers who

read a particular case on film were compared with

the average image quality ratings of the readers

who read a particular case on soft copy using the

Wilcoxon signed-rank test. The results were calcu-

lated and found to be significant (pe 0.0001). The

distributions of image quality ratings on film and

the distributions of image quality ratings on soft

copy were tested using the chi-square test and

found to be significant (pe 0.001).

The overall agreement shown in Table 7 for

image quality was 66.0%. The highest agreement,

75.2%, was recorded for the good quality rating,

and the lowest, 47.1%, was for the excellent rating.

DISCUSSION

Recent advances in film digitization and high-

resolution display technology provide important

opportunities to improve the delivery of radiology

services. The physical and economic benefits

associated with digital archiving of radiographic

examinations provide incentives to consider

implementing such technology. Of paramount

importance to the application of such technology

in the clinical environment is the ability of

radiologists to interpret soft copy images with

accuracy equivalent to that of conventional films.

This study was undertaken to determine whether

there are any significant differences between the

interpretations of mammograms on plain film

versus digitized film. Although several other

studies have evaluated the ability of digitizers to

produce images in other fields of radiology, this

study is only the second one to evaluate the

performance of film digitizers in mammography.

A previous study by Smathers et al7 superimposed

pulverized bone specks and aluminum oxide

particles on a breast phantom and determined the

particle size that corresponded to a mean detect-

ability level of 50% on screen-film and digitized

mammograms. The results found that smaller

particles could be detected on the digitized

mammogram compared with the screen-film

mammogram (p G 0.01). Smathers et al surmised

that the edge enhancement and high spatial and

contrast resolution of the digitized display provid-

ed additional advantages in terms of detecting

microcalcifications.

Other studies have evaluated the extent to

which computer-aided diagnosis can improve the

image quality of digitized examinations.19 These

studies suggest that a variety of techniques,

including mass detection algorithms, wavelet

transform, pixel gray level corrections, and tissue

thickness corrections, can improve the ability of

radiologists to detect lesions on digital displays.

Another factor relevant to this study is the size of

the digitized images. Each of the images in our

study ranged from 40 to 70 MB per image, meaning

that an entire study with or without comparison

films may range from 160 to 560 MB. Several

studies have looked at the degree to which images

can be compressed without sacrificing diagnostic

accuracy. These studies indicate that under certain

conditions, mammography images can be com-

pressed at ratios as high as 80:1 without sacrificing

diagnostic accuracy.20 Additional studies will be

conducted to clarify the extent to which images can

be compressed without losing diagnostic accuracy.

The results of this study offer promise for the

future of film digitizers and electronic work

stations in showing that the accuracy of interpre-

tations of films and images produced by a CCD

mammography film digitizer are not significantly

different. In addition, this study provides evidence

that film digitizers can be used in conjunction with

high-resolution display monitors, digital storage

media, and high-speed telecommunications to

provide high-quality medical imaging services to

underserved populations. With innovations and

advances in technical fields occurring at a rapid

Table 9. ROC Results for Eight Readers to Ten Readers

Comparing Areas Under the Curves

8 Readers 10 Readers

Film Soft Copy Difference Film Soft Copy Difference

0.78 0.77 p=0.56a 0.79 0.75 p=0.12*

*Not significant
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pace and practitioners becoming computer literate,

the acceptance of film digitizers and work stations

should increase while the costs of adopting such

technical applications is expected to decline.
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APPENDIX

The results shown in this paper are based primarily

on the data provided by the original eight readers. This

appendix contains additional comparisons of the find-

ings for the original eight readers with the data for all

ten who participated in the study. A summary of the

Wilcoxon and chi-square tests for both eight and ten

readers is seen in Table 8. No Wilcoxon test results are

shown for Bbreast composition^ because the test applies

only to parameters that can produce a mean value for

the readers_ ratings. The Wilcoxon test remained

consistent between eight and ten readers for the four

parameters shown. The summary of the results for the

chi-square test indicates that the statistical significance

for image quality and BI-RADS assessment differed for

the eight and ten readers. The results of the chi-square

test were consistent for the other three parameters.

The statistically significant difference in BI-RADS

assessment categories found when comparing the

reports of eight readers with those of ten readers is

due primarily to the relatively large number of BI-

RADS categories 4 and 5 reported by the additional two

readers. The initial group of eight readers rated 37.9%

of their film interpretations and 34.2% of their soft copy

readings as BI-RADS 4 or 5, compared to the two addi-

tional readers who rated 48.3% of their film interpretations

and 52.1% of their soft copy readings as BI-RADS 4 or 5.

For the original eight readers, the area under the ROC

curve (Table 9) for film examinations was found to be

0.78, and for soft copy examinations, was found to be 0.77.

