
  

DEVELOPMENT   AND   EVALUATION   OF   A   SOFT-

COPY   MAMMOGRAPHIC   VIEWING   PROTOCOL   TO   

IMPROVE   RADIOLOGICAL   REPORTING 

 

 

 

 

 

 

 

 

Carin Meyer 

 

Thesis submitted in fulfilment of the requirements for the Ph.D. (Radiographic Sciences) 

degree in the Faculty of Health Sciences, at the Un iversity of the Free State. 

 

 

Supervisor:  Prof W.I.D. Rae 

Co-Supervisor:  Prof C.P. Herbst 



ii 

 

DECLARATION 

 

 

I, Carin Meyer, certify that the thesis herby submitted by me for the Ph.D. 

(Radiographic Sciences) degree at the University of the Free State is my independent 

effort and had not previously been submitted for a degree at another university/faculty.  

I furthermore waive copyright of the thesis in favour of the University of the Free Sate. 

 

 

 

 

_______________________________________ 

2 October 2012 

 



iii 

 

 

DEDICATION 

 

 

 

 

 

In memory of my father 

Adam Johannes Barnard 

1934 - 2011 

 

 



iv 

 

 

PRESENTATIONS ARISING FROM THIS STUDY 

 

The results of this study were presented as oral and poster presentations at the 
following forums: 

 

• 48th SAAPMB Congress, UFS, Bloemfontein (24-28 March 20 09): 

 

Optimisation of display of digital images of a mammography QC phantom 

 

• 16th International Society of Radiographers & Radiologi cal Technologists 
(ISRRT) World Congress, Gold Coast, Australia (9-12  September 2010): 

 

Assessment of basic soft-copy reporting training on diagnostic accuracy of 
mammography reporting 

 

Poster: Optimisation of soft-copy display using mammography quality control 
phantom images 

 

Poster: Image quality assessment of image processing algorithms for clinical soft-
copy mammography display 



v 

 

ACKNOWLEDGEMENTS 

The mercy of my Heavenly Father, for giving me the strength and perseverance to 

complete this study. 

This study would not have been possible without the assistance of the following 

persons: 

- My study leader, Prof W.I.D. Rae, for his knowledge, assistance, guidance, and 

encouragement throughout the study; 

 

- Prof C.P. Herbst, my co-leader, for his valuable input and advice; 

 

- Prof G. Joubert; for her valuable input and assistance with the statistical analysis 

of the data; 

 

- Prof C.S. de Vries and personnel from the Department of Clinical Imaging 

Sciences for supporting the project; 

 
- Me J. van der Merwe from Philips for the practical training of the viewers on the 

PACS workstation and for anonymising the patient files 

 

- Prof W.I.D. Rae, Prof. C.P. Herbst and Me A. Sweetlove for participating in the 

scoring of the phantom images; 

 

- Dr S.F. Otto, for assisting in selecting the clinical images for the study; 

 

- Dr F.A. Gebremariam, Dr M. Naude and Dr J.R. Muller for participating in the 

reporting of the mammograms; 

 

- Me E.F. Nel, from the mammography unit for obtaining consent from the 

patients; 

 

- My family and friends for their interest and encouragement.  Special thanks to 

my husband Biebie, without whom I could not have completed this task.  Thank 

you for your love and support throughout the study 



vi 

 

TABLE OF CONTENTS 

 

 Page 

DECLARATION  ii 

DEDICATION  iii 

PRESENTATIONS  iv 

ACKNOWLEDGEMENTS  v 

TABLE OF CONTENTS  vi 

LIST OF FIGURES  xvii 

LIST OF TABLES  xix 

ACRONYMS AND ABBREVIATIONS  xxi 

 

CHAPTER 1 ORIENTATION TO THE STUDY  1 

 

1.1 I

INTRODUCTION  1 

1.1.1 Incidence of breast malignancies and associated mortality  1 

1.1.2 Breast imaging  1 

1.1.3 Mammographic features of breast cancer  4 

1.1.4 Contrast challenges in mammography  6 

1.2 SCREEN-FILM MAMMOGRAPHY  7 

1.2.1 Viewing conventional screen-film mammography  8 

1.2.2 Limitations and advantages of screen-film mammography  9 

1.3 DIGITAL MAMMOGRAPHY  11 

1.4 BACKGROUND ON THE SETTING FOR THE STUDY  13 



vii 

 

1.4.1 Transition from screen-film mammography to digital 

mammography at Universitas Academic Hospital  14 

1.4.2 Standardising reporting  15 

1.5 THE PROBLEM WITH CHANGING FROM SCREEN-FILM 

MAMMOGRAPHY TO DIGITAL MAMMOGRAPHY  15 

1.6 AIM OF THE STUDY  17 

1.7 STRUCTURE OF THE THESIS  17 

 

CHAPTER 2 DIGITAL MAMMOGRAPHY  20 

 

2.1 CONTEXT OF DIGITAL MAMOGRAPHY  20 

2.1.1 Image acquisition in DM  21 

2.1.1.1 Indirect conversion  21 

2.1.1.2 Direct conversion  21 

2.1.1.3 Cassette-based CR photostimulable storage phosphor (PSP) 

imaging plate  22 

2.1.2 The digital image  23 

2.1.3 Soft-copy display  24 

2.1.4 Advantages and limitations of digital mammography  25 

2.2 CLINICAL TRIALS FOR COMPARISON OF SCREEN-FILM 

MAMMOGRAPHY AND DIGITAL MAMMOGRAPHY  27 

2.3 DIGITAL IMAGE PROCESSING  30 

2.3.1 Image processing algorithms  33 

2.3.1.1 Histogram processing  33 



viii 

 

2.3.1.1.1 Histogram equalization  33 

2.3.1.1.2 Neighbourhood processing  34 

2.3.1.1.3 Contrast Limited Adaptive Histogram Equalisation (CLAHE)  34 

2.3.1.2 Multi-Scale Image Contrast Amplification (MUSICA)  37 

2.4 CLINICAL COMPARISON OF IMAGE PROCESSING 

ALGORITHMS  39 

2.5 CONCLUSION  46 

 

CHAPTER 3 TRAINING REQUIREMENTS FOR RADIOLOGISTS 

CHANGING FROM SCREEN-FILM MAMMOGRAPHY TO 

DIGITAL MAMMOGRAPHY  49 

 

3.1 WHY SHOULD THE RADIOLOGISTS BE TRAINED IN 

DIGITAL MAMMOGRAPHY?  49 

3.2 TRAINING NEEDS FOR RADIOLOGISTS CHANGING FROM 

SCREEN-FILM MAMMOGRAPHY TO DIGITAL 

MAMMOGRAPHY  51 

3.2.1 Digital image processing  52 

3.2.2 Magnification  53 

3.2.3 Manual intensity windowing  54 

3.2.4 Invert  55 

3.2.5 Summary  55 

3.3 CURRENT TRAINING OF RADIOLOGY REGISTRARS AT 

THE RESEARCH SITE  56 



ix 

 

3.4 TRAINING REQUIREMENTS IN THE US vs. THE SA 

CONTEXT  57 

3.5 CONCLUSION  58 

 

CHAPTER 4 IMAGE QUALITY ASSESSMENT OF PROCESSING 

OPTIONS:  PHANTOM BASED METHOD  60 

 

4.1 INTRODUCTION  60 

4.2 AIM  61 

4.3 METHODS  61 

4.3.1 Contrast Detail (CD) Phantom  61 

4.3.2 System description and image acquisition  64 

4.3.3 Image processing  65 

4.3.4 Image evaluation  66 

4.3.5 Evaluation of the viewer’s observations  67 

4.3.6 Image quality quantification  68 

4.3.7 Data analysis  68 

4.3.8 Statistical analysis  69 

4.4 RESULTS  69 

4.5 DISCUSSION  77 

4.5.1 Unprocessed and Unprocessed Invert  77 

4.5.2 MUSICA2 and MUSICA2 Invert  77 

4.5.3 Invert  78 

4.5.4 CLAHE parameter combinations  79 

4.5.4.1 Contextual region  79 



x 

 

4.5.4.2 NBins  79 

4.5.4.3 Clip limit  80 

4.5.4.4 Map level  80 

4.5.5 Comparison of mean IQF scores and rank order of processing 

options  81 

4.6 CONCLUSION  83 

 

CHAPTER 5 DEVELOPING THE SOFT-COPY VIEWING PROTOCOL  

THROUGH PARTICIPATIVE LEARNING  85 

 

5.1 INTRODUCTION  85 

5.2 AIM  86 

5.3 METHODS  86 

5.3.1 Ethics  86 

5.3.2 Trainees  86 

5.3.3 Training  87 

5.3.3.1 Theoretical training  87 

5.3.3.2 Hands-on training  88 

5.3.3.3 Participative learning  88 

5.3.4 Clinical images  89 

5.3.5 Processing options  90 

5.3.6 Criteria for the clinical evaluation of image quality  93 

5.3.7 Rating method  94 

5.3.8 Display of the images  95 

5.3.9 Instructions to viewers  95 



xi 

 

5.3.10 Preliminary familiarisation of viewers with the study  96 

5.3.11 Data analysis  96 

5.3.12 Feedback to the viewers  96 

5.4 RESULTS  97 

5.4.1 Image quality evaluation  97 

5.4.1.1 Image quality evaluation – Overall anatomical structures 

(criteria 1-8)  97 

5.4.1.2 Image quality evaluation – Individual anatomical structures 

(criteria 1-8)  99 

5.4.1.3 Image quality evaluation – Calcifications (criterion 9) and 

masses (criterion 10)  101 

5.4.1.4 Image quality evaluation – Noise level in the reproduction of the 

pectoral muscle (criterion 11)  103 

5.4.1.5 Image quality evaluation – Is the image quality sufficient for 

early detection of breast cancer? (Criterion 12)  106 

5.5 DISCUSSION  108 

5.5.1 Image quality evaluation – Overall anatomical structures 

(criteria 1-8)  110 

5.5.2 Image quality evaluation – Individual anatomical structures 

(criteria 1-8)  110 

5.5.3 Image quality evaluation – Calcifications (criterion 9) and 

masses (criterion 10)  112 

5.5.4 Image quality evaluation – Noise level in the reproduction of the 

pectoral muscle (criterion 11)  115 



xii 

 

5.5.5 Image quality evaluation – Is the image quality sufficient for 

early detection of breast cancer? (criterion 12)  116 

5.5.6 Comparing the results of the phantom study (Chapter 4) with 

that of the clinical images  117 

5.6 CONCLUSION  118 

 

CHAPTER 6 DIAGNOSTIC ACCURACY BEFORE AND AFTER THE 

DEVELOPMENT OF THE SOFT-COPY VIEWING 

PROTOCOL  121 

 

6.1 INTRODUCTION  121 

6.2 AIM  121 

6.3 METHODS  122 

6.3.1 Study population  122 

6.3.2 Case selection  122 

6.3.3 Views included  123 

6.3.4 Confirmation of diagnosis  123 

6.3.5 Equipment  123 

6.3.6 Viewers  124 

6.3.7 Viewing of the images  124 

6.3.8 Image processing algorithm  124 

6.3.9 Reporting  125 

6.3.9.1 BI-RADS assessment categories  125 

6.3.9.2 Classification of breast parenchyma  126 

6.3.9.3 Characterisation of lesions  127 



xiii 

 

6.3.10 Familiarising the viewers  128 

6.3.11 Descriptive data analysis  128 

6.3.12 Comparative statistical analysis  130 

6.4 RESULTS  131 

6.4.1 Histopathology confirmation  131 

6.4.2 Viewing sessions  131 

6.4.3 Sensitivity  131 

6.4.4 Specificity  132 

6.4.5 Overall accuracy  133 

6.4.6 Positive predictive value (PPV)  134 

6.4.7 BI-RADS 3  135 

6.4.8 Breast parenchyma  136 

6.4.9 Characterisation of lesions   137 

6.5 DISCUSSION   139 

6.5.1 Sensitivity, specificity, overall accuracy and PPV   139 

6.5.2 BI-RADS 3   142 

6.5.3 Breast parenchyma classification  145 

6.5.4 Characterisation of lesions   147 

6.6 CONCLUSION  149 

 

CHAPTER 7 CONCLUSIONS AND RECOMMENDATIONS  151 

 

7.1 CONCLUSIONS  151 

7.2 RECOMMENDATIONS   156 

7.2.1 Training of radiologists in the new modality  156 



xiv 

 

7.2.2 Development and refinement of a soft-copy viewing protocol  157 

7.2.3 Objectives for the development of a soft-copy viewing protocol  157 

7.2.4 Visualisation of masses  157 

7.2.5 Visualisation of dense parenchyma in the breast  158 

7.2.6 Invert gray scale  158 

7.2.7 Clinical images   158 

7.2.8 Standardising mammographic reporting  158 

7.3 LIMITATIONS OF THE STUDY  159 

7.3.1 Small number of viewers  159 

7.3.2 Number of cases  159 

7.3.3 Type of mammograms  160 

7.3.4 Administrative limitations  160 

7.3.5 Representivity  160 

7.3.6 Software limitations  160 

7.3.7 Tabár’s classification of breast parenchyma  161 

7.3.8 The use of BI-RADS to standardise reporting  161 

7.4 FUTURE RESEARCH  161 

 

LIST OF REFERENCES  164 



xv 

 

 

APPENDICES 

Score form CDMAM-phantom A 

Evaluation form CDMAM-phantom  B 

University of the Free State: Ethics approval  C 

Universitas Hospital: CEO approval  D 

Department of Diagnostic Radiology: HOD approval  E 

Radiation Control Committee: Approval  F 

Information document:  English, Afrikaans, Southern Sotho  G 

Consent document:  English, Afrikaans, Southern Sotho  H 

Training programme  I 

Evaluation form: Image quality assessment  J 

Information document:  Image quality assessment  K 

Raw data:  Image quality assessment  L 

p-Values indicating differences in mean IQS (all viewers) per individual 

anatomical structure (criteria 1 – 8) between the processing options (n=36) M 

A-D: p-Values indicating differences in mean IQS (all viewers) between the 

individual anatomical structures (criteria 1-8) per processing option (MUSICA2, 

MUSICA2 Invert, Unprocessed and Unprocessed Invert)  N 

Mammography reporting:  Datasheet  O 

Information document:  Mammogram reporting  P 



xvi 

 

Raw data: Initial and Final reporting  Q 

Simple kappa values for agreement on Tabár’s classification of breast 

parenchyma  R 

Percentage agreement between viewers on lesion site and calcifications  S 

Kappa values for agreement between viewers on characterisation of 

mammogram pattern  T 

Kappa values for agreement between viewers on lesion extent  U 

Literature searches with key words that yielded no results  V 

Recommended soft-copy viewing protocol for mammography  W 

Implementation of the soft-copy viewing protocol for mammography – 

Simulation Unit – Faculty of Health Sciences  X 

 

SUMMARY 

 

OPSOMMING 



xvii 

 

LIST OF FIGURES 

 

Figure Page 

 

Figure 1.1 Characteristic curve of an x-ray film  10 

Figure 2.1 Image acquisition with a CR system based on storage-

phosphor image plates 23 

Figure 2.2 The MUSICA2 flowchart  39 

Figure 4.1 Contrast-Detail phantom ARTINIS CDMAM type 3.4  62 

Figure 4.2 A cropped segment of a mammography x-ray image of the 

ARTINIS CDMAM type 3.4 phantom  63 

Figure 4.3 Mean rank score for the different processing options   75 

Figure 5.1 A MLO image presented with the different processing options  91 

Figure 5.2 A zoomed segment of a limited region of the image in fig 5.1 

presented with the four different processing options  92 

Figure 5.3 Mean IQS (all viewers) per individual anatomical structure 

(criteria 1 – 8)  99 

Figure 5.4 Mean IQS (all viewers) for calcifications (criterion 9)  102 

Figure 5.5 Mean IQS (all viewers) for masses (criterion 10)  102 

Figure 5.6(A-D) Noise level in the reproduction of pectoral muscle for 

MUSICA2, MUSICA2 Invert, Unprocessed and Unprocessed 

Invert  105 

Figure 5.7(A-D) Sufficiency of image quality for the early detection of breast 

cancer for MUSICA2, MUSICA2 Invert, Unprocessed and 

Unprocessed Invert   107 



xviii 

 

Figure 6.1 A MLO view of the breast.  In A the image was processed with 

MUSICA2, and in B, the image was processed with MUSICA2 

Invert  125 

Figure 6.2 Sensitivity before (Initial reporting) and after the viewing 

protocol (Final reporting)  132 

Figure 6.3 Specificity before (Initial reporting) and after the viewing 

protocol (Final reporting)  133 

Figure 6.4 Positive predictive values (PPV) before (Initial reporting) and 

after the viewing protocol (Final reporting)  135 

Figure 6.5 Percentage agreement between viewers on Tabár’s 

classification of breast parenchyma before (Initial reporting) 

and after the viewing protocol (Final reporting)  137 

 



xix 

 

 LIST OF TABLES 

 

Table   Page 

 

Table 4.1 Thickness, diameter and radiation contrast Cr (for standard 

mammography exposure conditions) of the gold disks within the 

phantom 64 

Table 4.2 Mean IQF (all viewers) for the different processing options  70 

Table 4.3 p-Values indicating significance of the paired differences 

between the different processing options  71 

Table 4.4 Mean and total rank scores for the different processing options  74 

Table 4.5 Comparison of position based on IQF and mean rank score 76 

Table 5.1 Image quality criteria for the MLO projection used for this 

research study 94 

Table 5.2 Mean image quality score (IQS) (all viewers) per image quality 

criteria (1 – 8 anatomical structures) and anatomical structures 

overall for the different processing options  97 

Table 5.3 p-Values indicating differences in the mean IQS (all viewers) 

for anatomical structures overall (criteria 1-8) between the 

processing options 97 

Table 5.4 Mean IQS (all viewers) for calcifications (criterion 9) and 

masses (criterion 10) 101 

Table 5.5 p-Values indicating differences in mean IQS (all viewers) for 

calcifications and masses (criterions 9 and 10) between the 

processing options  103 

Table 5.6 p-Values indicating differences in answers (criterion 11 and 

criterion 12) (all viewers) between the processing options  104 



xx 

 

Table 6.1 American College of Radiology Breast Imaging Reporting and 

Data System (BI-RADS) classification used in this study 126 

Table 6.2 Tabár’s classification of breast parenchyma  127 

Table 6.3 2 x 2 Contingency table 129 

Table 6.4 Overall accuracy before (Initial reporting) and after the viewing 

protocol (Final reporting)  134 

Table 6.5 Cases classified as BI-RADS 3 before (Initial reporting) and 

after the viewing protocol (Final reporting) 136 



xxi 

 

ACRONYMS AND ABBREVIATIONS 

 

ACR American College of Radiology 

AHE Adaptive Histogram Equalisation 

AUC Area Under the Curve 

BI-RADS Breast Imaging Reporting And Data System 

CAD Computer-Aided Detection 

CC Cranio-Caudal 

CD Contrast - Detail 

cd/m2 Candela per square metre 

CEO Chief Executive Officer 

CI Confidence Interval 

CME Continuing Medical Education 

CNR Contrast-to-Noise Ratio 

CPD Continuing Professional Development 

CR Computed Radiography 

CsI Cesium Iodide 

DM Digital Mammography 

e.g. for example 

etc. et cetera 

ETOVS “Etiek Oranje-Vrystaat” 

FDA Food and Drug Administration 

FFDM Full Field Digital Mammography 

FN False Negative 

FNA Fine Needle Aspiration 

FoM Figure of Merit 

FOV Field of View 

FP False Positive 

FROC Free-Response Receiver Operating Characteristic 

GE General Electric 

HIW Histogram-based Intensity Windowing 

HPCSA Health Professions Council of South Africa 

IARC International Agency for Research on Cancer 



xxii 

 

IBSN International Breast Cancer Screening Network 

IQF Image Quality Figure 

IQS Image Quality Score 

JAFROC Jack-knife Free-Response Receiver Operating Characteristic 

kVp Peak kilovoltage 

lp/mm line pairs per millimetre 

LSR Lower Spatial Resolution 

LUT Look-up Tables 

mAs milliamps per second 

mGy milligray 

MIW Manual Intensity Windowing 

mm millimetre 

MLO Medio-Lateral Oblique 

MMIW Mixture Model Intensity Windowing 

Mo Molybdenum 

Mp mega pixel 

MUSICA Multi Scale Image Contrast Amplification 

MQSA Mammography Quality Standards Act 

MRI Magnetic Resonance Imaging 

n/a not applicable 

NBins Number of Bins 

PACS Picture Archiving and Communication System 

PET Positron Emission Tomography 

PET-CT Positron Emission Tomography – Computed Tomography 

PLAHE Power Law Adaptive Histogram Equalisation 

PMT Photomultiplier tube 

PPV Positive Predictive Value 

PSP Photostimulable Phosphor 

QC Quality Control 

ROC Receiver Operating Characteristic 

RSNA Radiology Society of North America 

SA South Africa 

SD Standard Deviation 

Se Selenium 



xxiii 

 

SFM Screen-Film Mammography 

TFT Thin Film Transistor 

TN True Negative 

TP True Positive 

UCSF University of California at San Francisco 

µm micrometre 

US United States 

UK United Kingdom 

USA United States of America 

vs. versus 

W  watt 

WL  Window Level 

WW  Window Width 

 

 

 



CHAPTER 1 

ORIENTATION TO THE STUDY 

1.1 INTRODUCTION 

1.1.1 Incidence of breast malignancies and associat ed mortality 

Breast malignancies are globally the most common cancer among women.  In both 

the developed and developing regions in the world, breast cancer is one of the major 

causes of death among women (GLOBOCAN IARC, 2008) and accounts for almost 

one in four (23%) cancer cases diagnosed worldwide (Cancer Research UK, 2010).  

In the female population in South Africa (all ethnic groups), breast cancer is also the 

most common malignancy (GLOBOCAN IARC, 2008).  Survival rates for breast 

cancer decrease with later stage of the disease at diagnosis (Cancer research UK, 

2009).  The American College of Radiology (ACR) indicates that the 5-year survival 

rate for the different stages of breast cancer at diagnosis decreases from 93% for 

stage 0, to 15% for stage IV (American Cancer Society, 2010).  Thus, the probability 

of successful patient treatment and long term survival of the patient decreases the 

further the tumour has progressed.  For this reason it is of vital importance to breast 

cancer patients that the malignancy is detected, diagnosed and treated as early as 

possible. 

1.1.2 Breast imaging 

Rapid development of technology over the last two decades has changed the 

practice of breast imaging dramatically compared to what it was in the early days of 

mammography.  Various technologies are now available for acquiring images and 



2 

 

assisting with the detection of breast cancer e.g. screen film mammography (SFM), 

digital mammography (DM), computer-aided detection (CAD), ultrasound, magnetic 

resonance imaging (MRI), tomosynthesis, dual energy subtraction contrast-

enhanced digital mammography, positron emission tomography (PET), positron 

emission tomography-computed tomography (PET-CT) and molecular imaging.  

However, mammography remains the most common imaging examination for the 

early detection of breast malignancies.  Already in 1998, the International Breast 

Cancer Screening Network (IBSN) collated international data on the results of 

population-based breast cancer screening programs.  They reported at least 22 

countries worldwide where some form of mammography screening program has 

been established (Shapiro et al, 1998). 

When scrutinising outcomes of mammography breast screening programs around 

the globe, some have found that annual breast screening programs reduce breast 

cancer mortality.  Shapiro and co-workers studied the effect of screening on breast 

cancer mortality at the end of a 10 year follow up period.  They found the study 

group’s mortality due to breast cancer to be about 30% below that of the control 

group (1982).  A Swedish study by Tabár and co-workers, compared the deaths from 

breast cancer in the 20 years before the introduction of screening mammography 

(1958-77) with that of the 20 years thereafter (1978-97).  They reported a substantial 

(44%) reduction in breast cancer mortality in women aged 40-69 years who received 

screening (2003).  Another Swedish study reported between 40% and 45% reduction 

in breast cancer mortality among screened women (The Swedish Organized Service 

Screening Evaluation Group, 2006).  On the other hand, two Cochrane reviews on 

screening for breast cancer with mammography, found no reliable evidence that 
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screening for breast cancer reduces mortality (Olsen & Gøtzsche, 2001) (Gøtzsche 

& Nielsen, 2009).  This significant debate continues today. 

What has been demonstrated however is that the important factors in predicting the 

prognosis for a woman with breast cancer are the size of a breast cancer and how 

far it has spread at the time of diagnosis.  These factors are assessed during 

mammography and are thus an important contribution made by the procedure. 

The principle goal of mammography is to detect breast cancer as early as possible 

and to differentiate malignant from benign findings.  The American College of 

Radiology (ACR) has categorised these goals as screening mammography and 

diagnostic mammography.  The ACR definitions define the goal of each as follows 

(ACR, 2008:2): 

• Screening mammography 

“Screening mammography is a radiological examination performed to detect 

unsuspected breast cancer in asymptomatic women.” 

• Diagnostic mammography 

“Diagnostic mammography is a radiographic examination performed to evaluate 

patients who have signs and/or symptoms of breast disease, imaging findings of 

concern, or prior imaging findings requiring specific follow-up.” 

The ACR recommends breast screening programs for asymptomatic women 40 

years of age or older on an annual basis as they say screening mammography has 

been found by some to decrease breast cancer mortality (ACR, 2008:2).  However, 

not all are in agreement on the frequency of screening women.  A recent report in 

the U.S. recommends against routine screening in women aged 40 to 49 years and 
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that the decision to start biennial screening should be based on individual context 

with regards to benefits and risks.  Furthermore biennial instead of annual 

mammography screening is recommended for women between the ages of 50 to 74 

years (U.S. Preventative Services Task Force, 2009).  What has been found 

however, is that the early detection and treatment of breast cancer is essential in 

order to reduce cancer mortality (Malmgren et al, 2012).  And as we have mentioned 

mammography is well established as a good method of doing just that. 

1.1.3 Mammographic features of breast cancer 

The most common mammographic features of breast cancer are spiculations 

associated with a mass and / or pleomorphic calcifications.  Other mammographic 

signs of breast cancer are architectural distortion, asymmetric density, a developing 

density, a round mass, breast oedema, lymphadenopathy, or a single dilated duct 

(Ikeda, 2011:29).  The ACR suggests a standardised method for breast imaging 

reporting and has therefore developed a breast imaging lexicon to describe lesion 

features (2003).  A concise paraphrased excerpt from the ACR breast imaging 

lexicon will now be given: 

Mass 

A mass is defined as “A space occupying lesion seen in two different projections.  If 

a potential mass is seen in only a single projection it should be called a ‘Density’ until 

its three-dimensionality is confirmed”.  A mass with circumscribed (well-defined) 

margins usually indicates benign disease.  On the other hand, a mass with indistinct 

(ill defined) or spiculated margins suggests infiltration and therefore malignancy. 

Architectural distortion 
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“The normal architecture is distorted with no definite mass visible.  This includes 

spiculations radiating from a point, and focal retraction or distortion of the edge of the 

parenchyma.  Architectural distortion can also be an associated finding.” 

Asymmetric density 

“This is a density that cannot be accurately described using the other shapes.  It is 

visible as asymmetry of tissue density with similar shape on two views, but 

completely lacking borders and the conspicuity of a true mass.  It could represent an 

island of normal breast, but its lack of specific benign characteristics may warrant 

further evaluation.” 

Calcifications 

Calcifications are deposits of calcium in breast tissue and because they are often 

very small, they can easily be missed in dense breast tissue.  The ACR’s imaging 

lexicon categorises calcifications as follows: 

• Amorphous or Indistinct calcifications 

“These are often round or “flake” shaped calcifications that are sufficiently 

small or hazy in appearance so that a more specific morphologically 

classification cannot be determined.” 

• Pleomorphic or Heterogeneous calcifications 

“These are usually more conspicuous than the amorphic forms and are 

neither typically benign nor typically malignant irregular calcifications with 

varying sizes and shapes that are usually less than 0.5mm in diameter.” 

• Fine, Linear or Fine, Linear, Branching (Casting) calcifications 

“These are thin, irregular calcifications that appear linear, but are 

discontinuous and under 0.5mm in width.  Their appearance suggests filling of 
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the lumen of a duct involved irregularly by breast cancer.”  It is also described 

as having the appearance of little broken needles with pointed ends (Ikeda, 

2011:65). 

• Benign calcifications 

“Benign calcifications are usually larger than calcifications associated with 

malignancy.  They are usually coarser, often round with smooth margins and 

are much more easily seen.” 

From the above it can be seen that some of the features which define breast 

abnormalities are very subtle, which may render them difficult for the radiologist to 

detect.  Furthermore, the radiologist must be able to adequately characterise the 

lesion so as to provide, with some degree of confidence, an accurate diagnosis. 

1.1.4 Contrast challenges in mammography 

Mammography is a technically challenging area of imaging because of the low 

subject contrast inherent to the breast.  In other words, the soft tissue contrast (or 

lack thereof) poses a problem.  Quite often the radiographic density of normal dense 

breast tissue is nearly the same as the breast cancers embedded therein (Pisano et 

al, 2001).  A very small difference exists in the amount of x-ray attenuation that 

occurs in a tumour and adjacent normal dense breast parenchyma.  As a result, the 

difference in the number of x-rays absorbed in the recording system is also small, 

complicating the display of subtle differences.  Thus although some information may 

have been recorded on the film, it may not be displayed optimally to the viewer. 

A specific and well known problematic area in mammography is the imaging of the 

thicker and denser breast as it requires a wide image latitude (Ikeda, 2011:1).  The 

lesions in dense breasts are often less conspicuous which renders the 
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mammographic interpretation in these cases more difficult (Sickles, 1982) 

(Rosenberg et al, 1998).  In order to make the subtle signs of breast cancer visible in 

the final image, excellent soft tissue contrast to allow visualisation of low contrast 

features (masses and architectural distortion) is crucial.  To achieve maximum 

contrast, conventional mammography is typically performed at between 24 to 32 kVp 

for molybdenum targets and 26 to 35 kVp for rhodium or tungsten targets (Ikeda, 

2011:2).  Such a low kVp will deliver a relatively high mean glandular dose [1 – 2 

mGy] per image (Feig & Yaffe, 1996).  In conclusion it can thus be argued that 

imaging and display, which allows the perception of low contrast and sometimes 

subtle lesions, will determine the success of mammography. 

1.2 SCREEN-FILM MAMMOGRAPHY 

Screen-film mammography was globally accepted as the primary imaging modality 

for the early detection of breast cancer and is the standard against which newer 

imaging modalities are compared.  Aspects affecting the image quality with SFM 

have been researched and optimised over many years (Haus,1990).  Research was 

aimed at x-ray tube technology, screen-film combinations, and processing methods.  

However, the quality and safety of mammography remained a public and 

professional concern (Bassett, 1996).  To address these issues, the Mammography 

Quality Standards Act (MQSA) of 1992, developed through the Mammography 

Accreditation Program of the American College of Radiology, set minimum standards 

for regulating quality in mammography in the USA (FDA, 2001).  Despite all the 

efforts to optimise SFM, a major draw-back remained.  Because the subject contrast 

of breast tissue is poor and normal dense breast tissue often has quite similar 

radiographic density to breast cancers, they may remain undetected because of a 
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lack of contrast (Pisano et al, 2001).  This draw-back is especially problematic with 

SFM for the estimated 40% of women with dense breasts (Shtern, 1992).  Before the 

advent of DM, the technique of SFM had reached its ceiling in making subtle contrast 

differences in breast tissue more visible to the observer. 

In conventional SFM, as the name implies, an image is produced by making use of a 

fluorescent screen and photographic film to produce an image.  When exposed to x-

rays, the fluorescent screen emits visible light.  The light pattern is then recorded as 

an invisible latent image within the film emulsion.  The inherent spatial resolution for 

a “100-speed” mammography screen-film cassette is in the order of 15 to 20 line 

pairs per millimetre (lp/mm) (Bushberg et al, 2012:259).  This is commonly achieved 

by using single-emulsion film against a single intensifying screen.  After x-ray 

exposure, the x-ray film is chemically processed in a film processor with four main 

stages in the processing cycle namely: development, fixing, washing and drying.  

The primary purpose of the development stage is to convert the invisible latent 

image (produced during x-ray exposure) into visible form while the fixing stage “fixes” 

the image to render it chemically stable so that it is no longer photosensitive as well 

as to clarify the image and harden the film emulsion.  The washing stage follows to 

remove chemicals from the emulsion which if not removed, will gradually develop a 

yellow-brown stain during storage.  This is done to ensure a reasonable archival life 

time for the film.  The final stage in the processing, namely drying, is to remove all of 

the surface water and most of that retained in its emulsion to prevent physical 

damage to the emulsion (Ball & Price, 1995:119). 
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1.2.1 Viewing conventional screen-film mammography 

Unless the conditions under which SFM images are viewed are satisfactory, the 

effort and skill in producing the images will be wasted, no matter how good the 

image quality (Bushberg et al, 2012:262). 

Typically, SFM images are viewed on an illuminator viewing box using several 15W, 

as ‘white’ as possible, fluorescent tubes, as well as a high-intensity spotlight (50W 

tungsten halogen bulb) to view darker (less dense tissue) areas in the image.  The 

minimum luminance on the surface of a mammography viewing box should be at 

least 3,000cd/m2.  For mammography, adjustable blinds for masking unused areas of 

the viewing field are used, so preventing contraction of the pupil in presence of a 

bright light, thus decreasing the eye’s sensitivity to dark areas on the mammogram.  

It is also common for radiologists to use a magnifying glass should it be deemed 

necessary in evaluating micro-calcifications.  It is further important to have the 

correct balance between viewer light output and ambient light in the viewing room. 

1.2.2 Limitations and advantages of screen-film mam mography 

There are several limitations of SFM despite the degree of excellence that was 

achieved through research and technical improvement with SFM.  A short 

description of some of the inherent limitations will now follow. 

There is a nonlinear relationship between transmitted x-ray intensity and optical 

density of the displayed film image in SFM which can be seen in Figure 1.1 (Ball & 

Price, 1995:59).  The result thereof is that very little change of optical density on the 

processed film is seen with changed x-ray intensities in the toe (the region where 

none of the exposures received by the film is sufficient to produce any photographic 

effect) and shoulder (the area of maximum density where an increase in exposure 
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does not significantly increase optical density) of the curve.  The gradient or slope of 

the characteristic curve of the film determines the display contrast in the final film 

image.  It can thus also be said that radiographic film has a low contrast in the 

exposure range of dense breast tissue (toe area). 

 

Figure 1.1: Characteristic curve of an x-ray film (Ball & Price, 1995:59) 

Screen-film mammography has fixed display characteristics because the image 

cannot be altered once the film has been processed.  All that can be done to improve 

lesion detection is using a bright light and/or magnifying glass.  Should the contrast 

of the SFM image be regarded as unsatisfactory, the only way to improve the 

contrast would be to do an additional exposure with the disadvantage that it implies 

additional radiation to the patient.  It is also costly. 

Furthermore, the photographic film acts as the medium of image acquisition, storage 

as well as the display medium in SFM with the disadvantage that these functions 

cannot be independently optimised. 
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However, major advantages of SFM compared to DM are its high spatial resolution, 

familiarity to the radiologist and its relatively inexpensive technology compared to its 

digital counterpart.  It also allows comparison of films imaged over time and in 

different centres if the standard MQSA is being followed, irrespective of the x-ray unit 

manufacturer. 

1.3 DIGITAL MAMMOGRAPHY 

Digital imaging in the medical environment was already introduced in the late 1960s.  

For mammography however, the mammographic establishment hesitated to accept 

DM partially because the diagnostic accuracy that had been achieved with SFM had 

to be matched or improved (Tucker & Ng, 2001:295).  Distinct from SFM, the digital 

acquisition technique allows separation of the detector and display media which 

allows the possibility to maximise the performance of each independently.  In 

general, digital imaging has two fundamental advantages namely: enhancement of 

pictorial information for viewing and interpretation by readers; and image data 

processing for storage, transmission and representation. 

Soft-copy viewing of a digital image provides the ability to access and manipulate 

contrast and brightness in the image using image processing.  A much wider 

dynamic range of up to 4096 gray scale levels is available with digital mammography 

imaging and the entire range can be utilised to display all areas in the image at 

visible contrast differences (D’Orsi & Newell, 2007).  The small differences in 

contrast between dense breast tissue and low contrast features such as masses and 

architectural distortion can thus be made visible to the observer.  This increased 

contrast can enhance cancer detection especially in dense breast parenchyma.  In 

addition, processing options can be applied to the raw data to view all areas in the 
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image with less user input compared to viewing an unprocessed image.  

Furthermore, correction for over- an underexposure of the image is much more 

flexible with DM and can potentially reduce or eliminate the number of re-exposures. 

However, a disadvantage of DM is the lower spatial resolution (LSR) compared to 

standard SFM.  Even though the contrast in the image can be manipulated, there 

was concern that small lesions may not be detected with DM because of the LSR 

(Pisano, Yaffe & Kuzmiak, 2004:2).  Optimal viewing of the digital image is thus 

important because the LSR can potentially lead to micro calcifications being 

undetected.  All the available information in the image should thus be viewed at a 

suitable contrast and at full spatial resolution with soft-copy display systems (Pisano, 

Yaffe & Kuzmiak, 2004:2).  To do this, window width and window level adjustments 

as well as zooming may be necessary to obtain the desired contrast at full spatial 

resolution.  Initially this led to the opinion that soft-copy viewing is not user-friendly 

enough for routine use in a screening setting with a high work flow (Skaane, Young 

& Skjennald, 2003).  With the introduction of DM, there was also concern that 

smaller pixel sizes may improve calcification detection even to the extent of causing 

the identification of artefacts as calcifications and thereby cause more false-positive 

mammograms (Pisano et al, 2001).  Because of the different strong points of SFM 

(increased spatial resolution) and DM (increased contrast resolution), it was 

uncertain which modality would do better at detecting different types of cancers 

(Lewin et al, 2001).  Digital mammography was expected to be superior in detecting 

densities and masses in dense tissue while SFM was expected to be better in 

detecting calcifications.  However, early evidence was found that despite the lower 

resolution, DM provides improved detectability of even submillimeter disks of 

moderate contrast (Nishikawa et al, 1987).  In another study in the Netherlands, in 
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which spatial resolution in DM was studied, it was found that a relatively LSR of 

0.1mm/pixel does not prohibit high-quality diagnostic performance (Karssemeijer, 

Frieling & Hendriks, 1993).  Evidence was thus found that although DM has a lower 

spatial resolution compared to SFM, it does not necessarily have a negative impact 

on diagnostic performance. 

It was hypothesized that the ability of digital systems to display subtle differences in 

the number of photons absorbed in adjacent areas of the breast (improved contrast 

resolution) might give way to improved lesion detectability, even with reduced spatial 

resolution.  It was presumed that because many cancers are in dense glandular 

tissue and cannot be detected by SFM, the improved contrast resolution of DM 

would render it possible to demonstrate some of these cancers.  Given the 

limitations of DM (lower spatial resolution) and SFM (lower contrast resolution), it 

was expected that each modality would excel at detecting different types of 

malignant lesion.  Because both are important in depicting the features of breast 

cancer, the trade-off between spatial resolution and contrast resolution 

characteristics could not be predicted.  It was expected that DM would perform better 

in finding densities and masses in dense fibro-glandular tissue while on the other 

hand, SFM would perform better in finding calcifications (Lewin et al, 2001).  Should 

soft-copy display be used for viewing, a reduced recall rate for DM compared to SFM 

is a possibility.  This is because immediate on-line manipulation of the image is 

possible for assessing areas of concern that would ordinarily require another patient 

visit (short-term follow-up) and additional mammographic views.  Also, as a result of 

the lower spatial resolution of DM, fewer benign and malignant findings might be 

detected.  This effect would improve specificity, as most mammographic findings in a 

screening population are benign (Pisano, Yaffe & Kuzmiak, 2004:29).  Because of its 
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superior contrast properties, it was thus expected that DM would identify at least 

some cancers in dense lesions. 

1.4 BACKGROUND ON THE SETTING FOR THE STUDY 

In South Africa (SA), a national breast screening program is not offered.  At 

Universitas Academic Hospital in Bloemfontein, mammography is performed for two 

different reasons.  The one is for “selective” screening purposes in which patients 

are referred by their physicians for their annual mammogram (selective screening).  

These mammograms are performed on asymptomatic women to check for breast 

cancer in the absence of signs or symptoms.  The other is for diagnostic purposes 

on patients referred from the breast-clinic.  These mammograms are performed on 

patients with symptoms of disease such as a lump, or significantly increased risk of 

the disease such as a strong family history. 

In SA all qualified radiologists are allowed to report mammograms and no sub-

speciality registration for radiologists (e.g. Mammography) exists with the Health 

Professions Council of SA (HPCSA, 2001).  In the Radiology department at the 

Universitas Academic Hospital in Bloemfontein, where the study was conducted, 

mammography reporting is thus part of the job description of all qualified radiologists.  

A senior specialist is available in a consulting capacity in the department should a 

junior radiologist or registrar want to seek advice on a mammogram. 

1.4.1 Transition from screen-film-mammography to di gital mammography 
at Universitas Academic Hospital 

Screen-film-mammography has been performed at Universitas Academic Hospital 

since 1994.  Up until August 2007, when SFM was replaced by an Agfa Computed 

Radiography (CR) system, all registrars were trained in reporting conventional SFM 
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on a conventional mammographic light box.  In June 2008, a Philips Picture 

Archiving and Communication System (PACS) was installed and since then, soft-

copy mammography viewing and reporting were performed.  No standard method of 

approach was given in the department to radiologists transitioning from SFM to DM 

and no background training or education was planned for DM. 

1.4.2 Standardising reporting 

Before the commencement of this study, no standard interpretation form or specific 

terminology was prescribed for mammography reporting, and no departmental 

protocol dictated the format of a mammogram report.  Radiologists were free to use 

their own style in reporting.  In contrast to this, a standard protocol for reporting and 

communicating the results to referring physicians is recommended in the literature 

(ACR, 2003).  A need for standardising the report in the department was thus 

identified before the study and implemented at the time of commencement of the 

study.  The intension of such standardisation would be to standardise the 

terminology in mammography reporting, the assessment of the findings, and the 

recommended action to be taken. 

1.5 THE PROBLEM WITH CHANGING FROM SCREEN-FILM 
MAMMOGRAPHY TO DIGITAL MAMMOGRAPHY 

Whenever new digital equipment is installed by a vendor, the vendor would usually 

informally train the users in the use of their equipment and the users are introduced 

to the different tools for image viewing available on the workstation.  Image 

processing is usually a matter of using the option and default setting that the vendor 

offers or recommends.  When switching over from SFM to soft-copy viewing it entails 

much more than merely switching from a viewing box to a computer monitor.  
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Radiologists also acknowledge that the appearance of the image is different for 

conventional SFM and soft-copy display.  In order to view all parts of the image at full 

spatial resolution requires an interactive function called: “pan” and “zoom”.  Other 

than with SFM, the radiologists now also need to adjust display parameters for soft-

copy viewing in order to display the full range of densities in the breast at optimal 

contrast – something that they have not been trained to do before.  Without 

knowledge and experience in soft-copy viewing, many of the image processing and 

display options might not be used optimally by the reporting radiologist and 

diagnostic accuracy may be sacrificed. 

The need for training when moving from film to filmless radiology has been 

supported by previous studies (Jones, 1999).  The ACR states in their practice 

guideline for image quality in DM, that personnel must have at least 8 hours of 

training in DM before beginning to use the modality (ACR, 2007) but in SA, no 

prerequisites are set for radiologists when switching from SFM to DM (HPCSA, 

2001). 

The Radiology Society of North America (RSNA) also acknowledged the need for 

training radiologists in soft-copy reading for mammography.  At the annual 

conference of the RSNA in 2005, a self-assessment workshop was conducted for 

radiologists to gain hands-on experience with the features, functions, and 

performance of dedicated mammography workstations.  It was envisaged as a 

learning opportunity for radiologists to improve their performance in mammography 

reading through interactive training sessions using dedicated soft-copy reading 

workstations.  The radiologists also had the opportunity to assess their skills and to 

discuss false-negative and false-positive results with experts in the field (RSNA, 

2005). 
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Thus, some of the most important challenges in soft-copy viewing are to deal with 

the limited spatial resolution and the effect of image processing and display options 

on the overall image quality as well as on breast cancer detection in specific masses 

and calcifications.  The effects of processing and display options have not been fully 

investigated (ACR, 2007) and very few radiologists are confident when using them.  

It is therefore reasonable to argue that when changing from conventional SFM to 

soft-copy viewing, the viewing protocol for the specific clinical setting should be 

optimised.  Furthermore, training in soft-copy viewing (in specific processing and 

display options) is important as it may affect diagnostic accuracy.  The importance of 

training in soft-copy viewing in mammography is clearly acknowledged in the 

literature; however, to the best of our knowledge no studies have reported the effect 

of training for radiologists in soft-copy viewing on diagnostic accuracy.  The apparent 

lack of research on the effect of training of radiologists in soft-copy viewing of a 

mammogram on diagnostic accuracy was noted and motivated this research study. 

1.6 AIM OF THE STUDY 

The aim of the study was to improve diagnostic accuracy of soft-copy mammography 

reading through the development of a viewing protocol.  The effect of the 

mammographic viewing protocol developed through participative learning was 

evaluated by comparing the diagnostic accuracy before and after the development 

process. 

1.7 STRUCTURE OF THE THESIS 

The thesis is divided into seven chapters.  An outline of the structure of the study 

follows. 
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Chapter 1 outlines the motivation for the study by giving an overview of the problem 

to be addressed.  The differences between SFM and DM are briefly discussed as 

well as the need for training in using the new modality.  In addition the specific aims 

of this study have been outlined as an intervention to address the problem. 

The second chapter is devoted to DM.   The aim of a literature review should be to 

seek to answer the research question by searching for and analysing relevant 

literature using a systematic approach (Aveyard, 2010:6).  A comprehensive and 

systematic approach will be persued by the researcher to retrieve and review the 

available literature on the digital technology in mammography, in specific, image 

processing and interactive soft-copy viewing, to give an overall picture of what is 

known about the topic.  Interpretation of the literature that addressed the topic will be 

undertaken to draw together all the research and other information on the topic thus 

giving a clear picture of evidence for the need to answer the research question.  The 

literature on what others have done will be evaluated, organised and synthesised.  

Sub-areas within the main problem will be identified to peruse in the literature review 

in order to better understand the main problem and to better answer the research 

question (Leedy & Ormrod, 2001:82). 

In Chapter 3 the training requirements for radiologists changing from SFM to DM are 

perused.  The South African perspective and an international perspective on the 

issue are given. 

The methods and techniques that were applied for the evaluation of the effect of 

different processing options on image quality of a phantom image in this study are 

discussed in Chapter 4.  The results are presented, discussed and interpreted.  A 
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recommendation is made for processing options to be evaluated on clinical images 

in Chapter 5. 

In Chapter 5 the training of the radiologists is described.  Also the development of 

the soft-copy viewing protocol (through participative learning of the radiologists) is 

discussed.  The methods and techniques applied for the assessment of image 

processing options on image quality of clinical images are described.  The results 

from the participative training are presented, discussed and interpreted.  Based on 

the results, a recommendation is made for the soft-copy viewing protocol. 

The methods and techniques that were applied for evaluation of the effect of the 

viewing protocol (developed through training) on the diagnostic accuracy of soft-copy 

viewing are discussed in Chapter 6.  The results obtained with the Breast-Imaging-

Reporting-Data-System (BI-RADS) of the American College of Radiology (ACR) for 

both the initial and follow-up surveys are presented and discussed.  The possible 

factors responsible for the differences in results obtained in the initial and follow-up 

surveys are presented. 

The final chapter consists of the conclusions that can be drawn from the study in 

addition to recommendations for further research in the field of soft-copy viewing for 

mammography. 

The thesis is concluded with a short summary. 
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CHAPTER 2 

DIGITAL MAMMOGRAPHY 

2.1 CONTEXT OF DIGITAL MAMMOGRAPHY 

At a workshop entitled “Breast Imaging: State-of-the-Art and Technologies of the 

Future” held  by the US National Cancer Institute in 1991, DM was identified as the 

developing technology with the most potential impact on the management of breast 

cancer (Shtern, 1992).  In the 20 years before DM, significant advances had 

occurred in SFM, however, inherent limitations to further technical improvements 

exist (Feig & Yaffe, 1996).  Since DM units became commercially available, the 

technology has been implemented in many clinical settings around the world.  

Already in May 2010, 65.4% of mammography units in the USA were digital 

mammography systems (Ikeda, 2011:15). 

Two approaches can be employed for the generation of digital mammographic 

images: secondary digitisation and acquisition of primary digital images.  With 

secondary digitisation, conventional film images are digitised whereby the quality of 

the images will be limited by the quality of the film (Shtern, 1992).  Primary 

digitisation can be divided into computed radiography (CR) and direct radiography 

(DR) (Bushberg et al, 2012:214).  Because of the technical difficulties originally 

associated with the manufacture of digital detector arrays large enough to image the 

entire breast, the first DM detectors were able to only image regionally.  When 

technology advanced the first detectors able to image the entire breast were called 

Full Field Digital Mammography (FFDM) detectors.  This term is no longer used as it 
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is now generally possible to create detectors large enough to cover the entire breast 

and so the term DM is widely understood to mean imaging of the entire breast using 

a digital detector. 

Direct radiography (DR) systems convert x-rays into electrical charges by means of a 

direct readout process and can be further divided into direct and indirect conversion 

groups depending on the type of x-ray conversion used (Körner et al, 2007).  On the 

other hand CR systems use a photostimulable phosphor (PSP) detector image plate 

with a separate image readout process.  However, the acquired image is equivalent 

to that with DR systems, as the detector response is linear in all cases. 

2.1.1 Image acquisition in DM 

2.1.1.1 Indirect conversion 

The detector technology used for the indirect conversion is a thin film transistor 

(TFT) flat panel array receptor with approximately 100µm sampling pitch.  X-rays are 

absorbed in the caesium iodide (CsI) phosphor and converted into light which is 

emitted onto a photodiode in each detector element.  The photodiode generates a 

charge and stores the charge on the storage capacitor in that detector element 

(Bushberg et al, 2012:265). 

2.1.1.2 Direct conversion 

This technology is based on a direct x-ray conversion TFT detector with 

approximately 70µm sampling pitch.  A large voltage is placed across a 

semiconductor selenium (Se) layer and the charge is directly generated by x-rays 

within the photoconductor without intermediate signals.  As the Se absorbs the 

incident x-rays, it produces electron-hole pairs.  The applied voltage causes the 
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electrons to travel to the collection electrode where they are captured by the local 

storage capacitor (Bushberg et al, 2012:265). 

2.1.1.3 Cassette-based CR photostimulable storage p hosphor (PSP) 
imaging plate 

The imaging plates used in CR have a detective layer of PSP crystals, and this 

functions to replace the conventional films in cassettes.  When the PSP imaging 

plate is exposed to x-rays, x-ray energy is absorbed and temporarily stored by these 

crystals bringing the electrons to higher energy levels.  The exposed imaging plate is 

subsequently placed in a reader system and scanned by a laser beam with an 

effective spot size of 50 microns.  The stored excited electrons are freed from the 

traps when they receive energy from the laser beam (Körner et al, 2007).  When 

these electrons fall to a lower energy state they emit light – a process called 

“stimulated luminescence”.  The light reaches a photomultiplier tube (PMT) which 

produces an electrical current proportional to the light intensity.  The digitised signal 

from the PMT provides numerical pixel values for the digital image (Bushberg et al, 

2012:214).  With the CR technique, the latent x-ray image is thus obtained in the 

same manner as in SFM, only the film cassette is replaced by a digital detector.  

Figure 2.1 illustrates a CR system based on storage-phosphor image plates and 

shows the two stages of image acquisition namely: the storage of the x-ray energy 

and the readout process. 
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Figure 2.1: Image acquisition with a CR system base d on storage-phosphor 

image plates (Körner et al, 2007) 

2.1.2 The digital image 

A digital image can be described as a two-dimensional grid of square picture 

elements (pixels) digitally stored in the computer as the image matrix.  A pixel is the 

smallest element of the digital image.  The term matrix size refers to the number of 

pixels in the matrix (Feig & Yaffe, 1996).  A larger matrix provides for a less “blocky” 

or “pixelated” image with a higher resolution (Feig & Yaffe, 1996).  The number of 

pixels in an image defines and limits the maximum spatial resolution.  The field of 

view (FOV) imaged is the area of patient, therefore volume of tissue (in this case of 

the breast), projected onto the image.  The information contained in that volume of 

tissue is thus summarised by the information stored in the image matrix.  This 

information is then stored in the computer memory and can be displayed with 

different contrast levels independent of the detector properties (Feig & Yaffe, 1996). 



24 

 

The computers used to process and store images make use of binary numbers, 0 or 

1 and because digits in a binary system express multiples of the base 2, each 

successive digit value increases by a factor of 2, eg, 1, 2, 4, 8, 16 etc (Feig & Yaffe, 

1996).  In mammography the digital image is represented as a gray scale image on a 

digital display monitor whereby each pixel is represented as a shade of grey 

determined by the numerical value of that pixel. 

The term bit depth of a digital image is an indication of the number of grey-shades, 

and thus the number of different intensities of x-rays transmitted through the patient 

it can depict and is usually expressed as a power of 2 (Feig & Yaffe, 1996).  Often 

groups of 8 bits (known as a byte) are used and because the total value of a binary 

number equals the sum of values of each bit, a byte thus has a minimum value of 0 

and a maximum value of 255.  In this range each pixel is thus represented by eight 

bits, or exactly one byte (Feig & Yaffe, 1996).  On the other hand, 210 is referred to 

as 10 bits of data and can display 1 023 shades of gray and 214 or 14 bits of data, 

can display 16383 shades of gray (Pisano, Yaffe & Kuzmiak, 2004:9).  This thus 

gives better intensity resolution and thus the ability to distinguish between structures 

with very little difference in attenuation of the x-ray beam.  More shades of grey can 

thus be displayed if a greater bit depth is used. 

2.1.3 Soft-copy display 

In DM, the digital data can be displayed in either hard-copy (printed film) or soft-copy 

(monitor) format (Feig & Yaffe, 1996).  One of the main benefits of DM, namely the 

flexibility of contrast display (independent of the detector properties) according to the 

preference of the viewer, can only reach its full potential through soft-copy display 

(Pisano, Yaffe & Kuzmiak, 2004:5).  Because the focus in this study is on soft-copy 
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viewing, only this format of image display will be further discussed.  Because the 

digital display system has a much more limited dynamic range compared to that of 

digital detectors, interactive image display plays an important role.  With soft-copy 

viewing the viewer can use different contrast levels.  This is made possible by 

adjusting brightness (window-level (WL)) and contrast (window-width (WW)).  Look-

up tables (LUTs) can be used to display the image independent of the initial x-ray 

subject contrast values.  Differential processing options are also available for e.g. to 

enhance low contrast structures such as masses and architectural distortion 

(especially in dense breast tissue), in order to make them more visible to the 

observer.  These processing options will be described in greater detail in section 

2.3.1. 

2.1.4 Advantages and limitations of digital mammogr aphy 

With DM many of the limitations of SFM can be effectively overcome.  With the 

digital technique, the three functions of image acquisition and image display are 

separated and can therefore potentially be optimised independently. 

In contrast to the nonlinear response of film, digital detectors have a highly linear 

response to x-ray input (radiation intensity) which does not significantly change at 

low or high intensities (Bushberg et al, 2012:264) (Pisano, Yaffe & Kuzmiak, 2004:9).  

Therefore, the dynamic range of digital detectors is much wider than that of 

conventional film.  As a result, they show similar contrast over the entire dynamic 

range of signals whereas conventional film images suffer contrast loss in 

underexposed or over-exposed areas of the mammogram.  The advantage of the 

wider dynamic range of digital detectors in clinical practice is that it eliminates the 
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risk associated with a second exposure to improve image contrast in low and high 

density areas of the breast (Körner et al, 2007). 

Because soft-copy viewing of the digital image is possible, it is possible for the 

viewer to manipulate contrast and brightness in the image according to preference.  

A much wider dynamic range of up to 4096 gray scale levels is available with digital 

mammography imaging and the entire range can be utilised to display all areas in 

the image at visible contrast differences (D’Orsi & Newell, 2007).  The small 

differences in contrast between dense breast tissue and low contrast features such 

as masses and architectural distortion can thus be made visible to the viewer. 

In addition, all digital systems use processing algorithms to perform density 

equalisation to minimise signal differences caused by the structural anatomy of the 

breast.  Image processing is also used to achieve better visualisation of normal and 

abnormal tissues. 

Furthermore, CAD software can be utilised to analyse data from mammogram 

images to identify patterns associated with underlying breast cancers (Brancato et al, 

2008).  This technology can thus assist the radiologist in the detection of lesions and 

thus in interpreting the images. 

There are however a few limitations of DM.  A major limiting factor is the LSR of DM 

compared to SFM.  Spatial resolution gives an indication of the smallest visible detail 

in an image and can be quantified in terms of line pairs per unit distance, or dots 

(pixels) per unit distance (Gonzalez & Woods, 2008:59).  The line-pair resolution of 

screen-film image receptors used for mammography ranges from 15 to 20 lp/mm 

whereas that of DM systems have spatial resolutions ranging from 5 lp/mm for 

100µm pixels, to 10 lp/mm for 50µm pixels (Ikeda, 2011:15).  The size of the pixels 
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(determined by the detector element size) determines the spatial resolution of a 

digital image.  Thus, to equal the resolution of SFM, the digital detector will have to 

have approximately 32 pixels per mm (30µm pixels).  This would result in 

mammographic images (24 x 30cm) of 120 Mbytes if 2 bytes are stored per pixel.  

Such small pixels would thus produce storage issues (due to the larger data sets) 

and it would make the digital technology more expensive (Ikeda, 2011:9).  The 

relatively limited number of pixels commonly used in DM detectors thus limits the 

spatial resolution of DM.  As technology changes this will change, and then the 

question would arise as to what is required, rather than what can be achieved. 

A number of studies compared calcification detection for SFM and DM and found no 

significant difference (De Maeseneer et al, 1992) (Karssemeijer, Frieling & Hendriks, 

1993).  Cowen and co-workers (1997) found the same minimum detectable size of 

simulated microcalcifications by the viewers for both SFM and DM (approximately 

130µm).  A more recent study by Del Turco and co-workers (2007) however found a 

statistically significant higher detection rate for clustered microcalcifications on DM 

compared to SFM (p = 0.007). 

In summary it can thus be said that the lower limiting spatial resolution of digital 

mammography images compared to conventional film images is compensated for by 

the increased contrast resolution of digital systems.  It allows visibility of the currently 

understood to be minimum size of significant calcifications even though DM has 

lower spatial resolution. 
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2.2 CLINICAL TRIALS FOR COMPARISON OF SCREEN-FILM 
MAMMOGRAPHY AND DIGITAL MAMMOGRAPHY 

Cancer detection with DM was compared to that in SFM in a number of studies.  In 

the USA, the initial studies were initiated by vendors who sought market clearance of 

their DM systems from the Food and Drug Administration (FDA) (Hendrick et al, 

2001) (Cole et al, 2001).  FDA’s prerequisites for approval were that, DM should be 

equivalent to SFM.  They defined equivalence as follows: should the SFM be 

positive, the probability of a positive digital mammogram should be > 0.9.  

Furthermore, should the SFM be negative, the probability of a negative digital 

mammogram should be > 0.95.  The downfall of the studies was that the presence or 

absence of malignancy in the patient was based on the SFM interpretations and the 

DM interpretation had to agree with the former.  Histological confirmation of the 

findings was not obtained.  Intra- and inter-reader variability prevented achieving the 

specified level of agreement for DM with SFM.  That level of agreement was not 

even achievable when SFM was compared to itself.  The FDA then revised the 

requirements of their protocol.  Biopsy-proven lesions had to be included in the trials 

and sensitivity and specificity had to be measured (Pisano, Yaffe & Kuzmiak, 

2004:27). 

The first completed trial was by Hendrick and co-workers (2000) who compared the 

GE Senographe 2000D (hardcopy display) with SFM in an enriched diagnostic 

cohort.  FDA approval was granted in January 2000 (Pisano, Yaffe & Kuzmiak, 

2004:27) because the results of the study showed no statistically significant 

difference in diagnostic accuracy between the two modalities.  Specificity for DM was 

higher (55%) compared to that of SFM (53%) while on the other hand the sensitivity 

for DM was lower (68%) compared to SFM (70%).  However it was found with 
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statistical significance (p = 0.0245) that DM does not have lower sensitivity than 

SFM.  Cole and co-workers (2001) who were responsible for the study that obtained 

FDA approval for the Fischer SenoScan also reported no statistically significant 

difference in diagnostic accuracy between SFM and the Fischer SenoScan in a 

diagnostic mammography population.  The average sensitivity for SFM was 74% 

compared to 66% for DM and the specificity 67% for DM compared to 60% for SFM.  

A receiver operating characteristic (ROC) analysis was performed which showed a 

difference of only -0.05 area under the curve (AUC) between SFM and DM (95% 

confidence interval (CI); -0.101 to 0.002).  However, in a later publication on the 

study by Cole et al. (2004), they argued that it is possible that a study with more 

power might show that SFM is superior to the Fischer SenoScan, because most of 

the CI is negative in the study. 

Since DM was approved by the FDA, many studies have compared the performance 

of DM and SFM (Lewin et al, 2001) (Lewin et al, 2002) (Skaane et al, 2003) 

(Yamada et al, 2004) (Skaane & Skjennald, 2004) (Pisano et al, 2005) (Del Turco et 

al, 2007) (Vigeland et al, 2008).  Vinnecombe and co-workers (2009) found several 

differences in study design between the studies which complicate comparisons 

between the studies.  These include: type of population studied - screening 

population or a diagnostic population, number of subjects included in a study, 

retrospective or prospective studies, entry bias (should entrance to the diagnostic 

cohort be predicated only on an abnormal SFM), whether a paired (where the same 

group of women had a mammogram with both modalities), randomised control, or 

cohort design was used, multi-centre studies, multi-vendor studies, soft-copy display 

or hard-copy laser printed films used for reporting for DM, age group of patients 

included in the study, radiologists used as readers in the studies, double reading 
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versus single reading of the modalities, method use for arbitration on non-agreement 

cases, number of radiologists acting as viewers in the study and rating scale for 

patient outcome - BIRADS or other. 

However a meta-analysis of data from eight studies comparing SFM and DM, found 

a slightly higher detection rate for FFDM, particularly in patients 60 years of age or 

younger (pooled DM – SFM difference p = 0.1) [95% CI: 0.04, 0.18] (Vinnecombe et 

al, 2009).  However, they found no clear differences between the modalities in terms 

of recall rates or positive predictive values (PPVs). 

A more recent UK study compared the performance of DM (hard-copy reading) to 

SFM in a routine screening population (Vinnecombe et al, 2009).  The performance 

of the viewers with the two modalities was compared for a total of 40,198 screening 

examinations.  They found no evidence of any difference in detection rates between 

the two screening modalities: DM 0.68 [95% CI: 0.47, 0.89] versus SFM 0.72 [95% 

CI: 0.58, 0.85] respectively (p = 0.74).  Their results support those found in the meta-

analysis.  Also, no significant difference was found in recall rate between the two 

modalities: DM 3.2% [95% CI: 2.8, 3.6] versus SFM 3.4% [95% CI: 3.1, 3.6] (p = 

0.44).  The results of this study and that of the meta-analysis support previous 

findings that suggest that the detection rate of DM is at least as high as that for SFM. 

2.3 DIGITAL IMAGE PROCESSING 

The goal of image processing is to accentuate certain image features and therefore 

enhancement techniques are problem orientated (Gonzales & Woods, 2008:25).  

The inherent information content in the data is however not increased by the 

enhancement process itself but simply emphasises certain specified image 

characteristics.  However, image processing can be used to correct for differences 
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as a result of tissue thickness, smooth noise, equalise systematic variations in 

intensity, and to enhance local contrast and sharpness of small detail such as 

microcalcifications.  Image processing is also beneficial because of its versatility, 

repeatability and the precision of the preservation of original data (Rao, 2006). 

Research in medical image processing has focussed on the development of 

processing algorithms that can optimise image quality with as little interactive 

viewing by the viewer as possible (Schaetzing, 2007:31).  The unprocessed digital 

image does not allow easy interpretation by the viewer as such, unless the viewer 

uses manual intensity windowing (window and level parameters) to adjust and 

maximise contrast for structure visibility.  It has been shown that the success of 

manual intensity windowing is operator dependant and it can be time consuming.  It 

is possible that an inexperienced viewer can select windows that might obscure 

lesions that might have been visible with other windows (Pisano et al, 2000b).  The 

solution to the problem is to make soft-copy viewing more user friendly and less time 

consuming for the viewer by applying automated image processing algorithms. 

Image processing in mammography is used specifically to improve the contrast of 

lesions so that the viewer can better distinguish them from normal breast tissue 

(Shtern, 1992).  It had been previously reported that at least 10% of palpable breast 

cancers are not visible with standard SFM (Homer, 1991:4-5).  To a certain extent, 

sensitivity and specificity for a specific reader for mammography will not only be 

influenced by the interpretation skills of the reader, but also by the visibility of 

lesions.  To be detected on a mammogram, the lesion must be distinguishable from 

normal breast tissue which can be achieved through image processing.  Some 

authors are of the opinion that the selected image processing for digital images, may 

meaningfully affect the outcome of clinical trials (Pisano, Yaffe & Kuzmiak, 
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2004:p29).  This is because it is believed that image processing may assist in 

improving the detection of masses and microcalcifications which in turn may reduce 

the number of false positives by increasing the visualisation of normal breast tissue. 

Image processing algorithms can also optimise contrast and brightness in different 

regions of the breast in one image.  It is possible to visualise the nipple, the skin 

surface of the breast, and the thoracic wall in one image.  This is because image 

processing algorithms can amplify the fine differences in image contrast between 

specific structures (Pisano et al, 2000b). 

Image processing has taken major steps toward better visualisation of normal and 

abnormal tissues, but unfortunately, the optimum processing technique is not yet 

certain (Nishikawa et al, 2009).  Some studies even indicated the possibility that 

different processing algorithms should be used to enhance microcalcifications and 

masses (Pisano et al, 2000a) (Zanca et al, 2009) (Sivaramakrishna et al, 2000).  

Some argued that with optimisation of image processing, soft-copy viewing could be 

superior to hard-copy (Nishikawa et al, 2009).  However, radiologists found it more 

difficult to compare initial and subsequent mammograms if one was SFM and the 

other DM in which image processing was applied, because they do not look the 

same (Hemminger, 2003). 

Image processing algorithms are developed by each manufacturer to be used with 

its acquisition system.  Also, independent investigators have developed algorithms 

for use in DM.  Because of competition between vendors it is unfortunately not 

always possible to obtain details about a specific processing algorithm (Pisano, Yaffe 

& Kuzmiak, 2004). 
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Some authors argued that to improve confidence and acceptance of soft-copy 

reading for inexperienced viewers, specific processing presets should be available 

on a workstation.  In a previous study, processing presets on the workstation were 

especially preferred by inexperienced radiology residents and referring clinicians 

(Andriole, Gould & Webb, 1999).  The potential advantages of processing presets 

would include the potential to allow faster reading in soft-copy viewing, improve 

diagnostic efficacy, standardise display, and facilitate image comparison.  However, 

such pre-sets are not commonly supplied by the vendors. 

2.3.1 Image processing algorithms 

Apart from manufacturers of digital units that have developed image processing 

algorithms for use with their own acquisition system, independent investigators have 

also developed algorithms for use in DM (Pisano et al, 2000a).  This means that not 

all image enhancement techniques are offered on all digital equipment, and that 

different manufacturers have different algorithms.  The image processing algorithms 

discussed here will focus on those available for use in the department where the 

study was conducted. 

2.3.1.1 Histogram processing 

The histogram represents the relative frequency of occurrence of signal intensities in 

an image.  By using the histogram to manipulate gray levels the display 

characteristics can be modified.  Histogram processing can be done in different ways 

and will be described briefly. 
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2.3.1.1.1 Histogram equalisation 

With global histogram processing methods the pixels are modified by a 

transformation function based on the intensity distribution of an entire image 

(Gonzalez & Woods, 2008:139).  With histogram equalisation the image is 

manipulated to use more of the available gray level range by equalising or flattening 

its gray-level distribution (Schaetzing, 2007:6).  This is done by using a selected 

subrange of the image intensity values to be displayed with the full available gray 

level range (Pisano et al, 2000a).  Equalisation thus allows the user to enhance 

minor intensity variations in an apparently uniform image and thus emphasise low 

contrast features.  However, the global approach is not suitable to enhance details 

over small areas in an image because the overall enhancement may not have the 

desired effect on local enhancement (Gonzalez & Woods, 2008:139). 

2.3.1.1.2 Neighbourhood processing 

This technique is formulated in the context of so-called mask operations.  The 

purpose of a mask operation is to adjust the grey value assigned to a pixel according 

to a function of both its own pixel intensity and pixel intensities of its neighbours.  To 

achieve local enhancement, a neighbourhood is defined and the centre of the 

processing region is moved from pixel to pixel.  The histogram is then computed 

from the pixels included in the neighbourhood, and the centre of the neighbourhood 

region is repeatedly moved to a neighbouring pixel until new values for the entire 

image have been computed (Gonzalez & Woods, 2008:139).  Neighbourhood 

processing has advantages over computing the histogram of all pixels and various 

manufacturers have used this basic principle and modified it for their own equipment. 
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2.3.1.1.3 Contrast Limited Adaptive Histogram Equal isation (CLAHE) 

CLAHE is an acronym for Contrast Limited Adaptive Histogram Equalisation and was 

developed for medical imaging with the aim to enhance low-contrast images (UCSF, 

2009).  Contrast Limited Adaptive Histogram Equalisation is a specific case of 

Adaptive Histogram Equalisation (AHE) (Pisano, Yaffe & Kuzmiak, 2004:50).  The 

difference being that with CLAHE the histogram equalisation is performed on a 

parameterised region-by-region basis to prevent any boundary edges (Mathworks, 

2011).  CLAHE thus overcame the drawback of the general histogram equalisation 

method where the computation is performed across the entire image.  CLAHE 

partitions the image into neighbourhoods or contextual regions (called tiles) and 

calculates a local histogram for each one.  Instead of operating on the entire image, 

each region’s contrast is enhanced.  Instead of the often narrow range of intensity 

values of a central pixel and its closest neighbours, the local histogram is equalised 

to the full range of pixel values available in the newly stored histogram.  The full grey 

spectrum is thus used to display all regions of the image.  By applying histogram 

equalisation to each tile individually, the distribution of grey scale values used is 

evened out and thus low contrast features of the image are made more visible by 

using the full gray scale spectrum to display the image.  The neighbouring tiles are 

then combined using bilinear interpolation in order to eliminate artificially induced 

boundaries (Mathworks, 2011). 

With CLAHE a maximum level is set for the contrast that will be displayed in each 

local histogram (Pisano, Yaffe & Kuzmiak, 2004:50).  In order to avoid amplifying the 

noise which might be present in the image, the contrast (especially in homogeneous 

areas) can be limited (Mathworks, 2011).  These parameter settings (e.g. clip limit 
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and region size) must be decided on in advance of their application to the images 

(Pisano, Yaffe & Kuzmiak, 2004:50). 

CLAHE is controlled by a number of variable parameters and those parameters 

available in the department where the research study was conducted will now be 

described in turn: 

Contextual region dimensions (‘NumTiles’) 

The contextual region dimensions specifies the number of rectangular contextual 

regions (tiles) into which the image is divided.  With the CLAHE algorithm, the 

contrast transform function is calculated for each of these regions individually 

(Mathworks, 2011).  Mathworks describe the value of contextual region as: “A two-

element vector of positive integers specifies the number of tiles by row and column, 

[M N].  Both M and N must be at least 2.  The total number of tiles is equal to M*N”. 

The optimum number of tiles depends on the type of the input image, and is best 

determined through experimentation.  In general, the smaller the block size (larger 

value for M and N), the tighter the control of the local histogram date, but this leads 

to local ‘noise’ (Mathworks, 2011). 

Number of bins (‘NBins’) 

‘NBins’ sets the number of bins for the histogram used in building a contrast 

enhancing transformation (Mathworks, 2011).  Mathworks describe the value of this 

parameter as: “Positive integer scalar specifying the number of bins for the 

histogram used in building a contrast enhancing transformation.”  This parameter 

thus indicates the number of gray scale levels used to re-bin the histogram data.  
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Higher values result in greater dynamic range and therefore higher precision of 

remapping pixel values although at the cost of slower processing. 

‘ClipLimit’ 

‘ClipLimit’ is used to limit contrast enhancement to prevent over-saturation 

specifically in homogeneous areas of the image.  Homogeneous areas are 

characterised by a high peak in the histogram of the particular image tile due to 

many pixels falling inside the same gray level range.  More contrast can be obtained 

with higher numbers for ‘ClipLimit’.  Without the ‘ClipLimit’, the adaptive histogram 

equalisation technique could produce results that, in some cases, are worse than the 

original image.  Mathworks (2011) describe the value of ‘ClipLimit’ as: “Real scalar in 

the range [0 1] that specifies a contrast enhancement limit” (Mathworks, 2011). 

‘Map level’ 

This parameter is an extension of the generic CLAHE algorithm.  Selection of ‘0’ for 

this parameter is the canonical CLAHE algorithm.  Selection of ‘1’ or ’2’ enables the 

system to generate the required LUT’s incurring a much lower computational load 

with effectively identical results. 

2.3.1.2 Multi-Scale Image Contrast Amplification (M USICA) 

MUSICA2 is the latest processing algorithm trademark of Agfa and is available on the 

recent Agfa CR systems.  The aim of MUSICA2 is to enhance the visibility of subtle 

contrast structures that can easily be missed in clinical practice (Pisano, Yaffe & 

Kuzmiak, 2004:50).  The MUSICA2 processing algorithm focuses on the problem of 

low contrast enhancement based on multi-resolution representation of the original 

image.  It is a method of generating a contrast enhanced version of a grey value 
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image by applying contrast amplification to image detail at different scales by a 

series of gradient functions (US Patent 7155044, 2006).  Because structures with 

high contrast will remain clearly visible even if their contrast is reduced somewhat, 

MUSICA2 enhances only subtle contrast at the expense of the high contrast objects. 

The contrast equalisation goal with MUSICA2 is thus to boost subtle contrast relative 

to their original levels and suppress excessive contrast.  MUSICA2 uses multi-scale 

to convert the 2-d gray scale input image into a 3-d stack of detail layers.  This is 

called image decomposition using the multi-scale transform whereby the gray scale 

image is decomposed into frequency sub-bands, or detail layers.  Each layer 

represents local signal differences (local image contrast) in a narrow sub-band of 

spatial frequencies within the total frequency range (or bandwidth) present in the 

image.  By doing that the various detail layers can be processed individually (e.g. 

edge enhancement, latitude reduction, noise reduction) in order to precisely control 

the frequency content of the output image (Schaetzing, 2007:10).  In order to do the 

decomposition, MUSICA2 uses the so-called Laplacian pyramid.  The individually 

enhanced detail layers are eventually recomposed to form the output image.  The 

concept of MUSICA2 can be described as follows: 

The first step in the processing of the image is analysis of the input image and 

algorithmic parameters are automatically calculated, without user intervention.  The 

image analysis includes: Histograms, Global noise estimation, Local contrast-to-

noise ratio (CNR) estimation, Mask image computation and Global gain calculation.  

After the image analysis, a number of steps are followed before an enhanced output 

image is obtained.  These steps are: Gain adjustment, Image decomposition, Excess 

contrast reduction, Subtle contrast enhancement, Edge enhancement, Noise 

reduction (CNR - based), Image reconstruction and a Gradation processing 
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(Schaetzing, 2007:8).  The different steps in achieving the processed output image 

with the MUSICA2 processing algorithm is illustrated in Figure 2.2.  The major 

difference between MUSICA2 and its predecessor MUSICA, is that MUSICA2 

requires no interaction with the user (e.g. body part images, radiographic projection, 

patient position and the presence of contrast material).  MUSICA2 also doesn’t need 

collimation or direct x-ray background information (Schaetzing, 2007:5).  MUSICA2 

thus depends less on user input which lessens the chance of incorrect information 

for image processing. 

 

 

Figure 2.2: The MUSICA 2 flowchart (Schaetzing, 2007:8) 
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2.4 CLINICAL COMPARISON OF IMAGE PROCESSING 
ALGORITHMS 

A number of studies have been conducted in which the effect of image processing 

algorithms on interpretation accuracy was investigated.  However, differences in 

study design make it difficult to compare the results of previous studies that 

investigated the effect of image processing methods on interpretation accuracy 

(Zanca et al, 2009).  In many of the studies the images were presented in hard-copy 

format for evaluation (Cole et al, 2003) (Cole et al, 2005) (Pisano et al, 1997a) 

(Pisano et al, 1997b) (Pisano et al, 1998) (Pisano et al, 2000a) (Hemminger et al, 

2001).  Very few studies compared the effect of image processing methods on 

interpretation accuracy with soft-copy display (Sivaramakrishna et al, 2000) (Zanca 

et al, 2009) (Kamitani et al, 2010).  However, although the study by Sivaramakrishna 

and co-workers (2000) and Kamitani and co-workers (2010) were conducted with 

soft-copy display, viewers were not allowed to change the monitor settings or use 

any aids for example the magnifying glass.  In some studies (Pisano et al, 1997a) 

(Pisano et al, 1997b) (Pisano et al, 1998) (Hemminger et al, 2001) student observers 

were used whereas in other studies radiologists with experience in DM were used.  

Also, some studies were preference studies (Sivaramakrishna et al, 2000) (Pisano et 

al, 2000a) whereas others used ROC analyses (Cole et al, 2003) (Cole et al, 2005) 

(Kamitani et al, 2010) and others used modern ROC/free response receiver 

operating characteristic (FROC) analyses (Zanca et al, 2009).  Some studies used 

self-developed image processing algorithms whereas others used manufacturer 

recommended algorithms (Zanca et al, 2009).  The findings of the clinical studies 

were of some interest even though they varied significantly. 
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In a study by Cole and co-workers (2003), the effect of three image processing 

methods on diagnostic accuracy was evaluated in 201 women with dense breasts 

who underwent diagnostic mammography.  Between the image-processing methods 

[histogram based intensity windowing (HIW), contrast-limited adaptive histogram 

equalisation (CLAHE), and the preferred algorithm of the manufacturer, they found 

slight differences with ROC analysis in AUC, sensitivity and specificity, but none 

were statistically significant (Cole et al, 2003).  On the other hand, they found that 

lesion type did influence interpretation accuracy significantly in terms of specificity 

with the Fischer equipment (p = 0.0004) and both AUC and sensitivity with the Lorad 

unit (p < 0.0001).  The results thus indicated that diagnostic accuracy depends on 

lesion type but that it is not influenced by the image processing methods. 

Cole and co-workers (2005) investigated the effect of three image-processing 

algorithms Manufacturer’s Default, MultiScale Image Contrast Amplification 

(MUSICA), and Power Law Adaptive Histogram Equalisation (PLAHE), on 

interpretation performance of radiologists.  They found the AUC for mass cases with 

the GE system was worse than SFM for all processing options.  The AUC for mass 

cases with the Trex system was better, but only when processed with the 

manufacturer’s default algorithm and sensitivity for mass cases with the GE system 

was worse than SFM for all digital presentations.  On the Fischer system, images 

processed with Default and PLAHE algorithms, lower specificity was found for cases 

with calcifications.  Lower specificity was also found on the Trex system with 

MUSICA processed images, for cases with calcifications.  Their findings led to the 

conclusion that different image processing algorithms may be needed for 

interpretation based on machine and lesion type. 
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A US study found that the choice of parameters of an algorithm can improve or 

degrade the detection performance (Hemminger et al, 2001).  They investigated the 

effect of HIW and CLAHE on the detection of simulated masses in dense 

mammograms.  They found that HIW processing changed observer detection 

performance (p = 0.002).  The best HIW setting performed better than the best fixed-

intensity window setting and also better than no processing.  However, even with the 

best CLAHE setting no significant difference was found compared with no 

processing.  It can thus be seen that for the detection of simulated masses, the 

choice of parameters of an image processing algorithm can improve or degrade 

viewer performance with some algorithms.  The effect was however not tested in a 

clinical setting. 

A study that investigated the effect of CLAHE image processing compared to 

unprocessed images on the detection of simulated spiculations in dense 

mammograms, found that the relation of parameters: Contextual region and clip limit, 

can significantly influence the detection of spiculations (Pisano et al, 1998).  

Improved detection was seen with CLAHE setting: Contextual region 32, clip limit 2 

(mean difference in Theta scores: 0.061, p = 0.0001).  Detection was also improved 

with CLAHE setting: Contextual region 32, clip limit 4 (mean difference in Theta 

scores: 0.053, p = 0.0001).  However, they also found that detection can be 

adversely affected with CLAHE setting: Contextual region 2, clip level 16 (Pisano et 

al, 1998).  Their findings suggest that CLAHE (with specific parameter settings) 

might be of use to radiologists when subtle spiculations are found to decide if further 

work-up of the lesion is needed.  The effect was not tested in a clinical setting.  

Furthermore, it was limited to dense breasts and therefore the effect of CLAHE on 

the appearance of fatty areas of the breast was not taken into account. 
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The preference of radiologists from among eight different image processing 

algorithms was studied by Pisano et al (2000).  The processing algorithms included 

were: manual intensity windowing (MIW), HIW, mixture model intensity windowing 

(MMIW), peripheral equalisation, multiscale image contrast amplification (MUSICA), 

contrast-limited adaptive histogram equalisation, Trex processing, and unsharp 

masking.  Because of the limitations of soft-copy technology at that stage and the 

preference of radiologists for hard-copy reading, hard-copy display of the digital 

images was used in the study.  All digital images were compared to a corresponding 

SFM in the same patient.  Readers rated the visibility and characterisability of lesions 

on the different digital images compared to SFM.  They found that readers preferred 

different algorithms depending on the task, lesion type, and machine type for the 

mass characterisation and calcification characterisation tasks.  Readers preferred 

SFM to all digitally processed images for the screening task.  However, images 

processed with Trex and MUSICA showed no significant difference.  In the diagnosis 

of masses, all printed digitally processed images were preferred to SFM.  Digital 

images processed with unsharp masking were significantly preferred. None of the 

processed digital images were however preferred to SFM for the diagnosis of 

calcifications.  From the results of this study, it would be fair to argue that soft-copy 

display would be advantageous because it allows flexibility and easy access to 

different processing options of the image.  The authors suggested that the algorithms 

to be used for optimal soft-copy display with each mammographic task should be 

determined by the manufacturers of each DM unit (Pisano et al, 2000a).  However, 

these are not available on our mammography unit.  A disadvantage of studies in 

which hard-copy display was used is that the benefits of soft-copy display were not 

taken into account.  In clinical practice, soft-copy display allows for user-interface in 
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terms of window and level adjustment, magnification and panning, as well as image 

inversion, to name but a few.  The flexibility of soft-copy display may impact on the 

overall performance of radiologists which are not accounted for in studies which 

used hard-copy display for interpretation by the viewers (Zanca et al, 2009). 

In another preference study the performance of four image processing algorithms 

(adaptive unsharp masking, CLAHE, adaptive neighbourhood contrast 

enhancement, and wavelet-based enhancement) were compared to unprocessed 

images (Sivaramakrishna et al, 2000).  Fourty mammogram images with masses 

and microcalcification of known disorders were displayed in soft-copy format and 

rated by four radiologists (mammographers) from best to worst on a five-point scale.  

They found statistically significant differences for all four viewers, among the five 

images for microcalcifications but not for masses.  For microcalcifications, they found 

the adaptive neighbourhood contrast enhancement algorithm was most preferred in 

49% of interpretations (p ≤ 0.011), the wavelet-based enhancement in 28% (p ≤ 

0.030), and the unprocessed image in 13%.  However, for masses the unprocessed 

image was most preferred in 58% of cases and statistically significant differences 

were shown.  The difference in preference between unenhanced and other 

processing options were: CLAHE (p ≤ 0.017), adaptive neighbourhood contrast 

enhancement (p ≤ 0.017), and wavelet (p ≤ 0.016).  The results indicate that different 

image processing algorithms were preferred for different lesions as certain image 

enhancement can improve the visibility of microcalcifications, but did not improve the 

visibility of masses.  In that study the radiologists preferred algorithms that do not 

change the appearance of the original image (e.g. adaptive neighbourhood contrast 

enhancement), while algorithms like CLAHE that changes the appearance of the 

original image to a larger extend, were least preferred. 
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Zanca and co-workers (2009) compared the effect of five manufacturer-

recommended image processing algorithms for mammography (Agfa MUSICA 1, 

IMS Raffaello Mammo 1.2, Sectra Mamea AB Sigmoid, Siemens OPVIEW v2 and 

Siemens OPVIEW v1) on observer detection of simulated microcalcifications.  Both 

jack-knife free-response receiver operating characteristic (JAFROC) and ROC found 

significant differences for the same six modality pairings, however much lower p-

values with JAFROC (p < 0.0001) compared to ROC analysis (p = 0.0305).  The 

largest JAFROC figure of merit (FoM) difference was found between the newer 

OPVIEW v2 and the older OPVIEW v1 (JAFORC FoM 0.0548; 95% CI: 0.0311; 

0.0785).  For OPVIEW v2 the multiscale approach is used for image processing 

whereas OPVIEW v1 uses conventional image processing algorithms (Zanca et al, 

2009).  The smallest yet significant FoM was found between Agfa MUSICA1 versus 

Sectra Mamea AB Sigmoid (JAFROC FoM 0.0295; 95% CI: 0.005 82; 0.0532).  