The difference between the areas under these two curves

was tested and found not to be statistically significant

(p = 0.56). For ten readers, the area under the ROC curve

for film examinations was found to be 0.79 and the area

under the ROC curve for soft copy examinations was

found to be 0.75. The difference between the areas under

these two curves was tested and found not to be

statistically significant (p = 0.12).

REFERENCES

1. Pisano ED, Gatsonis C, Hendrick E, Yaffe M, Baum JK,

Acharyya S, Conant EF, Fajardo LL, Bassett L, D_Orsi C, Jong

R, Rebner R: Digital Mammographic Imaging Screening Trial

(DMIST) Investigators Group. Diagnostic performance of

digital versus film mammography for breast-cancer screening.

N Engl J Med 353(17):1773Y1783, 2005

2. Ackerman SJ, Gitlin JN, Gayler RW, Flagle CD, Bryan

RN: Receiver operating characteristic analysis of fracture and

pneumonia detection: comparison of laser-digitized worksta-

tion images and conventional analog radiographs. Radiology

186(1):263Y268, 1993

3. Eng J, Mysko WK, Weller GE, Renard R, Gitlin JN,

Bluemke DA, Magid D, Kelen GD, Scott WW Jr.: Interpreta-

tion of Emergency Department radiographs: a comparison of

emergency medicine physicians with radiologists, residents

with faculty, and film with digital display. AJR Am J

Roentgenol 175(5):1233Y1238, 2000

4. Curtis DJ, Gayler BW, Gitlin JN, Harrington MB: Tele-

radiology: results of a field trial. Radiology 149(2): 415Y418,

1983

5. Scott WW Jr., Rosenbaum JE, Ackerman SJ, Reichle RL,

Magid D, Weller JC, Gitlin JN: Subtle orthopedic fractures:

teleradiology workstation versus film interpretation. Radiology

187(3):811Y815, 1993

6. Krupinski E, Gonzales M, Gonzales C, Weinstein RS:

Evaluation of a digital camera for acquiring radiographic images

for telemedicine applications. Telemed J E Health 6(3):297Y302,

2000

7. Smathers RL, Bush E, Drace J, Stevens M, Sommer FG,

Brown BW Jr., Karras B: Mammographic microcalcifications:

detection with xerography, screen-film, and digitized film

display. Radiology 159(3):673Y677, 1986

COMPARISON OF MAMMOGRAPHY FILM INTERPRETATIONS WITH DIGITIZED SOFT COPY READINGS 51



8. Mannino DM, Kennedy RD, Hodous TK: Pneumoconi-

osis: comparison of digitized and conventional radiographs.

Radiology 187(3):791Y796, 1993

9. Gitlin JN, Scott WW, Bell K, Narayan A: Interpretation

accuracy of a CCD film digitizer. J Digit Imaging 15 (Suppl):

57Y63, 2002

10. Obuchowski NA: Sample size tables for receiver oper-

ating characteristic studies. AJR Am J Roentgenol 175(3):

603Y608, 2000

11. American College of Radiology: American College of

Radiology (ACR) Breast Imaging Reporting and Data System

Atlas (BI-RADS\ Atlas). Reston, VA: ACR, 2003

12. American College of Radiology: ACR Practice Guide-

line for the Performance of Screening Mammography, ACR

Practice Guidelines—Screening Mammography. Reston, VA:

ACR, 2004, pp 317Y328

13. Applegate KE, Tello R, Ying J: Hypothesis testing III:

counts and medians. Radiology 228(3):603Y608, 2003

14. Langlotz CP: Fundamental measures of diagnostic

examination performance: usefulness for clinical decision

making and research. Radiology 228(1):3Y9, 2003

15. Obuchowski NA: Receiver operating characteristic

curves and their use in radiology. Radiology 229(1):3Y8, 2003

16. Metz CE, Herman BA, Roe CA: Statistical comparison

of two ROC estimates obtained from partially-paired datasets.

Med Decis Making 18:110, 1998

17. Kundel H, Polansky M: Measurement of observer

agreement. Radiology 228:303Y308, 2003

18. Gitlin JN, Cook LL, Linton OW, Garrett-Mayer E:

Comparison of BB^ readers_ interpretations of chest radiographs

for asbestos related changes. Acad Radiol 11:843Y856, 2004

19. Morton MJ, Whaley DH, Brandt KR, Amrami KK:

Screening mammograms: interpretation with computer-aided

detection—prospective evaluation. Radiology 239:375, 2006

20. Kallergi M, Lucier BJ, Berman CG, Hersh MR, Kim JJ,

Szabunio MS, Clark RA: High-performance wavelet compres-

sion for mammography: localization response operating char-

acteristic evaluation. Radiology 238(1):62Y73, 2006

52 GITLIN ET AL.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