According to the authors, this was the first study to show significant differences 

between the performances of manufacturer-developed processing algorithms.  This 

can possibly be attributed to the fact that the JAFROC methodology was used; and 

this according to them, has higher statistical power than ROC.  However, the study 

did not include masses and other lesions in the breast and the effect of image 

processing might be different for them. 

Goldstraw and co-workers (2009) investigated the effect of Premium View 

processing software (developed by GE Medical Systems) on patients at a high risk of 

breast cancer immediately before Premium View was implemented, shortly 

thereafter, and a few months thereafter.  They found a significantly increased 

indeterminate mammogram rate in the time period immediately after the installation 

of Premium View from 5.7% to 8.7% (p = 0.002).  In the follow-up period however, 
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the indeterminable mammogram rate decreased to 6%, similar to that before 

Premium View (p = 0.7).  Also, the stereotactic biopsy rate increased significantly 

initially from 0.8% to 2.4% (p = 0.001) and although decreasing after the delay 

(1.6%) it remained higher than levels before Premium View (p = 0.07).  Furthermore, 

when compared to the original levels, a steady increase in the cancer detection rate 

(for both microcalcifications and soft-tissue density groups) in the indeterminate 

mammograms were found both initially (from 3.4% to 4.4%, p = 0.02) and after the 

delay 5% (p = 0.003).  The results point to possible higher cancer detection rates 

with the use of Premium View, however at an initial increased recall rate.  The 

authors argued that the interim higher recall rate is due to a technical learning curve 

which subsided when the operators became familiar with the new technology.  Of 

importance is that as in previous studies, it was shown that image processing and 

experience with the display modality may affect diagnostic performance. 

From what was found in previous studies, it is clear that different image-processing 

approaches can be of value depending on lesion type (Pisano et al, 2000a) 

(Sivaramakrishna et al, 2000) (Cole et al, 2003) (Cole et al, 2005).  Evidence was 

provided that different image processing algorithms may be needed for interpretation 

based on machine type (Cole et al, 2005).  Evidence also suggests that different 

processing algorithms might be of value depending on the mammography task 

(screening vs diagnostic) (Pisano et al, 2000a).  Evidence was provided that different 

parameter combinations for image processing algorithms may enhance lesion 

detection (Hemminger et al, 2001) (Pisano et al, 1997a) (Pisano et al 1997b) (Pisano 

et al, 1998).  Also, evidence was found that even with manufacturer recommended 

algorithms for mammography, there might be significant differences in observer 

performance (Zanca et al, 2009).  Evidence was also found that image processing 
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may affect diagnostic performance (Goldstraw et al, 2009).  As the image processing 

algorithm is commonly determined by the vendor, it can thus be seen that studies to 

find the best parameter combination for different lesion types and mammography 

tasks, can improve observer performance in clinical settings.  It also becomes 

apparent that the optimal image processing algorithm for mammography has not 

been established yet.  Interestingly, all the studies mentioned did not include the 

effect of processing algorithms on the characterisation of lesions. 

2.5 CONCLUSION 

The mammographic features of breast cancer are subtle and because of the low 

subject contrast inherent to the breast, mammography is a challenging examination 

to interpret.  Lesions in dense breasts are often less conspicuous, which render the 

mammographic interpretation of these cases more difficult.  A certain degree of 

distinction was achieved with SFM, especially in terms of its high spatial resolution.  

However, contrast resolution remained problematic.  On the other hand, DM, 

although offering lower spatial resolution when compared to SFM, compensates by 

means of increased contrast resolution.  Several studies have compared SFM to DM 

and although the initial studies found no significant difference in cancer detection 

rates between the two modalities, more recent studies have found DM to be superior 

to SFM in certain areas.  Digital mammography offers many other advantages and 

since it received FDA approval, it has supplanted SFM in many radiology 

departments around the globe.  In DM, image processing is applied to enhance or 

accentuate certain image features for a specific application and is therefore problem 

orientated.  However, there is a debate about which processing algorithm is best.  

No literature was found (see Appendix V) in which the gray scale invert of the digital 
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image on diagnostic accuracy was documented.  Also, no clinical studies were found 

in which the effect of MUSICA2 image processing on image quality or diagnostic 

accuracy was documented.  It was noted that although the effect of image 

processing on lesion detection has been studied, the effect on lesion 

characterisation was excluded from most studies.  Because the choice of processing 

algorithm usually depends on the vendor, and it was found that full benefit of DM can 

only be obtained through soft-copy viewing, the viewing protocol for each clinical 

setting might be unique, depending on the radiologists’ preference for different lesion 

types and mammographic task performed.  It is problematic that soft-copy display 

demands different skills from the radiologist compared to SFM, and radiologists 

should be trained in the use of the new technology. 

In the next chapter the challenges for the radiologist changing to soft-copy viewing 

will be considered and the training requirements for radiologists changing from SFM 

to DM will be motivated. 
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CHAPTER 3 

TRAINING REQUIREMENTS FOR RADIOLOGISTS 
CHANGING FROM SCREEN-FILM MAMMOGRAPHY TO 

DIGITAL MAMMOGRAPHY 

3.1 WHY SHOULD THE RADIOLOGISTS BE TRAINED IN 
DIGITAL MAMMOGRAPHY? 

Ten years ago it was anticipated that the interpretative performance of radiologists 

would determine the clinical performance of DM (Lewin et al, 2002).  Numerous 

clinical trials have proved that DM is at least as good as SFM for the detection of 

breast cancer and more recent studies have even found DM to be superior to SFM in 

certain patient groups (Section 2.2).  In some of the studies that compared the 

diagnostic performance of DM versus SFM, radiologists had very little experience in 

soft-copy reporting and it was seen as a weakness of the study (Skaane et al, 2003).  

It was argued that the lack of sufficient experience of the viewers in soft-copy 

viewing might have favoured SFM when compared with DM. 

 
Although the full potential of DM can only be achieved through soft-copy display it is 

unfamiliar to radiologists qualified during the era of SFM (Obenauer et al, 2003). 

Resistance by users to the use of soft-copy viewing techniques such as 

magnification, window/level selection and image inversion has been reported when 

moving from film to filmless radiography (Jones, 1999).  The reason being, that 

because these techniques are not normal routine for radiologists, they can be 

inefficient and time-consuming.  Resistance to soft-copy viewing was predominantly 
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found for radiologists with many years of experience in SFM which is attributed to 

bias toward hard-copy interpretation (Kallergi et al, 1996).  Hard-copy format was 

particularly preferred by readers with up to 30 years of experience in SFM 

(Obenauer et al, 2003).  Personal habits have also been reported to influence the 

preference of radiologists for hard-copy vs soft-copy reading (Obenauer et al, 2003).  

Lack of suitable soft-copy display systems for mammography was in part responsible 

for the slow acceptance of digital mammography (Hemminger, 2003).  This can be 

partially responsible for the resistance of viewers to use soft-copy display techniques 

in early studies with the new technology.  Although soft-copy display has improved 

since the early days of DM, the radiologists still need different skills for soft-copy 

viewing when changing from SFM to DM. 

Although DM uses new technology compared to SFM, the role and responsibility of 

the radiologist in mammography reporting remain unchanged namely: to detect 

breast cancer as early as possible, to differentiate malignant from benign findings in 

order to arrive at the right diagnosis and to facilitate the management of the patient 

according to the findings (Tabár & Dean, 2001:vii).  It would be ideal if the condition 

is always diagnosed as positive when present and negative when absent. 

In the light of their unchanged role, the question could well be asked: Why was it 

then anticipated that the radiologists’ interpretation performance will influence the 

performance of the new technology?  The answer lies in the fact that the 

characteristics of the mammography image with soft-copy display are completely 

different in terms of spatial and contrast resolution demands, to that of SFM.  

Different factors have been argued to have influenced diagnostic accuracy in DM 

clinical trials.  These are image processing algorithms (Cole et al, 2005) applied to 

images and the use of soft-copy display tools for example inability to deal with the 
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major differences between SFM and DM namely spatial and contrast resolution 

(Riesmeier et al, 2003).  In mammography as in many other situations, the presence 

of a specific object or pathology is not obvious and viewing conditions must be such 

that the best possible visualisation of any pathology can be achieved by the viewer. 

3.2 TRAINING NEEDS FOR RADIOLOGISTS CHANGING FROM 
SCREEN-FILM MAMMOGRAPHY TO DIGITAL 
MAMMOGRAPHY 

The different technology used in DM compared to SFM leaves the radiologist 

changing from SFM to DM with a need for knowledge and understanding of the new 

modality.  Some authors argued that the knowledge and understanding required 

must include: the process of digital image acquisition, advantages and limitations of 

conventional SFM and DM and the effect of digital image processing on image 

quality (Pisano et al, 2005).  Also, previous studies have found experience in soft-

copy display to be a need for viewers changing from SFM to DM (Skaane et al, 

2003) (Jones, 1999).  The protocols used for image display are also regarded as 

crucial to the success of DM with soft-copy viewing (Skaane et al, 2003). 

In a US study, soft-copy and hard-copy reading for FFDM was compared in 333 

cases (Nishikawa et al, 2009).  They found no statistically significant difference 

between the two (AUC 0.75 soft-copy vs 0.76 hard-copy, 95% CI, -0.04 to 0.01; p = 

0.36).  However, as the display formats were not optimised, they argued that it is 

possible that soft-copy reading could be superior to hard-copy reading with proper 

optimisation. 

The only study that was found in which information on the training of viewers for soft-

copy reading was provided, was a study by Pisano et al (2002).  The study 
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compared the speed and accuracy of soft-copy versus printed film display.  Their 

viewers were radiologists who had no prior experience in interpretation of DM with 

soft-copy display. Twenty digital mammograms were used to train the viewers in 

soft-copy viewing before the study.  They found no significant difference in the speed 

of interpretation, sensitivity, specificity or area under the ROC curve between soft-

copy versus printed-film display.  They argued that soft-copy display is unlikely to 

significantly influence accuracy or speed.  However, they compared digitised SFM 

with printed digital mammograms.  They used manual intensity windowing without 

other processing for the printed digital mammograms and for the digitised SFM 

images they used what they referred to as a “standardisation step” to make the 

appearance of the image on the monitor similar to that of a mammogram on a 

lightbox.  It is not known what the effect on accuracy would be, had the radiologists 

not been trained in soft-copy viewing.  The results shown with this study will possibly 

not be the same for viewers who are unfamiliar with soft-copy viewing. 

The tools for soft-copy viewing of the image on a monitor are more comprehensive 

than those of SFM and radiologists need knowledge and experience in the use 

thereof.  The tools for soft-copy viewing include the use of image processing, 

magnification, manual intensity windowing and invert.  Discussion of each of these 

follows: 

3.2.1 Digital image processing 

Viewers can only take full advantage of digital image processing if they have a 

reasonable degree of understanding and confidence in its ability (Schaetzing, 

2007:24).  They need to understand that although the dynamic range of digital 

detectors is much wider than that of conventional film, the display range is much 
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more limited and thus some form of image processing is applied (Pisano et al, 2005).  

Subjective experience of radiologists that different image processing algorithms 

change the apparent image quality of mammograms, has previously been reported 

(Pisano et al, 2000a).  Radiologists raised concern about the impact that image 

processing may have on their performance (Zanca et al, 2009).  Radiologists have 

even indicated that they find it more difficult to compare initial and subsequent 

mammograms if one was SFM and the other DM, because they do not look the 

same (Hemminger, 2003).  It has been argued that the success of DM relies heavily 

on proper image processing.  Image processing in DM is important, because it has 

been found that specific processing is required for different clinical tasks (screening 

vs. diagnosis) and for the diagnosis of different lesion types (calcifications vs. 

masses).  In addition it has been shown radiologists preference for the type of image 

processing differed by machine type (Pisano et al, 2000a).  Also, previous 

investigators found a significant increase in recall rate shortly after the 

implementation a new image processing algorithm, which reverted to a level similar 

to that found before implementation after a few months (Goldstraw et al, 2009).  This 

perhaps points to the new image processing algorithm leaving the radiologists more 

uncertain on the mammographic findings so they were assessing the new modality 

or algorithm by requesting additional diagnostic work-up for confirmation of the 

diagnosis, compared to before DM. 

It would thus be fair to argue that viewers should have knowledge and understanding 

of the processing options used on their digital units in order to understand why the 

processed image appears to look different compare to SFM.  They should also have 

knowledge and understanding of the effect of the processing option on image quality 

and moreover on the effect thereof on the detection of different types of lesions. 
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3.2.2 Magnification 

In a previous study radiologists have reported that they found it less cumbersome to 

use the magnifying glass in hard-copy display than to use the pan and zoom tools on 

the soft-copy display (Hemminger, 2003).  The zoom function is used to display 

selected areas of the breast image at full resolution and thus to have a closer view 

by magnifying or zooming in on the part of interest (Hemminger, 2003).  Radiologists 

should be made aware of the fact that although spatial resolution may be less than 

one quarter of that of SFM, it is possible to readily visualise the full available spatial 

resolution through roaming and zooming (or digital magnifying glass) techniques 

(Pisano et al, 2000a). 

Hundertmark and co-workers (1997) (cited in Pisano, Yaffe and Kuzmiak, 2004:31) 

found that the diagnostic value of digital mammograms using the direct magnification 

technique is comparable to standard SFM with regard to the identification of 

calcifications.  Calcifications were seen on both modalities in 86% of cases and 

additional calcifications were detected on digital (that had not been seen on SFM) in 

8% of cases. 

The importance of zooming in soft-copy viewing has been shown.  Radiologists 

should not only have knowledge and understanding of the importance thereof, but 

they should gain experience in the use thereof to be able to confidently apply this 

tool in clinical soft-copy viewing. 

3.2.3 Manual intensity windowing 

Conventional manual methods to change image contrast are window width and level 

adjustments or nonlinear look-up tables.  Resistance among viewers for window 

width and level adjustment when moving from film to filmless radiography has been 
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reported (Jones, 1999).  Pisano and co-workers reported that manual intensity 

windowing leads to different interpretation by viewers (2000).  It is possible that an 

inexperienced viewer can select windows that might obscure lesions that might be 

visible with other windows (Pisano et al, 2000b).  Two previous studies have showed 

significant differences in the detection of simulated calcifications and masses with 

different window width and window level combinations (Pisano et al, 1997a), (Pisano 

et al, 1998b).  The authors argued that pre-set WW/WL settings could address the 

problem.  However, these are not available on our digital mammography unit.  The 

disadvantage of this method to reduce excessive contrast, is that it affects other 

image contrast as well, making it difficult to standardise image-to-image consistency 

(Schaetzing, 2007:31).  The radiologists thus need knowledge and experience in 

window width and level adjustment to change the displayed gray scale range of the 

image according to preference.  In other words, they should for example know how 

to increase contrast in the dense areas of the breast (lower contrast areas) (Pisano 

et al, 2005). 

3.2.4 Invert 

In a clinical study on soft-copy requirements for DM, radiologists indicated that they 

regard the ability to invert images in mammography as important (Hemminger, 

2003).  However, resistance among viewers was reported for image inversion when 

moving from film to filmless radiography (Jones, 1999).  An invert image is obtained 

by reversing the intensity levels (invert transformation) of an image, producing the 

equivalent of a photographic negative.  This is achieved by linear transformation 

(Gonzalez & Woods, 2008:108-109).  This application is used with the aim to 

enhance white or near white detail embedded in dark regions and this type of 
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processing is regarded to be particularly suited to mammography.  However, no 

studies were found that investigated the effect of invert on lesion detection. 

3.2.5 Summary 

To obtain the full benefit of soft-copy viewing, and to make the task less 

cumbersome for the viewer, the radiologist needs knowledge and understanding of 

the tools for soft-copy viewing to ensure that it is performed efficiently and does not 

take up too much time.  The viewer also needs skills to perform soft-copy viewing to 

ensure reading of the image stays priority and it does not impact negatively on 

diagnostic accuracy.  It is therefore understandable that without additional training in 

soft-copy viewing, radiologists trained in viewing SFM would be less comfortable with 

the use of the tools for soft-copy viewing and this might impact negatively on 

diagnostic accuracy. 

3.3 CURRENT TRAINING OF RADIOLOGY REGISTRARS AT THE  
RESEARCH SITE  

The Diagnostic Radiology qualification (M.Med. Rad.D.) offered at the University of 

the Free State entails a four year curriculum of which Female Imaging is entertained 

at four academic afternoon sessions.  In terms of the theoretical training on Breast 

Imaging in specific, the topic is covered in two academic afternoon sessions of which 

one will be a lecture presented by a registrar on mammography.  For experiential 

training all registrars rotate through the mammogram unit at three accredited training 

sites for an average of 16 weeks during the four year training program.  During the 

rotation, the registrar reports on mammograms at the specific mammography unit 

and a consultant radiologist is responsible to verify the reports.  A practical 

assessment on mammography is conducted by the consultant radiologist at the end 
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of a registrar’s mammography rotation.  This assessment must be passed before the 

registrar can sit for the final exam in the major subject Diagnostic Radiology 

(DIR800). 

Specific learning objectives for soft-copy mammography viewing and digital image 

processing are not currently part of the module.  Also, the requisites for the 

mammogram report in the department are not structured.  Based on the outcomes of 

this study, the training of registrars in mammography will be structured to incorporate 

a teaching file on soft-copy mammography viewing to improve reporting. 

3.4 TRAINING REQUIREMENTS IN THE US vs. THE SA 
CONTEXT 

In the US, national quality standards for mammography services are specified by the 

Mammography Quality Standard Act (MQSA) which was passed in 1992.  The 

mandate includes requirements for equipment and quality assurance as well as 

requirements for personnel involved in the performance of mammography in the U.S.  

The MQSA specifies the following requirements in terms of qualifications for 

interpreting physicians (FDA, 2001): 

• Have earned 60 hours of documented mammography continuing medical 

education (CME) and 8 hours of training in each modality (such as SFM and 

DM) 

• Have read at least 240 examinations in the preceding 6 months under 

supervision or have read mammograms under the supervision of a fully 

qualified interpreting physician 

• Have read 960 mammograms over a period of 24 months 
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• Have earned at least 15 Category 1 CME credits in mammography over a 36-

month period, with 6 credits in each modality used. 

• To perform a new imaging modality e.g. DM, the interpreting physician must 

have 8 CME credits specific to that modality before starting the modality 

In South Africa the Health Professions Council of South Africa (HPCSA) has the 

responsibility of establishing minimum standards to accredit training programmes 

and qualifications, and to define the requirements for registration as a specialist and 

subspecialist (HPCSA, 2001).  The HPCSA does not make provision for registration 

in a sub speciality category (e.g. Mammography) in Diagnostic Radiology. 

The Health Profession Act, 1974 (Act No. 56 of 1974) (as amended) endorses 

Continuing Professional Development (CPD) as the means for maintaining and 

updating professional competence (HPCSA, 2011).  However, no specific 

requirements exist for radiologists interpreting mammograms. 

3.5 CONCLUSION 

International acknowledgement of the need for training radiologists in the use of the 

new modality has been established while on the other hand there is a lack of 

structure and compulsory guidelines for starting to use the new modality in the 

South-African context.  It was clearly shown that the new modality presents the 

radiologists with new challenges and many researchers have raised concern that 

radiologists should be trained in the new modality so as to ensure the same efficacy 

and quality is achieved in the film-reading process.  When buying a new DM unit 

from a vendor, it is general practice that the product specialist of the vendor will 

familiarise the radiologist in the use of their equipment. 
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Thus, although the potential advantages of soft-copy viewing are well documented, it 

would be fair to argue that the success of this display method will be heavily 

dependent on the image processing algorithm used and also on the skills of the 

radiologist to use the tools available for soft-copy viewing.  Up until recently, the 

majority of radiologists in SA have been trained in reading conventional SFM.  Digital 

image processing and soft-copy viewing in mammography have not always been 

part of the armamentarium of the radiologist.  Additional skills must thus be acquired. 

In our experience, vendors spend very little time on conceptual and factual training in 

the new modality, but rather highlight the advantages of their own equipment.  Also, 

although the radiologists are familiarised with the tools available for soft-copy 

viewing, the skill to address the challenges of LSR compared to SFM, are left to the 

viewers discretion.  Moreover, very little information, on digital image processing is 

supplied.  It is therefore obvious that the information supplied by the vendor’s 

product specialist does not address all the challenges facing the radiologists in terms 

of soft-copy viewing. 

However, in this review of the current international literature, no evidence was found 

of the effect of training of radiologists in the new modality on diagnostic accuracy 

achieved with soft-copy viewing.  To answer this important question identified from 

the literature, diagnostic accuracy before and after the development of a viewing 

protocol through participative learning of a group of radiologists was evaluated 

(Chapter 6).  The development of the viewing protocol through participative learning 

is discussed in Chapter 5.  As sensitivity and specificity in mammography relies 

heavily on the lesion being detected and correctly classified, the effort in developing 

the viewing protocol through participative learning will be towards making the fine 
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anatomy and consequently subtle signs of malignancy, visible to the viewer.  It is 

anticipated that by doing that, the diagnostic accuracy in DM can be improved. 

In the next chapter (Chapter 4), a phantom based method was used to assess image 

quality with different processing options.  This was done to narrow down the image 

processing options to be evaluated on clinical images (Chapter 5). 
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CHAPTER 4 

IMAGE QUALITY ASSESSMENT OF PROCESSING 
OPTIONS: PHANTOM BASED METHOD 

4.1 INTRODUCTION 

From the literature review on DM in Chapter 2, it was made clear that image 

processing is a critical element in the digital radiographic imaging chain.  The goal of 

image processing was described as an attempt to increase the visibility or 

conspicuity of subtle structures that can easily be overlooked.  By doing that, the 

information in the acquired image can be presented in an optimal way to the 

observer in an attempt to contribute to better observer performance and indirectly to 

better patient care.  However, image processing was identified as a challenge for the 

radiologist changing from SFM to DM (Chapter 3), because they really are different. 

It was also mentioned in Chapter 2 that on commercially available digital units it is 

common for the vendor of the DM unit to offer a specific processing algorithm and 

where applicable, with a default setting.  It is therefore reasonable to argue that the 

reporting outcome might differ from digital unit to digital unit.  Where different 

parameter combinations are available on digital units, a default combination is 

usually set by the vendor and it is not known if local radiologists might prefer different 

parameter combinations.  Furthermore it is noted in the literature that general 

consensus on the preferred processing algorithm for breast imaging has not been 

found.  It is argued that these algorithms cannot and should not be evaluated by 

radiologists in the clinic with real patients (Pisano et al, 1997a).  To find the preferred 
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processing algorithm will best be achieved with a structured project with dedicated 

viewers for the purpose. 

On the other hand, the value of the radiologist understanding the effect of image 

processing is acknowledged.  However, to conduct clinical trials with all the available 

processing algorithms and / or combinations of parameters for an algorithm on 

clinical images and radiologists involved as the readers, will be extremely time 

consuming and expensive.  Moreover, for consistency in quality control procedures, 

a phantom image will provide more consistency and repeatability for the evaluation 

of image quality.  The European protocol for quality control (QC) of the physical and 

technical aspects of mammography screening specifies the use of the CDMAM 

mammography phantom (European Commission, 2006).  The phantom allows for 

fast and simple image quality evaluation and because of the great number of objects 

it has, evaluation of resolution and contrast properties can be performed with good 

accuracy.  Thus to limit the number of processing options to be evaluated in the 

clinical situation (Chapter 5), a phantom-based method was pursued in this part of 

the study. 

4.2 AIM 

The aim of this part of the study was to assess the effect of the different 

mammographic processing options (available in the department where the research 

project was conducted), on the image quality of a phantom image. This was done to 

identify a smaller set of processing options to be evaluated for image quality 

assessment on clinical images (Chapter 5). 
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4.3 METHODS 

4.3.1 Contrast Detail (CD) Phantom 

A commercially available CD phantom, (CDMAM type 3.4, ARTINIS Medical systems 

B.V.) was used as the test object to compare the performance of different image 

processing algorithms.  The phantom is 18 x 24cm in area and consists of a 0.5mm 

thick aluminum base with circular gold disks of variable thickness and diameter 

arranged in a matrix of 16 rows and 16 columns.  The gold disks range in diameter 

from 0.06 to 2.0mm and in thickness from 0.03 to 2.0µm, resulting in a radiation 

contrast range of about 0.5 – 30% under standard mammography exposure 

conditions (ARTINIS, 2007:3).  Two disks with the same thickness and diameter are 

placed in each square – one in the centre and the other placed randomly near one of 

the corners of the square (Figure 4.1).  Within a row the disk-diameter is constant, 

with an approximately exponential increase in thickness from row to row.  The high 

contrast area of the image is formed where the thickness of the discs is largest.  

Within a column the disk thickness is constant, with an approximately exponential 

increase in diameter (Table 4.1). 



64 

 

 

Figure 4.1: Contrast-Detail phantom ARTINIS CDMAM t ype 3.4 
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Figure: 4.2 A cropped segment of a mammography x-ra y image of the 
ARTINIS CDMAM type 3.4 phantom 

 

 

 

 

 

 

 

 

 

 

 

 



66 

 

Table 4.1: Thickness, diameter and radiation contra st C r (for standard 
mammography exposure conditions) of the gold disks within the 
phantom (ARTINIS, 2007:7) 

 

Column  Thickness 
[µm] 

Radiation 
contrast      

Cr [%] 
Row Diameter 

[mm] 

1 0.03 0.52 1 0.06 

2 0.04 0.7 2 0.08 

3 0.05 0.87 3 0.1 

4 0.06 1.04 4 0.13 

5 0.08 1.39 5 0.16 

6 0.1 1.73 6 0.2 

7 0.13 2.25 7 0.25 

8 0.16 2.76 8 0.31 

9 0.2 3.44 9 0.4 

10 0.25 4.28 10 0.5 

11 0.36 6.11 11 0.63 

12 0.5 8.38 12 0.8 

13 0.71 11.68 13 1 

14 1 16.05 14 1.25 

15 1.42 22 15 1.6 

16 2 29.53 16 2 

 

4.3.2 System description and image acquisition 

An x-ray projection image of the phantom was acquired with a GE Senograph DMR 

Mammographic unit.  To obtain the x-ray image of the phantom (Figure 4.2), the 

directions in the phantom’s manual were followed (ARTINIS, 2007:8).  The phantom 

was positioned on the bucky with the smallest disk-diameters at the thorax side.  The 

exposure technique was obtained by using automatic exposure control to limit the 

mAs with a tube potential set manually to 25kVp.  A Mo/Mo target/filter combination, 

small focal spot and compression plate were used with a mobile grid in place.  For 
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the simulation of an average breast thickness, three Plexiglas plates (each with a 

thickness of 10mm) were positioned on top of the phantom.  The image receptor was 

a mammography CR plate read by an Agfa CR reader set up for mammo readout. 

4.3.3 Image processing 

Ten different image processing options selected for evaluation were individually 

applied to the phantom image.  These options were: 

• MUSICA2, trademark of Agfa (generally used in the department for all 

mammographic image processing) 

• MUSICA2 Invert 

• Unprocessed (obtained by changing the device configuration on the Agfa 

workstation from ‘presentation’ to ‘for processing’ before archiving the image 

to the PACS), 

• Unprocessed Invert 

• Six different Contrast-Limited-Adaptive-Histogram-Equalisation (CLAHE) 

parameter combinations, details given below: 

On the Philips PACS review station, four different parameters can be manipulated for 

the CLAHE processing algorithm.  The CLAHE parameter combination consisted of 

the following: Contextual region dimension, Number of bins (NBins), Clip limit, and 

Map level (see explanation on parameters in Section 4.4.4).  For the purpose of this 

study, the four CLAHE parameters will always be listed in the above mentioned order 

and the default parameter combination will be indicated in bold, e.g. (64/256/1.5/1).  

For the other parameter combinations included in the study, only the parameter 

value which is different from the default will be indicated in bold. 
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For the purpose of this study it was decided to evaluate the default CLAHE 

parameter combination together with five other parameter combinations.  These 

were derived by changing only one parameter from the default values at a time, and 

also to change the value of that parameter to the most extreme value compared to 

that of the default parameter value.  The only parameter that was evaluated with two 

options is the Map Level.  Three values are available for this parameter namely “0”, 

“1” and “2”.  Because the default parameter value is “1”, it was decided to include 

both “0” and “2” for evaluation. 

The six CLAHE combinations therefore used in this study were: 

• (64/256/1.5/1) default  

• (64/256/3/1)  higher clip limit 

• (128/256/1.5/1) larger ‘contextual region’ 

• (64/384/1.5/1) larger ‘number of ‘bins’ (NBins) 

• (64/256/1.5/2) highest map level 

• (64/256/1.5/0) no map level - canonical CLAHE algorithm 

The complete dataset thus included these six processing options plus the MUSICA2, 

MUSICA2 Invert, Unprocessed and Unprocessed Invert. 

4.3.4 Image evaluation 

Four experienced observers (three medical physicists and a senior lecturer in 

diagnostic radiography – all with experience in QC), independently evaluated the 

phantom image processed with the above processing options.  The image was 

archived onto a Philips PACS and reviewed on a workstation with a Matrox 

MED5Mp-DVI graphic card.  The image was displayed on a Fimi (model MML2152) 
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5Mp high resolution monitor (2048 x 2560 pixels) with a 10 bit gray scale display 

depth.  The viewing conditions were evaluated as part of the departmental QC 

program and conformed to the acceptance limits. 

The “score form CDMAM-phantom” (Appendix A) was used on which a viewer had to 

indicate the location of the eccentric disks.  Previously marked sheets were 

immediately removed to minimise learning effects.  Each viewer evaluated each 

image three times (total of 30 scores per viewer) in six (6) to nine (9) viewing 

sessions depending on the time constraints of the individual viewers.  The 

researcher presented each image using one of the ten processing options to the 

individual observers in a random order.  In order to assure objectivity of the viewers, 

the viewers were blinded to the processing option.  The viewers were allowed 

freedom to adjust window width and window level and magnification, as this type of 

image enhancement should be performed in mammography soft-copy viewing.  No 

time restriction was placed on the viewing and evaluation of an image. 

4.3.5 Evaluation of the viewer’s observations 

The indicated positions of the eccentric disks on the score form were compared to 

the true disk-positions in the phantom using the “evaluation form CDMAM-phantom” 

(Appendix B).  To evaluate the observations, certain rules (correction scheme) were 

applied taking into account the 4 nearest neighbors of the field under examination 

(ARTINIS, 2007:9).  There are three possibilities for each observation: the eccentric 

disk was indicated in the true position (T), the eccentric disk was indicated at a false 

position (F) or the eccentric disk was not indicated at all (N).  The two main rules 

applied in the correction scheme were:  A True needed two or more correctly 

indicated nearest neighbours to remain a True and a False or not indicated disk was 
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considered as True when it had 3 or 4 correctly indicated nearest neighbours. 

Exceptions to the two main rules apply only in the corners of the phantom. 

4.3.6 Image quality quantification 

Image quality is quantified by using the Image Quality Figure (IQF) method which is 

defined as (ARTINIS, 2007:12) 

 

          

where denotes the smallest diameter in the contrast-column, .  Summation 

over all contrast-columns yields the IQF.  A low IQF indicates a high image quality.  

A completely invisible column will results in a Di,min of 4.00mm and a completely 

visible column will result in a Di,min of 0.10mm. 

4.3.7 Data analysis 

Data capturing was done by the researcher onto an Excel spreadsheet.  The mean 

IQF for the different image processing options was calculated for all the viewers 

combined.  Because four viewers scored each processing option three times, the 

mean IQF score for each processing option represents an averaged value of the 

assessed image quality for that processing option.  A comparison of the IQF for the 

different processing options was performed.  The study was not designed for 

analysis of the IQF for different viewers.  The total ranked order of the processing 

options (based on the order of the IQF of all viewers) was also calculated.  As this 

was not a preference study (whereby viewers placed the images in a ranked order 

from best to worst), the processing options were ranked by the researcher in terms 
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of their IQFs.  The processing option with the lowest (best) IQF was ranked one (per 

individual viewer), whereas the one with the highest (worst) IQF score was ranked 

ten (per individual viewer).  The best total rank score for four viewers could thus be 

four and the worst score could be forty and the best mean rank score for the four 

viewers could be one and the worst mean rank score could be ten. 

4.3.8 Statistical analysis 

The results were summarised using the means, standard deviation (SD) and ranked 

means of the IQF for all viewers for each processing option.  Statistical comparisons 

between processing options were done using paired t-tests.  Differences were 

considered statistically significant if the p-value was < 0.05. 

4.4 RESULTS 

The mean IQF for the different processing options are given in Table 4.2. 
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Table 4.2: Mean IQF (all viewers) for the different  processing options 
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Viewer 1 

Batch 1 
51.8 64.8 60.7 54.3 66.6 67.3 59.6 65.4 62.9 57.3 

Batch 2 
57.5 57.5 59.6 60 59.5 61.9 62.4 62.9 58.7 63 

Batch 3 
59.7 51.9 57.8 58.1 58.7 58.2 53.2 53.3 62.5 55.7 

Viewer 2 

Batch 1 
50.2 65.3 51.5 55.6 63.2 65.3 66.2 55.6 63.8 63.7 

Batch 2 45.1 53.9 50.5 48.9 56.1 54.3 52.7 55.3 57.1 58.3 

Batch 3 45.1 57.1 48.2 47.5 57.4 65.3 51.3 52.8 52.5 58.7 

Viewer 3 

Batch 1 
56.7 58.8 51.8 50.2 63.7 57.9 59.9 55.2 58.5 57.9 

Batch 2 
53 50.7 58.9 57 54.8 59.1 58.3 58.3 54.1 52.6 

Batch 3 
41.9 53.6 53 50.7 55.9 57.1 47.1 47.5 43.1 51.7 

Viewer 4 

Batch 1 
52.2 54.7 53.6 55.1 58 61.2 53 60.3 55.5 65.6 

Batch 2 
42.9 53 52.8 56.7 56.6 57.1 55.6 58.1 60.8 62.5 

Batch 3 
56.8 55.8 51 59.3 60.3 61.2 56.4 54.3 56.2 60.9 

MEAN                
(All viewers)    51.1 56.4 54.1 54.5 59.2 60.5 56.3 56.6 57.1 59 

Standard 
Deviation   3.9 2.3 4 3.3 1.6 2 1.6 3.1 3.9 3.7 

   A low IQF indicates a high image quality 

   Standard deviation calculated for average IQF scores of the different viewers 

 

From Table 4.2 it can be seen that the mean IQF (all viewers) ranged from 51.1 - 

60.5 between the different processing options and the standard deviation (SD) 

amongst the viewer’s mean IQFs, ranged from 1.6 to 4. 
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The processing option with the best (lowest) mean IQF (all viewers) was 

Unprocessed Invert (51.1) followed by MUSICA2 Invert (54.1) and MUSICA2 (54.5).  

Unprocessed and CLAHE (128/256/1.5/1) (larger contextual region compared to the 

default), had the next best mean IQFs of 56.4 and 56.3 respectively.  The greatest 

variation in mean IQF between all viewers’ mean IQFs was seen with MUSICA2 

Invert (4) but none the less it had the second best (second lowest) average IQF of 

54.1.  Table 4.3 shows the p-values indicating significance of the paired differences 

between the different processing options. 

Table 4.3: p-Values indicating significance of the paired differences between 
the different processing options 
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Unprocessed Invert _  
0.0989 

 
0.0069 

 
0.0616 

 
0.0106 

 
0.0160 

 
0.0516 

 
0.0153 

 
0.0564 

 
0.0717 

Unprocessed 
 

 _  
0.3787 

 
0.4414 

 
0.0516 

 
0.0045 

 
0.8678 

 
0.9305 

 
0.6527 

 
0.2916 

MUSICA2 Invert   _  
0.8416 

 
0.0383 

 
0.0487 

 
0.2773 

 
0.1801 

 
0.2679 

 
0.2208 

MUSICA2 

 
   _  

0.0457 
 
0.0402 

 
0.3507 

 
0.0768 

 
0.2270 

 
0.1081 

CLAHE (default) 
64/256/1.5/1 

    _  
0.1248 

 
0.0015 

 
0.0793 

 
0.2300 

 
0.9122 

CLAHE 
64/256/3/1 

     _  
0.0028 

 
0.0456 

 
0.0536 

 
0.4334 

CLAHE 
128/256/1.5/1 

      _  
0.8349 

 
0.5946 

 
0.2746 

CLAHE 
64/384/1.5/1 

       _  
0.6292 

 
0.2887 

CLAHE 
64/256/1.5/2 

        _  
0.3548 

CLAHE 
64/256/1.5/0 

         _ 

 

The values in bold  indicate the rows are significantly better than the columns 

The values in italic bold indicate the rows are significantly worse than the columns 
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Unprocessed Invert: 

It was found that Unprocessed Invert was statistically significantly superior (p<0.05) 

to MUSICA2 Invert (p = 0.0069) and three of the CLAHE parameter combinations 

namely: default CLAHE (64/256/1.5/1) (p = 0.0106), CLAHE (64/256/3/1) (higher clip 

limit) (p = 0.0160) and CLAHE (64/384/1.5/1) (larger NBins) (p = 0.0153). 

MUSICA2 Invert: 

MUSICA2 Invert is the processing option with the second best (lowest) IQF (54.1) 

and was significantly superior to default CLAHE (64/256/1.5/1) (p = 0.0383) and 

CLAHE (64/256/3/1) (higher clip limit) (p = 0.0487) but significantly inferior to only 

Unprocessed Invert (p = 0.0069).  No significant difference was seen between 

MUSICA2 Invert and MUSICA2 (p = 0.8416). 

MUSICA2: 

The image processing option with the third best IQF was MUSICA2 (54.5).  As with 

MUSICA2 Invert, a significant superior IQF was seen for MUSICA2 when compared 

to that of default CLAHE (64/256/1.5/1) (p = 0.0457) and CLAHE (64/256/3/1) (higher 

clip limit) (p = 0.0402).  MUSICA2 was however close to significantly inferior to 

Unprocessed Invert (p = 0.0616).  No significant difference was seen between 

MUSICA2 and Unprocessed (p = 0.4414) or between MUSICA2 and MUSICA2 Invert 

(p = 0.8416). 

Unprocessed: 

Unprocessed was significantly superior to CLAHE (64/256/3/1) (higher clip limit) (p = 

0.0045) and close to significantly superior to default CLAHE (64/256/1.5/1) (p = 

0.0516).  Although CLAHE (128/256/1.5/1) (larger contextual region) had a slightly 
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higher (better) IQF (56.3) compared to Unprocessed (56.4), no significant difference 

was seen between the two (p = 0.8678). 

CLAHE parameter combinations: 

Of the six parameter combinations evaluated, CLAHE (128/256/1.5/1) (larger 

contextual region) showed the best (lowest) IQF (56.3) and was significantly superior 

to default CLAHE (64/256/1.5/1) (p = 0.0015) and CLAHE (64/256/3/1) (higher clip 

limit) (p = 0.0028).  CLAHE (64/384/1.5/1) (larger NBins) showed the second best 

(lowest) IQF (56.6) of the six CLAHE parameter combinations but was only 

significantly superior to CLAHE (64/256/3/1) (higher clip limit compared to the 

default) (p = 0.0456).  The two processing options with the worst (highest) IQF was 

CLAHE (64/256/3/1) (higher clip limit compared to the default) (60.5) followed by 

default CLAHE (64/256/1.5/1) with an IQF of 59.2.  However, no significant 

difference was seen between the latter two (p = 0.1248).  CLAHE (64/256/3/1) 

(higher clip limit) was significantly inferior to CLAHE (128/256/1.5/1) (larger 

contextual region) (p = 0.0028) and CLAHE (64/384/1.5/1) (larger NBins).  CLAHE 

(64/256/3/1) (higher clip limit) is also the only CLAHE parameter combination which 

was significantly inferior to all the non-CLAHE processing options.  In terms of 

different map levels, no significant difference was seen between any of the different 

map levels (p = 0.2300) (p = 0.9122) and (p = 0.3548). 

In Table 4.4 the total and mean rank scores for the different processing options can 

be seen.   
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Table 4.4:  Mean and total rank scores for the different proces sing options  
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Unprocessed Invert 1 1 1 1 4 1 0 

MUSICA2  2 3 3 5 13 3.25 3 

MUSICA2 Invert 6 2 7 2 17 4.25 5 

Unprocessed 3 7 6 3 19 4.75 4 

CLAHE 128 /256/1.5/1 4 5 8 4 21 5.25 4 

CLAHE  64/384/1.5/1 7 4 4 7 22 5.5 3 

CLAHE  64/256/1.5/2 8 6 2 6 22 5.5 6 

CLAHE  64/256/1.5/0 5 9 5 10 29 7.25 5 

CLAHE 64/256/1.5/1  (default) 9 8 10 8 35 8.75 2 

CLAHE  64/256/3/1 10 10 9 9 38 9.5 1 
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Figure 4.3: Mean rank score for the different proce ssing options  

Bars indicate the difference between the highest and lowest rank score between the viewers 

 

From Figure 4.3 it can be seen that Unprocessed Invert showed the best mean rank 

score (1) (based on lowest (best) IQF score by all viewers.  The second best mean 

rank was seen for MUSICA2 (3.3), followed by MUSICA2 Invert (4.3) and 

Unprocessed (4.8).  The processing options with the worst mean rank scores were 

CLAHE (64/256/3/1) (higher clip limit) (9.5) and default CLAHE (64/256/1.5/1) (8.8). 

The largest difference in the next best mean rank score was seen between 

Unprocessed Invert (1) and MUSICA2 (3.3). 
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Table 4.5: Comparison of position based on IQF and mean rank score 
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Unprocessed Invert 51.1 1 1 

MUSICA2 Invert 54.1 2 3 

MUSICA2 54.5 3 2 

CLAHE (128/256/1.5/1) 56.3 4 5 

Unprocessed 56.4 5 4 

CLAHE (64/384/1.5/1) 56.6 6 6 

CLAHE (64/256/1.5/2) 57.1 7 6 

CLAHE (64/256/1.5/0) 59.0 8 8 

CLAHE default (64/256/1.5/1) 59.2 9 9 

CLAHE (64/256/3/1) 60.5 10 10 

 

A number of processing options kept their sequence in both IQF and mean rank 

scores (see Table 4.5).  These options are: Unprocessed Invert (position 1), CLAHE 

(64/256/1.5/0) (No map level – canonical CLAHE) (position 6), (64/256/1.5/1 default) 

(position 9) and (64/256/3/1) (higher clip limit) (position10).  The other options only 

changed by one position.  The processing options with which a change in sequence 

was seen are: MUSICA2 and MUSICA2 Invert swapped positions two and three, 

CLAHE (128/256/1.5/1) (larger contextual region) and Unprocessed swapped 

positions four and five.  CLAHE (64/256/1.5/2) (higher map level) improved by one 

position in mean rank score to share the same sixth position as CLAHE 

(64/384/1.5/1) (larger NBins). 
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4.5 DISCUSSION 

4.5.1 Unprocessed and Unprocessed Invert 

With the phantom study it was found that Unprocessed Invert showed the best image 

quality of the CDMAM phantom image with a significantly lower (better) IQF (p < 

0.05) compared to MUSICA2 Invert and three of the CLAHE parameter combinations.  

The European protocol for the quality control of the physical and technical aspects of 

mammography screening specifies the use of the CDMAM phantom and for current 

measures of image quality the unprocessed images of the phantom are used 

(Warren et al, 2012).  Although no significant difference between Unprocessed Invert 

and Unprocessed was found in our study, better image quality was found for 

Unprocessed Invert.  Based on the results of our study, we recommend the use of 

Unprocessed Invert as the processing option to obtain the best image quality of the 

phantom image. 

The characteristics of the Unprocessed image are: wide latitude, digital signals 

proportional to the detector exposure or the logarithm of exposure and very low 

contast (Bushberg et al, 2012:268).  Our results suggest that the signal is well 

preserved in the Unprocessed Invert image and that the contrast that the viewers 

were able to obtain with manual window width and window level adjustments was 

adequate. 

4.5.2 MUSICA2 and MUSICA 2 Invert 

The MUSICA2 processing algorithm was developed for mammography and focuses 

on the enhancing of low contrast structures at the expense of high contrast 

structures in the breast which will remain clearly visible even if their contrast is 



80 

 

somewhat reduced (Schaetzing, 2007).  In this part of our study MUSICA2 Invert 

showed the second best image quality of the phantom image followed by MUSICA2.  

As no significant difference was found between Unprocessed and both MUSICA2 

Invert and MUSICA2 and Unprocessed Invert was found to be significantly superior 

to MUSICA2 Invert and close to significantly superior to MUSICA2, the indications are 

that the enhancement of lower contrast structures at the expense of high contrast 

structures does not improve image quality for the phantom image.  This could well be 

explained by the more ‘homogeneous’ background of the phantom image compared 

to the background of normal breast structure (Warren et al, 2012).  When exposed to 

x-rays, the phantom background will cause less variation in intensities distribution 

reaching the image receptor.  Compared to intensity distribution of a normal breast 

structure, the intensity distribution is thus smaller and therefore possibly rendering 

the aim of the processing algorithm less beneficial.  The situation might well be 

different with an image with normal breast structure as background. 

4.5.3 Invert 

The invert of an image was described as useful in mammography to enhance white 

or grey detail embedded in dark regions of an image especially in predominantly 

black areas (Gonzales & Woods, 2008:108-109).  The invert can potentially make 

the visibility of breast tissue more conspicuous to the viewer.  With the phantom 

study it was found that although MUSICA2 Invert showed a slightly lower (better) IQF 

compared to MUSICA2, the difference between the two was not significant (p = 

0.8416).  Also, although Unprocessed Invert showed a better image quality 

compared to Unprocessed, no significant difference was seen (p = 0.0989).  Thus 

although not significant, the indications from the ranking method used were that the 

invert of the image did provide better image quality.  With normal breast structure 
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background in a mammogram image, different results might be obtained on clinical 

images. 

4.5.4 CLAHE parameter combinations 

The CLAHE processing algorithm is influenced by different parameters each 

contributing to image quality in a different manner (Mathworks, 2011).  Of the six 

CLAHE parameter combinations evaluated in the phantom study, the combination 

with the larger contextual region CLAHE (128/256/1.5/1) showed the best image 

quality with the phantom image.  The fact that the best image quality (lowest IQF 

score) amongst the six CLAHE parameter combinations evaluated in this study, is 

not seen for the default CLAHE (64/128/1.5/1), pointed to the possibility that the 

default parameter combination can be improved.  The default CLAHE had the 

second highest (worst) IQF score although the only significant difference between 

the default CLAHE and the other five CLAHE parameter combinations, was seen 

with CLAHE (128/256/1.5/1) (p = 0.0015). 

4.5.4.1 Contextual region 

The contextual region dimension controls the size of the individual blocks in which 

the local histograms are computed  (Mathworks, 2011).  The smaller the block size, 

the tighter control of the local histogram data, but this also leads to local ‘noise’ 

because of poor histogram discrimination.  The fact that larger contextual region 

CLAHE (128/256/1.5/1) produced better image quality compared to default CLAHE, 

might thus have been because less local noise was produced which improved image 

quality. 
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4.5.4.2 NBins 

The NBins represents the number of gray scale levels used to re-bin the histogram 

data (Mathworks, 2011).  It can thus be expected that the larger number of bins will 

improve image quality because the higher the number, the higher the precision of 

remapping pixel values.  However in this part of the study, no significant difference 

was seen for the parameter combination with a larger NBins CLAHE (64/384/1.5/1) 

compared to the default CLAHE (p = 0.0793).  It can be argued that because of the 

homogenous background of the phantom, the use of a larger number of bins did not 

contribute to image quality because the small distribution of intensities in the 

phantom background was well displayed in the smaller number of bins available in 

default CLAHE.  Different results might however be obtained on clinical images. 

4.5.4.3 Clip limit 

Clip limit allows a deviation from a flat histogram to be allowed.  This is in effect a 

measure of the maximum slope allowed in the cumulative histogram (Mathworks, 

2011).  A higher clip limit will thus result in more contrast but will also lead to more 

perceivable boundaries between the blocks.  Although no significant difference 

between default CLAHE and CLAHE (64/256/3/1) (higher clip limit) was found (p = 

0.1248) in this part of the study, the higher clip limit showed significantly lower image 

quality compared to CLAHE (128/256/1.5/1) (larger contextual region) (p = 0.0015) 

and CLAHE (64/384/1.5/1) (larger NBins) (p = 0.0456).  Our results implied that a 

higher clip limit (higher contrast) does not contribute to better image quality of the 

phantom image.  The effect on clinical images might well be different. 
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4.5.4.4 Map level 

The study found no significant difference between the CLAHE processing options 

with different map levels.  A map level value of greater than “0” allows iSite to use 

iSyntax lower resolution data to calculate histograms, which is faster than working 

from a full resolution image and still very accurate (Mathworks, 2011).  The final re-

mapping of pixel data still happens on full resolution bitmap.  The aim of a map level 

is to enable the system to generate the required internal look-up tables (LUT’s) from 

lower levels in the wavelet representation and thereby incurring a much lower 

computational load.  It is however expected to give effectively identical results 

(Mathworks, 2011).  The evaluation of the effect of computation load on the time 

used for image processing was not in the scope of the study.  

4.5.5 Comparison of mean IQF scores and rank order of processing 
options 

It can be argued that the mean rank order in which the processing options were 

placed by the researcher according to the rank scores by the individual viewers, is 

less precise than the calculated mean IQF for all viewers.  It was however used 

where no significant difference in mean IQF between two next best processing 

options was found.  No significant difference in IQF (p = 0.8416) was found between 

MUSICA2 and MUSICA2 Invert, although MUSICA2 Invert had a slightly lower (better) 

IQF.  In the rank scores however, the two swapped positions (position 2 and position 

3) but a larger difference between the highest and lowest rank scores of the 

individual viewers were seen for MUSICA2 Invert (five positions difference compared 

to three positions for that of MUSICA2). 

It was also seen that although CLAHE (128/256/1.5/1) (larger contextual region) had 

a slightly lower (better) IQF compared to Unprocessed, the difference was not 
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significant (p = 0.0878).  In the rank scores, Unprocessed lies one position higher 

(position 4) compared to that of CLAHE (128/256/1.5/1) (larger contextual region) 

(position 5) and both showed four positions between the highest and lowest rank 

scores by the individual viewers.  In other words, very little difference in apparent 

image quality between the two were found, however with the rank scores, 

Unprocessed is favoured compared to CLAHE (128/256/1.5/1) (larger contextual 

region). 

No studies were found (see Appendix V) in which the effect of MUSICA2 on image 

quality or accuracy was evaluated.  Pisano et al (1998) investigated the effect of 

CLAHE parameter combination on the detection of simulated spiculations.  They 

found that the relation of the parameters region size and clip limit can significantly 

influence the detection of simulated spiculations.  Two combinations were found to 

improve detection namely: region size 32, clip limit 2 (mean difference in Theta 

scores: 0.061, p = 0.0001), and region size 32, clip limit 4 (mean difference in Theta 

scores: 0.053, p = 0.0001).  On the other hand it was found that the combination of 

region size 2, clip limit 16 adversely affected detection.  This study supports the 

finding that the parameter combination of region size and clip limit can significantly 

influence image quality.  We found that a higher clip limit (3) alone (CLAHE 

64/256/3/1 compared to CLAHE default 64/256/1.5/1 ) did not significantly change 

image quality (p = 0.1248).  However a combination with a larger contextual region 

(128) and lower clip limit (1.5) CLAHE (128/256/1.5/1) showed significantly lower 

image quality compared to a combination with a smaller contextual region (64) and a 

higher clip limit (3) CLAHE (64/256/3/1) (p=0.0015). 

Hemminger and co-workers (2001) investigated the effect of CLAHE on the detection 

of simulated masses and found no combination of CLAHE parameters (contextual 
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region and clip limit) to improve detection of masses.  Our study also found no 

significantly better image quality for any of the CLAHE parameter combinations 

compared to Unprocessed. 

In a preference study by Sivaramakrishna et al (2000) they compared the 

performance of CLAHE and three other processing options with unprocessed.  They 

reported that unenhanced images were mostly preferred (58%) for masses.  Our 

results found significantly superior image quality with the Unprocessed Invert image.  

Sivaramakrishna and co-workers also reported that suitable image processing can 

improve the visibility of microcalcifications.  However, they found that processing 

options that changed image appearance considerably (like CLAHE), are least 

preferred by radiologists.  In our study, the CLAHE parameter combinations with the 

higher clip limit (64/356/3/1) showed significantly lower image quality compared to 

Unprocessed, Unprocessed Invert, MUSICA2 and MUSICA2 Invert. 

4.6 CONCLUSION 

Different anatomical backgrounds in mammograms are known to influence cancer 

detection differently.  Therefore the image quality findings with the CDMAM phantom 

are not necessarily an accurate forecaster of image quality in clinical images.  A 

recent UK study investigated the relationship between CDMAM threshold gold 

thickness (for the 0.1 and 0.25mm disc diameters) and reader performance in the 

detection of microcalcifications (Warren et al, 2012).  Although their results have 

found a lower threshold gold thickness to be a good predictor for the detection of 

microcalcifications, it is not necessarily related to the ability of the reader to detect 

masses.  The results of the phantom study are thus not conclusive for the complete 

mammography task and can therefore not replace a clinical study. 
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A recommendation had to be made on which processing options to be evaluated 

using clinical images for the training and development of the viewing protocol.  

Based on providing the best image quality on phantom images, it was decided that 

Unprocessed Invert, MUSICA2 Invert, and MUSICA2 were obvious choices for 

inclusion.  Selecting from CLAHE (128/256/1.5/1) (larger contextual region) and 

Unprocessed, it was decided to include Unprocessed for evaluation on clinical 

images.  This decision was taken upon the assumption that the default CLAHE 

parameter combination can be improved.  Also, because Unprocessed produced 

very similar image quality to CLAHE (128/256/1.5/1), it was decided to rather include 

Unprocessed for evaluation on clinical images.  Furthermore, it seemed to make 

sense to include two matched processed and invert processed pairs. 

In the next chapter the image quality of clinical images will be assessed with the four 

processing options identified above.  The soft-copy viewing protocol will be 

developed through participative learning of a group of radiologists. 
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CHAPTER 5 

DEVELOPING THE SOFT-COPY VIEWING PROTOCOL 
THROUGH PARTICIPATIVE LEARNING 

5.1 INTRODUCTION 

In Chapter 3, the challenges for radiologists changing from SFM to DM were 

identified from the literature and training needs were identified.  In this chapter the 

training offered to a group of radiologists in order to address the challenges of 

changing from SFM to DM, will be detailed.  Also, the participative learning approach 

to develop the viewing protocol will be presented.  In Chapter 2 evidence was 

presented that the optimum processing algorithm for DM has not yet been found.  

The processing options for clinical evaluation through participative learning in this 

part of the study were the four identified in Chapter 4 (with the aid of the phantom 

study) namely: Unprocessed Invert, MUSICA2 Invert, MUSICA2 and Unprocessed. 

It is generally accepted that the early detection and diagnosis of breast cancer is 

critically dependent on image quality (Ikeda, 2011: 1).  The advantages of measuring 

image quality with a phantom image (Chapter 4) include amongst others: 

repeatability, accuracy and efficient simple evaluation.  Although a CD phantom can 

be useful in verifying how accurately test objects with various sizes and attenuation 

characteristics appear in a processed image, the CD phantom results are no 

substitute for clinical images.  They can only point the way as they do not necessarily 

accurately predict the visibility of anatomical structures and lesions on a 

mammogram image.  The difference between the homogeneous phantom 
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background and the heterogeneous mammographic background is one of the 

contributing factors to this effect (Bosmans et al, 2006).  This emphasises the 

importance of evaluating image quality on clinical images and is the motivation for 

the use of clinical images in the development of the viewing protocol in this part of 

the study. 

5.2 AIM 

The aim of this part of the study was to develop the viewing protocol through 

participative learning using the findings of the phantom study. 

5.3 METHODS 

5.3.1 Ethics 

Approval from the Ethics committee of the Faculty of Health Sciences was obtained - 

ETOVS number 39/08 (see Appendix C).  Approval was also obtained from the CEO 

of the hospital (see Appendix D), the Head of the Department of Radiology (see 

Appendix E) and the Radiation Control Committee (see Appendix F).  An information 

document regarding the proposed study was available to all patients in one of three 

languages namely English, Afrikaans and Southern Sotho (see Appendix G).  

Written consent was obtained from patients willing to participate in the research 

study by the radiographer performing the mammograms (see Appendix H).  

Permission was sought from patients to include their mammogram images, relevant 

information and histo-pathology results in the study.  All patient identification was 

removed from the images and cases were assigned a number for future use. 
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5.3.2 Trainees 

The trainees were the only three qualified radiologists from the department where 

the study was conducted that had not yet had exposure to digital mammography.  

None of them were working in the mammography unit on a permanent basis at the 

time of the study, although reporting the occasional mammogram (when the 

consultant radiologist responsible for mammography was not present) was part of 

their job description as consultant radiologists in the department.  During their five 

year training in the specialised field of Diagnostic Radiology, they were exposed to 

SFM but none of them had previous experience in DM and they had not specifically 

been trained in this new modality.  Their experience as qualified radiologists was one 

year, two years and five years respectively. 

5.3.3 Training 

The focus of the training in this study was aimed at providing the radiologists with 

knowledge and experience to be confident in using soft-copy display tools to improve 

the visibility of detail and possible lesions in a mammogram.  The training of the 

group of radiologists was structured to include a theoretical and hands-on 

component, together with a participative learning component to develop the viewing 

protocol.  The program outlining the training can be seen in Appendix I. 

5.3.3.1 Theoretical training 

A four hour theoretical training course was conducted by a Medical Physicist from 

the Department of Medical Physics and a Senior Lecturer from the Department of 

Diagnostic Radiology at the University of the Free State.  The content covered the 

direct radiography and DM sections in Bushberg et al (2012:263-270) and the user 

manuals of the software that had to be demonstrated.  The training was aimed at 
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addressing the needs for radiologists changing from SFM to DM identified in Chapter 

3.  The training was done with the use of the workstation and thus practically 

demonstrated.  This was done by equipping the radiologist with the factual and 

conceptual knowledge and understanding of the following: 

• The principles of image acquisition in DM 

• The advantages and disadvantages of SFM and DM 

• The challenges of soft-copy viewing 

• The effect of image processing on image quality 

• The importance of using tools for soft-copy viewing to achieve the full potential 

benefit of DM 

5.3.3.2 Hands-on training 

The Medical Physicist from the Department of Medical Physics and an application 

specialist for the Philips PACS conducted hands-on training for the viewers at the 

review station.  The radiologists worked at the workstation to equip themselves with 

the necessary knowledge and skills to confidently use the tools for soft-copy viewing. 

5.3.3.3 Participative learning 

A participative learning approach was used to develop the viewing protocol.  This 

term was used to describe the active involvement of the viewers in developing the 

soft-copy viewing protocol.  The radiologists had to use the tools for soft-copy 

viewing to evaluate the image quality of clinical mammography images, processed 

with different processing options.  By doing that they gained experience in the use of 

the tools for soft-copy viewing as they were exposed to the processed and 

unprocessed versions of the images.  The results of the findings were to serve as the 
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pool of knowledge for the radiologists on soft-copy viewing in their specific clinical 

setting.  After analysing the results of the participative learning process, the following 

questions had to be answered in order to establish the viewing protocol: 

i) How do the image processing options compare in making anatomical 

structures visible to the viewer?  This would determine the default processing 

option and whether different processing options should be used in the viewing 

protocol for viewing all breast anatomy. 

ii) Are all anatomical structures equally visualised?  This would sensitise the 

radiologist for possible areas which would need more attention in the viewing 

protocol. 

iii) How do the image processing options compare in making calcifications visible 

to the viewer?  This would determine if specific processing options should be 

used in the viewing protocol for the viewing of calcifications. 

iv) How do the image processing options compare in making masses visible to 

the viewer?  This would determine if specific processing options should be 

used in the viewing protocol for the viewing of masses. 

v) How do the image processing options compare in the visibility of structured 

noise in a dense area in the breast (pectoral muscle region)?  This would 

determine if a different processing option should be applied whenever 

excessive noise is apparent in an image. 

vi) Which processing option(s) is regarded as sufficient for the early detection of 

breast cancer?  This would determine if different processing options should be 

used in the viewing protocol for a diagnostic mammogram or for “selective 

screening” performed in the department. 
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5.3.4 Clinical images 

The dataset of clinical images used for the participative learning consisted of 36 

medio-lateral oblique view (MLO) images selected retrospectively by the Consultant 

Radiologist responsible for mammography from routine cases performed in the 

department during the data selection period (see 6.3.1).  Proper positioning of the 

breast was a prerequisite for inclusion in the dataset.  The images were acquired 

with a GE Sonograph DMR and the image receptor was a mammography CR plate 

read by an Agfa CR reader set up for mammo readout.  The MLO view was selected 

since it is widely used in single view mammography and it is the view which includes 

most of the breast tissue (Hemdal et al, 2005).  The dataset of clinical images 

included both malignant and benign masses and calcifications.  Malignancy was 

confirmed based on histo-pathology reports whereas normal or benign cases were 

considered confirmed if both the current and the previous mammogram were 

reported as benign.  No clinical information or clinical history was made available to 

the viewers. 

5.3.5 Processing options 

Each of the 36 images was presented with the four processing options: 

Unprocessed, Unprocessed Invert, MUSICA2 and MUSICA2 Invert (as found in 

Chapter 4 with the phantom study).  The full dataset thus consisted of 144 images.  

Figure 5.1 shows a presentation of a MLO image with the four (4) different 

processing options and Figure 5.2 shows a zoomed image of a limited region with 

the four (4) different processing options. 
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Figure 5.1: A MLO image presented with the differen t processing options  

   

MUSICA2       MUSICA2 Invert 

   

Unprocessed     Unprocessed Invert 
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Figure 5.2: A zoomed segment of a limited region of  the image in fig 5.1 

presented with the four different processing option s 

5.3.6 Criteria for the clinical evaluation of image  quality 

The revised European guidelines for the evaluation of image quality on DM images 

were used (Hemdal et al, 2005).  Table 5.1 shows the image quality criteria included 

which the radiologists had to evaluate on the MLO projection.  Criteria 1 – 8 referred 

to the reproduction of normal anatomical structures (skin outline, skin structure, 

pectoral muscle margin, vascular structures in dense parenchyma, vascular 

structures in fat tissue, the combination of all vessels, fibrous strands, and pectoral 

muscle margin, fibrous strands in fat tissue and glandular tissue).  Criterion 9 and 

criterion 10 on the other hand referred to the evaluation of pathological structures 

(calcifications and masses).  Two criteria were included to evaluate image quality 

aspects.  These were: criterion 11 - Noise level in the reproduction of the pectoral 

muscle and criterion 12 – Evaluation of the sufficiency of image quality for the early 

detection of breast cancer. 
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Table 5.1: Image quality criteria for the MLO proje ction used for this 

research study 

  IMAGE QUALITY CRITERIA USED IN THIS RESEARCH STUD Y 

  Reproduction of anatomical structures 

1 Reproduction of skin outline 

2 Reproduction of skin structure (rosettes from pores) along the pectoral muscle 

3 Reproduction of pectoral muscle margin 

4 Reproduction of vascular structures seen through most dense parenchyma 

5 Reproduction of vascular structures in fat tissue 

6 Reproduction of all vessels and fibrous strands and pectoral muscle margin 

7 Reproduction of fibrous strands in fat tissue 

8 Reproduction of glandular tissue 

  Reproduction of calcifications and masses 

9 Reproduction of calcifications, when present 

10 Reproduction of masses, when present 

  Imaging details 

11 Noise level in the reproduction of the pectoral muscle 

12 Is the image quality sufficient for early detection of breast cancer? 

 

5.3.7 Rating method 

A Likert like scale was used to score the image quality criteria for each image.  From 

the recommendations of Hemdal et al (2005), the word ‘clear’ instead of ‘visually 
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sharp’ was used in the evaluation of the criteria.  For the image quality for criteria 1 – 

10, a five-point scale was provided: 1 definitely not clear, 2 almost definitely not 

clear, 3 probably clear, 4 almost completely clear and 5 completely clear.  For 

criterion 11 (Noise level in the reproduction of the pectoral muscle), a three-point 

scale was provided: 1 Not seen, 2 Acceptable, 3 Unacceptable.  For criterion 12 (Is 

image quality sufficient for early detection of breast cancer?) viewers were instructed 

to answer yes / no. 

5.3.8 Display of the images 

The images were archived onto a Philips PACS and reviewed on a workstation with 

a Matrox MED5Mp-DVI graphic card.  The images were displayed on a Fimi (model 

MML2152) 5Mp high resolution monitor (2048 x 2560 pixels) with a 10 bit gray scale 

display depth.  The researcher randomly displayed the images to each individual 

reader and no information on the processing option applied was given to the viewers. 

5.3.9 Instructions to viewers 

For each of the 144 images the radiologists had to fill in their judgement of the image 

quality for the set of image quality criteria on an evaluation form (Appendix J).  They 

were instructed to use the zoom and roam function on all images as well as the 

function of manual intensity windowing.  Each viewer received an information 

document on the image quality criteria (Appendix K).  A copy of a MLO image was 

also supplied on which the anatomical areas were indicated where the different 

image quality criteria had to be scored (Hemdal et al, 2005).  For criterion 12, the 

mammogram in its entirety had to be assessed.  
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5.3.10 Preliminary familiarisation of viewers with the study 

Viewers were individually familiarised with the scoring of the image quality criteria.  

The preliminary cases consisted of five MLO views, which were not included in the 

image quality assessment study.  The preliminary cases allowed the readers to 

become familiar with the data collection form and image quality rating scales.  Upon 

completion of the preliminary cases, the viewers began with the actual image quality 

assessment. 

5.3.11 Data analysis 

Data capturing was done by the researcher onto an Excel spreadsheet.  An image 

quality score (IQS) was calculated from the sum of the Likert like values for each of 

the eight criteria (anatomical structures) respectively, averaged over the three 

viewers.  Mean scores (all viewers) for criteria 1-8 (anatomical structures) were also 

calculated for the different processing options.  For criterion 9 (calcifications) and 

criterion 10 (masses), the image was not included in averaging if any of the three 

viewers indicated n/a (not applicable) on all four processing options (MUSICA2, 

MUSICA2 Invert, Unprocessed and Unprocessed Invert).  The mean scores of the 

image quality criteria were compared for the different image processing options, as 

well as for different criteria per processing option using paired samples t-test.  

Categorical variables (criterion 11 and criterion 12) of the four image processing 

options were compared using McNemar’s test (Fleiss et. al., 2003:375).  Differences 

were considered statistically significant if the p-value was < 0.05. 

5.3.12 Feedback to the viewers 

After analysing the results of the image quality evaluation obtained through 

participative learning, the researcher presented and thoroughly discussed the 
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outcomes with the viewers individually.  This formed the pool of new knowledge they 

gained of soft-copy viewing with different processing options used in their clinical 

setting and which was used to establish the viewing protocol. 

5.4 RESULTS 

The participative learning was completed in an average of six (6) sessions per 

viewer in an average of eight hours fifteen minutes per viewer. 

5.4.1 Image quality evaluation 

The datasheets showing the raw data of all three viewers can be found in Appendix 

L. 

5.4.1.1 Image quality evaluation – Overall anatomic al structures (criteria 1-8) 

The mean IQS (all viewers) per image quality criteria (1 - 8) and anatomical 

structures overall for MUSICA2, MUSICA2 Invert, Unprocessed and Unprocessed 

Invert are shown in Table 5.2. 

Table 5.2: Mean image quality score (IQS) (all view ers) per image quality 
criteria (1 – 8 anatomical structures) and anatomic al structures 
overall for the different processing options 

The image quality assessment criteria were:  1  Skin outline, 2  Skin structure, 3  Pectoral 
muscle, 4  Vascular structures through dense parenchyma, 5  Vascular structures in fat 
tissue, 6  Vessels, fibrous strands and pectoral muscle, 7  Fibrous strands in fat, 8  
Glandular tissue 
 

Image quality assessment criteria 

  1 2 3 4 5 6 7 8 Mean 
IQS 

Standard 
Deviation  

MUSICA2 4.8 4.1 4.7 2.9 4.8 4.2 4.7 4.7 4.4 0.6 

MUSICA2 Invert 4.9 3.9 4.7 2.9 4.7 4.2 4.7 4.7 4.3 0.4 

Unprocessed 4.7 3.7 4.6 2.6 4.5 4.0 4.6 4.4 4.1 1.2 

Unprocessed 
Invert  4.7 3.7 4.6 2.6 4.6 4 4.5 4.5 4.2 0.6 
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The processing options with the highest mean IQS (all viewers) for the anatomical 

structures were MUSICA2 (4.4) followed by MUSICA2 Invert (4.3), Unprocessed 

Invert (4.2) and Unprocessed (4.1).  The standard deviation for mean IQS ranged 

from 0.4 (MUSICA2 Invert) to 1.2 (Unprocessed).  Although a slightly higher mean 

IQS for anatomical structures overall was found for MUSICA2 compared to MUSICA2 

Invert, the invert image showed less variation amongst the viewers; MUSICA2 Invert 

(0.4) compared to that of MUSICA2 (0.6).  Also a smaller standard deviation among 

the viewers was seen for Unprocessed Invert (0.6) compared to that of Unprocessed 

(1.2).  The smallest standard deviation between the viewers was seen for MUSICA2 

Invert (0.4) whereas the largest variation between the viewers was seen for 

Unprocessed (1.2). 

From Table 5.3 it can be seen that for the anatomical structures overall (criteria 1-8), 

no statistical significant difference was seen between the mean IQS for MUSICA2 

and MUSICA2 Invert (p = 0.8396) or between that of Unprocessed and Unprocessed 

Invert (p = 0.6902).  However, MUSICA2 was significantly superior to Unprocessed 

(p < 0.0001) and Unprocessed Invert (p < 0.0001).  MUSICA2 Invert was also 

significantly superior to Unprocessed (p < 0.0001) and Unprocessed Invert (p = 

0.0003). 

Table 5.3: p-Values indicating differences in the m ean IQS (all viewers) for 

anatomical structures overall (criteria 1-8) betwee n the processing 

options 

  MUSICA2 Invert Unprocessed Unprocessed 
Invert 

MUSICA2 0.8396 <0.0001 <0.0001 

MUSICA2 Invert   <0.0001 0.0003 

Unprocessed     0.6902 

(Values in bold indicate significant differences) 
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5.4.1.2 Image quality evaluation – Individual anato mical structures (criteria 
1-8) 

Figure 5.3 shows the mean IQS (all viewers) per individual anatomical structure 

(criteria 1-8).  The p-values indicating differences in the mean IQS can be found in 

Appendix M. 

 

(Bars indicate standard deviation for each processing option) 

Figure 5.3: Mean IQS (all viewers) per individual a natomical structure (criteria 

1 – 8)  
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From Appendix M it can be seen that the only single criterion for which a significant 

difference in mean IQS between MUSICA2 and MUSICA2 Invert was seen, was skin 

outline (criterion 1) where MUSICA2 Invert was significantly superior (p = 0.0263).  

For pectoral muscle margin (criterion 3) no significant p-values were seen between 

any of the processing options (p > 0.05).  Both MUSICA2 and MUSICA2 Invert 

showed significantly superior image quality compared to Unprocessed and 

Unprocessed Invert for four of the criteria: criterion 4 (Vessels in dense parenchyma) 

(p = 0.0042, p = 0.0054, p = 0.0018 and p = 0.0016 respectively); criterion 5 

(Vessels in fat tissue) (p = 0.0175, p = 0.0035, p = 0.0405 and p = 0.0112 

respectively); criterion 6 (Vessels, fibres and muscle) (p = 0.0003, p = 0.0026, p = 

0.0003 and p = 0.0026 respectively) and criterion 8 (Glandular tissue) (p = 0.0005, 

0.0071, p = 0.0002 and p = 0.0195 respectively).  For criterion 7 (Fibres in fat), 

MUSICA2 was also significantly superior to Unprocessed Invert (p = 0.0114) while 

MUSICA2 Invert was significantly superior to both Unprocessed and Unprocessed 

Invert (p = 0.0039 and p = 0.0086 respectively).  For criterion 2 (skin structure) only 

MUSICA2 was significantly superior to Unprocessed (p = 0.0001) and Unprocessed 

Invert (p = 0.0142).  No significant difference was seen between Unprocessed and 

Unprocessed Invert. 

The p-values indicating differences in IQS between the individual anatomical 

structures for MUSICA2, MUSICA2 Invert, Unprocessed and Unprocessed Invert can 

be seen in Appendix N.  With all four processing options the image quality of 

vascular structures through dense parenchyma (criterion 4) was significantly inferior 

to all the other anatomical structures.  The image quality of skin structure (criterion 2) 

was also significantly inferior to all but criterion 4 (vascular structures through dense 

parenchyma) for MUSICA2 Invert and Unprocessed.  The same was seen for 
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MUSICA2 and Unprocessed Invert, except that no significant difference was seen 

between criterion 2 (skin structure) and criterion 6 (vessels, fibrous strands and 

pectoral muscle) p-values respectively (p = 0.1927 and p = 0.0531 respectively). 

5.4.1.3 Image quality evaluation – Calcifications ( criterion 9) and masses 
(criterion 10) 

Table 5.4 shows the mean IQS (all viewers) for calcifications (criterion 9) and 

masses (criterion 10) for the processing options.  Of the 36 images included in the 

dataset, 30 included calcifications and 20 included masses. 

Table 5.4: Mean IQS (all viewers) for calcification s (criterion 9) and masses 

(criterion 10) 

  

Calcifications 
(n = 30) 

(IQS) 
Standard 
Deviation  

Masses            
(n = 20) 

(IQS) 
Standard 
Deviation  

MUSICA2 4.2 0.8 4.3 0.8 

MUSICA2 Invert 4.1 1 4.4 0.9 

Unprocessed 3.6 1.3 4.1 1 

Unprocessed 
Invert 3.1 1.5 4.1 0.9 

 

Figure 5.4 shows the mean IQS (all viewers) for calcifications (criterion 9) and Figure 

5.5 shows that for masses (criterion 10). 
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 (Bars indicate standard deviation for each processing option) 

Figure 5.4:  Mean IQS (all viewers) for calcifications (criterio n 9) 

 

 

(Bars indicate standard deviation for each processing option) 

Figure 5.5:  Mean IQS (all viewers) for masses (criterion 10)  
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From Figure 5.4 it can be seen that for calcifications MUSICA2 showed statistically 

significant better image quality compared to both Unprocessed (p = 0.0066) and 

Unprocessed Invert (p = 0.0001) (see Table 5.5).  Unprocessed Invert was 

significantly inferior to MUSICA2 (p = 0.0001), MUSICA2 Invert (p = 0.0003) and 

Unprocessed (p =0.0169) for calcifications.  No significant difference was seen for 

calcifications between MUSICA2 and MUSICA2 Invert.  From Figure 5.5 it can be 

seen that for masses (criterion 10) no significant differences were seen between any 

of the processing options (see Table 5.5). 

Table 5.5: p-Values indicating differences in mean IQS (all viewers) for 

calcifications and masses (criteria 9 and 10) betwe en the 

processing options 
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MUSICA2  MUSICA2 Invert  0.5335 0.625 

  Unprocessed  0.0066 0.3321 

  Unprocessed Invert  0.0001 0.4652 

MUSICA2 Invert  Unprocessed  0.0688 0.1062 

  Unprocessed Invert  0.0003 0.2146 

Unprocessed  Unprocessed Invert  0.0169 0.7414 
(Values in bold indicate statistically significant differences) 

5.4.1.4 Image quality evaluation – Noise level in t he reproduction of the 
pectoral muscle (criterion 11) 

Figure 5.6(A-D) illustrates the noise level in the reproduction of pectoral muscle for 

the processing options.  The only statistically significant difference between the 
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processing options was seen between MUSICA2 and Unprocessed Invert (p = 

0.0160) (see Table 5.6).  With MUSICA2 the noise level was acceptable to all three 

viewers in 97.2% (35/36) of cases, compared to 52.8% (19/36) with Unprocessed 

Invert.  However, with Unprocessed Invert, the noise was not even seen by two 

viewers in 13.9% (5/36) of cases and not seen by one viewer in 30.6% (11/36) of 

cases. 

Table 5.6: p-Values indicating differences in answe rs (criterion 11 and 

criterion 12) (all viewers) between the processing options 
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MUSICA2  MUSICA2 Invert  0.611 0.2009 

  Unprocessed  0.1062 0.0003 

  Unprocessed Invert  0.016 0.0005 

MUSICA2 Invert  Unprocessed  0.2759 0.0699 

  Unprocessed Invert  0.0756 0.0116 

Unprocessed  Unprocessed Invert  0.3645 0.0848 

The values in bold indicate statistically significant differences 
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Figure 5.6(A-D): Noise level in the reproduction of  pectoral muscle for 

MUSICA2, MUSICA2 Invert, Unprocessed and Unprocessed 

Invert 
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5.4.1.5 Image quality evaluation – Is the image qua lity sufficient for early 
detection of breast cancer? (criterion 12) 

The radiologists’ opinion on the acceptability of image quality for the early detection 

of breast cancer for the different processing options is illustrated in Figure 5.7(A-D).  

The viewers found a significantly larger number of MUSICA2 images to be suitable 

for the early detection of breast cancer compared to Unprocessed (p = 0.0003) and 

Unprocessed Invert (p = 0.0005).  Also significantly more MUSICA2 Invert images 

compared to Unprocessed Invert (p = 0.0116) and close to significantly more 

MUSICA2 Invert images compared to Unprocessed (p = 0.0699).  No significant 

difference was found between MUSICA2 and MUSICA2 Invert (p = 0.2009) or 

between Unprocessed and Unprocessed Invert (p = 0.0848). 
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Figure 5.7(A-D): Sufficiency of image quality for t he early detection of breast 

cancer for MUSICA 2, MUSICA2 Invert, Unprocessed and 

Unprocessed Invert  
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5.5 DISCUSSION 

It is now generally accepted that the full potential of DM can only be achieved 

through soft-copy reading (Lewin et al, 2002) (Kim et al, 2006) (Obenauer et al, 

2002).  A previous study has emphasised the importance of appropriate training for 

radiologists to perform soft-copy reading (Pisano et al, 2002).  Skaane and co-

workers, who performed the Oslo I (2003) and Oslo II (2004) studies, found a higher 

cancer detection rate for FFDM compared to SFM in the second study.  The 

difference is ascribed to a variety of reasons, one of them being a learning curve 

effect as they used the same radiologists as readers in both Oslo studies (Skaane, 

Hofvind & Skjennald, 2007).  Before the Oslo I study, the radiologists only had 

experience in SFM (Skaane et al, 2003). 

The complexity of soft-copy reading of digital mammograms is widely acknowledged 

and radiologists have to become familiar with the soft-copy tools (Uematsu, 2009).  

Furthermore, a much needed knowledge for the radiologists on the image 

processing algorithm used on a workstation has been expressed (Pisano, 2006).  In 

order for radiologists to accurately evaluate soft-copy images, they should be familiar 

with the image processing applied (Uematsu, 2009).  It was previously reported that 

viewers are not always provided with sufficient information on the principles of the 

processing algorithm (Pisano, 2006), and moreover there is still no consensus on the 

best processing algorithm for DM (Uematsu, 2009).  Warren and co-workers (2012) 

acknowledge that because each manufacturer’s system uses a different image 

processing algorithm, it is important to investigate the effect of each on amongst 

other things, calcification detection.   Moreover in many mammography units across 

the globe SFM has been replaced with DM and in others the replacement will be 
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done in due course.  The need for radiologists to be trained in the new modality is 

thus well motivated. 

The theoretical training in this study provided the radiologists with knowledge of the 

new modality and critical awareness of challenges when changing from SFM to DM 

and the hands-on training enabled the radiologists to learn about the tools for soft-

copy viewing and to become familiar with their use.  With the participative learning 

approach to develop the viewing protocol, the radiologists gained experience and 

confidence in the use of the tools for soft-copy viewing.  The results of the 

participative learning provided them with much needed knowledge and 

understanding of the processing options in their clinical setting.  As they participated 

in the development of the viewing protocol, they gained first-hand experience of the 

effect of the processing option on image quality and should therefore be able to 

confidently apply it in clinical practice. 

No previous work was found in which the effect of image processing on the image 

quality of anatomical structures in the breast was evaluated.  Although studies were 

found in which the effect of processing options on masses and calcifications were 

investigated, they evaluated the effect of the processing options on viewer 

performance for the detection of masses and calcifications, not the effect thereof on 

image quality.  However, image quality was demonstrated to be a critical component 

of early detection of breast cancer (Ikeda, 2011: 1). 

The outcomes for the learning objectives defined for the participative learning are as 

follows: 
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5.5.1 Image quality evaluation – Overall anatomical  structures (criteria 1-8) 

The aim of image processing is to improve the display by making it more pleasing to 

the eye; however it cannot add information to the image (Willison, LaBella & Zuley, 

2006).  With the unprocessed images, the viewer has to find WW/WL parameters to 

optimally display the different anatomical structures.  The concept of MUSICA2 on 

the other hand is to enhance low contrast at the expense of high contrast in order to 

improve the image quality for the viewer.  By reducing the contrast of the structures 

that use too much of the available dynamic range, the image is manipulated in order 

to better make use of the available gray level range (Schaetzing, 2007:6-7).  In this 

study both MUSICA2 and MUSICA2 Invert showed significantly better image quality 

for anatomical structures overall (criteria 1-8) compared to Unprocessed and 

Unprocessed Invert.  This can be explained by the better use of the available gray 

level range for the display of anatomical structures in the breast with the processed 

images. 

5.5.2 Image quality evaluation – Individual anatomi cal structures (criteria 

1-8) 

The demand for high contrast in an image to detect subtle lesions in the breast has 

not changed since the early days of mammography.  Compared to conventional 

SFM, the wide-latitude response of digital detectors makes it possible to capture x-

ray information in the over- (near the skin line) and under-penetrated (glandular 

tissue) regions of the breast.  However, the viewer gains more from the improved 

contrast resolution when image processing enhancement methods are applied 

(Seibert A, 2006).  It would be fair to argue that it is the subtle contrast differences 

rather than the high contrast differences that are often overlooked in the diagnostic 
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process in clinical practice (Schaetzing, 2007:p6).  In this study both MUSICA2 and 

MUSICA2 Invert demonstrated better image quality for individual anatomical 

structures (criteria 1-8) compared to Unprocessed and Unprocessed Invert.  Of 

specific importance is the significantly superior image quality for both MUSICA2 and 

MUSICA2 Invert compared to both Unprocessed and Unprocessed Invert in dense 

(criterion 4 -vessels in dense parenchyma, criterion 8 - glandular tissue) and less 

dense areas in the breast (criterion 5 - vessels in fat tissue).  The gain in image 

quality is of specific importance in the dense areas of the breast as it has been 

shown that mammography can potentially be less sensitive when breast tissue is 

more difficult to penetrate (Saarenmaa et al, 2001).  Skin structure (criterion 2) was 

also evaluated in the region of the pectoral muscle area (denser breast area) but 

only MUSICA2 was found to be significantly superior to Unprocessed and 

Unprocessed Invert.  Compared to both Unprocessed and Unprocessed Invert; 

MUSICA2 Invert showed better image quality (although not significantly).  With skin 

structure, the viewers were instructed to evaluate the rosettes from pores along the 

pectoralis muscle.  Because this is the densest area in the breast, it is also the area 

where the least dose reaches the image receptor and the area where noise (salt and 

pepper appearance) could be more readily visible. The latter could degrade the 

contrast in this area rendering it more difficult to visualise the rosettes from pores.  

The results of this part of our study leads to the assumption that MUSICA2 image 

processing adds to image quality especially in the challenging dense areas of the 

breast and it can probably be attributed to the better use of the available gray level 

range to display small intensity differences.  In the Unprocessed image, excessive 

contrast can also be reduced by using WW/WL adjustments, however, the latter will 

also affect other image contrast and not only the desired contrast adjustment 
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(Schaetzing, 2007:p16).  This explains why the processed image is more beneficial 

to the viewer because it is less viewer dependant in terms of finding a suitable 

WW/WL. 

With larger structures such as the high contrast pectoral muscle margin, the 

processed images did not significantly improve visibility perhaps because density 

differences (contrast) are not as crucial for visualisation of the structure as they are 

for smaller structures. 

In another less dense area in the breast (skin outline - criterion 1) the only significant 

differences between MUSICA2 and MUSICA2 Invert were found; MUSICA2 Invert 

being superior to MUSICA2.  MUSICA2 Invert was also significantly superior to both 

Unprocessed and Unprocessed Invert.  It thus points to the skin outline being better 

visualised with the invert of the processed image in which the unattenuated 

background adjacent to the skin outline is displayed in white instead of black and the 

breast tissue more black instead of more white. 

 

5.5.3 Image quality evaluation – Calcifications (cr iterion 9) and masses 

(criterion 10)  

Early mammographic signs of breast cancer are often subtle and include masses, 

calcifications, architectural distortion and bilateral asymmetry (ACR, 2003).  

Characteristics of calcifications that make them difficult to detect on a mammogram 

are that they are generally very small in size and therefore often have low contrast 

compared to the background (especially in dense fibro-glandular tissue).  The small 

size together with a non-homogeneous background can easily lead to 

misinterpretation as noise (Sampat, Markey & Bovik, 2005:1203). 
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As mentioned before, no studies were found in which the effects of the different 

image processing options on the image quality of calcifications were studied.  A 

number of previous authors however reported on the effect of different image 

processing options on the detection of calcifications and masses. 

Calcifications: 

Pisano and co-workers (1997a) investigated the effect of intensity windowing on the 

detection of simulated calcifications in dense mammograms.  Twenty student 

observers evaluated the hard-copy images with no windowing applied and nine 

different window widths and levels applied.  They found statistically significant 

improvement for the detection of calcifications with specific WW/WL settings.  These 

results indicate that manual intensity windowing can have a significant impact on the 

detection of calcifications and may impact negatively when viewers have to view an 

unprocessed image.  Our results support this.  A Japanese study compared the 

detection of breast cancer by soft-copy reading of DM of a routine image-processing 

parameter and high-contrast parameters (Kamitani et al, 2010).  Their study included 

154 mammograms obtained with a CR system and five experienced radiologists 

interpreted the images.  In dense breast tissue, they found that high-contrast 

parameters showed relatively low sensitivity for microcalcifications.  Their results 

indicate that high-contrast parameters do not necessarily improve the detection of a 

relatively high contrast structure such as calcifications. 

Masses: 

A very small difference exists in the amount of x-radiation attenuation that occurs in 

a tumour and adjacent normal dense breast parenchyma.  As a result, the difference 

in the x-rays absorbed in the recording system is also small, complicating the display 
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of subtle differences.  Thus although some information may have been recorded on 

the film, it may not be displayed optimally to the viewer.  Pisano et al (1997b) studied 

the effect of intensity windowing on the detection of simulated masses in dense 

portions of digitised mammograms.  Twenty student observers evaluated hard-copy 

images with no windowing applied and nine different window width and levels 

applied.  They found a statistically significant improvement for the detection of 

masses with specific window width and window level settings.  These results indicate 

that manual intensity windowing can have a significant impact on the detection of 

masses and may impact negatively when viewers have to view an Unprocessed 

image.  Hemminger and co-workers (2001) studied the effect of two different image-

processing techniques (HIW and CLAHE) on the detection of simulated masses in 

mammograms.  They found that the parameter setting of the algorithms used 

affected the detection of simulated masses on mammograms with dense 

backgrounds.  No difference in performance was found with the best CLAHE settings 

compared to no processing.  However the best HIW setting performed better than no 

processing.  In our study, we also found no significant difference in image quality 

between MUSICA2 and Unprocessed.  A Japanese study compared the detection of 

breast cancer by soft-copy reading of DM of a routine image-processing parameter 

and high-contrast parameters (Kamitani et al, 2010).  In contrast to their results in 

the study where the effect of high-contrast parameters were studied on calcifications 

(Kamitani et al, 2010), they found that high-contrast parameters showed relatively 

high sensitivity and area under the ROC curves in the detection of masses.  Their 

results indicate that high-contrast parameters can be beneficial for the improvement 

of the detection of relatively low contrast structures such as masses.  As manual 

windowing is user dependent, the lower mean IQS found for Unprocessed in this 
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study can be expected as the viewers in this study had little experience in manual 

windowing for breast images. 

In this study, the results strongly indicate that MUSICA2 provided better image quality 

compared to Unprocessed and Unprocessed Invert in the demonstration of 

calcifications and also that MUSICA2 Invert is significantly superior to Unprocessed 

Invert for that.  However, this study found no significant difference between any of 

the processing options in the demonstration of masses.  These findings suggest that 

the concept of this processing option was capable of significantly improving the 

image quality for calcifications (higher contrast structures).  However, the 

enhancement of low contrast structures (masses) was not superior to that which 

viewers were able to obtain through manual windowing alone.  The processed 

images in which less manual windowing needs to be performed, tend to show better 

image quality. 

5.5.4 Image quality evaluation – Noise level in the  reproduction of the 

pectoral muscle (criterion 11) 

Noise can be described as something that interferes with the visibility of useful signal 

and in the digital image includes quantum noise or mottle as well as electronic noise 

(present in digital receptors) (Willison, LaBella & Zuley, 2006).  A danger of image 

processing (enhancement) with the aim to enhance low contrast structures is that the 

noise in the image will also be amplified together with the relevant, subtle contrast.  

This is because noise is generally also a low-contrast feature (Schaetzing, 2007:12).  

It would therefore be expected that image noise should be less visible in 

Unprocessed images compared to processed images.  Our results support this by 

showing significantly less noise was seen by the viewers for Unprocessed.  For both 

these processing options, noise in the image was not acceptable to only one viewer 
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(1/36), however Unprocessed Invert was significantly superior because noise could 

not be seen by two viewers in five of the 36 images (5/36), and not seen by one 

viewer in 11 of the 36 images (11/36).  Although a significant difference was not 

seen between Unprocessed and any of the other processing options, noise was not 

seen by more viewers with Unprocessed (10/36 by one viewer and 1/36 by two 

viewers) compared to that of MUSICA2 (36/36 seen by all viewers) and MUSICA2 

Invert (2/36 not seen by one viewer).  Unprocessed Invert was almost significantly 

superior to MUSICA2 Invert (p = 0.0756).  The results thus point to less noise being 

seen in unprocessed images compared to the processed images, perhaps 

implicating the possibility that noise becomes more visible to the viewer in the 

processed image. 

5.5.5 Image quality evaluation – Is the image quali ty sufficient for early 

detection of breast cancer? (criterion 12) 

In a study by Pisano and co-workers (2000) the preferences of radiologists among 

eight different image processing algorithms for screening and diagnostic imaging 

task on hard-copy display were determined.  The processing options included 

MUSICA, (the predecessor of MUSICA2 used in this study).  They found that 

radiologists selected different digital processing algorithms depending on the reading 

task and for different lesion types.  In our results where only MUSICA2 and 

Unprocessed were evaluated, the viewers found a significantly larger number of 

MUSICA2 images to be suitable for the early detection of breast cancer. 

Invert 

Our results strongly indicate no significant difference in overall image quality for 

anatomical structures with the use of the invert for both MUSICA2 and Unprocessed.  



119 

 

However to demonstrate the skin outline, evidence was found that MUSICA2 Invert 

significantly improved image quality compared to MUSICA2.  For the visualisation of 

calcifications, only Unprocessed Invert significantly improved image quality 

compared to Unprocessed.  We found no significant difference with the use of invert 

for either MUSICA2 or Unprocessed in the demonstration of masses or in noise level 

(in the reproduction of the pectoral muscle area).  The invert made no significant 

difference to the viewers opinion on processing option for the early detection of 

breast cancer (MUSICA2 vs MUSICA2 Invert, and Unprocessed vs Unprocessed 

Invert). 

5.5.6 Comparing the results of the phantom study (C hapter 4) with that of 

the clinical images 

It was interesting to note that the processing option which provided the best image 

quality with the CD phantom (Chapter 4) was not the same as the processing options 

which provided the best image quality with the clinical images.  The processing 

option which provided the best image quality (lowest IQF) with the phantom was 

Unprocessed Invert.  With the clinical images, MUSICA2 and MUSICA2 Invert 

showed statistically significantly better image quality compared to that of 

Unprocessed Invert.  This can possibly be because the phantom image consists of a 

more homogeneous background with regular standard test objects whereas the 

clinical images are a mix of structures in a heterogeneous background.  The 

enhancement of low contrast structures at the expense of high contrast structures 

makes sense in a clinical mammography image but not in the type of phantom used 

in this study.  For clinical images however, contrast enhancement of low contrast 

structures at the expense of high contrast structures renders the available dynamic 

range for display of more subtle contrast differences better for evaluation of most 
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anatomical structures and calcifications.  The fact that statistically less noise was 

seen with Unprocessed Invert compared to MUSICA2 (p = 0.016) is perhaps also a 

good explanation why Unprocessed Invert was found to have superior image quality 

in the phantom study.  Some of the disc diameters in the phantom are very small, 

and noise can probably influence the visibility of such discs. 

5.6 CONCLUSION 

The training offered the radiologists factual and conceptual knowledge and insight in 

the challenges associated with changing from SFM to DM.  The participative learning 

approach to develop the viewing protocol offered them the opportunity to gain 

experience in soft-copy viewing.  They had become accustomed to the process for 

viewing the image.  The recommended processing option for the viewing protocol 

was made based on the processing option which the radiologists found provided the 

best image quality.  They learned about the processing options and the effect thereof 

on image quality. 

The knowledge gained from the results of the participative learning included the 

following:  Overall, MUSICA2 and MUSICA2 Invert showed significantly better image 

quality compared to Unprocessed and Unprocessed Invert and can be confidently 

used in clinical practice.  Both MUSICA2 and MUSICA2 Invert showed significantly 

better image quality for the visualisation of anatomical structures.  Of importance is 

that both MUSICA2 and MUSICA2 Invert also showed significantly better image 

quality in the denser areas of the breast in which the visualisation of possible 

pathology is challenging because of low contrast.  In addition, both MUSICA2 and 

MUSICA2 Invert can be confidently used for looking at calcifications as it provided 

significantly superior image quality compared to Unprocessed and Unprocessed 
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Invert.  However, for masses, no significant difference in image quality was seen 

between the processing options, and it is probably the area in which the processed 

image contributed the least.  Also, although the noise level in Unprocessed Invert 

was found to be significantly superior to MUSICA2, the noise level in both MUSICA2, 

and MUSICA2 Invert was found to be acceptable to all three viewers in 97.2% and 

91.7% of cases respectively. Also, the viewers found a significantly larger number of 

MUSICA2 images to be suitable for the early detection of breast cancer compared to 

Unprocessed and Unprocessed Invert.  The only significant difference between 

MUSICA2 and MUSICA2 Invert was seen with skin outline where MUSICA2 Invert 

was found to be superior.  Furthermore, a smaller variation between the viewers was 

observed for MUSICA2 Invert compared to the other processing options. 

On grounds of the knowledge gained from the image quality evaluation study, the 

following recommendations were made for the soft-copy viewing protocol: 

• From the theoretical knowledge gained on the lower spatial resolution for DM 

compared to SFM, roaming and zooming are essential to view all areas in the 

breast at full resolution 

• Image processing (MUSICA2 or MUSICA2 Invert) is recommended for viewing 

all anatomical structures.  The default processing option recommended was 

MUSICA2 Invert based on overall image quality performance on anatomical 

structures in particular skin outline 

• Image processing (MUSICA2 or MUSICA2 Invert) is recommended for the 

viewing of calcifications.  With MUSICA2 Invert as the default processing option, 

it would thus not be necessary to use a different processing option to view 

calcifications 
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• Image processing (MUSICA2 or MUSICA2 Invert) is recommended for viewing 

mammograms for the early detection of breast cancer.  As for calcifications 

MUSICA2 Invert as the default processing option is suitable for the early 

detection of breast cancer 

• Noise level in the densest area of the breast with the processed images 

(MUSICA2 or MUSICA2 Invert) is acceptable.  However, the Unprocessed Invert 

processing option should be applied whenever noise is regarded as a problem 

• Special attention should be paid to the dense breast area during viewing as it 

was identified as the area where even the processed images showed the 

lowest image quality.  Manual intensity windowing should be used to try and 

improve clear visualization of the area 

• As no significant improvement in the image quality of masses was found with 

the processed images, special attention should be paid in viewing for masses.  

Manual intensity windowing should be used to try and further improve contrast 

for the visualization of masses 

In the next chapter, the diagnostic accuracy of the radiologists before and after the 

development of the viewing protocol will be presented. 
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CHAPTER 6 

DIAGNOSTIC ACCURACY BEFORE AND AFTER THE 
DEVELOPMENT OF THE SOFT-COPY VIEWING 

PROTOCOL 

6.1 INTRODUCTION 

It is thus of interest to determine what the effect of the soft-copy viewing protocol 

(described in Chapter 5) was on the accuracy of radiologists’ diagnosis on 

mammography reporting.  To answer the above question, diagnostic accuracy was 

determined before and after the development of the soft-copy viewing protocol.  

Diagnostic accuracy in the context of this study relates to the ability of a viewer to 

discriminate between the target condition (malignant diagnosis on mammogram) and 

health (normal/benign diagnosis on mammogram).  Different measures of diagnostic 

accuracy can be used to quantify the discriminative ability (Simundic, 2012). 

Perfect diagnostic accuracy in this study will imply that the viewer completely 

discriminated between a mammogram of a patient with breast cancer and a 

mammogram of a patient without breast cancer.  However, in real life the above 

mentioned scenario is thus far impossible to achieve.   

6.2 AIM 

The aim of this part of the study was to evaluate the effect of the developed soft-

copy viewing protocol on the diagnostic accuracy achieved by the viewers. 
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6.3 METHODS 

6.3.1 Study population 

All consecutive consenting patients attending the mammogram unit at Universitas 

Hospital for a mammogram examination during the study period (June 2008 to May 

2009) were considered for the study, and a selection of 120 of these were included. 

6.3.2 Case selection 

The exclusion criteria for the study were: patients with larger breasts than the field 

size of the equipment, patients who had a previous mastectomy and patients who 

had a current normal/benign reported mammogram, but who did not have record of a 

previous mammogram at least 12 months prior to the current mammogram.  Also, all 

patients with radiology reports of malignancy, for whom histo-pathology reports could 

not be obtained, were excluded from the study.  At the end of the data collection 

period we had 1263 consented mammograms from which we could obtain histo-

pathology confirmation of 60 malignant cases.  Because more normal/benign cases 

were collected during this period compared to malignant cases, a Consultant 

Radiologist at the mammography unit selected the normal/benign cases to equal the 

number of malignant cases found.  The dataset thus consisted of 120 cases (60 

malignant + 60 normal/benign cases). 

For the purpose of this study, the data set of images before the development of the 

viewing protocol will be referred to as “initial data set”, whereas the data set of 

images after the viewing protocol will be referred to as “final data set”.  For the initial 

data set the first 40 malignant and 40 normal/benign cases were included (total of 80 

cases).  So as not to use all the same cases for the final data set, only 40 cases in 

the initial data set were included in the final data set (20 malignant and 20 
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normal/benign).  Forty unseen cases (20 malignant and 20 normal/benign cases) 

were added to bring the total of the “final data set” also to 80 cases.  To avoid image-

selection-bias, the cases that were used in both the initial- and final data sets were 

systematically selected as every second case from the initial dataset. 

6.3.3 Views included 

A patient case consisted of four standard images namely cranio-caudal (CC) and 

medio-lateral-oblique (MLO) views of both breasts.  If deemed necessary by the 

reporting radiologist on duty at the time of the examination, spot views that were 

obtained were also included in the study.   

6.3.4 Confirmation of diagnosis 

Malignancy was confirmed based on histopathology reports.  Current normal/benign 

cases were considered confirmed if both the current and the previous mammogram 

were reported as normal/benign. 

6.3.5 Equipment 

Images were obtained with a GE Senographe DMR mammography unit and an Agfa 

CR system.  The images were archived onto a Philips PACS and reviewed on a 

workstation with a Matrox MED5Mp-DVI graphic card.  The images were displayed 

on a Fimi (model MML2152) 5Mp high resolution monitor (2048 x 2560 pixels) with a 

10 bit gray scale depth.  The review station was situated in a dedicated viewing area 

for mammography with suitable ambient light.  Quality control tests on the entire 

imaging chain, including the viewing equipment and viewing conditions, were 

performed and approved by the Department of Medical Physics before the 

commencement of the study. 
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6.3.6 Viewers 

The viewers were the trainees (radiologists) used to develop the soft-copy viewing 

protocol through participative learning (see 5.3.2). 

6.3.7 Viewing of the images 

The cases were saved in a personal folder on the PACS workstation, accessible only 

to the researcher.  Malignant and benign cases were randomly displayed by the 

researcher to each viewer individually.  No clinical history or patient information was 

available to the viewers.  For the initial reporting, viewers received no instructions on 

which display tools to use, but were free to adjust WW/WL and to use roaming and 

magnification if they so want to.  However, for the final reporting, they had to use the 

guidelines established for the viewing protocol (Chapter 5).  No time restriction was 

placed on the viewing and reporting of images.  To avoid recall bias, a minimum 

‘wash-out’ period of three months was allowed between the initial and final reporting. 

6.3.8 Image processing algorithm 

For the initial reporting, all images were default processed with MUSICA2 before the 

soft-copy image was displayed on the computer monitor.  For the final reporting the 

default processing option identified through the development of the viewing protocol 

(Chapter 5) was MUSICA2 Invert.  In Figure 6.1 an image processed with MUSICA2 

and MUSICA2 Invert can be seen. 



127 

 

 

A MUSICA2                                      B MUSICA2 Invert 

Figure 6.1: A MLO view of the breast.  In A the ima ge was processed with 

MUSICA2, and in B, the image was processed with MUSICA 2 Invert 

6.3.9 Reporting 

6.3.9.1 BI-RADS assessment categories 

The viewers were instructed to indicate their findings according to the BI-RADS 

assessment categories on a structured report form (see Appendix O).  BI-RADS 

makes provision for a category 0 where the radiologists can indicate the need for 

additional imaging which is applicable in screening mammograpy.  As the cases in 

the study were previously worked out, this option was not available to the viewers.  

BI-RADS 1, 2 and 3 were considered normal/benign and BI-RADS 4 and 5 were 
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considered malignant.  BI-RADS 3 is a category that should be used with caution by 

radiologists, as it necessitates a short interval follow-up (probably benign finding). 

The ACR BI-RADS categories used in the study, together with a description of the 

finding for each, can be seen in Table 6.1. 

Table 6.1: American College of Radiology Breast Ima ging Reporting and 

Data System (BI-RADS) classification used in this s tudy (ACR, 

2003) 

BI-RADS 
category Finding 

1 Normal mammogram 

2 Benign non cancerous finding 

3 Probably benign finding – short interval follow up suggested 

4 Suspicious abnormality – biopsy indicated 

5 Highly suggestive of malignancy, biopsy and appropriate action needed 

 

For the purpose of this study, the reporting before the development of the viewing 

protocol is referred to as “initial reporting”, whereas the reporting thereafter is 

referred to as “final reporting”. 

6.3.9.2 Classification of breast parenchyma 

The viewers were also instructed to use tick boxes to indicate the breast 

parenchyma classification as described by Tabàr (Gram, Funkhouser & Tabár, 

1997).  Table 6.2 shows the breast parenchyma classification by Tabár.  Pattern 1 
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represents the classic appearance of the premenopausal breast. Pattern 2 

represents the normal postmenopausal breast with glandular tissue replaced by fatty 

tissue. Pattern 3 indicates more periductal elastosis.  Pattern 4 probably represents 

proliferation. Pattern 5 represents extensive fibrosis, which may be, but is not 

necessarily, associated with any malignant or proliferative process. 

Table 6.2: Tabár’s classification of breast parench yma 

Tabár’s 
classification Description 

1 Mammogram composed of scalloped contours with some lucent areas of 
fatty replacement, and 1 mm evenly distributed nodular densities 

2 Mammogram composed almost entirely of lucent areas of fatty 
replacement, and 1 mm evenly distributed nodular densities 

3 Prominent ducts in the retro-areolar area 

4 Extensive nodular and linear densities, with nodular size larger than normal 
lobules. Prominent ducts in the retro-areolar area 

5 Homogeneous, ground glass-like appearance with no perceptible features 

 

6.3.9.3 Characterisation of lesions 

The viewers were also instructed to characterise the detected lesions using tick 

boxes on the supplied report form (see Appendix O).  The lesion site had to be 

indicated using the following tick boxes: 1) Superior-external (lateral), 2) Central-

external (lateral), 3) Inferior-external (lateral), 4) Inferior – central, 5) Inferior-internal 

(medial), 6) Central-internal (medial), 7) Superior-internal (medial), 8) Superior-

central, 9) Areolar, 10) Diffuse or 11) Axillary tail and 12) Retro-mammary.  For the 

description of calcifications, the viewers had to tick one of the following descriptors: 

absent (1), predominatly punctate (2), predominantly pleomorphic/granular (3), 
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prodominantly linear branching (4) or benign (5).  The tick box options to describe 

opacities included the following: No opacity/asymmetry, Well defined opacity, Poorly 

defined opacity or Spiculate opacity.  To describe the mammogram pattern, the 

viewers had to tick the following tick boxes where appropriate: Architectural 

distortion, Asymmetry breast, Asymmetry density, Skin thickening, Skin retraction 

and Nipple retraction.  Lesion extent had to be indicated as either localized, 

Multifocal or Multicentric.  An information document on Tabár’s classification of 

breast parenchyma, BI-RADS assessment categories and the ACR’s Breast Imaging 

Lexicon was given to each radiologist to serve as a reference in case it was needed 

(see Appendix P). 

6.3.10 Familiarising the viewers 

Before the start of this part of the study, the report form was explained to the viewers 

and each viewer received an information document which explained the BI-RADS 

categories, details about the report form (see Appendix P).  Before the start of the 

first viewing session for each individual viewer, the viewer was instructed to report on 

five mammogram studies (not included in the study) using the report form in order to 

familiarise themselves with the procedure to be followed during the study. 

6.3.11 Descriptive data analysis 

Data capturing was done by the researcher onto an Excel spreadsheet.  Sensitivity, 

specificity, overall accuracy, PPV and the percentage of BI-RADS 3 cases 

(undesirable category for probably benign lesions as it necessitates a short interval 

follow-up) were calculated per viewer.  Table 6.3 was used to calculate sensitivity, 

specificity, overall accuracy and PPV. 
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Table 6.3: 2 x 2 Contingency table 

 

Reference standard 
 Test 
results Subjects with the disease Subjects without the dise ase 

Positive True positive (TP) False positive (FP) 

Negative  False negative (FN) True negative (TN) 

 

Sensitivity in this study defines the proportion of true malignant findings on 

mammograms in the total group of mammograms with a confirmed diagnosis of 

malignancy. 

 

Specificity on the other hand defines the proportion of true normal/benign findings on 

mammograms in the total group of mammograms with a confirmed normal/benign 

diagnosis. 

 

The overall accuracy in this study defines the proportion of correct findings on 

mammograms in relation to all the mammograms included. 

 

The positive predictive value (PPV) in this study defines the probability of breast 

cancer among the mammograms with a positive test result. 
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6.3.12 Comparative statistical analysis 

Sensitivity, specificity, overall accuracy, PPV and percentage BI-RADS 3 were 

compared between initial and final reporting using chi-squared or Fisher's exact 

tests.  In the initial reporting, specificity for one viewer was calculated for 39 cases 

as that viewer used BI-RADS category 0 (which was not allowed for this study) to 

indicate the management of one truly benign case.  The agreement between the 

viewers on Tabár’s classification of breast parenchyma, as well as agreement on 

lesion characterisation was calculated using kappa with a 95% CI.  Cut-off points for 

kappa values proposed by Landis and Koch as reported by Fleiss et. al. (2003: 604) 

was used: < 0.4 (weak to moderate agreement), 0.4 – 0.75 (fair to good agreement) 

and > 0. 75 (strong agreement).  For lesion site and calcifications the percentage 

agreement between pairs of viewers were calculated. The same statistical analysis 

was conducted for the initial reporting and the final reporting. 
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6.4 RESULTS 

The datasheets showing the raw data of all three viewers can be found in Appendix 

Q. 

6.4.1 Histopathology confirmation 

Histopathology revealed the malignant lesions included examples of ductal 

carcinoma Gr II (24), ductal carcinoma Gr III (14), ductal carcinoma in-situ (DCIS) 

(4), ductal carcinoma Gr I (3), lobular carcinoma (3), angiosarcoma (1), medullary 

carcinoma (1), and Pagets infiltrating carcinoma (1).  Nine (9) cases were considered 

malignant based on Fine-Needle-Aspiration (FNA) only as they were lost to follow-

up. 

6.4.2 Viewing sessions 

Initial reporting (80 cases) was completed in an average of seven (7) individual 

sessions per reader in an average of seven (7) hours and 20 minutes per viewer.  

On completion of the initial reporting by all three viewers, the development of the 

viewing protocol through participative learning commenced (Chapter 5).  Final 

reporting (80 cases) were completed in an average of five (5) individual sessions per 

reader in an average of five hours 16 minutes per viewer. 

6.4.3 Sensitivity 

The sensitivity for the different viewers before and after the development of the 

viewing protocol can be seen in Figure 6.2.  For viewer A, sensitivity stayed 

unchanged after the viewing protocol on 95% (p = 1.000).  For both viewer B and 

viewer C on the other hand, a non significant increase in sensitivity was noted after 
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the viewing protocol from 90% to 95% (p = 0.6752) and from 90% to 97.5% (p = 

0.3589) respectively. 

 

Figure 6.2: Sensitivity before (Initial reporting) and after the viewing protocol 

(Final reporting) 

6.4.4 Specificity 

From Figure 6.3 it can be seen a non significant increase in specificity was noted for 

two of the viewers (viewer A and viewer B) after the viewing protocol from 61.5% to 

72.5% (p = 0.2999) and 70% to 85% (p = 0.1082) respectively.  However, for one of 

the viewers (viewer C), specificity stayed unchanged after the viewing protocol 

(82.5%) (p = 1.000). 
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Figure 6.3: Specificity before (Initial reporting) and after the viewing protocol 

(Final reporting) 

6.4.5 Overall accuracy  

The overall accuracy in the initial and final reporting is presented in Table 6.4.  

Although an increase in overall diagnostic accuracy for all three viewers was found 

after the development of viewing protocol, it was not significant (p = 0.3959, p = 

0.0765 and p = 0.4635). 
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Table 6.4: Overall accuracy before (Initial reporti ng) and after the viewing 

protocol (Final reporting) 

Initial Final 
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A 38/40 24/39 
78.5 

(62/79) 38/40 29/40 
83.8 

(67/80) 

B 36/40 28/40 
80 

(64/80) 38/40 34/40 
90 

(72/80) 

C 36/40 33/40 86.3 
(69/80) 39/40 33/40 90 

(72/80) 

 

6.4.6 Positive predictive value (PPV) 

Figure 6.4 shows the PPV for the viewers before and after the viewing protocol.  It 

can be seen that PPV increased for all three viewers after the viewing protocol, from 

71.7% to 77.6% (p = 0.6198), 75% to 86.4% (p = 0.1699), and 83.7% to 84.8% (p = 

0.8907) respectively which was not significant. 
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Figure 6.4: Positive predictive values (PPV) before  (Initial reporting) and after 

the viewing protocol (Final reporting) 

6.4.7 BI-RADS 3 

The cases reported as BI-RADS 3 before and after the viewing protocol are 

presented in Table 6.5.  When comparing all cases in BI-RADS 3 before and after 

the viewing protocol, it was found that both viewer A and viewer C showed a slight 

decrease in the percentage cases classified as BI-RADS 3: from 15% (12/80) to 

12.5% (10/80) (p = 0.6461) and from 28.8% (23/80) to 22.5% (18/80) (p = 0.2810) 

respectively.  However for viewer B a slight increase was seen from 30% (24/80) to 

32.5% (26/80) (p = 0.7330).  The percentage of BI-RADS 3 cases that had proven 

malignancy increased slightly for viewer A from 8.3% to 10%.  However, for both 

viewers B and C a decrease was found from 16.7% to 7.7% (p = 0.4092) and from 

17.4% to 5.6% (p = 0.3629) respectively. 
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Table 6.5: Cases classified as BI-RADS 3 before (In itial reporting) and after 

the viewing protocol (Final reporting) 

Viewers A B C 

  Initial Final Initial Final Initial  Final 

Percentage of all cases  
(n = 80) 

  15%   
(12) 

12.5% 
(10) 

 30%   
(24) 

32.5% 
(26) 

28.8% 
(23) 

22.5% 
(18) 

Percentage of true malignant cases 
(n=40) 

2.5% 
(1) 

2.5% 
(1) 

10% 
(4) 

  5%    
(2) 

  10%  
(4) 

2.5%  
(1) 

Percentage of true benign cases 
(n=40) 

27.5% 
(11) 

22.5% 
(9) 

 50% 
(20) 

  60% 
(24) 

47.5% 
(19) 

42.5% 
(17) 

Percentage of BI-RADS category 3 
cases that had proven malignancy 8.3% 10% 16.7% 7.7% 17.4% 5.6% 

 

6.4.8 Breast parenchyma 

The percentage agreement between the viewers on Tabár’s classification of breast 

parenchyma is shown in Figure 6.5.  The highest percentage agreement for a viewer 

pair in the initial reporting was 61.3%, compared to 66.3% in the final reporting.  It 

can be seen that after the viewing protocol the percentage agreement between all 

three viewers on breast parenchyma classification, increased from 31.3% to 43.8% 

(p = 0.1025).  The calculated simple kappa values for the agreement on Tabár’s 

classification of breast parenchyma between the viewers before and after the 

viewing protocol can be seen in Appendix R.  It can be seen that weak to moderate 

agreement (kappa < 0.4) was found for two of the three viewer pairs in both the initial 

and final reporting, and fair to good agreement for one viewer pair in each (kappa 0.4 

– 0.75).  Strong agreement (kappa > 0.75) was not found for any viewer pair either 

before or after the viewing protocol. 
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Figure 6.5: Percentage agreement between viewers on  Tabár’s classification 

of breast parenchyma before (Initial reporting) and  after the 

viewing protocol (Final reporting) 

6.4.9 Characterisation of lesions 

Lesion site 

The percentage agreement between the viewers on lesion site can be seen in 

Appendix S.  The lowest percentage agreement between any viewer pair in the initial 

reporting was 46.3% compared to 56.3% in the final reporting.  The highest 

percentage agreement between any viewer pair in the initial reporting was less than 

64% and in the final reporting less than 73%.  An increase in both the lowest 

percentage agreement and highest percentage agreement was thus found in the 

final reporting compared to the intial reporting. 
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Calcifications 

The percentage agreement between the viewers on the description of calcifications 

can be seen in Appendix S.  The highest percentage agreement between any viewer 

pair in the initial reporting was less than 63% and in the final reporting less than 

58%.  The percentage agreement between most viewer pairs in both the initial and 

final reporting was less than 50%. 

Mammogram pattern 

The kappa values indicating agreement between the viewers for the descriptors used 

to characterise the mamogram pattern can be seen in Appendix T.  Because the 

viewers did not indicate the lesions as being in the same site, the mammographic 

pattern descriptor for the lesion as either a well defined opacity, poorly defined 

opacity or spiculate opacity could not be further analysed and is therefor not incuded 

in Appendix T. 

The total number of viewer pair agreements calculated for the seven (7) 

mammogram pattern descriptors was 42 for the intial and final reporting respectively.  

In the initial reporting weak to moderate agreement (kappa < 0.4) was found for 17 

pairs compared to 12 pairs in the final reporting.  Fair to good agreement (kappa 0.4 

– 0.75) was found for 22 pairs in the initial reporting compared to 20 pairs in the final 

reporting.  Strong agreement (kappa > 0.75) was found for three (3) pairs in the intial 

reporting compared to 10 pairs in the final reporting.  The improvement in agreement 

was found in particular for the descriptors pertaining to skin thickening, skin 

retraction, and nipple retraction  In the initial reporting strong agreement was found 

for three (3) viewer pairs for these descriptors, compared to nine (9) viewer pairs in 

the final reporting. 
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Lesion extent 

The agreement between the viewers on lesion extent can be seen in Appendix U.  It 

can be seen that lesion extent was not indicated in the largest percentage of cases 

in both initial and final reporting.  This could be because 50% of the cases (n=40) 

were benign/normal.  Fair to good agreement (kappa 0.4 – 0.75) was found between 

most viewer pairs in both initial and final reporting.  Strong agreement (kappa > 0.75) 

was not found between any viewer pair in either the initial or final reporting. 

6.5 DISCUSSION 

The two basic steps for radiologists in interpreting mammograms are perception and 

analysis (Tabár & Dean, 2001:vii).  The aim with the development of the viewing 

protocol in this study was to improve the perceptibility of anatomical structures and 

subsequently the subtle signs of breast malignancies to improve radiological 

reporting.  The training of the radiologists in the new modality with the emphasis on 

digital image processing and soft-copy viewing also contributed towards improving 

perceptibility of information in the digital image. 

6.5.1 Sensitivity, specificity, overall accuracy an d PPV 

Several studies have been performed to establish performance benchmarks for 

diagnostic mammography (Sickles et al, 2005).  Dee and Sickles (2001) performed a 

medical audit of diagnostic mammography examinations and compared that with 

screening outcomes that were obtained concurrently.  They found substantially 

different results for diagnostic mammography examinations compared with those of 

screening examinations.  The US National Cancer Institute reported sensitivity and 

specificity for 4,032,556 screening mammography examinations from 1996 to 2005 

to be 78.7% and 89.5% respectively (BCSC, 2007).  They also reported sensitivity 
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and specificity benchmarks based on 401,572 diagnostic mammography 

examinations from 2002 to 2006 (BCSC, 2010).  Sensitivity and specificity for all 

diagnostic examinations were found to be 84.1% and 92.0% respectively.  Higher 

sensitivity and specificity were thus found for diagnostic examinations compared to 

screening examinations. 

Bearing in mind the difficulty of comparing our results with that of benchmarks, the 

sensitivity of all three viewers in this study (both initial and final reporting) was found 

to be higher than the reported benchmark of 84.1% for diagnostic mammography 

(BCSC, 2010) - viewer A:  both initial and final 95%, viewer B:  initial 90%, final 95%, 

and viewer C:  initial 90%, final 97% respectively.  The specificity of all three viewers 

was however found to be lower than the reported benchmark value of 92.0% for 

diagnostic mammograms (BCSC, 2010) - viewer A:  initial 61.5 and final 72.5%, 

viewer B:  initial 70%, final 85% respectively; and viewer C: both initial and final 

82.5%). 

Several factors have been found to influence radiologists’ performance in 

mammography (Barlow et al, 2002).  They found among others that previous 

mammography decreased sensitivity but increased specificity.  In our study where 

radiologists did not have access to previous mammograms, it could well have 

contributed to our higher sensitivity and lower specificity.  Barlow and co-workers 

(2002) also found that self-reported breast lump increased sensitivity but decreased 

specificity.  In our setting where predominantly diagnostic mammograms are 

performed this could well have contributed to our higher sensitivity and lower 

specificity.  Sickles and co-workers (2005) found a higher cancer diagnosis rate at 

diagnostic mammography, and the cancers identified at diagnostic mammography 

were found to be larger, with more frequently positive node involvement and more 
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advanced stage tumours compared to those detected at screening.  The reason for 

these phenomena has been attributed by some as due to the fact that visible 

symptoms or clinical findings in diagnostic mammography may point toward a more 

advanced tumor that is easier to locate and identify (Barlow et al, 2002).  An audit of 

diagnostic mammography examinations by Dee and Sickles (2001), also found 

several differences between patients for screening and patients for diagnostic 

mammography.  These included different patient demographics, higher number of 

positive biopsies, higher cancer detection rates; and larger, more advanced-stage 

cancers for diagnostic mammograms.  Again in this study, the more advanced stage 

breast malignancy found in diagnostic mammography could have contributed to our 

high sensitivity especially if taken into account that a national based screening 

mammography program is not available in South Africa. 

It is thus clear that diagnostic accuracy in screening mammography studies cannot 

be compared to that in diagnostic mammography studies.  The mammogram 

examinations performed at our mammography unit are predominantly diagnostic 

although ‘selective’ screening is also performed (see section 1.4).  Furthermore, our 

dataset consisted of only 80 cases of which 50% had proven malignancy.  Thus 

although comparison with benchmarks for diagnostic mammography will be more 

appropriate, accurate comparison is not possible because of the differences in study 

design.  Apart from different study populations, the viewers in our study did not have 

access to any clinical history on the cases and they did not have access to previous 

mammograms. 

As mentioned before, the focus of this part of the study was to find out if the 

development of the viewing protocol had an effect on the performance of the 
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viewers.  It was not to compare sensitivity and specificity values found in this study 

with benchmarks in the literature.   

The challenge for radiologists reporting on mammograms is to balance the need for 

high sensitivity for abnormalities with the need to limit the number of false-positives 

(call-backs for additional work-up and/or biopsy) (Jamal et al, 2006).  In our study 

although the highest sensitivity was found for viewer A before the viewing protocol, 

that viewer also showed the lowest specificity and the lowest PPV.  Although it was 

found that the viewing protocol made no difference for this viewer on sensitivity, 

specificity on the other hand increased by 11% and PPV by 5.9%.  For viewer B the 

viewing protocol improved the relationship between sensitivity and specificity (before 

the viewing protocol 90% and 70% respectively and after the viewing protocol 95% 

and 85% respectively).  Viewer B also showed the best improvement in PPV (an 

increase of 11.4%).  Before the viewing protocol, the best relationship between 

sensitivity and specificity was found for viewer C (90% and 82.5% respectively).  

After the viewing protocol a higher sensitivity was found for viewer C while specificity 

stayed unchanged on 82.5%.  Thus, an increase in overall diagnostic accuracy was 

found for all three viewers after the viewing protocol although it was not significant (p 

= 0.3959, p = 0.0765 and p = 0.4635).  The high sensitivity of the viewers in initial 

reporting, together with a limited number of cases in the dataset, might be the 

reason why a significant increase in diagnostic accuracy was not found. 

6.5.2 BI-RADS 3 

BI-RADS 3 is an intermediate category which implies a short-term (six (6) months) 

follow up mammogram is to be done (ACR, 2003).  Opposite to BI-RADS 4 and 5 

that lead to biopsies and thereby “true answers”, BI-RADS 3 allows a period of 

indecision.  In the ideal world, the assessment of mammograms should be such that 



145 

 

no cases are classified as BI-RADS 3.  However, in the real world BI-RADS 3 is a 

recognized method to reduce the number of tissue confirmation procedures in 

patients with a low probability of malignancy (Varas et al, 2002).  Although 

contributing to cost reduction, high emphasis is placed by some on unnecessary 

patient anxiety during the six-month follow-up period.  A finding placed in this 

category should have a high probability of being benign and should thus have a very 

low PPV (PPV < 2%) (ACR, 2003).  Some suggest that BI-RADS 3 should not 

exceed 7% of all mammograms (ECR, 2011).  An Uruguayan study suggests a 

benchmark of less than 5% incidence of BI-RADS 3 (Varas et al, 2002).  They 

suggest that a higher incidence of this category in a facility might indicate a too large 

percentage of benign lesions being included in BI-RADS 3.  On the other hand, they 

support the benchmark of the ACR and suggest a less than 2% incidence of false-

negative results in BI-RADS 3.  If the percentage cases with malignancy found in BI-

RADS 3 were found to be higher, it indicates a too large percentage of probably 

malignant lesions being included in this category.  There is a debate on the latter two 

percentages, and no established guidelines for BI-RADS 3 exist. 

In our study a much higher percentage of cases were classified in BI-RADS 3 in both 

the initial and final reporting by all three viewers.  This can perhaps be attributed to 

inexperience of the viewers (general radiologists see section 5.3.2) in this study 

compared to expert mammographers who are often used in studies to establish 

benchmarks.  Furthermore, our viewers did not have the opportunity to review the 

patient’s clinical history or previous mammogram(s) to assist them in their BI-RADS 

assessment.  Moreover, our dataset of cases was selected to include 50% malignant 

and 50% benign cases.  All of the above could well have led to more uncertainty 
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among our viewers which caused them to use BI-RADS 3 more often and to have 

the opportunity to re-assess their findings with short term follow-up. 

However as mentioned before, the main aim of our study was to evaluate the effect 

of the viewing protocol on the diagnostic accuracy of the viewers.  This study found a 

slight decrease in the percentage of cases in BI-RADS 3 for two of the viewers after 

the development of the viewing protocol.  However, a slight increase was found for 

viewer B (from 30% to 32.5%).  Previous work assessing the effect of Premium View 

post-processing software on DM reporting showed interim results with a higher recall 

rate which was ascribed to a technical learning curve (Goldstraw et al, 2009).  They 

thus ascribed the higher interim recall rate to more uncertainty among the viewers 

with the appearance of the image with the new processing software.  In this study, 

BI-RADS 0 (recall) which is used in screening mammography (for additional 

imaging), was not an option.  In this study if viewers felt uncertain about their finding, 

they would use BI-RADS 3 (probably benign finding with a recommendation for short 

interval follow up).  After the training offered to the viewers in this study, together 

with the development of the viewing protocol through participative learning, one 

would presume that the viewers should have been more confident with the 

processed image.  Our study found a small decrease in BI-RADS 3 for the majority 

of viewers after the development of the viewing protocol.  It thus appears that the 

viewing protocol could well have improved the majority of viewers’ confidence not to 

use short term follow-up in so many cases. 

In our study the percentage true malignant cases found in BI-RADS 3 was much 

higher than the benchmark suggested by some of <2%.  This indicates a too large 

percentage of probably malignant lesions were placed in this probably benign 

category.  Because of the small number of malignant cases (40) in both initial and 
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final reporting, even one case in this category delivered a percentage value above 

the benchmark of <2%.  However, after the development of the viewing protocol, the 

number of malignant cases found in BI-RADS 3 decreased by more than 50% for 

viewer B and by more than 67% for viewer C.  It thus appears the viewing protocol 

probably improved the perceptibility of the subtle signs of breast cancer for the 

majority of viewers. 

6.5.3 Breast parenchyma classification 

Previous studies have found proof that increased breast density significantly reduces 

the sensitivity of mammography (Carney et al, 2003) (Kerlikowske et al, 1996).  

Furthermore, there is substantial evidence that shows that mammographic densities 

are an indicator of increased risk of breast cancer (Harvey & Bovbjerg, 2004) (Oza & 

Boyd, 1993).  The ACR recommends in BI-RADS that a description of breast density 

should be included in every mammography report to inform the referring clinician 

about how the mammographic density of the patient may affect the sensitivity of the 

examination (ACR, 2003).  However there is no standard method of quantifying 

breast density and the debate on a reproducible method to classify breast density is 

ongoing.  Breast density classification on mammograms can be grouped into two 

broad categories: subjective classification (by radiologists) and objective 

classification (computerised assessment) (Jamal et al, 2007).  Different subjective 

classifications have been reported e.g.: Wolfe’s classification (Wolfe, 1976), Tabár’s 

classification (Gram, Funkhouser & Tabár, 1997) and the BI-RADS density 

classification (ACR, 2003).  According to Sickles (2007) breast density as an 

indicator of future cancer risk has largely replaced the Wolfe mammographic 

parenchyma pattern classification.  In our study, the radiologists were instructed to 

use Tabár’s classification of breast parenchyma pattern as they were using this 
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classification in SFM before the study and it was presumed that they were more 

familiar with it. 

A number of studies on variability in interobserver and intraobserver agreement for 

the various breast density assessment methods have been reported.  Berg and co-

workers (2000) reported on interobserver agreement of five (5) experienced 

mammographers who assessed among other things breast density on 103 screening 

mammograms using BI-RADS (the mammographers were not specifically trained in 

BI-RADS).  They found an overall interobserver kappa value of 0.43 which indicates 

moderate agreement.  In another study Ciatto et al (2005) reported on interobserver 

agreement of 12 dedicated breast radiologists who assessed 100 mammograms 

according to BI-RADS breast density classification.  They also found the average 

interobserver agreement to be moderate (kappa 0.54, range 0.02-0.77).  Our study 

also found weak to moderate agreement between the majority of viewer pairs in both 

the initial (highest agreement 61.3%) and final reporting (highest agreement 66.3%) 

for breast parenchyma classification.  On the other hand a study by Ooms et al 

(2007), in which four experienced breast radiologists assessed 57 mammograms for 

breast density, they found a weighted overall kappa of 0.77 (95% CI: 0.69-0.85) 

which indicates substantial overall interobserver agreement.  The difference in their 

study is that the radiologists received instructions regarding the use of BI-RADS.  In 

our study, because the radiologists used Tabár’s classification of breast parenchyma 

on SFM before, it was assumed that they were familiar with it and they only received 

a copy of the parenchyma breast pattern with their information document pertaining 

to the study (Appendix P).  It is possible that the inconsistency among the viewers is 

probably due to the viewer’s incorrect perception of the classification criteria rather 

than the classification system per se.  However, as this study found the dense 



149 

 

parenchyma in the breast to be the anatomical area with the lowest image quality 

(section 5.3.1.2), it is possible that the BI-RADS density assessment might be more 

suitable for the processed digital image than Tabár’s classification of breast 

parenchyma.  However, the measure of breast density is still qualitative and is 

observer-dependent because it involves the judgement of the radiologist.  A recent 

study by Lobbes et al (2012) compared breast density assessment by an 

experienced and inexperienced reader in 200 mammograms.  The images were 

scored according to BI-RADS classification and density assessment using dedicated 

software.  They found that in 42% of cases the experienced and inexperienced 

reader disagreed on the BI-RADS density category and thus only moderate 

agreement (kappa 0.52) was found.  With the semi-automated analysis, they found 

excellent intra-class correlation coefficient of 0.91 [95% confidence interval; 0.88-

0.93] for both left-sided and right-sided breast densities alike.  Comparison between 

the semi-automated analysis and the BI-RADS classification assigned showed that 

the correct BI-RADS classification was assigned in 58.5% of cases by the 

experienced reader.  On the other hand, the inexperienced viewer was found to 

assign the correct BI-RADS classification in only 42.0% of cases.  Their study 

demonstrated that the objective assessment of breast density could be used to 

improve agreement between viewers on breast density classification.  To improve 

agreement on density assessment between viewers, the development of an 

objective (computer-based) assessment of breast density should probably be 

investigated. 

However, what our study did find using the subjective Tabár’s breast parenchyma 

assessment method, was that the viewing protocol improved agreement between 

viewers on parenchyma classification although not significantly.  This could probably 
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be ascribed to the radiologists’ improved experience in viewing the digitally 

processed image which probably allowed them to better have viewed the dense 

parenchyma in the breast. 

6.5.4 Characterisation of lesions 

To improve the intrinsic variability in mammographic interpretation the ACR 

introduced BI-RADS in 1993.  It is also the reason why it has become compulsory 

with the MQSA that all mammograms in the US be reported using BI-RADS 

assessment categories.  The aim was to standardise the interpretation of 

mammograms and to improve communication between clinicians and radiologists.  

This was also the motivation for establishing the BI-RADS lexicon to describe the 

features of mammographic lesions.  To standardise the reporting in our own setting 

(see section 1.4), BI-RADS assessment together with the BI-RADS lexicon were 

introduced for the assessment of mammograms with the start of this study. 

The aim of our study was not to compare our results with the results of others, but 

rather to determine the effect of our viewing protocol on viewer agreement.  Our 

study found improved agreement among the viewers on the characterization of 

lesions after the development of the viewing protocol.  The improvement in 

agreement was predominantly found for the descriptors pertaining to the skin and 

also the nipple.  In the development of the viewing protocol (Chapter 5), MUSICA2 

Invert was found to provide significantly better image quality for the evaluation of skin 

outline and this was why it was recommended as the default processing option for 

the viewing protocol.  This is probably the reason for the improved interobserver 

agreement found in this study for the descriptors pertaining to the skin and nipple 

with the recommended viewing protocol. 
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The radiologists in this study did not have training in the use of BI-RADS per se.  

Previous authors, who investigated predictors of interobserver agreement in 

mammography using BI-RADS, suggested that training in the use of BI-RADS and 

focusing on mass description may increase agreement in mammography 

interpretation (Antonio & Crespi, 2010).  This is supported by another US study in 

which 23 experienced breast imagers reviewed mammograms before and after a 

day’s lectures on BI-RADS (Berg et al, 2002).  Improved agreement was found 

among others for mass margins and/or asymmetries (kappa 0.36 improved to kappa 

0.41 after training) and also for the description of calcification morphology (kappa 

0.36 improved to kappa 0.44 after training).  Training the radiologists in our setting 

on the use of BI-RADS could probably improve agreement between them on the 

characterization of lesions. 

6.6 CONCLUSION 

The theoretical training offered to the radiologists was aimed at improving the 

radiologists’ factual and conceptual knowledge of the new modality with special 

emphasis on how to address the challenges which radiologists face when switching 

from SFM to DM soft-copy viewing. 

The development of the viewing protocol was aimed at improving image quality in 

soft-copy viewing and thereby subsequently the perceptibility of the subtle signs of 

breast cancer to improve diagnostic accuracy in mammography reporting.  The 

radiologists also gained experience in soft-copy viewing through the participative 

learning method in developing the viewing protocol. 

Our study found that although not significantly, the viewing protocol did improve 

radiological reporting in terms of the sensitivity and specificity for the majority of 
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viewers.  Also, although not significantly, the overall accuracy and PPV increased for 

all the viewers.  The high percentage BI-RADS 3 cases found in this study could 

probably be attributed to the fact that our radiologists were not experienced 

mammographers.  In addition they did not have access to previous mammograms or 

the clinical history of the cases to assist them in interpreting their findings.  However, 

although not significantly, the development of the viewing protocol did contribute to 

the majority of radiologists’ confidence to categorize their findings as either benign or 

malignant without the need for short term follow-up. 

What this study also found is that although there was an improvement between all 

the viewers on Tabár’s classification of breast parenchyma after the viewing 

protocol, the agreement was still weak to moderate for the majority of viewer pairs.  

The qualitative method of using the radiologists’ judgement on Tabár’s classification 

of breast parenchyma is perhaps not ideal for the digitally processed image. 

Furthermore, the study found variability among viewers in the use of the BI-RADS 

descriptors to communicate their findings.  The recommended viewing protocol with 

MUSICA2 Invert did contribute to improved agreement among the viewers on the 

descriptors pertaining to skin thickening, skin retraction, and nipple retraction.  In 

order to achieve the goal of BI-RADS, namely to standardise the interpretation of 

mammograms to improve communication between clinicians and radiologists, the 

radiologists should clearly be specifically trained in the use thereof. 
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CHAPTER 7 

CONCLUSIONS AND RECOMMENDATIONS 

7.1 CONCLUSIONS 

Since the aim of mammography is to detect breast carcinoma in its earliest possible 

stages, great emphasis should be placed on the perceptibility of the subtle signs of 

breast malignancies in the development of a soft-copy viewing protocol for 

mammography.  The first step for the radiologists is to detect the abnormality on the 

mammogram, and only thereafter can the radiologist analyse the mammogram to 

arrive at the correct diagnosis.  Good image quality is thus of the utmost importance 

in mammography and the development of a soft-copy viewing protocol should 

address the need for the clear visualization of anatomical structures in the breast 

and subsequently the subtle signs of breast carcinoma. 

When switching from SFM to DM the radiologist needs additional knowledge on and 

understanding of the new modality (Chapter 2).  They should be aware of the 

differences between SFM and DM and they should know how to address the 

challenges for the radiologists when switching from SFM to DM.  As they need 

different skills to perform soft-copy viewing and reporting, they need knowledge of 

and experience in using the tools for soft-copy viewing.  Of great importance is that 

they should have a reasonable knowledge of the effect of digital image processing 

on image quality.  The theoretical training offered to the radiologists in this study 

(Chapter 5) equipped them with the necessary knowledge and understanding of 

among others the principles of DM and the advantages and disadvantages of the 
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new technology.  They also learned about the principles of good soft-copy viewing 

and the effect of image processing on the appearance of the image. 

The development of the viewing protocol in this study (Chapter 5) was aimed at 

improving the clear visualization of breast anatomy and thereby subsequently the 

perceptibility of the subtle signs of beast carcinoma.  Based on our findings, 

recommendations were made for the processing option which provided the best 

image quality for anatomical structures overall, individual anatomical structures, 

masses and calcifications.  Also, the processing option with the least visible noise 

was identified so as to assist radiologists whenever visible noise poses to be a 

problem.  The processing option which the viewers regarded as suitable for the early 

detection of breast cancer was also identified.  The processed image (MUSICA2) 

was found to provide significantly better overall image quality compared to the 

unprocessed image.  From the results of this study, it is understandable why the 

vendor (Agfa) has superseded its MUSICA software with MUSICA2.  This study 

(Chapter 5) is a confirmation of the superiority of the new software. 

However, the clear visualization of masses was found to be an area in which the 

processed images did not significantly improve image quality.  Recommendations 

were made that the viewer should pay special attention in viewing to attempt to make 

subtle contrast differences more visible by applying manual intensity windowing 

(WW/WL) especially in the dense breast parenchyma. 

The only significant difference in image quality between MUSICA2 and MUSICA2 

Invert was found for skin outline.  MUSICA2 Invert was found to improve the 

visualization of the skin and nipple area significantly and should be used in clinical 

practice for that.  The MUSICA2 Invert image was thus recommended as the default 



155 

 

processing option for our setting.  With the characterisation of lesions, the agreement 

between the viewers showed good improvement in the evaluation of skin thickening, 

skin retraction and nipple retraction with MUSICA2 Invert (Chapter 6). 

The image processing algorithm on a digital unit is vendor dependant, and there is 

no standard processing option.  Processing algorithms will therefore differ between 

mammography units and radiologists should have knowledge and experience of the 

effect of the processing option on the appearance of the image.  They should know if 

different processing options should be used in their unit for different tasks (screening 

mammography versus diagnostic mammography) and/or for different lesion types 

(calcifications and masses).  They should thus invest time to learn about their 

processing options. 

Also, with the MUSICA2 processing algorithm, the viewer cannot vary any processing 

parameter.  However, with some other processing options for e.g. CLAHE a number 

of parameters can be varied.  In such cases, knowledge of the effect of each 

parameter on image quality is essential for the radiologists viewing and reporting on 

the images.  The participative learning approach used in this study, enabled the 

radiologists to obtain the necessary knowledge of the effect of the different 

parameter combinations on image quality. 

Furthermore, should the vendor of a DM unit upgrade the image processing 

software, the participative learning method used in this study can also be used to 

learn about the effect thereof on image quality. 

The phantom-based assessment of image quality (Chapter 2) and the assessment 

on clinical images (Chapter 5) did not find the same processing options to provide 

superior image quality.  The phantom based study found little difference between the 
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Unprocessed images and the MUSICA2 processed images.  Only Unprocessed 

Invert was found to be significantly superior to MUSICA2 Invert.  However, although 

not significantly, Unprocessed Invert was found to provide better image quality 

compared to Unprocessed and MUSICA2.  In the clinical study on the other hand, the 

processed images (MUSICA2 and MUSICA2 Invert) were found to provide 

significantly better image quality compared to the Unprocessed images for the 

anatomical structures overall, for most of the individual anatomical structures, and for 

calcifications.  This difference in the results with the phantom based study and the 

clinical images indicates that the phantom based study can be a useful tool, but 

cannot supplant the clinical study. 

The small change in diagnostic accuracy after the viewing protocol (Chapter 6) can 

possibly be ascribed to the fact that a relatively high sensitivity was found among the 

radiologists before training.  The relatively large number of cases with malignancy 

could have contributed to the high sensitivity because ‘diagnostic mammography’ 

may be considered as “easier” to report.  Even before the development of the 

viewing protocol through participative learning, the radiologists fared well in 

identifying lesions that indicated malignancy. 

The small difference in the processing algorithm proposed for the viewing protocol 

(Chapter 5) also limited the chance to show a significant improvement in diagnostic 

accuracy (Chapter 6).  MUSICA2 and MUSICA2 Invert were not found to be 

significantly different.  It was only for skin outline that MUSICA2 Invert was found to 

be significantly superior.  Should a more profound difference in image quality be 

found, it may well have a greater impact on diagnostic accuracy. 
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Although the viewing protocol was aimed at improving the first step in mammography 

reporting, namely to perceive subtle signs of breast carcinoma, the second step, 

namely analyzing the imaging findings to arrive at the correct diagnosis, was not in 

the scope of this study.  The variability in interobserver agreement on lesion 

characterization found in both the initial and final reporting in this study (Chapter 6), 

points towards a need for training the radiologists to analyse their findings using the 

BI-RADS descriptors.  Radiologists need to communicate their findings to the 

referring physician, patient and surgeon and in this area a lot of disagreement was 

found among the viewers irrespective of the viewing protocol.  The use of 

terminology to communicate the findings should also be consistent otherwise the 

reporting becomes inconsistent.  The study found evidence for a need to train 

radiologists in using standardised terminology for the characterisation of lesions.  

However, this study laid a good foundation for further improvement in radiology 

reporting by ensuring that the best image quality is available for viewing. 

What we have showed is that the viewing protocol did improve agreement between 

the radiologists (Chapter 6) in areas where the proposed default processing option 

(MUSICA2 Invert) were found to provide significantly superior image quality.  This is 

attributed to the better visualization of the skin outline achieved with MUSICA2 Invert 

as the default processing option for the recommended viewing protocol. 

The participative learning approach in developing the viewing protocol (Chapter 5) 

could be of value to any radiologists changing from SFM to DM.  It can improve their 

confidence in soft-copy viewing and can provide them with first-hand experience of 

the effect of image processing options in their clinical setting on image quality.  

Should even small changes be made in image processing, this participative learning 
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approach can be of great value to the viewers to familiarise them with the effect 

thereof on image quality. 

After the training and the participative learning (Chapter 5), the radiologists had first-

hand experience of the influence of image processing on the appearance of the 

mammogram image and one would assume that they were more confident in 

interpreting the digitally processed image.  The proposed viewing protocol could be 

used confidently by the radiologists because they have found it to provide them with 

the best image quality to assess mammograms to perceive the subtle signs of breast 

malignancies.  Also, they now had the necessary knowledge of digital 

mammography, experience in soft-copy viewing and a better understanding of the 

effect of image processing on image quality.  They can now confidently perform soft-

copy mammography viewing for reporting. 

The outcomes of this study will be used in the future training of radiologists.  Based 

on the findings of this study, a teaching file on the mammography module was 

created for the M.Med. (Rad.D.) qualification at the University of the Free State (see 

Appendix X).  This teaching file is in the process of being implemented at the 

Simulation-unit (which is currently under construction) in the Faculty of Health 

Sciences at the University of the Free State.  The teaching file includes theoretical 

training as conducted during the research, as well as 80 mammography cases (used 

in the current study) for viewing with the proposed viewing protocol.  The viewers 

(registrars) will do structured reporting as proposed in this study with the aid of BI-

RADS descriptors.  The outcomes are based on the findings in this study namely a 

good understanding of digital imaging principles and soft-copy viewing principles, the 

use of the proposed viewing protocol, and standardising reporting according to BI-

RADS.  On completion of the teaching file, the registrars will be assessed on 40 
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mammography cases (used in the current study) to determine the registrar’s 

sensitivity, specificity and the use of BI-RADS category 3 and thus their performance 

post-training.  The theoretical training and the teaching file will also be evaluated 

from the registrars’ point of view. 

7.2 RECOMMENDATIONS 

7.2.1 Training of radiologists in the new modality 

The training of radiologists in the new modality when switching from SFM to DM is 

regarded as essential.  Radiologists should be aware of the challenges of soft-copy 

viewing and how to address these in order to achieve the full potential of soft-copy 

viewing.  Radiologists cannot confidently interpret digitally processed images unless 

they have reasonable knowledge and experience of the effect of the processing 

option on the appearance of the image.  The participative learning approach used in 

this study is recommended for developing a soft-copy viewing protocol for 

radiologists changing from SFM to DM.  This approach can provide them with first-

hand experience in soft-copy viewing and the effect of the image processing options 

in their clinical setting on image quality. 

7.2.2 Development and refinement of a soft-copy vie wing protocol 

The development and refinement of a soft-copy viewing protocol for each clinical 

setting will be relevant as long as vendors use different processing algorithms.  The 

radiologist must be able to perceive the subtle signs of breast cancer in order to 

analyse them for diagnosis.  A high standard of image quality in mammography is 

essential for optimal perception by the viewer and each mammography unit should 

develop or refine their own soft-copy viewing protocol to ensure the best image 

quality is obtained.  The participative learning approach is also recommended to 
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refine a viewing protocol in any mammography unit should even small changes in 

image processing options or software be implemented.  The advantage thereof is 

that it provides the opportunity for all radiologists to learn about the effect of the 

change on image quality so that they can confidently apply it in clinical practice. 

7.2.3 Objectives for the development of a soft-copy  viewing protocol 

We regard the objectives (questions) set for the development of our viewing protocol 

to be relevant for the development of a soft-copy viewing protocol for any 

mammography unit.  It will enable the radiologists to find the best processing 

option(s) in their clinical setting for different types of lesions (calcifications and 

masses) and also for different mammography tasks (screening versus diagnostic). 

7.2.4 Visualisation of masses 

Because this study found the processed images (MUSICA2 and MUSICA2 Invert) not 

to be significantly superior to the unprocessed images for the visualisation of 

masses, radiologist should pay special attention to viewing for masses.  Manual 

WW/WL adjustments should be used to try and improve the visual contrast to 

perceive the low subject contrast of masses. 

7.2.5 Visualisation of dense parenchyma in the brea st 

Also, although the processed images (MUSICA2 and MUSICA2 Invert) are 

significantly superior to the unprocessed images for the clear visualisation of vessels 

through dense parenchyma, it remains an area which has significantly less image 

quality compared to the other anatomical areas.  As for viewing masses, radiologists 

should exercise special precaution and use manual WW/WL adjustments to try and 

improve visual contrast to perceive detail through the dense parenchyma. 
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7.2.6 Invert gray scale 

The Invert of MUSICA2 is recommended specific for the viewing of the skin and 

nipple area as it has been found to provide significantly better image quality in those 

areas.  For image quality control tests with the CDMAM type 3.4 phantom, the 

processing option Unprocessed Invert should be used as it was found to provide 

best image quality. 

7.2.7 Clinical images 

Clinical images should be used for developing a soft-copy viewing protocol for a 

mammography unit as this study found that a phantom-based study (like the one 

used in this study), cannot supplant image quality evaluation on clinical images.   

7.2.8 Standardising mammographic reporting 

Standardising mammographic reporting is important to improve communication 

between clinicians and radiologists.  Training in the use of BI-RADS is regarded as 

important to improve agreement between viewers on the descriptors for lesion 

characterisation.  It should not be assumed that because standardized descriptors 

are used, all radiologists will interpret them in the same way. 

7.3 LIMITATIONS OF THE STUDY 

7.3.1 Small number of viewers 

The power of the study is somewhat limited by the small number of radiologists 

(viewers) included in the study.  The setting where the study was conducted only had 

eight consultant radiologists at the time of which two were doing a fellowship in 

interventional radiology and were therefore not available for the study.  The time the 

viewers had to spend participating in the research adds up to an average of just less 
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than 25 hours per viewer (initial reporting 7 hours 20 minutes, training 4 hours, 

developing the viewing protocol 8 hours 15 minutes and final reporting 5 hours 16 

min) which is a considerable time for a radiologist.  Time constraints on the part of 

the radiologists limited the number of radiologists that could participate in the study 

and we could also only include those who had not been exposed to DM before.  Only 

readers with no previous experience in digital mammography were included in the 

study.  This was specifically to address the aim of our study in evaluating the effect 

of developing the soft-copy viewing protocol for radiologists changing from SFM to 

DM. 

7.3.2 Number of cases 

The significance of this study is somewhat hampered by the small sample size (120 

patient cases).  Equal numbers of malignant and benign / normal cases were needed 

so that random guesses would not skew the results.  Because we wanted to include 

true malignant cases, only patients for whom histopathology confirmation of all noted 

lesions/masses could be obtained were included.  The 60 confirmed malignant cases 

together with the 60 benign/normal cases formed a balanced set of test images that 

allowed adequate testing of the proposed viewing protocol. 

7.3.3 Type of mammograms 

Our setting does not offer a mammography screening programme.  Because 

diagnostic mammograms are predominantly performed in our setting, it could have 

hampered the improvement in accuracy that could be obtained.  A different finding 

could be a possibility for a screening population in which earlier signs of breast 

malignancies can be expected compared to diagnostic mammography. 
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7.3.4 Administrative limitations 

These include poor record keeping and exclusion of patients due to limited follow-up.  

Although more radiology reports were found in which malignancy was suspected, we 

were unable to obtain histopathology confirmation because the patients were 

apparently followed-up at other hospitals or no record could be found. 

7.3.5 Representivity 

The population only includes patients from one tertiary hospital and one group of 

patients.  Also only one digital unit and the processing options on that unit were 

included in the study. 

7.3.6 Software limitations 

The fact that the default processing option (MUSICA2) on our digital unit (before the 

development of the viewing protocol) provided good image quality compared to the 

proposed processing option for the viewing protocol (MUSICA2 Invert), left little room 

to show an improvement in diagnostic accuracy after the development of the 

protocol.  However, it is anticipated that, should a processing option be identified 

which provided much better image quality, a larger improvement in diagnostic 

accuracy is possible.  Also, different results would be possible in a screening 

population in which the perception of earlier signs of breast malignancy could be 

expected compared to those in a diagnostic population. 

7.3.7 Tabár’s classification of breast parenchyma 

The study showed that Tabár’s classification of breast parenchyma is an area of 

disagreement among radiologists.  The subjective classification described by Tabár 

was not found to be a reproducible method to classify breast parenchyma on the 
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digital image in our study.  An alternative classification based on DM characteristics 

would be more useful. 

7.3.8 The use of BI-RADS to standardise reporting 

It was envisaged that the local reporting radiologists could standardise 

mammography reporting by using BI-RADS developed by the ACR, together with the 

BI-RADS lexicon descriptors for mammographic findings.  The results of this study 

showed that radiologists can interpret the descriptors differently. 

7.4 FUTURE RESEARCH 

This study brought to the fore some areas in this field of research that will require 

further attention in future: 

• How do we identify masses 

 

• How do we better image dense areas so as to more accurately identify masses 

and other signs of breast malignancy 

 

• How do we reproducibly classify breast density 

 

• How do we consistently and standardly describe and classify our findings in 

mammography 

 

• Evaluation of the protocol in everyday practice 

 

• Proof that the protocol improves radiological reporting 
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Digital mammography soft-copy viewing protocols that are developed based on the 

principles of this study can make a meaningful contribution in the transition to digital 

mammography.  It will enable radiologists to confidently use their recommended 

viewing protocol in clinical practice.  And so although we have laid a good foundation 

for the transition to digital mammography, there are still significant questions to be 

answered… 
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Evaluation form: Image quality assessment 
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IMAGE QUALITY ASSESSMENT - DATASHEET Algorithm 
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1 2 3 4 5 6 7 8 T 9 10 11 12 

  

 

1 A 1 5 2 5 1 5 4 4 5 31 5 N/A 2 Y 

  

 

1 A 2 5 1 5 1 5 4 5 5 31 N/A 5 2 Y 

  

 

1 A 3 5 1 5 1 5 5 5 5 32 5 N/A 2 N 

  

 

1 A 4 5 1 5 3 5 3 4 5 31 5 N/A 1 N 

  

 

1 B 1 5 4 5 2 5 4 5 4 34 4 N/A 2 Y 

  

 

1 B 2 5 5 5 2 5 5 5 4 36 5 4 2 Y 

  

 

1 B 3 5 5 5 1 4 4 4 4 32 4 N/A 2 Y 

  

 

1 B 4 4 1 4 2 4 3 3 3 24 4 N/A 1 N 

  

 

1 C 1 5 4 3 3 5 3 5 4 32 5 N/A 2 Y 

  

 

1 C 2 5 3 3 3 4 3 5 4 30 4 N/A 2 Y 

  

 

1 C 3 5 3 4 3 4 3 5 4 31 5 N/A 2 Y 

  
 

1 C 4 5 3 4 2 3 3 4 3 27 4 N/A 2 Y 

  

 

2 A 1 5 4 5 1 5 4 4 5 33 N/A N/A 2 Y 

  
 

2 A 2 5 1 5 1 4 4 5 5 30 N/A N/A 1 N 

  
 

2 A 3 5 4 5 2 2 3 5 5 31 N/A N/A 2 N 

  

 

2 A 4 5 5 5 2 2 4 5 5 33 N/A N/A 2 Y 

  

 

2 B 1 5 5 5 2 5 4 5 4 35 4 N/A 2 Y 

  

 

2 B 2 5 2 4 1 4 3 4 3 26 4 N/A 2 N 

  

 

2 B 3 5 4 5 1 3 4 4 3 29 5 N/A 2 Y 

  

 

2 B 4 5 4 4 1 4 4 4 4 30 4 N/A 2 Y 

  
 

2 C 1 5 5 4 3 4 3 5 5 34 4 N/A 2 Y 

  

 

2 C 2 4 4 5 3 4 4 5 4 33 N/A 4 2 Y 

  

 

2 C 3 4 4 5 3 4 3 5 4 32 3 N/A 2 Y 

  

 

2 C 4 5 4 5 4 4 4 5 4 35 N/A N/A 1 Y 

  

 

3 A 1 5 5 5 1 5 5 5 5 36 N/A 5 2 Y 

  

 

3 A 2 5 4 5 1 5 5 5 5 35 5 N/A 2 N 

  

 

3 A 3 5 5 5 1 5 5 5 5 36 5 N/A 2 Y 

  

 

3 A 4 5 5 5 3 5 5 5 5 38 N/A N/A 2 N 

  

 

3 B 1 5 5 5 1 5 5 5 4 35 4 N/A 2 Y 

  

 

3 B 2 5 5 4 1 4 4 5 3 31 5 N/A 2 Y 

  

 

3 B 3 5 5 5 1 5 4 5 3 33 4 N/A 2 Y 

  

 

3 B 4 5 5 5 1 5 5 5 4 35 5 N/A 2 Y 

  

 

3 C 1 5 5 4 3 5 4 5 5 36 4 N/A 2 Y 

  

 

3 C 2 5 5 5 2 4 4 7 8 40 4 N/A 2 Y 

  

 

3 C 3 5 5 5 4 5 4 5 5 38 4 N/A 2 Y 

  
 

3 C 4 3 5 5 4 5 4 5 5 36 4 2 2 N 
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4 A 1 4 1 5 3 5 5 3 5 31 N/A 5 2 Y 

  

 

4 A 2 5 2 5 3 5 4 4 5 33 N/A 5 2 Y 

  
 

4 A 3 5 1 5 1 4 4 4 5 29 N/A 5 1 N 

  

 

4 A 4 5 2 5 1 4 3 3 5 28 N/A 5 2 N 

  

 

4 B 1 4 1 4 1 4 4 5 3 26 1 3 2 Y 

  

 

4 B 2 5 5 5 2 5 5 5 5 37 4 5 2 Y 

  

 

4 B 3 5 4 5 1 4 4 5 4 32 N/A 4 2 Y 

  

 

4 B 4 5 4 5 1 4 4 4 4 31 4 4 2 Y 

  

 

4 C 1 4 2 4 3 4 3 4 4 28 3 5 2 Y 

  

 

4 C 2 5 3 3 4 5 3 5 4 32 4 5 1 Y 

  

 

4 C 3 4 3 3 3 4 3 4 4 28 3 N/A 2 Y 

  
 

4 C 4 4 3 3 3 4 3 4 4 28 4 5 2 Y 

  

 

5 A 1 5 3 5 3 5 4 3 5 33 5 N/A 2 Y 

  

 

5 A 2 5 2 5 3 5 3 4 5 32 N/A N/A 2 Y 

  

 

5 A 3 5 1 5 3 5 3 4 5 31 N/A N/A 2 N 

  

 

5 A 4 5 4 5 1 5 3 3 5 31 N/A N/A 2 N 

  

 

5 B 1 5 5 5 2 5 5 5 5 37 4 N/A 2 Y 

  

 

5 B 2 5 5 5 2 5 5 5 5 37 3 N/A 2 Y 

  

 

5 B 3 3 3 4 4 1 4 4 3 26 N/A N/A 2 Y 

  

 

5 B 4 5 4 5 1 5 4 5 5 34 N/A N/A 2 Y 

  

 

5 C 1 5 4 4 3 4 3 5 5 33 4 N/A 2 Y 

  

 

5 C 2 5 4 4 3 5 3 5 4 33 5 4 2 Y 

  

 

5 C 3 4 2 5 2 3 3 3 4 26 4 N/A 1 Y 

  

 

5 C 4 5 3 5 3 4 3 4 4 31 2 3 3 Y 

  

 

6 A 1 5 2 5 3 5 4 5 5 34 4 N/A 2 Y 

  

 

6 A 2 5 2 5 3 5 4 4 5 33 N/A N/A 2 Y 

  

 

6 A 3 5 3 5 4 5 5 5 5 37 N/A N/A 2 N 

  

 

6 A 4 5 3 5 1 5 4 5 5 33 N/A N/A 1 N 

  

 

6 B 1 5 5 5 1 5 4 5 5 35 4 N/A 2 Y 

  

 

6 B 2 5 5 5 2 5 5 5 5 37 3 N/A 2 Y 

  

 

6 B 3 5 5 5 2 5 4 5 4 35 N/A N/A 2 Y 

  

 

6 B 4 4 4 4 1 4 4 5 4 30 N/A N/A 2 Y 

  

 

6 C 1 5 4 4 4 5 4 5 5 36 4 N/A 2 Y 

  

 

6 C 2 5 5 4 4 5 4 5 5 37 4 4 2 Y 

  

 

6 C 3 5 4 4 4 5 4 5 5 36 4 N/A 2 Y 

  

 

6 C 4 4 3 4 3 4 4 4 4 30 N/A N/A 1 Y 

  

 

7 A 1 4 5 5 4 5 4 4 5 36 N/A 5 2 Y 

  

 

7 A 2 4 5 5 3 5 4 4 5 35 N/A 5 2 Y 

  

 

7 A 3 5 5 5 1 5 4 5 5 35 N/A 5 2 N 

  

 

7 A 4 5 5 5 4 5 4 5 5 38 N/A 5 2 Y 

  

 

7 B 1 4 5 5 1 5 4 5 5 34 3 4 2 Y 

  

 

7 B 2 5 5 5 2 5 5 5 5 37 4 5 3 Y 

  

 

7 B 3 2 4 4 1 4 3 4 3 25 4 4 2 Y 

  

 

7 B 4 3 5 4 1 3 3 4 4 27 4 4 2 Y 

  

 

7 C 1 3 5 5 4 5 4 5 5 36 4 5 2 Y 

  

 

7 C 2 3 5 3 4 5 3 5 5 33 4 5 2 Y 

  

 

7 C 3 4 2 3 3 4 4 4 3 27 4 N/A 2 Y 

  

 

7 C 4 3 4 4 4 5 4 5 4 33 4 5 1 Y 
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8 A 1 4 4 5 2 5 4 4 5 33 5 5 2 Y 

  

 

8 A 2 5 2 5 1 5 4 4 5 31 5 N/A 2 Y 

  

 

8 A 3 5 3 5 2 5 5 5 5 35 5 5 2 Y 

  

 

8 A 4 5 4 5 2 5 4 4 3 32 5 5 2 Y 

  

 

8 B 1 4 5 5 2 5 4 5 5 35 4 4 2 Y 

  

 

8 B 2 4 5 4 2 5 4 4 3 31 5 4 2 Y 

  

 

8 B 3 4 5 5 2 4 4 4 4 32 4 4 2 Y 

  

 

8 B 4 5 5 5 3 5 5 5 5 38 4 5 2 Y 

  

 

8 C 1 5 4 4 4 5 4 5 4 35 5 5 2 Y 

  

 

8 C 2 5 4 4 4 5 4 4 4 34 N/A 4 2 Y 

  

 

8 C 3 5 4 3 4 5 4 4 4 33 5 5 1 Y 

  

 

8 C 4 4 4 4 4 5 4 4 5 34 5 4 1 Y 

  

 

9 A 1 5 2 5 2 5 5 5 5 34 5 5 2 Y 

  

 

9 A 2 5 2 5 2 5 5 5 5 34 5 5 2 Y 

  

 

9 A 3 5 1 5 2 5 5 5 5 33 5 5 2 Y 

  

 

9 A 4 5 3 5 1 5 5 5 5 34 N/A 5 2 N 

  

 

9 B 1 4 4 4 1 5 4 4 3 29 4 4 2 Y 

  

 

9 B 2 5 5 5 3 5 5 5 5 38 5 5 2 Y 

  

 

9 B 3 5 4 5 1 4 4 4 4 31 4 4 2 Y 

  

 

9 B 4 5 4 5 2 5 5 5 5 36 4 4 2 Y 

  

 

9 C 1 4 4 5 3 4 4 4 4 32 N/A N/A 2 Y 

  

 

9 C 2 5 3 3 4 5 3 5 5 33 5 5 2 Y 

  

 

9 C 3 5 4 3 3 4 3 5 4 31 5 5 2 Y 

  

 

9 C 4 5 3 4 3 4 3 5 4 31 4 5 2 N 

  

 

10 A 1 5 3 5 4 5 4 4 5 35 N/A N/A 2 Y 

  

 

10 A 2 5 1 5 4 5 4 4 5 33 N/A N/A 2 Y 

  

 

10 A 3 5 1 5 1 5 3 3 4 27 N/A N/A 2 N 

  

 

10 A 4 5 5 5 1 5 4 5 3 33 N/A N/A 1 Y 

  

 

10 B 1 5 5 5 3 5 5 5 5 38 4 N/A 2 Y 

  

 

10 B 2 5 5 5 2 5 5 5 5 37 4 N/A 2 Y 

  

 

10 B 3 3 4 4 4 4 4 4 4 31 N/A N/A 2 Y 

  

 

10 B 4 5 5 4 3 5 5 5 5 37 3 N/A 2 Y 

  

 

10 C 1 5 4 4 5 5 5 5 5 38 4 N/A 2 Y 

  

 

10 C 2 5 5 5 5 5 5 5 5 40 4 N/A 2 Y 

  

 

10 C 3 5 3 5 4 5 4 5 5 36 3 N/A 1 Y 

  

 

10 C 4 4 4 5 5 5 5 5 5 38 4 N/A 2 Y 

  

 

11 A 1 5 4 5 3 5 5 5 5 37 5 N/A 2 Y 

  

 

11 A 2 5 5 5 4 5 5 5 5 39 N/A 5 2 Y 

  

 

11 A 3 5 4 5 2 5 4 4 5 34 N/A 5 2 Y 

  

 

11 A 4 5 3 5 1 5 5 4 5 33 N/A 5 2 N 

  

 

11 B 1 5 5 5 3 5 5 5 5 38 4 4 2 Y 

  

 

11 B 2 5 5 5 3 5 5 5 5 38 5 5 2 Y 

  

 

11 B 3 4 5 5 4 1 4 5 5 33 4 5 2 Y 

  

 

11 B 4 4 3 4 2 4 4 5 4 30 3 4 2 Y 

  

 

11 C 1 5 5 5 4 5 5 5 5 39 5 5 2 Y 

  

 

11 C 2 5 5 5 5 5 5 5 5 40 4 5 2 Y 

  

 

11 C 3 4 4 5 4 5 4 5 5 36 4 5 2 Y 

  

 

11 C 4 4 3 5 4 5 4 5 4 34 3 5 2 Y 
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12 A 1 5 4 5 2 4 3 2 5 30 5 N/A 2 Y 

  

 

12 A 2 5 2 5 1 5 4 2 5 29 N/A 5 2 N 

  

 

12 A 3 5 3 5 1 5 4 2 5 30 5 N/A 2 N 

  

 

12 A 4 5 1 5 1 5 4 4 5 30 N/A N/A 2 Y 

  

 

12 B 1 5 4 4 1 3 4 4 4 29 3 N/A 2 Y 

  

 

12 B 2 5 5 2 1 3 3 4 4 27 4 N/A 2 Y 

  

 

12 B 3 3 3 4 1 3 3 3 3 23 3 N/A 2 Y 

  

 

12 B 4 4 4 5 1 4 4 4 4 30 3 N/A 2 Y 

  

 

12 C 1 5 4 4 3 4 3 5 4 32 5 3 2 N 

  

 

12 C 2 5 5 4 3 4 3 4 4 32 4 N/A 2 Y 

  

 

12 C 3 4 4 4 2 4 3 4 4 29 4 N/A 2 Y 

  
 

12 C 4 3 3 4 3 4 3 4 4 28 4 N/A 2 N 

  

 

13 A 1 5 5 5 4 5 5 5 5 39 5 5 2 Y 

  

 

13 A 2 5 4 5 5 5 5 5 5 39 5 5 2 Y 

  

 

13 A 3 5 4 5 4 5 4 4 5 36 5 5 2 Y 

  

 

13 A 4 5 5 5 4 5 4 5 4 37 5 5 1 Y 

  

 

13 B 1 4 4 4 3 4 4 5 4 32 4 3 2 Y 

  

 

13 B 2 5 5 5 3 5 5 5 5 38 4 4 2 Y 

  

 

13 B 3 5 5 5 3 5 5 5 5 38 4 4 2 Y 

  

 

13 B 4 5 4 5 3 5 5 5 5 37 4 5 2 Y 

  

 

13 C 1 4 5 5 5 5 5 5 4 38 5 5 2 Y 

  

 

13 C 2 5 5 4 5 5 4 5 5 38 5 5 2 Y 

  

 

13 C 3 4 5 5 4 5 4 5 5 37 4 5 2 Y 

  

 

13 C 4 5 4 4 4 5 4 5 5 36 4 5 1 Y 

  

 

14 A 1 5 5 5 5 5 5 5 5 40 5 N/A 2 Y 

  

 

14 A 2 4 5 5 5 5 4 5 5 38 5 N/A 2 Y 

  

 

14 A 3 5 5 5 5 5 5 5 4 39 5 N/A 2 N 

  

 

14 A 4 5 5 5 5 5 5 5 5 40 5 N/A 2 Y 

  

 

14 B 1 4 5 5 3 5 5 5 5 37 5 N/A 2 Y 

  

 

14 B 2 5 5 5 3 5 5 5 5 38 5 N/A 2 Y 

  

 

14 B 3 3 4 4 4 4 4 4 4 31 4 N/A 2 Y 

  

 

14 B 4 4 4 5 3 4 4 4 5 33 4 N/A 2 Y 

  

 

14 C 1 5 5 5 5 5 5 5 5 40 5 N/A 2 Y 

  

 

14 C 2 5 4 5 5 5 5 5 5 39 5 N/A 2 Y 

  

 

14 C 3 5 4 4 5 5 4 5 4 36 5 N/A 1 Y 

  

 

14 C 4 5 4 4 5 5 4 5 5 37 4 N/A 2 Y 

  

 

15 A 1 5 1 5 3 5 5 5 5 34 5 N/A 2 Y 

  

 

15 A 2 5 4 5 3 5 5 5 5 37 5 N/A 2 Y 

  

 

15 A 3 5 4 5 2 5 5 5 5 36 5 N/A 2 y 

  

 

15 A 4 5 1 5 1 5 5 5 5 32 5 N/A 2 Y 

  

 

15 B 1 5 5 5 2 5 4 5 4 35 4 N/A 2 Y 

  

 

15 B 2 5 5 5 2 5 5 5 4 36 5 N/A 2 Y 

  

 

15 B 3 5 5 5 1 5 4 5 4 34 5 N/A 2 Y 

  

 

15 B 4 4 4 5 1 4 4 4 3 29 4 N/A 2 Y 

  

 

15 C 1 5 4 4 3 5 4 5 5 35 5 N/A 2 Y 

  

 

15 C 2 5 3 4 3 5 3 5 5 33 5 N/A 2 Y 

  
 

15 C 3 5 4 5 4 5 4 5 5 37 5 N/A 1 Y 

  

 

15 C 4 5 4 4 4 5 4 5 5 36 5 N/A 2 Y 
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16 A 1 5 5 5 3 5 5 5 5 38 4 N/A 2 Y 

  

 

16 A 2 5 3 5 4 5 5 5 5 37 N/A N/A 2 Y 

  

 

16 A 3 5 4 5 1 5 5 5 5 35 N/A N/A 2 Y 

  

 

16 A 4 5 5 5 4 5 4 4 5 37 N/A N/A 2 Y 

  

 

16 B 1 5 5 4 1 5 5 5 5 35 N/A N/A 2 Y 

  

 

16 B 2 4 4 4 1 4 4 4 3 28 N/A N/A 2 Y 

  

 

16 B 3 3 4 4 1 4 4 5 4 29 N/A N/A 2 Y 

  

 

16 B 4 5 5 4 2 5 4 5 5 35 N/A N/A 2 Y 

  

 

16 C 1 5 5 4 4 5 4 5 5 37 3 5 3 Y 

  

 

16 C 2 5 4 5 4 5 5 5 4 37 1 N/A 2 Y 

  

 

16 C 3 5 5 5 4 5 4 5 5 38 N/A N/A 1 Y 

  

 

16 C 4 5 5 4 4 5 4 5 5 37 N/A N/A 2 Y 

  

 

17 A 1 5 5 5 3 5 4 4 4 35 5 N/A 2 Y 

  

 

17 A 2 5 3 5 4 5 5 5 5 37 5 N/A 2 Y 

  

 

17 A 3 5 4 5 2 5 4 4 2 31 4 5 2 Y 

  

 

17 A 4 5 5 5 2 5 4 3 4 33 5 N/A 2 Y 

  

 

17 B 1 5 5 5 2 5 5 5 5 37 4 4 2 Y 

  

 

17 B 2 5 4 4 1 4 4 4 4 30 5 3 2 Y 

  

 

17 B 3 5 5 5 2 5 5 5 5 37 4 N/A 2 Y 

  

 

17 B 4 5 4 5 3 5 5 4 5 36 5 N/A 2 Y 

  

 

17 C 1 5 5 5 4 5 4 5 5 38 4 4 2 Y 

  

 

17 C 2 5 4 5 4 5 4 5 4 36 4 4 2 Y 

  

 

17 C 3 5 4 4 4 5 4 5 5 36 5 N/A 2 Y 

  

 

17 C 4 5 4 5 4 5 4 5 5 37 4 4 2 Y 

  

 

18 A 1 4 4 5 5 5 4 4 5 36 5 5 2 Y 

  

 

18 A 2 4 2 5 4 5 4 4 5 33 N/A 5 2 Y 

  

 

18 A 3 5 1 5 1 5 5 5 5 32 5 N/A 1 N 

  

 

18 A 4 5 2 5 1 4 4 4 5 30 N/A 5 1 Y 

  

 

18 B 1 3 4 5 1 5 4 5 4 31 4 5 2 Y 

  

 

18 B 2 5 5 5 2 4 4 4 4 33 4 5 2 Y 

  

 

18 B 3 3 4 4 2 4 3 4 3 27 4 3 1 Y 

  

 

18 B 4 4 4 4 1 4 4 4 4 29 3 3 2 Y 

  

 

18 C 1 3 3 2 3 4 3 5 4 27 4 5 2 Y 

  

 

18 C 2 3 3 3 4 4 4 5 4 30 4 N/A 2 Y 

  

 

18 C 3 4 3 3 3 4 3 4 3 27 3 4 2 Y 

  

 

18 C 4 3 3 3 4 5 3 5 5 31 4 5 2 Y 

  

 

19 A 1 5 2 5 1 1 4 4 5 27 N/A 5 2 Y 

  

 

19 A 2 5 2 5 2 5 4 4 5 32 N/A 5 2 Y 

  

 

19 A 3 5 1 5 1 5 5 5 5 32 N/A 5 2 Y 

  

 

19 A 4 5 1 5 2 5 4 4 5 31 N/A 5 2 N 

  

 

19 B 1 5 5 5 1 4 4 4 4 32 4 5 2 Y 

  

 

19 B 2 5 4 5 1 4 4 4 4 31 4 4 2 Y 

  

 

19 B 3 4 3 5 1 4 3 3 3 26 4 4 2 Y 

  

 

19 B 4 4 4 5 1 3 4 4 4 29 5 4 1 Y 

  

 

19 C 1 5 4 4 3 5 3 4 4 32 4 N/A 2 Y 

  

 

19 C 2 5 2 2 3 4 3 5 5 29 4 5 2 Y 

  

 

19 C 3 5 3 3 4 5 3 5 5 33 N/A 5 2 Y 

  

 

19 C 4 4 2 4 3 4 3 4 3 27 3 N/A 1 Y 
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20 A 1 5 1 5 4 5 5 4 5 34 5 5 2 Y 

  

 

20 A 2 5 1 4 4 5 4 4 5 32 5 5 2 Y 

  

 

20 A 3 5 1 4 2 5 4 4 4 29 4 4 2 Y 

  

 

20 A 4 5 2 3 3 5 5 5 5 33 5 5 2 N 

  

 

20 B 1 5 3 4 2 5 4 5 5 33 4 5 2 Y 

  

 

20 B 2 5 4 5 3 5 4 4 5 35 4 4 2 Y 

  

 

20 B 3 4 3 5 1 5 3 4 4 29 4 4 2 Y 

  

 

20 B 4 4 3 3 2 5 4 4 4 29 4 3 1 Y 

  

 

20 C 1 5 3 1 4 5 2 5 4 29 5 5 2 Y 

  

 

20 C 2 5 3 2 3 4 3 4 4 28 4 5 2 Y 

  

 

20 C 3 5 3 3 3 5 3 5 4 31 5 5 2 Y 

  

 

20 C 4 4 2 1 4 5 2 5 4 27 4 N/A 1 N 

  

 

21 A 1 5 4 5 3 5 4 4 5 35 5 5 2 Y 

  

 

21 A 2 5 3 5 3 5 4 4 5 34 5 5 2 Y 

  

 

21 A 3 5 3 5 1 5 4 4 5 32 N/A N/A 2 Y 

  
 

21 A 4 5 5 5 4 5 4 4 5 37 5 5 2 Y 

  

 

21 B 1 4 5 4 2 5 4 5 4 33 4 4 2 Y 

  

 

21 B 2 5 4 5 3 5 5 5 5 37 5 4 2 Y 

  

 

21 B 3 5 5 5 1 5 5 5 5 36 5 4 2 Y 

  

 

21 B 4 5 5 5 1 5 5 5 5 36 5 3 2 Y 

  

 

21 C 1 5 4 5 3 4 5 5 4 35 5 5 2 Y 

  

 

21 C 2 4 4 4 4 5 4 5 5 35 5 5 2 Y 

  

 

21 C 3 5 4 3 4 4 3 5 5 33 5 5 2 Y 

  

 

21 C 4 4 4 4 3 4 3 4 4 30 5 5 1 Y 

  

 

22 A 1 5 4 5 2 5 4 4 5 34 N/A 5 2 Y 

  

 

22 A 2 5 4 5 1 4 4 5 5 33 5 5 2 Y 

  

 

22 A 3 5 4 5 1 5 5 5 5 35 N/A 5 2 Y 

  

 

22 A 4 5 3 5 1 5 5 5 5 34 N/A 5 2 N 

  

 

22 B 1 5 5 5 1 4 4 4 5 33 3 3 2 Y 

  

 

22 B 2 5 5 5 1 4 5 5 5 35 4 4 2 Y 

  

 

22 B 3 4 5 5 1 5 4 5 4 33 4 4 2 Y 

  

 

22 B 4 5 4 5 4 4 4 4 4 34 4 3 2 Y 

  

 

22 C 1 4 5 4 4 5 4 5 5 36 4 5 2 Y 

  

 

22 C 2 4 4 4 3 4 4 5 5 33 4 5 2 Y 

  
 

22 C 3 5 4 3 3 4 3 5 4 31 4 5 2 Y 

  
 

22 C 4 5 4 4 3 4 3 4 4 31 3 4 1 N 

  

 

23 A 1 4 1 5 2 5 3 3 5 28 N/A 5 2 Y 

  

 

23 A 2 5 3 5 3 5 4 4 5 34 4 N/A 2 Y 

  

 

23 A 3 5 3 5 1 5 4 4 5 32 N/A 5 2 Y 

  

 

23 A 4 5 4 5 1 4 3 3 5 30 N/A 5 2 N 

  

 

23 B 1 4 4 4 4 4 4 5 4 33 3 4 2 Y 

  

 

23 B 2 5 5 4 2 4 4 5 5 34 4 4 2 Y 

  

 

23 B 3 4 5 3 1 3 3 4 3 26 N/A 3 2 Y 

  

 

23 B 4 5 3 3 2 4 3 4 4 28 N/A 3 2 Y 

  

 

23 C 1 4 3 4 3 4 3 5 4 30 4 4 2 Y 

  

 

23 C 2 4 4 4 4 4 4 5 5 34 4 5 2 Y 

  

 

23 C 3 4 4 3 3 4 3 4 4 29 4 4 1 Y 

  

 

23 C 4 5 3 3 3 4 3 4 5 30 3 5 2 Y 
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24 A 1 5 5 5 5 5 5 5 5 40 5 N/A 2 Y 

  

 

24 A 2 5 5 5 4 5 5 5 5 39 N/A 5 2 Y 

  

 

24 A 3 5 5 5 2 5 5 5 5 37 5 N/A 2 Y 

  

 

24 A 4 5 4 5 2 5 5 5 5 36 5 N/A 2 N 

  

 

24 B 1 5 5 5 2 4 4 4 4 33 4 N/A 2 Y 

  

 

24 B 2 5 5 5 3 5 5 5 5 38 5 N/A 2 Y 

  

 

24 B 3 5 5 5 1 5 3 5 4 33 5 N/A 2 Y 

  

 

24 B 4 5 4 5 2 4 4 4 4 32 4 N/A 2 Y 

  
 

24 C 1 4 5 4 4 5 4 5 5 36 5 N/A 2 Y 

  

 

24 C 2 4 4 4 4 5 4 5 5 35 5 N/A 2 Y 

  
 

24 C 3 5 5 4 4 5 4 5 5 37 5 N/A 2 Y 

  

 

24 C 4 5 4 5 3 4 3 5 4 33 4 N/A 1 Y 

  

 

25 A 1 5 4 5 2 5 5 5 5 36 5 N/A 2 Y 

  

 

25 A 2 5 4 5 2 5 5 5 5 36 5 N/A 2 Y 

  

 

25 A 3 5 4 5 3 5 5 5 5 37 5 N/A 2 Y 

  

 

25 A 4 5 4 5 4 5 5 5 5 38 5 N/A 2 Y 

  

 

25 B 1 5 5 5 3 5 5 5 5 38 4 4 2 Y 

  

 

25 B 2 5 4 5 2 4 4 5 4 33 5 N/A 2 Y 

  

 

25 B 3 5 5 4 3 5 5 5 5 37 4 N/A 2 Y 

  

 

25 B 4 5 5 5 3 5 5 5 5 38 4 N/A 2 Y 

  

 

25 C 1 5 5 5 4 5 4 5 5 38 5 N/A 2 Y 

  

 

25 C 2 5 5 5 4 5 4 5 4 37 4 N/A 2 Y 

  

 

25 C 3 5 4 5 5 5 5 5 5 39 5 N/A 2 Y 

  

 

25 C 4 5 4 5 4 5 4 5 5 37 4 N/A 2 Y 

  

 

26 A 1 5 1 5 1 5 5 5 5 32 5 N/A 2 Y 

  

 

26 A 2 5 2 5 2 5 5 5 5 34 N/A N/A 2 Y 

  

 

26 A 3 5 1 5 2 5 5 5 5 33 N/A N/A 2 Y 

  

 

26 A 4 5 1 5 2 5 5 5 5 33 N/A N/A 2 Y 

  

 

26 B 1 5 5 5 3 5 5 5 5 38 4 N/A 2 Y 

  

 

26 B 2 5 4 5 2 5 4 5 4 34 3 N/A 2 Y 

  

 

26 B 3 5 4 4 2 5 4 5 4 33 3 N/A 2 Y 

  

 

26 B 4 5 5 5 2 5 4 5 4 35 N/A N/A 2 Y 

  

 

26 C 1 5 4 5 5 5 5 5 5 39 4 N/A 2 Y 

  

 

26 C 2 5 4 5 4 5 4 5 5 37 4 N/A 2 Y 

  

 

26 C 3 5 4 4 4 5 4 5 5 36 4 N/A 2 Y 

  

 

26 C 4 4 3 4 3 5 3 5 5 32 4 N/A 2 Y 

  
 

27 A 1 5 5 5 2 5 4 3 5 34 N/A N/A 2 Y 

  

 

27 A 2 5 5 5 1 2 4 4 5 31 5 N/A 2 N 

  

 

27 A 3 5 4 5 2 4 5 5 5 35 N/A N/A 2 N 

  

 

27 A 4 5 4 5 1 4 3 4 5 31 N/A N/A 2 N 

  

 

27 B 1 5 5 5 1 5 4 5 4 34 3 N/A 2 Y 

  

 

27 B 2 5 5 5 1 4 4 5 4 33 4 N/A 2 Y 

  

 

27 B 3 5 5 5 1 4 4 5 3 32 N/A N/A 2 Y 

  

 

27 B 4 5 5 5 1 4 4 4 3 31 4 N/A 2 Y 

  

 

27 C 1 5 5 4 4 5 4 4 5 36 4 N/A 2 Y 

  

 

27 C 2 5 5 5 5 5 5 5 5 40 4 N/A 2 Y 

  

 

27 C 3 5 5 5 4 4 4 4 4 35 4 N/A 2 Y 

  

 

27 C 4 5 4 4 3 4 3 4 5 32 4 N/A 2 Y 
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28 A 1 5 5 5 5 5 5 4 5 39 5 N/A 2 Y 

  

 

28 A 2 5 5 5 4 5 4 4 5 37 5 N/A 2 Y 

  

 

28 A 3 5 5 5 5 5 5 5 5 40 N/A N/A 2 Y 

  

 

28 A 4 5 5 5 5 5 5 5 5 40 5 N/A 2 Y 

  

 

28 B 1 5 5 5 2 5 4 5 4 35 4 N/A 2 Y 

  

 

28 B 2 5 5 5 2 5 4 5 4 35 5 N/A 2 Y 

  

 

28 B 3 4 5 4 2 5 4 4 4 32 5 N/A 2 Y 

  

 

28 B 4 5 5 5 3 5 4 5 5 37 5 N/A 2 Y 

  

 

28 C 1 5 5 5 5 5 5 5 5 40 5 5 2 Y 

  

 

28 C 2 5 5 5 4 5 4 5 4 37 4 3 2 N 

  

 

28 C 3 5 5 4 5 5 4 5 4 37 5 4 2 Y 

  

 

28 C 4 5 5 4 5 5 5 5 5 39 4 4 2 Y 

  

 

29 A 1 5 1 5 1 5 5 4 5 31 5 5 2 Y 

  

 

29 A 2 5 2 5 1 5 4 4 5 31 5 5 2 Y 

  

 

29 A 3 5 1 5 3 5 4 4 5 32 5 5 2 N 

  

 

29 A 4 5 3 5 1 5 4 4 5 32 5 5 2 Y 

  

 

29 B 1 5 5 5 1 5 4 5 4 34 5 5 2 Y 

  

 

29 B 2 5 5 5 2 5 5 5 4 36 5 5 2 Y 

  

 

29 B 3 5 4 5 1 4 4 4 3 30 4 4 2 Y 

  

 

29 B 4 5 4 5 5 5 5 5 5 39 5 4 2 Y 

  

 

29 C 1 5 4 4 4 5 4 5 5 36 5 5 2 Y 

  
 

29 C 2 5 4 4 5 5 4 5 4 36 5 5 2 Y 

  

 

29 C 3 4 4 5 4 5 4 5 4 35 5 5 2 Y 

  

 

29 C 4 5 4 4 2 4 3 4 4 30 4 5 2 N 

  

 

30 A 1 5 3 5 5 5 5 5 5 38 5 5 2 Y 

  

 

30 A 2 5 5 5 4 5 5 4 5 38 5 5 2 Y 

  

 

30 A 3 5 3 5 4 5 5 5 5 37 N/A 5 2 Y 

  

 

30 A 4 5 3 5 4 5 5 5 5 37 N/A 5 2 N 

  

 

30 B 1 5 5 5 3 5 5 5 5 38 4 5 2 Y 

  

 

30 B 2 5 5 5 3 5 5 5 5 38 3 5 2 Y 

  

 

30 B 3 5 5 5 3 5 4 5 5 37 4 5 2 Y 

  

 

30 B 4 5 5 5 2 5 4 5 4 35 4 5 2 Y 

  

 

30 C 1 5 5 5 5 5 5 5 5 40 4 5 2 Y 

  

 

30 C 2 5 4 5 5 5 5 5 5 39 5 5 2 Y 

  

 

30 C 3 5 4 5 4 5 4 5 5 37 4 4 2 Y 

  

 

30 C 4 5 4 5 4 5 4 5 4 36 N/A 4 2 Y 

  

 

31 A 1 5 4 5 4 5 5 4 4 36 3 5 2 Y 

  

 

31 A 2 5 3 5 5 5 3 4 5 35 5 5 2 Y 

  

 

31 A 3 5 4 5 4 5 3 4 5 35 N/A 5 2 Y 

  

 

31 A 4 5 4 5 4 5 5 5 5 38 N/A 5 2 N 

  

 

31 B 1 5 5 4 3 5 5 5 5 37 4 5 2 Y 

  
 

31 B 2 5 5 5 3 5 5 5 5 38 5 5 2 Y 

  

 

31 B 3 4 4 5 3 5 5 4 5 35 3 5 2 Y 

  

 

31 B 4 4 5 5 2 4 4 5 5 34 4 4 2 Y 

  

 

31 C 1 5 4 5 5 5 5 5 5 39 5 5 2 Y 

  

 

31 C 2 5 4 5 4 5 4 5 5 37 4 5 2 Y 

  

 

31 C 3 5 4 5 4 5 4 5 5 37 3 5 1 y 

  

 

31 C 4 4 4 5 4 5 4 5 4 35 3 5 2 Y 

  



 

 

 

 

IMAGE QUALITY ASSESSMENT 
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32 A 1 5 2 5 1 4 3 4 5 29 5 N/A 2 Y 

  
 

32 A 2 5 1 5 2 5 4 4 5 31 5 N/A 2 N 

  

 

32 A 3 5 1 5 1 4 3 4 5 28 N/A N/A 2 N 

  

 

32 A 4 5 3 5 1 5 4 4 5 32 N/A N/A 2 N 

  

 

32 B 1 5 5 5 1 4 4 5 4 33 4 N/A 2 Y 

  

 

32 B 2 5 4 5 1 5 4 5 4 33 5 N/A 2 Y 

  

 

32 B 3 4 3 4 3 3 2 3 3 25 3 3 2 Y 

  

 

32 B 4 5 4 5 1 3 3 4 3 28 3 N/A 2 Y 

  

 

32 C 1 5 4 4 4 5 4 5 5 36 4 N/A 2 Y 

  

 

32 C 2 5 4 4 3 4 3 4 5 32 5 N/A 2 N 

  

 

32 C 3 5 4 4 3 4 3 4 4 31 4 N/A 2 Y 

  

 

32 C 4 4 3 4 2 4 2 4 4 27 4 N/A 2 N 

  

 

33 A 1 5 1 5 4 5 4 4 5 33 5 5 2 Y 

  

 

33 A 2 5 3 5 5 5 5 5 5 38 5 5 2 Y 

  

 

33 A 3 5 2 5 4 5 5 5 5 36 5 5 2 Y 

  

 

33 A 4 5 4 5 3 5 5 5 5 37 5 5 2 Y 

  

 

33 B 1 5 5 4 2 5 4 5 4 34 5 5 2 Y 

  

 

33 B 2 5 5 5 3 5 4 5 4 36 5 5 2 Y 

  

 

33 B 3 4 5 4 3 5 4 4 4 33 4 4 2 Y 

  

 

33 B 4 5 5 5 1 5 5 4 4 34 4 4 2 Y 

  

 

33 C 1 5 4 5 5 5 5 5 5 39 5 4 2 Y 

  

 

33 C 2 5 4 5 5 5 5 5 5 39 5 4 2 Y 

  

 

33 C 3 5 4 5 4 5 4 5 5 37 5 5 2 Y 

  

 

33 C 4 5 4 5 4 5 4 5 5 37 5 5 1 Y 

  

 

34 A 1 5 2 5 4 5 4 3 5 33 5 5 2 Y 

  

 

34 A 2 5 3 5 4 5 4 4 5 35 5 5 2 Y 

  

 

34 A 3 5 4 5 2 5 5 5 5 36 5 5 2 Y 

  

 

34 A 4 5 1 5 2 5 4 4 5 31 N/A 5 2 N 

  

 

34 B 1 5 5 5 3 5 4 5 4 36 5 5 2 Y 

  

 

34 B 2 5 5 5 2 5 5 5 5 37 4 4 2 Y 

  

 

34 B 3 5 5 5 2 5 4 4 4 34 4 4 2 Y 

  

 

34 B 4 5 4 5 1 4 4 4 4 31 4 4 2 Y 

  

 

34 C 1 5 3 4 3 5 3 4 4 31 5 5 2 Y 

  

 

34 C 2 5 4 4 4 5 4 5 4 35 5 5 2 Y 

  

 

34 C 3 4 4 4 3 5 3 4 5 32 5 5 2 Y 

  

 

34 C 4 4 3 4 4 4 3 4 4 30 5 5 2 N 

  

 

35 A 1 5 4 5 4 5 5 5 5 38 5 5 2 Y 

  

 

35 A 2 5 4 5 3 5 4 5 5 36 5 5 2 Y 

  

 

35 A 3 5 4 5 3 5 5 5 4 36 5 5 2 N 

  

 

35 A 4 5 5 5 1 5 4 4 5 34 5 5 2 Y 

  

 

35 B 1 5 5 5 2 5 5 5 5 37 4 5 2 Y 

  

 

35 B 2 5 5 5 3 5 5 5 4 37 4 5 2 Y 

  

 

35 B 3 4 5 5 1 5 4 5 4 33 4 5 2 Y 

  

 

35 B 4 4 5 5 2 5 5 5 5 36 5 4 2 Y 

  

 

35 C 1 5 5 5 4 5 4 5 5 38 4 5 2 Y 

  

 

35 C 2 5 4 4 4 5 4 5 5 36 5 5 2 Y 

  

 

35 C 3 4 5 5 4 5 4 5 4 36 5 5 1 Y 

  

 

35 C 4 4 4 4 4 5 4 5 4 34 4 N/A 1 Y 
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36 A 1 5 4 5 1 5 5 5 5 35 5 5 2 Y 

  

 

36 A 2 5 3 5 2 5 4 4 5 33 N/A 5 2 Y 

  

 

36 A 3 5 2 5 1 5 5 5 5 33 4 N/A 2 Y 

  

 

36 A 4 5 4 5 1 5 5 5 5 35 N/A 5 2 Y 

  

 

36 B 1 5 4 4 1 4 4 5 4 31 3 4 2 Y 

  

 

36 B 2 5 5 5 1 4 4 5 4 33 4 4 2 Y 

  

 

36 B 3 5 4 5 1 4 3 4 3 29 3 3 2 Y 

  

 

36 B 4 5 3 5 1 4 4 4 4 30 N/A 4 2 Y 

  

 

36 C 1 4 5 5 3 5 3 5 5 35 4 N/A 2 Y 

  

 

36 C 2 5 5 5 4 5 4 5 4 37 4 4 2 Y 

  

 

36 C 3 5 4 5 4 5 4 5 4 36 5 5 2 Y 

  

 

36 C 4 5 4 4 3 4 3 5 4 32 4 3 1 Y 

  



 

 

 

APPENDIX M 

p-Values indicating differences in mean IQS (all vi ewers) 
per individual anatomical structure (criteria 1 – 8 ) between 

the processing options (n=36) 



 

 

APPENDIX M 

 

p-Values indicating differences in mean IQS (all vi ewers) per individual 

anatomical structure (criteria 1 – 8) between the p rocessing options (n = 36) 
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MUSICA2 
MUSICA

2
 

Invert 

 

0.0263 

 

0.3060 

 

0.6891 

 

0.2825 

 

0.5933 

 

0.8721 

 

0.3033 

 

0.9002 

 
Unprocessed 

 

0.1293 

 

0.0159 

 

0.3139 

 

0.0042 

 

0.0175 

 

0.0003 

 

0.1017 

 

0.0005 

 

Unprocessed 

Invert 

 

0.3530 

 

0.0142 

 

0.1978 

 

0.0054 

 

0.0035 

 

0.0026 

 

0.0114 

 

0.0071 

MUSICA
2
 

Invert 
Unprocessed 

 

0.0001 

 

0.0974 

 

0.4188 

 

0.0018 

 

0.0405 

 

0.0003 

 

0.0039 

 

0.0002 

 

Unprocessed 

Invert 

 

0.0032 

 

0.2212 

 

0.4828 

 

0.0061 

 

0.0112 

 

0.0026 

 

0.0086 

 

0.0195 

Unprocessed 
Unprocessed 

Invert 

 

0.5347 

 

0.9444 

 

1.0000 

 

0.9356 

 

0.8035 

 

0.8864 

 

0.5363 

 

0.1044 

Values in bold indicate statistically significant d ifferences (p <0.05)) 

 



 

 

 

APPENDIX N 

A-D: p-Values indicating differences in mean IQS (a ll 
viewers) between the individual anatomical structur es 

(criteria 1-8) per processing option (MUSICA 2, MUSICA2 
Invert, Unprocessed and Unprocessed Invert) 



 

 

APPENDIX N 

A-D:  p-Values indicating differences in mean IQS ( all viewers) between 

the individual anatomical structures (criteria 1-8)  for MUSICA 2, MUSICA2 

Invert, Unprocessed and Unprocessed Invert 
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Skin outline <0.0001 0.172 <0.0001 0.8346 <0.0001 0.1764 0.1931 

Skin structure   <0.0001 <0.0001 <0.0001 0.1927 0.0001 <0.0001 

Pectoral 

muscle 
    <0.0001 0.0897 <0.0001 0.893 0.744 

Vascular 

structures 

through dense 

parenchyma 

      <0.0001 <0.0001 <0.0001 <0.0001 

Vascular 

structures in 

fat 

        <0.0001 0.0141 0.0631 

Vessels, 

fibrous 

strands, 

pectoral 

muscle 

          <0.0001 <0.0001 

Fibrous 

strands in fat 
            0.5971 

Values in bold indicate statistically significant d ifferences (p < 0.05) 



 

 

 

 

B - MUSICA2 Invert 
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Skin outline <0.0001 0.0008 <0.0001 0.0749 <0.0001 0.0293 0.0083 

Skin structure   <0.0001 <0.0001 <0.0001 0.0051 <0.0001 <0.0001 

Pectoral muscle     <0.0001 0.1356 <0.0001 0.1862 0.5427 

Vascular structures 

through dense 

parenchyma 

      <0.0001 <0.0001 <0.0001 <0.0001 

Vascular structures in 

fat 
        <0.0001 0.6392 0.3928 

Vessels, fibrous strands, 

pectoral muscle 
          <0.0001 <0.0001 

Fibrous strands in fat             0.6679 

Values in bold indicate statistically significant d ifferences (p < 0.05) 

 

 



 

 

 

 

C - Unprocessed 

  

  

S
k

in
 s

tr
u

ct
u

re
 

P
e

ct
o

ra
l m

u
sc

le
 

V
a

sc
u

la
r 

st
ru

ct
u

re
s 

th
ro

u
g

h
 d

e
n

se
 

p
a

re
n

ch
ym

a
 

V
a

sc
u

la
r 

st
ru

ct
u

re
s 

in
 f

a
t 

V
e

ss
e

ls
, 

fi
b

ro
u

s 
st

ra
n

d
s,

 p
e

ct
o

ra
l 
m

u
sc

le
 

F
ib

ro
u

s 
st

ra
n

d
s 

in
 f

a
t 

G
la

n
d

u
la

r 
ti

ss
u

e
 

Skin outline <0.0001 0.334 <0.0001 0.2491 <0.0001 0.0898 <0.0001 

Skin structure   <0.0001 <0.0001 <0.0001 0.0443 <0.0001 <0.0001 

Pectoral muscle     <0.0001 0.727 <0.0001 0.5488 0.0032 

Vascular structures 

through dense 

parenchyma 

      <0.0001 <0.0001 <0.0001 <0.0001 

Vascular structures in fat         <0.0001 0.9123 0.046 

Vessels, fibrous strands, 

pectoral muscle 
          <0.0001 <0.0001 

Fibrous strands in fat             0.026 

Values in bold indicate statistically significant d ifferences (p < 0.05) 

 

 

 

 



D - Unprocessed Invert 

 

  

S
ki

n
 s

tr
u

ct
u

re
 

P
e

ct
o

ra
l 
m

u
sc

le
 

V
a

sc
u

la
r 

st
ru

ct
u

re
s 

th
ro

u
g

h
 d

e
n

se
 

p
a

re
n

ch
ym

a
 

V
a

sc
u

la
r 

st
ru

ct
u

re
s 

in
 f

a
t 

V
e

ss
e

ls
, 

fi
b

ro
u

s 
st

ra
n

d
s,

 p
e

ct
o

ra
l m

u
sc

le
 

F
ib

ro
u

s 
st

ra
n

d
s 

in
 f

a
t 

G
la

n
d

u
la

r 
ti

ss
u

e
 

Skin outline <0.0001 0.238 <0.0001 0.186 <0.0001 0.0425 0.0063 

Skin structure   <0.0001 <0.0001 <0.0001 0.0531 <0.0001 <0.0001 

Pectoral muscle     <0.0001 0.8557 <0.0001 0.3475 0.2983 

Vascular structures 

through dense 

parenchyma 

      <0.0001 <0.0001 <0.0001 <0.0001 

Vascular structures in 

fat 
        <0.0001 0.2637 0.2219 

Vessels, fibrous strands, 

pectoral muscle 
          <0.0001 <0.0001 

Fibrous strands in fat             1 

Values in bold indicate statistically significant d ifferences (p < 0.05) 

 



 

 

 

APPENDIX O 

Mammography reporting:  Datasheet 



 

 



 

 

 

APPENDIX P 

Information document:  Mammogram reporting 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 



 

 

 

APPENDIX Q 

Raw data: Initial and Final reporting 
 

Initial Reporting:  Pages  1 – 22 

Final Reporting:  Pages 23 – 40 
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INITIAL MAMMOGRAM EVALUATION - MUSICA 
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1 1.1.13 A 4 5 Tru-cut biopsy  - Infiltrating duct 4 , 5 1 , 2   2 5     x   

    B 1 5 Ca gr II   7   3 1       x 

    C 2 5     1 , 10 , 9   3 5     x     x   

2 2.1.22 A 4 2 Benign -Follow-up 1 , 2, 3   6 1 1 x       

    B 1 3       2 2 2 x       

    C 4 4     8 , 12 8 5 5         

3 3.1.4 A 2 5 Lumpectomy - Infiltrating duct 4 , 5  6   2         x 

    B 2 5 Ca gr II   2   3 1       x 

    C 4 5     6   2 5       x 

4 4.2.15 A 2 2 Benign -Follow-up 1 , 2, 3   8 5           

    B 2 3       8 5 1 x       

    C 2 3       8 5 5         

5 7.2.13 A 5 2 Benign -Follow-up 1 , 2, 3     5 5         

    B 4 3         5 5 x       

    C 1 2         5 5 x       

6 8.2.10 A 2 5 Biopsy - Infiltrating duct ca Gr II 4 , 5    8 , 9   2         

    B 1 5       8 1 3 x       

    C 2 5       8 , 9 5 3         

7 21.2.4 A 1 5 Benign 1 , 2, 3 6   5         x 

    B 1 4 Biopsy - intraduct papilloma       5 5 x       

    C 1 4     4   5 5       x 

8 131.13.1 A 3 5 Needle biopsy - Infiltrating duct 4 , 5    5   3,5         

    B 5 5 Ca gr II with mucinous Ca     3 3,5 3,5 x       

    C 3 5 component     5 , 9 5 3         
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9 9.2.9 A 2 3 Benign - Follow-up 1 , 2, 3 1   1           

    B 2 2     12   5 5   x     

    C 2 4     1 9 5 5     x   

10 12.2.1 A 3 0 Benign - Follow-up 1 , 2, 3 8               

    B 4 2     12   1 1   x     

    C 4 3     2 , 11   5 5         x x   

11 135.13.13 A 1 5 FNA - malig cells present  4 , 5    8   3         

    B 1 5 consistent with duct ca with    6 8 , 7 , 7 3 , 5 3 , 5   x     

    C 4 4 mucinous component     8 , 1 5 3 , 3     x   

12 170.13.1 A 1 5 Mastectomy - Extensive DCIS 4 , 5  7   5       x   

    B 1 4     7 , 7 , 7   5 1         

    C 4 4     8 1 , 12 5 1     x   

13 15.2.1 A 4 4 Benign - Follow-up 1 , 2, 3     5 3         

    B 5 3         5 5 x       

    C 4 3         x x x       

14 138.13.13 A 3 5 Mastectomy - Extensive High gr 4 , 5    1 5 5         

    B 3 4 DCIS       5 5         

    C 3 3       2 1 5         

15 133.13.13 A 1 5 Needle biopsy -Infiltrating  duct 4 , 5    7             

    B 1 5 Ca gr II   11 , 11 2 5 1   x     x     

    C 1 5       7 1 1         

16 145.13.5 A 2 5 Mass resection - Adenocarcinoma 4 , 5  8 , 12   5 5         

    B 2 5 highly suggestive of infiltrating    2   5 5     x   

    C 2 4 duct Ca gr III   12   1 1     x   
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17 134.13.13 A 2 5 Biopsy - Medullary Ca 4 , 5    2 , 6 5 3 , 5         

    B 1 5     7 , 9 5 , 3 , 3 5 2 , 5   x     

    C 4 4     1 1 , 6,12, 5 1 2         

18 13.2.4 A 1 3 Benign - Follow-up 1 , 2, 3     5           

    B 4 3         5 5 x       

    C 4 2         5 5 x       

19 144.13.10 A 3 5 Tru-cut biopsy - Infiltrating duct 4 , 5  11           x   

    B 1 5 Ca gr II   7   5 5       x 

    C 1 5     11   5 1       x 

20 18.2.10 A 4 4 Benign - Follow-up 1 , 2, 3 1           x   

    B 4 3         1 5 x       

    C 5 2         1 5 x       

21 136.13.13 A 2 5 Mastectomy - Infiltrating duct Ca 4 , 5    1 , 5   3   x       x   

    B 2 5 gr III + lymphovascular invasion     7 , 4 1 2 , 5       x     x 

    C 2 5     9 1 , 9 1 3     x   

22 153.13.4 A 1 5 Biopsy - Infiltrating duct Ca gr III 4 , 5    9   1         

    B 2 5     2 9 1 1         

    C 4 5     12 9 1 1     x   

23 10.2.3 A 5 3 , 4 Benign - Follow-up 1 , 2, 3 1 , 2 6 1 1         

    B 5 3 , 4     9 9 5 5     x   

    C 5 2     9 12 , 9 5 5   x     

24 250.20.10 A 2 5 Benign - Biopsy - granulomar infection 1 , 2, 3 5   1     x     

    B 2 4 No mass found - chronic absess   3   5 1     X   

    C 2 4     5   1 1   x     
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25 152.13.14 A 4 5 Biopsy - Infiltrating duct Ca gr II 4 , 5  8   3       x   

    B 3 5     9   3 1     x   

    C 4 4     10   3 5     x   

26 160.13.11 A 4 3 Biopsy - Infiltrating duct Ca gr II 4 , 5                  

    B 1 3         1 1 x       

    C 1 3       1 1 1         

27 23.2.13 A 1 5 Mastectomy - Infiltrating duct Ca gr 4 , 5    5   3         

    B 1 4 III / Background of high grade DCIS       1 3 x       

    C 3 4       5 , 9   3         

28 41.4.1 A 1 1 , 2 Benign - Follow-up 1 , 2, 3                 

    B 1 3         1 1 x       

    C 4 2         1 1 x       

29 26.3.11 A 3 5 Mastectomy - Infiltrating duct Ca gr 4 , 5    5   1         

    B 3 4 II.  Mucious component present     3 5 2 , 5 x       

    C 1 4       5 5 5         

30 42.5.8 A 1 5 Benign - Follow-up 1 , 2, 3 3   1       x   

    B 1 4     4   5 5   x     

    C 4 3     9     5   x     

31 29.3.1 A 3 4 Excision biopsy - Infiltrating duct Ca 4 , 5    1 5 5         

    B 1 3 Gr I / Low grade DCIS     7 5 3 , 5 x       

    C 4 4       1 , 1 5 3 , 5         

32 27.3.1 A 2 4 Excision biopsy - Infiltrating duct Ca 4 , 5  1   3           

    B 2 4  gr II with areas of DCIS   7   3 , 5 5       x 

    C 2 4     1   2         x 
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33 30.3.9 A 1 2 Benign - Follow-up 1 , 2, 3                 

    B 1 3     7   5 5   x     

    C 4 2         5 5 x       

34 31.4.1 A 3 2 Benign - Follow-up 1 , 2, 3     5 5         

    B 1 3     7 7 5 5   x     

    C 4 3     10 10 5 5   x     

35 34.4.1 A 2 2 Benign - Follow-up 1 , 2, 3     5 5         

    B 1 2     11 11 5 5   x     

    C 1 2         5 5   x     

36 25.3.12 A 4 5 Biopsy - Moderately differentiated 4 , 5    4             

    B 4 5 duct Ca gr II     4 1 1 x       

    C 4 4       4 1 1         

37 32.4.1 A 1 3 , 4 Benign - Follow-up 1 , 2, 3     5 5         

    B 1 3         5 5 x       

    C 4 3         5 5         

38 33.4.13 A 1 2 Benign - Follow-up 1 , 2, 3     5           

    B 1 2         5 5 x       

    C 4 3       1 2 2         

39 46.5.14 A 2 5 Mastectomy - Invasive lobular Ca, 4 , 5    1 5 3 , 5         

    B 2 5 classic subtype     7 5 5 x       

    C 2 4       1 5 5         

40 48.5.14 A 3 3 Benign - Follow-up 1 , 2, 3   1 5 5   x     

    B 1 3         5 5 x       

    C 1 3       9 5 5         
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41 50.6.8 A 1 1 Benign - Follow-up 1 , 2, 3                 

    B 1 2         1 1 x       

    C 1 1         1 1         

42 53.6.14 A 3 5 Mastectomy - Infiltrating duct Ca gr 4 , 5    1 5 3         

    B 3 5 II     6 5 3 x       

    C 4 5       2 5 3         

43 60.7.1 A 2 2 Benign - Follow-up 1 , 2, 3                 

    B 2 1             x       

    C 2 1         5 1 x       

44 61.8.1 A 2 3,4 Benign - Follow-up 1 , 2, 3   2             

    B 2 4       6 5 5 x       

    C 2 0 , 3       2 5 5         

45 65.8.1 A 5 5 Trucut biopsy - Infiltrating Lobular Ca 4 , 5  8 1 3 , 5 3 , 5       x 

    B 4 5       7 3 , 5 3 , 5         

    C 5 4     8 1 , 10 3 , 5 5     x   

46 66.8.13 A 2 5 Mastectomy - Infiltrating duct Ca gr 4 , 5    9 , 1 5 5         

    B 2 5 II     4 5 2 , 5 x       

    C 2 5       9 , 1 1 1         

47 69.10.1 A 1 5 Mastectomy - Infiltrating duct Ca gr 4 , 5  1         x      

    B 2 4 III   7   2 1   x     

    C 2 4     1   2       x   

48 73.10.1 A 1 3 Benign - Follow-up 1 , 2, 3 8     5         

    B 3 2         5 5 x       

    C 4 3       12 5 2         
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49 74.10.19 A 3 2 , 3 Benign - Follow-up 1 , 2, 3   1       x     

    B 1 2         5 5 x       

    C 4 2           5         

50 75.11.13 A 2 3 , 4 Benign - Excision biopsy no features of 1 , 2, 3   1   2         

    B 1 4 malignancy.  Traumatic fat necrosis   5 7 5 3 x       

    C 4 4 and dystrophic calcifications     1 , 2   3 , 2         

51 76.11.13 A 1 1 FNA - Malignant cells compatible  4 , 5                  

    B 1 3 with ductal carcinoma       1 3 , 5  x       

    C 4 3 Recurrent Ca         3 x       

52 77.11.16 A 1 4 Excision biopsy - Infiltrating duct Ca gr 4 , 5  1 , 10         x     

    B 4 3 III with areas of high grade DCIS       5 1         

    C 5 3     8 8 5 5     x   

53 78.11.1 A 3 3 Benign - Follow-up 1 , 2, 3   1 5 5         

    B 3 3       7 , 7 5 5 x       

    C 4 3     9 1 5       x   

54 79.11.1 A 2 5 Biopsy - Infiltrating duct Ca gr III 4 , 5    2   3         

    B 2 4       6 3 2         

    C 4 5     8 , 5, 12   3 3     x     x   

55 81.11.13 A 2 5 FNA - Mucinous Ca/ ductal Ca cannot 4 , 5  5   5 5   x     

    B 2 4 be excluded    3   5 5     x   

    C 2 4 Pt transferred - No file   6   5 5     x   

56 86.11.13 A 2 5 Mastectomy -  Infiltrating duct Ca gr II 4 , 5    1             

    B 1 5 and extensive DCIS     6 1 5 x       

    C 1 4       2 5 2         
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57 88.11.13 A 1 5 Mastectomy - Infiltrating duct Ca gr III 4 , 5  1   3       x   

    B 1 5 Extensive lymphovascular invasion   7   3 , 5 5       x 

    C 4 5     1 , 9   3 5     x x 

58 89.12.26 A 2 3 Benign - Follow-up 1 , 2, 3   8   5         

    B 2 3         5 5 x       

    C 2 3     2 8 5 5   x     

59 90.12.10 A 3 5 Mastectomy - Infiltrating duct Ca gr II 4 , 5  5   5 5   x     

    B 2 4     3   5 5     x   

    C 4 4     5   2 , 4 2 , 5     x   

60 91.12.8 A 1 4 Benign - Follow -up 1 , 2, 3   1   5         

    B 1 3         5 5 x       

    C 3 2         5 5 x       

61 93.12.5 A 2 5 Biopsy - DCIS 4 , 5    6   3         

    B 2 5     7 2 5 3 , 5   x     

    C 2 5     1 6 5 3   x      

62 94.12.13 A 2 5 FNA - Malignant cells compatable with 4 , 5    1   5         

    B 1 5 duct Ca   7 7 1 2 , 5 x       

    C 1 5 Pt refused surgery - grading unknown   1 1 1 3   x     

63 96.12.8 A 1 5 Benign - Follow-up 1 , 2, 3     3 3         

    B 4 4         3 , 5 3 , 5         

    C 4 3     10   2 2         

64 98.12.18 A 2 5 Biopsy - Infiltrating duct Ca gr III 4 , 5    8   2 , 5         

    B 2 5     7 8 5 2 , 5 x       

    C 2 5       8 5 3 x       
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65 99.13.3 A 2 3 Benign - Follow-up 1 , 2, 3 2   5       x   

    B 2 3     6   5 5         

    C 2 3     2 , 9  2 5 5     x     x   

66 100.13.16 A 4 5 Mastectomy - Infiltrating duct Ca gr II 4 , 5    11   5         

    B 2 5 Lymphovascular infiltration, infiltration     11 5 5         

    C 4 5 into adjacent skeletal muscle     10 , 11 5 5         

67 101.13.12 A 2 3 Benign - FNA periductal mastitis 1 , 2, 3     5 5         

    B 2 4         5 5 x       

    C 4 3     9 10 5 5     x   

68 104.13.12 A 1 5 Benign - Excision Biopsy Fibroadenoma 1 , 2, 3 5 11       x      

    B 1 4     3   5 5   x      

    C 4 3     5   5 5   x     

69 105.13.1 A 1 1 Benign - Follow-up 1 , 2, 3                 

    B 1 3         1 5         

    C 4 2         5 5 x       

70 107.13.10 A 2 5 Biopsy - Infiltrating duct Ca gr II 4 , 5    9  , 11   3         

    B 2 5       9 5 3 , 5         

    C 2 5       9 5 4         

71 110.13.20 A 1 5 Benign - Lymph node BX - Caseous  1 , 2, 3   10             

    B 1 4 TB lymphadenitis       1 1 x       

    C 1 4       10 1 2         

72 111.13.13 A 2 5 Histology - Angiosarcoma 4 , 5  5   5 5   x     

    B 2 4     3   5 5   x     

    C 4 4     5   5 5     x    
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73 113.13.23 A 1 4 Benign - Follow-up 1 , 2, 3 1 1       x     

    B 1 4     7 7 5 5     x   

    C 5 3     1 , 2, 10 1 , 10 1 2   x x   

74 118.13.4 A 1 3 Benign - Follow-up 1 , 2, 3   8             

    B 4 3         5 5         

    C 4 2         5 1         

75 119.13.13 A 3 5 Benign - TB breast 1 , 2, 3 10               

    B 3 4         5 5         

    C 1 4     10   5 5         

76 121.13.1 A 2 5 FNA - Malignant cells compatable with 4 , 5    8 , 8 , 1 , 9 5 3 , 5         

    B 2 5 duct Ca     9 5 2 , 3 , 5 x       

    C 2 5 Pt refused surgery - grading unknown     8 , 2 , 9 5 3         

77 122.13.3 A 4 5 FNA - Malignant cells compatable with 4 , 5    8             

    B 4 5 duct Ca     9   2       x 

    C 4 5 Pt refused surgery - grading unknown   10 1 1 2         

78 126.13.11 A 2 2 Benign - Biopsy Intraduct Papilloma 1 , 2, 3     5 5         

    B 3 3 No signs of malignancy     7 5 5 x       

    C 4 3       9 5 5         

79 128.13.8 A 5 2 Benign - Follow-up 1 , 2, 3     5 5         

    B 4 3         5 5 x       

    C 5 3         2 , 5 2 , 5 x       

80 130.13.1 A 2 3 Benign - Follow-up 1 , 2, 3 1         x     

    B 2 3     8   5 5   x     

    C 4 3                     
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1 1.1.13 A x x x x x                       x           

    B x     x x x x                       x       

    C x x x x x     x                             

2 2.1.22 A               x                       x     

    B                 x       x             x     

    C                 x               x     x     

3 3.1.4 A x                               x           

    B x           x                     x         

    C x                               x           

4 4.2.15 A               x                   x         

    B               x                             

    C               x                         x   

5 7.2.13 A               x         x                   

    B             x           x                   

    C             x                               

6 8.2.10 A                     x x   x   x         x   

    B                   x  x x   x x x           x 

    C                   x     x x x   x x x         x   

7 21.2.4 A                                 x            

    B             x                   x            

    C                                 x            
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8 131.13.1 A                     x x   x           x     

    B                   x x x   x x x       x     

    C                        x x x x   x x x       x     

9 9.2.9 A                                 x           

    B                                 x           

    C                 x   x x       x       x     

10 12.2.1 A   x x                 x x   x x             

    B                     x  x   x   ?  x           

    C                     x  x   x   x x           

11 135.13.13 A                 x                     x     

    B               x x  x       x             x     

    C                 x     x x             x     

12 170.13.1 A                                   x         

    B     x         x x x                        x     

    C   x x         x                             

13 15.2.1 A                                             

    B             x                               

    C             x                               

14 138.13.13 A                 x                       x   

    B     x                                         

    C                 x     x x             x     
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17 134.13.13 A                                           x 
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    C             x                               
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    C                 x   x x x x x x             

23 10.2.3 A                                     x x     

    B                 x               x     x     

    C               x                             

24 250.20.10 A                                 x           

    B x     x     x                   X           

    C                                 x           

25 152.13.14 A x     x x x                     x           

    B x x   x x x x                     x         

    C x x x x x x                         x       

26 160.13.11 A                   x     x                   

    B                         x                   

    C                 x     x               x     

27 23.2.13 A                 x                           

    B   x x                                       

    C                 x   x x                 x   

28 41.4.1 A                                             

    B             x                               

    C             x                               
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29 26.3.11 A               x                       x     

    B               x                       x     

    C               x     x                 x     

30 42.5.8 A                                 x           

    B             x                               

    C                                 x           

31 29.3.1 A                                       x     

    B                         x             x     

    C                   x x                   x   

32 27.3.1 A                                 x           

    B             x                   x           

    C                                 x           

33 30.3.9 A                         x                    

    B             x                   x           

    C             x                               

34 31.4.1 A                                             

    B               x                             

    C   x x         x       x x           x       

35 34.4.1 A                                             

    B               x                   x     x   

    C               x                             
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36 25.3.12 A                                       x     

    B               x     x x     x         x     

    C                 x   x x x              x     

37 32.4.1 A                         x                    

    B                         x                    

    C                       x x                   

38 33.4.13 A                                             

    B                         x                   

    C                 x       x             x     

39 46.5.14 A                   x x                 x     

    B                   x x     x             x   

    C                   x x x   x                 

40 48.5.14 A                                       x     

    B             x                               

    C                 x       x             x     

41 50.6.8 A                                             

    B             x                               

    C                                             

42 53.6.14 A                   x x                 x     

    B                   x x                 x     

    C                   x x x x   x         x      



17 

 

 

                   

Lesion extent 

   

R R R R R R L L L L L L L L L L R R R L L L 

P
a

ti
e

n
t 

n
u

m
b

e
r 

P
a

ti
e

n
t 

co
d

e
 

R
e

a
d

e
r 

A
rc

h
it

e
ct

u
ra

l 

d
is

to
rt

io
n

 

A
sy

m
m

e
tr

y
 b

re
a

st
s 

A
sy

m
m

e
tr

y
 d

e
n

si
ty

 

S
ki

n
 t

h
ic

k
e

n
in

g
 

S
ki

n
 r

e
tr

a
ct

io
n

 

N
ip

p
le

 r
e

tr
a

ct
io

n
 

N
o

 

o
p

a
ci

ty
/a

sy
m

m
e

tr
y
 

W
e

ll
 d

e
fi

n
e

d
 

o
p

a
ci

ty
 

P
o

o
rl

y
 d

e
fi

n
e

d
 

o
p

a
ci

ty
 

S
p

ic
u

la
te

 o
p

a
ci

ty
 

 A
rc

h
it

e
ct

u
ra

l 

d
is

to
rt

io
n

 

A
sy

m
m

e
tr

y
 b

re
a

st
s 

A
sy

m
m

e
tr

y
 d

e
n

si
ty

 

S
ki

n
 t

h
ic

k
e

n
in

g
 

S
ki

n
 r

e
tr

a
ct

io
n

 

N
ip

p
le

 r
e

tr
a

ct
io

n
 

Lo
ca

ll
iz

e
d

 

M
u

lt
if

o
ca

l 

M
u

lt
ic

e
n

tr
ic

 

Lo
ca

ll
iz

e
d

 

M
u

lt
if

o
ca

l 

M
u

lt
ic

e
n

tr
ic

 

43 60.7.1 A                                             

    B             x                               

    C             x                               

44 61.8.1 A               x                       x     

    B               x                       x     

    C               x                       x     

45 65.8.1 A x x               x x x   x x   x     x     

    B     x             x x x   x x         x     

    C x               x x       x x             x 

46 66.8.13 A                     x x         x x x           x 

    B                   x x x   x x x         x   

    C                       x x  x x   x x x           x 

47 69.10.1 A     x x   x                                 

    B       x     x                   x           

    C x     x                         x           

48 73.10.1 A                         x       x           

    B             x                               

    C                 x                     x     

49 74.10.19 A                                       x     

    B             x                               

    C                                             
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50 75.11.13 A                 x                           

    B               x         x                 x 

    C                 x   x   x                 x 

51 76.11.13 A                                             

    B       x     x             x                 

    C       x     x             x                 

52 77.11.16 A     x                           x           

    B     x       x                               

    C                 x                           

53 78.11.1 A           x                   x     x       

    B               x      x                             

    C               x                 x     x     

54 79.11.1 A               x     x                 x     

    B     x           x   x               x x     

    C x             x     x               x x     

55 81.11.13 A                                 x           

    B x x                              x           

    C x   x x                         x           

56 86.11.13 A                   x x                 x     

    B                   x x x               x     

    C                   x x x               x     
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57 88.11.13 A x     x                         x           

    B x x   x x x                       x         

    C x x   x   x                       x         

58 89.12.26 A               x                       x     

    B                         x                   

    C                 x                           

59 90.12.10 A       x                                     

    B             x                   x           

    C x   x x                         x           

60 91.12.8 A                 x       x             x     

    B             x                               

    C             x                               

61 93.12.5 A                 x             x       x     

    B                 x   x       x         x     

    C                   x x       x x x     x     

62 94.12.13 A                   x x                 x     

    B                   x x     x x         x     

    C                   x x     x x         x     

63 96.12.8 A                                             

    B     x                   x           x     x 

    C                                             
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64 98.12.18 A                   x x       x         x     

    B                   x x x   x x x       x     

    C                   x x x   x x x       x     

65 99.13.3 A                                 x           

    B     x       x                   x           

    C     x         x                 x           

66 100.13.16 A                 x x     x x           x     

    B                   x x x   x x         x     

    C                   x x x   x x             x 

67 101.13.12 A                         x                   

    B                         x                   

    C   x x                 x x       x       x   

68 104.13.12 A               x                 x     x     

    B                                 x           

    C                                 x           

69 105.13.1 A                                             

    B     x       x                               

    C             x                               

70 107.13.10 A                   x       x x x           x 

    B                   x x x   x x x           x 

    C                   x x x x x x x         x   
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71 110.13.20 A                 x         x   x             

    B                       x x x                 

    C                     x x   x x               

72 111.13.13 A                                 x           

    B x           x                   x           

    C   x x                           x           

73 113.13.23 A               x                   x     x   

    B                 x                   x   x   

    C     x         x x       x           x   x   

74 118.13.4 A                 x                     x     

    B                                             

    C   x                   x                     

75 119.13.13 A   x x x   x                                 

    B   x x x     x                               

    C                                     x       

76 121.13.1 A               x      x                         x 

    B                 x   x x                   x 

    C       x       x x     x         x               x 

77 122.13.3 A                   x       x x x       x     

    B x x   x x x                           x     

    C       x           x x x x x x x     x     x 
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78 126.13.11 A           x                   x             

    B               x                             

    C               x                       x     

79 128.13.8 A   x                                         

    B             x                               

    C             x                               

80 130.13.1 A                                             

    B                                 x           

    C       x                 x                   
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1 1.1.13 A 2 5 Tru-cut biopsy - Infiltrating duct 4 , 5 1   3 , 5         x 

    B 1 5 Ca gr II   1   3 , 5 5       x 

    C 4 5     1 , 11   3 5     x x 

2 250.20.10 A 2 4 Benign - Biopsy granulomar infection 1 , 2 , 3 5   5     x     

    B 2 4 No mass found - chronic absess    5   5 1     x   

    C 2 4     6   5 5   x     

3 2.1.22 A 2 2 Benign - follow-up 1 , 2 , 3     5           

    B 1 3         5 5         

    C 1 3       9 5 5         

4 268.22.3 A 4 5 Excision biopsy - duct Ca gr 1 4 , 5 8               

    B 1 5     8   2 5       x 

    C 4 5     8   3         x 

5 249.20.10 A 3 2 Benign - Follow-up 1 , 2 , 3 3   5 5   x     
    B 3 2     2   5 5   x     

    C 3 2     9   5 5   x     

6 7.2.13 A 1 2 Benign - Follow-up 1 , 2 , 3     5 5         

    B 1 3         5 5 x       

    C 1 2         5 5 x       

7 246.20.2 A 4 5 Benign - Follow-up 1 , 2 , 3   1 5 5   x     

    B 4 4     8 1 5 5     x   

    C 4 3     2 1 2 2     x   

8 8.2.10 A 2 5 Biopsy - Infiltrating duct Ca Gr II 4 , 5   9 , 7             

    B 2 5       9 1 3 x       

    C 2 5       9 , 9 5 3         

9 262.20.2 A 2 5 Mastectomy - Infiltrating duct Ca gr II 4 , 5   1   3         

    B 3 5       2 5 3 , 5         

    C 2 5       1, 1 2 3 , 4         
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10 10.2.3 A 1 3 Benign - Follow-up 1 , 2 , 3 1 , 1 8 1 1   x x     

    B 5 3     8 9 5 5   x     

    C 4 3     9 , 9 9 2 , 5 2 , 5     x   

11 236.19.3 A 1 2 Benign - Follow-up 1 , 2 , 3     5           

    B 3 3         5   x       

    C 1 3       4 5 5 x       

12 13.2.4 A 1 4 Benign - Follow-up 1 , 2 , 3     5 5         

    B 4 3         5 5 x       

    C 4 2         5 5 x       
13 25.3.12 A 4 5 Biopsy - Moderately differentiated  4 , 5   4             

    B 4 4 duct Ca gr II     4 5 5         

    C 4 4       4   2     x   

14 233.19.13 A 1 1 Benign - Follow-up 1 , 2 , 3                 

    B 1 3         5 1         

    C 4 4       1 5 2         

15 21.2.4 A 3 2 Benign - Intraduct papilloma 1 , 2 , 3     5 5         

    B 3 3         5 5     x   

    C 1 4     9   5 5     x   

16 259.20.13 A 2 5 Incision biopsy - Infiltrating duct Ca 4 , 5   11   5         

    B 2 5 gr III     1 , 10 5 3 x       

    C 2 5       1 , 11   2         

17 27.3.1 A 2 2 Excision biopsy - Infiltrating duct Ca 4 , 5     5 5         

    B 2 5 gr II with area of DCIS   9   3, 5  5       x 

    C 2 4     1   3 5       x 

18 230.19.2 A 4 3 Benign - Follow-up 1 , 2 , 3   1 5 5         

    B 4 4         5 5         

    C 4 4         3 3         
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19 31.4.1 A 1 2 Benign - Follow-up 1 , 2 , 3                 

    B 1 3     1 1 5 5   x     

    C 1 3         2 2 x       

20 258.20.11 A 4 5 Biopsy - Infiltrating duct carcinoma 4 , 5   2   3         

    B 4 5 (grading mastectomy after 15/10/08)     2 5 3 x       

    C 4 5 Pt transferred - no file     2 , 11 5 3         

21 46.5.14 A 2 5 Mastectomy - Invasive lobular Ca,  4 , 5   1 5 5         

    B 2 5 classic subtype     1 5 5 x       

    C 2 5       2 4 3 , 4         

  22 244.20.13 A 3 5 Biopsy - Infiltrating duct Ca gr II 4 , 5   9             

    B 3 5       4 5   x       

    C 1 5       9 5 5         

23 229.19.16 A 3 4 Benign - Follow-up marker no clear 1 , 2 , 3   1 5 5         

    B 1 3 lesion       1 1 x       

    C 1 2         5 5 x       

24 65.8.1 A 4 5 Trucut biopsy - Infiltrating lobular Ca 4 , 5 8 1 3 3         

    B 4 5     8 1 3 , 5 3 , 5       x 

    C 4 5     9 1 3 3     x   

25 33.4.13 A 4 1 Benign - Follow-up 1 , 2 , 3                 

    B 1 3       5 1   x       

    C 1 3       1 5 5         

26 227.19.5 A 2 5 Tru-cut biopsy - Invasive Ca? Lobular Ca 4 , 5    1             

    B 2 5 (did not qualify for surgery)     2 5 2 , 5         

    C 2 5       1 , 1 5 3     x      x 

27 228.19.3 A 1 2 Benign - Follow-up 1 , 2 , 3                 

    B 2 2         5 5 x       

    C 2 2         5 5         
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28 41.4.1 A 1 1 Benign - Follow-up 1 , 2 , 3                 

    B 1 3         1 1 x       

    C 1 2         5 5 x       

29 69.10.1 A 2 5 Mastectomy - Infiltrating duct Ca gr III 4 , 5 1         x     

    B 2 5     1   2 1   x     

    C 1 5     1 , 1   5 1   x     

30 221.19.11 A 1 2 Benign - Follow-up 1 , 2 , 3                 

    B 2 2         5 1 x       

    C 2 2         5 5 x       

31 48.5.14 A 1 4 Benign - Follow-up 1 , 2 , 3   8 5 3 , 5         

    B 1 2         5 5 x       

    C 1 2         5 5 x       

32 225.19.1 A 2 5 Mastectomy - Infiltrating duct Ca gr 4 , 5    1   2         

    B 2 5 II     2 5 2 x       

    C 2 5       1 5 2         

33 215.19.19 A 1 1 Benign - Follow-up 1 , 2 , 3                 

    B 1 2         5   x       

    C 1 2         5 2 x       

34 77.11.16 A 1 4 Excision biopsy - Infiltrating duct Ca 4 , 5 8         x     

    B 5 3 gr III with areas of high grade DCIS       5   x       

    C 5 4     9   2       x   

35 224.19.13 A 3 4 Biopsy - Pagets Infiltrating duct CA with  4 , 5 1,1,1,8,8 1       x x x x x      
    B 1 4 extreme high grade DCIS (not   9   3 1         

    C 1 4 possible to grade   1,9,11 1 3 2   x     
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36 81.11.13 A 2 4 FNA - Mucinous Ca/ ductal Ca cannot 4 , 5 7   5 5     x   

    B 2 4 be excluded   6   5 5   x     

    C 2 4 Pt transferred - no file   5   5 5     x   

37 60.7.1 A 2 1 Benign - Follow-up 1 , 2 , 3                 

    B 2 2         5 5 x       

    C 2 1         5 5 x       

38 212.19.5 A 1 2 Benign - Follow-up 1 , 2 , 3     5 5         

    B 4 3       8 5 5 x       

    C 1 3       1 5 5         

39 223.19.3 A 4 5 Biopsy - Ca (final classification on  4 , 5   1             

    B 4 4 excision after 26/2/09)     1     x       

    C 4 4     1 , 9 1 5 5     x   

40 88.11.13 A 1 5 Mastectomy - Infiltrating duct Ca gr 4 , 5 1   3         x 

    B 1 5 III. Extensive lymphovascular invasion   1   3 , 5 5       x 

    C 1 5     1 1 3 5       x 

41 222.19.20 A 3 5 Biopsy - Infiltrating duct Ca gr II 4 , 5   1   3         

    B 3 5       1 5 3 , 5 x       

    C 3 5       1, 10 5 3 x       

42 73.10.1 A 1 3 Benign - Follow-up 1 , 2 , 3 9 5 5     x     

    B 2 3         5 5 x       

    C 2 2         5 5 x       

43 93.12.5 A 2 5 Biopsy - DCIS 4 , 5   5   3         

    B 2 5     2 6 5 3 , 5   x     

    C 2 5     1 6 5 3   x     

44 220.19.4 A 1 4 Lumpectomy - Infiltrating duct Ca gr 4 , 5 5   5 5   x     

    B 2 4 III   5   5 5     x   

    C 2 4     5   2 5     x   
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45 211.19.3 A 1 2 Benign - Follow-up 1 , 2 , 3     5 5         

    B 2 2         5 5 x       

    C 2 2         5 5 x       

46 75.11.13 A 1 4 Benign - Excision biopsy no features 1 , 2 , 3   1   3         

    B 2 4 of malignancy. Traumatic fat necrosis     1   3         

    C 2 4 and dystrophic calcifications     1 1 3         

47 209.19.6 A 3 5 Benign - Follow-up 1 , 2 , 3               x 

    B 4 5     6   2 , 5       x   

    C 1 4     6   2 5       x 

48 98.12.18 A 1 5 Infiltrating duct Ca gr III 4 , 5   8   2         

    B 2 5       8   2 , 5 x       

    C 4 5       8 5 3         

49 217.19.19 A 3 5 Tru-cut biopsy - Infiltrating duct Ca gr 4 , 5 5           x   

    B 2 4 III   5   2 1     x   

    C 1 4     6   5 5         

50 107.13.10 A 2 5 Biopsy - Infiltrating duct Ca gr II 4 , 5   9 5 5         

    B 2 5       9 5 3 , 5 x       

    C 2 5       9, 11 5 3 x       

51 89.12.26 A 1 3 Benign - Follow-up 1 , 2 , 3 2 8 5 5         

    B 2 3       8 5 5 x       

    C 2 3     9 8 5 5   x     

52 214.19.13 A 3 5 Mastectomy - Infiltrating duct Ca gr I 4 , 5   1 5 5         

    B 4 5       1 5 5 x       

    C 1 5       1 5 3         

53 195.16.1 A 1 3 Benign - Follow-up 1 , 2 , 3   4             

    B 2 2         5   x       

    C 4 2         5 5 x       
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54 96.12.8 A 1 3 Benign - Follow-up 1 , 2 , 3 5   5 5     x   

    B 5 3         5 5 x       

    C 5 3         5 5 x       

55 192.16.1 A 1 3 Benign - Follow-up 1 , 2 , 3 2 1       x     

    B 1 3         5           

    C 1 3     1   5 5     x   

56 101.13.12 A 1 4 Benign - FNA periductal mastitis 1 , 2 , 3   1 5 5         

    B 3 3       2 5 5 x       

    C 2 3     9   5 5     x   
57 121.13.1 A 2 5 FNA - Malignant cells compatable with 4 , 5    8 , 8 5 3 , 5         

    B 2 5 duct Ca     8 5 3 , 5 x       

    C 2 5 Pt refused surgery - grading unknown   1 9 , 1 3   x       

58 213.19.13 A 1 5 Biopsy - Infiltrating duct Ca at least 4 , 5 8   3         x 

    B 2 5 gr II   6 3 , 5 5         x 

    C   5     9 , 10   3 2     x   

59 180.14.14 A 1 2 Benign - breast aspirate no malignant 1 , 2 , 3                 

    B 4 3 cells were identified       5 1         

    C 4 2     1   5 5     x   

60 131.13.1 A 3 5 Needle biopsy - Infiltrating duct Ca 4 , 5   5 5 5         

    B 3 5 gr II with mucinous Ca component     5 5 3 , 5 x       

    C 1 5       6   3         

61 193.16.20 A 3 5 Mastectomy - Infiltrating duct Ca (too 4 , 5 9             x 

    B 2 5 autolytic to grade). High grade DCIS   9   5 5       x 

    C 2 5 present   9   3 5       x 

62 134.13.13 A 3 5 Biopsy - Medullary Ca 4 , 5   1 , 4, 5 5 3 , 5   x x x     

    B 2 4       1 , 5, 7 5 2 , 5 x       

    C 1 4     1 , 2, 9 1 , 6 5 3   x     
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63 105.13.1 A 1 3 Benign - Follow-up 1 , 2 , 3 8           x   

    B 4 3     5   5 1         

    C 1 3     9   5 5     x   

64 190.16.12 A 2 5 Biopsy - Infiltrating duct Ca gr II 4 , 5 9         x     

    B 2 4     9   2 1   x x   

    C 2 5     9   2 5   x     

65 136.13.13 A 2 5 Mastectomy - Infiltrating duct Ca gr III 4 , 5   1   2         

    B 2 5 Lymphovascular invasion     9 1, 4   2         

    C 2 5     9 1 , 9 5 3     x   

66 185.14.1 A 2 5 FNA - Ductal Ca 4 , 5   1 , 8       x      x   

    B 2 4       8 , 8 1 5 x       

    C 2 4 Pt transferred - no file     1 , 9   2         

67 144.13.10 A 3 5 Tru-cut biopsy - Infiltrating duct Ca 4 , 5 11             x 

    B 3 5 gr II   1   1 1       x 

    C 1 5     1   1 5         

68 179.14.12 A 1 5 Benign - Follow-up 1 , 2 , 3 1 , 4   5 5       x 

    B 2 3     4   5 5         

    C 1 3       1 5 5         

69 113.13.23 A 4 4 Benign - Follow-up 1 , 2 , 3 4 1 ,1, 1       x  x     

    B 2 3     3 1 , 1, 1, 1 1 5   x  x     

    C 4 3     1 , 2 1 , 1 , 1 5 5   x     

70 178.14.8 A 1 3 Benign - Follow-up 1 , 2 , 3 1           x   

    B 3 3     1   5           

    C 1 3     1 , 9   5 5     x   

71 119.13.13 A 1 5 Benign - TB breast 1 , 2 , 3                 

    B 2 4 Biopsy - Caseating tuberculous     9 5 5 x       

    C 3 5 lymphadenitis   10   5 5         
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72 182.14.14 A 1 5 Tru-cut biospy - Infiltrating duct Ca gr 4 , 5 1   2         x 

    B 3 5 III   1   2 , 5 5       x 

    C 1 5     8 , 10 9 3 5       x 

73 169.13.10 A 1 2 Benign - Follow-up 1 , 2 , 3   1 , 5, 5 5 5         

    B 4 3     10 10 5 5   x     

    C 4 3         5 5         

74 128.13.8 A 1 2 Benign - Follow-up 1 , 2 , 3     5 5         

    B 5 3         5 5 x       

    C 4 3         5 5 x       

75 143.13.16 A 3 2 Benign - Follow-up 1 , 2 , 3                 

    B 2 2         5 1         

    C 1 2         5 5 x       

76 139.13.13 A 2 1 Benign - Follow-up 1 , 2 , 3                 

    B 2 2         5 1 x       

    C 2 2         5 5 x       

77 152.13.14 A 3 5 Biopsy - Infiltrating duct Ca gr II 4 , 5 8   3         x 

    B 3 5     8   3         x 

    C 3 5     8   3 5       x 

78 177.14.14 A 1 5 Confirmed Infiltrating duct Ca g II 4 , 5   8   3         

    B 1 5       8   3         

    C 1 5       8 , 10   3         

79 160.13.11 A 1 3 Biopsy - Infiltrating duct Ca gr II 4 , 5                 

    B 1 3         1 1 x       

    C 1 3       1 5 5         

80 171.13.4 A 2 5 Mastectomy - Infiltrating ductal Ca gr 4 , 5 1 , 4   5 5     x  x   

    B 2 5 III   1 , 5   5 5   x   x 

    C 2 5     1 , 9   5 5   x   x 
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1 1.1.13 A x x   x            x      

  B x x  x x  x           x     

  C x x  x x  x          x      

2 250.20.10 A    x             x      

  B    x   x          x      

  C       x          x      

3 2.1.22 A             x          

  B             x       x   

  C   x      x    x       x   

4 268.22.3 A                       

  B x                x      

  C x                x      

5 249.20.10 A                 x      

  B       x                

  C       x          x      

6 7.2.13 A                       

  B       x                

  C       x                

7 246.20.2 A                    x   

  B         x  x      x   x   

  C    x    x      x   x   x   

8 8.2.10 A          x , x x , x   x x x     x  

  B          x x x  x x x      x 

  C          x x x x x x x      x 

9 262.20.2 A          x x   x x     x   

  B          x x x  x x x     x  

  C              x x x  x x       x  
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10 10.2.3 A        x          x     

  B        x         x   x   

  C                       

11 236.19.3 A                       

  B             x       x   

  C         x              

12 13.2.4 A                    x   

  B       x                

  C       x                

13 25.3.12 A        x       x     x   

  B        x            x   

  C x                   x   

14 233.19.13 A                       

  B       x                

  C         x  xx x x       x   

15 21.2.4 A                       

  B                  x     

  C                 x      

16 259.20.13 A         x  x       x     

  B         x  x x  x       x  

  C         x  x x x x       x  

17 27.3.1 A                       

  B       x          x      

  C                 x      

18 230.19.2 A        x            x   

  B   x          x      x  x  

  C                   x   x 
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19 31.4.1 A                       

  B        x          x   x  

  C  x     x     x           

20 258.20.11 A        x            x   

  B         x            x  

  C         x  x  x         x 

21 46.5.14 A          x x         x   

  B          x x    x      x  

  C          x x x  x x      x  

22 244.20.13 A          x x x   x x    x   

  B          x x x   x x    x   

  C          x x x x x x x    x   

23 229.19.16 A          x          x   

  B       x                

  C       x                

24 65.8.1 A                 x   x   

  B x         x x   x x  x   x   

  C x         x x x  x x    x   x 

25 33.4.13 A                       

  B   x                    

  C         x              

26 227.19.5 A          x          x   

  B           x         x   

  C x                    x  

27 228.19.3 A                       

  B       x                

  C           x            
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28 41.4.1 A                       

  B       x                

  C       x                

29 69.10.1 A                 x      

  B    x  x x          x      

  C x x x x             x      

30 221.19.11 A                       

  B       x                

  C       x                

31 48.5.14 A          x          x   

  B       x                

  C       x                

32 225.19.1 A          x x x  x x x    x   

  B          x x x  x x x    x   

  C          x x x x x x x    x   

33 215.19.19 A                       

  B       x                

  C       x                

34 77.11.16 A                 x      

  B       x                

  C                 x      

35 224.19.13 A        x               

  B   x                    

  C        x           x x   

36 81.11.13 A                       

  B       x          x      

  C x   x             x      



36 

 

 

                   Lesion extent   

   R R R R R R L L L L L L L L L L R R R L L L 

P
at

ie
nt

 n
um

be
r 

P
at

ie
nt

 c
od

e 

R
ea

de
r 

A
rc

hi
te

ct
ur

al
 d

is
to

rt
io

n 

A
sy

m
m

et
ry

 b
re

as
ts

 

A
sy

m
m

et
ry

 d
en

si
ty

 

S
ki

n 
th

ic
ke

ni
ng

 

S
ki

n 
re

tr
ac

tio
n 

N
ip

pl
e 

re
tr

ac
tio

n 

N
o 

op
ac

ity
/a

sy
m

m
et

ry
 

W
el

l d
ef

in
ed

 o
pa

ci
ty

 

P
oo

rly
 d

ef
in

ed
 o

pa
ci

ty
 

S
pi

cu
la

te
 o

pa
ci

ty
 

A
rc

hi
te

ct
ur

al
 d

is
to

rt
io

n 

A
sy

m
m

et
ry

 b
re

as
ts

 

A
sy

m
m

et
ry

 d
en

si
ty

 

S
ki

n 
th

ic
ke

ni
ng

 

S
ki

n 
re

tr
ac

tio
n 

N
ip

pl
e 

re
tr

ac
tio

n 

Lo
ca

lli
ze

d 

M
ul

tif
oc

al
 

M
ul

tic
en

tr
ic

 

Lo
ca

lli
ze

d 

M
ul

tif
oc

al
 

M
ul

tic
en

tr
ic

 

37 60.7.1 A                       

  B       x                

  C       x                

38 212.19.5 A             x          

  B             x          

  C         x           x   

39 223.19.3 A         x            x  

  B         x            x  

  C         x  x x     x    x  

40 88.11.13 A x x  x  x           x      

  B x x  x x x x           x     

  C x x x x x x   x        x   x   

41 222.19.20 A        x    x  x      x   

  B          x x x  x         

  C          x x x x x x       x 

42 73.10.1 A                       

  B       x                

  C       x                

43 93.12.5 A          x x x    x    x   

  B          x x x    x    x   

  C          x x     x x   x   

44 220.19.4 A                 x      

  B       x          x      

  C x                x      

45 211.19.3 A                       

  B       x                

  C       x                
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46 75.11.13 A         x    x       x   

  B        x             x  

  C         x            x  

47 209.19.6 A                 x      

  B x x  x x x x           x     

  C x x x x x x           x      

48 98.12.18 A          x x x  x x     x   

  B          x x x  x x x    x   

  C          x x x  x x x    x   

49 217.19.19 A x    x            x      

  B       x          x      

  C         x  x      x      

50 107.13.10 A          x x x  x x x    x   

  B          x x x  x x x      x 

  C          x x x x x x x      x 

51 89.12.26 A         x           x   

  B             x       x   

  C         x              

52 214.19.13 A          x x x  x x x    x   

  B          x x x  x x x    x   

  C          x x x x x x     x   

53 195.16.1 A        x            x   

  B       x                

  C       x                

54 96.12.8 A                 x      

  B       x                

  C       x                
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55 192.16.1 A        x         x   x   

  B       x                

  C                       

56 101.13.12 A         x    x          

  B             x       x   

  C                 x      

57 121.13.1 A        x x   x         x  

  B        x x   x    x     x  

  C        x x  x x x    x     x 

58 213.19.13 A    x             x      

  B x   x  x x                

  C x x x x               x    

59 180.14.14 A                       

  B       x                

  C                 x      

60 131.13.1 A          x          x   

  B          x x   x x x       

  C          x x x x x x x    x   

61 193.16.20 A x x  x x x           x      

  B x x  x x x x          x      

  C x x x x x x           x      

62 134.13.13 A                   x    

  B        x  x x            x  

  C        x  x    x x      x   x 

63 105.13.1 A                 x      

  B   x    x          x      

  C       x          x      
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64 190.16.12 A   x x             x      

  B  x  x   x           x     

  C x x  x             x      

65 136.13.13 A          x x x  x x  x      

  B   x       x x x x x x       x 

  C         x x x x x  x  x     x 

66 185.14.1 A x x   x                x  

  B        x  x    x         x  

  C        x  x   x          x  

67 144.13.10 A x x  x x            x      

  B x x  x x  x          x      

  C          x x x x x x     x   

68 179.14.12 A x x  x x x            x     

  B   x    x                

  C         x           x   

69 113.13.23 A        x  x  
x 

         x   x  

  B        x  x  
x 

        x      

  C        x  x  
x 

          x  x  

70 178.14.8 A                 x      

  B   x    x                

  C                 x      

71 119.13.13 A                       

  B x x  x    x         x      

  C x x x x               x    

72 182.14.14 A x  x x             x      

  B x   x   x          x      

  C x x x x     x        x      
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73 169.13.10 A                      x 

  B        x           x   x 

  C                       

74 128.13.8 A                       

  B       x                

  C         x              

75 143.13.16 A                       

  B                       

  C       x                

76 139.13.13 A                       

  B       x                

  C       x                

77 152.13.14 A    x x x           x      

  B x x  x x x x          x      

  C x x x x x x           x      

78 177.14.14 A         x  x x        x   

  B          x x         x   

  C         x  x x x        x  

79 160.13.11 A         x           x   

  B       x                

  C         x           x   

80 171.13.4 A x x   x x           x      

  B x x  x x x x            x    

  C x x x x x x             x    



 

APPENDIX R 

Simple kappa values for agreement on Tabár’s classi fication of 
breast parenchyma 



 

 

 

          APPENDIX R 

 

Calculated simple Kappa values for the agreement on  Tabar’s classification of 

breast parenchyma between the three viewer pairs (n =80) before (Initial reporting) 

and after the viewing protocol (Final reporting) 

Viewers Initial 95% CI Final 95% CI 

A and B 0.46 0.33 ; 0.60 0.34 0.21 ; 0.48 

A and C 0.26 0.14 ; 0.38 0.36 0.22 ;0.51 

B and C 0.3 0.18 ; 0.42 0.54 0.41 ; 0.67 

 

Kappa values: 

<0.4: – weak to moderate agreement, 

0.4 – 0.75: – fair to good agreement, 

>0.75: – strong agreement 

 

 



 

 

 

APPENDIX S 

Percentage agreement between viewers on lesion site  and 
calcifications 



 

 

         APPENDIX S 

 

Percentage agreement between viewers on lesion site  and calcifications 

  INITIAL (n = 80) FINAL (n = 80) 

  Viewer n Percentage  n Percentage 

Lesion site           

Left A and B 42 52.5 51 63.8 

 A and C 46 57.5 45 56.3 

 B and C 37 46.3 48 60 

Right A and B 42 52.5 58 72.5 

  A and C 51 63.8 46 57.5 

  B and C 37 46.3 49 61.3 

Calcifications            

Left A and B 25 31.3 38 47.5 

 A and C 23 28.8 26 32.5 

 B and C 41 51.3 34 42.5 

Right A and B 31 38.8 35 43.8 

  A and C 29 36.3 31 38.8 

  B and C 50 62.5 46 57.5 

 



 

 

 

APPENDIX T 

Kappa values for agreement between viewers on chara cterisation of 
mammogram pattern 



 

 

APPENDIX T 

Agreement amongst viewers on mammogram pattern (Ini tial reporting and 

Final reporting) 

  INITIAL (n = 80) FINAL (n = 80) 
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No opacity/asymmetry  
(Right) A 1.3 A and B 0.03 -0.02 ; 0.08 A 0.0 A and B <0.01 -0.02 ; 0.02 

  
 B 48.8 A and C -0.02 -0.07 ; 0.02 B 47.5 A and C <0.01 -0.04 ; 0.05 

 
 C 15.0 B and C 0.21 0.05 ; 0.37 C 25.0 B and C 0.44 0.26 ; 0.61 

No opacity/asymmetry  
(Left) A 0.0 A and B <0.01 -0.03 ; 0.03 A 0.0 A and B 0 -0.02 ; 0.02 

 
 B 35.0 A and C 0.01 -0.07 ; 0.10 B 50.0 A and C 0.01 -0.05 ; 0.06 

 
 C 15.0 B and C 0.43 0.23 ; 0.63 C 23.8 B and C 0.38 0.20 ; 0.55 

Architectural distortion 
(Right) A 7.5 A and B 0.59 0.29 ; 0.88 A 11.3 A and B 0.51 0.23 ; 0.79 

 
 B 12.5 A and C 0.67 0.41 ; 0.94 B 15.0 A and C 0.28 0.02 ; 0.53 

 
 C 13.8 B and C 0.51 0.23 ; 0.79 C 21.3 B and C 0.71 0.51 ; 0.91 

Architectural distortion 
(Left) A 15.0 A and B 0.67 0.47 ; 0.88 A 15.0 A and B 0.79 0.62 ; 0.96 

 
 B 22.5 A and C 0.49 0.29 ; 0.70 B 21.3 A and C 0.61 0.41 ; 0.81 

 
 C 31.3 B and C 0.65 0.47 ; 0.84 C 28.8 B and C 0.67 0.48 ; 0.86 

Asymmetry breast 
(Right) A 6.3 A and B 0.08 -0.20 ; 0.36 A 8.8 A and B 0.58 0.28 ; 0.88 

 
 B 10.0 A and C 0.05 -0.19 ; 0.30 B 11.3 A and C 0.35 0.05 ; 0.65 

 
 C 12.5 B and C 0.38 0.07 ; 0.68 C 15.0 B and C 0.73 0.50 ; 0.95 

Asymmetry breast  
(Left) A 5.0 A and B 0.40 0.12 ; 0.68 A 12.5 A and B 0.75 0.54 ; 0.96 

 
 B 17.5 A and C 0.13 -0.04 ; 0.30 B 16.3 A and C 0.55 0.32 ; 0.77 

 
 C 31.3 B and C 0.50 0.30 ; 0.71 C 23.8 B and C 0.54 0.31 ; 0.76 

Asymmetry density 
(Right) A 7.5 A and B 0.15 -0.13 ; 0.43 A 2.5 A and B -0.04 -0.09 ; 0.00 

 
 B 13.8 A and C 0.03 -0.20 ; 0.27 B 8.8 A and C 0.13 -0.14 ; 0.40 

 
 C 12.5 B and C 0.07 -0.18 ; 0.32 C 12.5 B and C -0.11 -0.17 ; -0.06 

Asymmetry density  
(Left) A 12.5 A and B 0.26 -0.02 ; 0.55 A 5.0 A and B 0.51 0.15 ; 0.88 

 
 B 15.0 A and C 0.01 -0.21 ; 0.23 B 8.8 A and C 0.02 -0.16 ; 0.19 

 
 C 18.8 B and C 0.24 -0.02 ; 0.51 C 21.3 B and C 0.05 -0.16 ; 0.26 

Kappa values: < 0.4 (Weak to moderate agreement), values indicated in italic : 0.4 - 0.75 (Fair to good agreement) values 

indicated in bold : > 0.75 (Strong agreement) 

  

 



 

 

 
 
               

 INITIAL (n = 80) FINAL (n = 80) 

MAMMOGRAM 
PATTERN 

V
ie

w
er

 

F
re

qu
en

cy
 

us
ed

 (
%

) 

V
ie

w
er

 
pa

irs
 

K
ap

pa
 

95% CI 

V
ie

w
er

 

F
re

qu
en

cy
 

us
ed

 (
%

) 

V
ie

w
er

 
pa

irs
 

K
ap

pa
 

95% CI 

Skin thickening  
(Right) A 7.5 A and B 0.63 0.34 ; 0.93 A 11.3 A and B 0.69 0.45 ; 0.92 

 
 B 11.3 A and C 0.54 0.25 ; 0.84 B 16.3 A and C 0.48 0.20 ; 0.75 

 
 C 13.8 B and C 0.54 0.26 ; 0.82 C 16.3 B and C 0.82 0.64 ; 0.99 

Skin thickening  
(Left) A 11.3 A and B 0.58 0.32 ; 0.84 A 10.0 A and B 0.82 0.63 ; 1.00 

 
 B 16.3 A and C 0.58 0.34 ; 0.82 B 13.8 A and C 0.58 0.33 ; 0.84 

 
 C 20.0.8 B and C 0.87 0.74 ; 1.00 C 17.5 B and C 0.76 0.57 ; 0.96 

Skin retraction  
(Right) A 2.5 A and B 0.66 0.21 ; 1.00 A 10.0 A and B 0.63 0.34 ; 0.93 

 
 B 5.0 A and C 0.79 0.40 ; 1.00 B 8.8 A and C 0.53 0.20 ; 0.86 

 
 C 3.8 B and C 0.55 0.10 ; 1.00 C 7.5 B and C 0.92 0.75 ; 1.00 

Skin retraction  
 (Left) A 8.8 A and B 0.50 0.21 ; 0.80 A 11.3 A and B 0.77 0.56 ; 0.99 

 
 B 13.8 A and C 0.51 0.25 ; 0.78 B 13.8 A and C 0.62 0.36 ; 0.87 

 
 C 17.5 B and C 0.76 0.57 ; 0.96 C 15.0 B and C 0.85 0.68 ; 1.00 

Nipple retraction 
(Right) A 6.3 A and B 0.18 -0.20 ; 0.55 A 6.3 A and B 0.64 0.32 ; 0.97 

 
 B 5.0 A and C 0.26 -0.18 ; 0.70 B 8.8 A and C 0.79 0.50 ; 1.00 

 
 C 2.5 B and C 0.66 0.21 ; 1.00 C 6.3 B and C 0.82 0.58 ; 1.00 

Nipple retraction  
 (Left) A 12.5 A and B 0.41 0.10 ; 0.72 A 7.5 A and B 0.72 0.47 ; 0.98 

 
 B 8.8 A and C 0.62 0.36 ; 0.88 B 12.5 A and C 0.75 0.48 ; 1.00 

 
 C 13.8 B and C 0.75 0.52 ; 0.98 C 8.8 B and C 0.80 0.59 ; 1.00 

Kappa values: < 0.4 (Weak to moderate agreement), values indicated in italic : 0.4 - 0.75 (Fair to good 

agreement) values indicated in bold : > 0.75 (Strong agreement) 
  

             



 

 

 

APPENDIX U 

Kappa values for agreement between viewers on lesio n extent 
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Agreement amongst viewers on the descriptors for le sion extent (Initial reporting 

and Final reporting)  

  
INITIAL (n= 80) FINAL (n = 80) 
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A 57.5 31.3 6.3 5 A 
& 
B 

0.62 0.48 ; 0.77 A 61.3 31.3 6.3 1.3 A 
& 
B 

0.45 0.29 ; 0.62 

B 62.5 22.5 6.3 8.8 A 
& 
C 

0.45 0.29 ; 0.61 B 62.5 18.8 13.8 5 A 
& 
C 

0.38 0.22 ; 0.52 

C 55 26.3 8.8 10 B 
& 
C 

0.46 0.31 ; 0.62 C 57.5 20 11.3 11.3 B 
& 
C 

0.51 0.35 ; 0.66 
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A 70 23.8 3.8 2.5 A 
& 
B 

0.4 0.23 ; 0.57 A 66.3 27.5 5 1.3 A 
& 
B 

0.34 0.17 ; 0.51 

B 70 20 5 5 A 
& 
C 

0.36 0.18 ; 0.54 B 67.5 21.3 7.5 3.8 A 
& 
C 

0.45 0.28 ; 0.61 

C 67.5 23.8 1.3 7.5 B  
& 
C 

0.53 0.35 ; 0.71 C 57.5 32.5 0 10 B 
& 
C 

0.44 0.28 ; 0.59 

 

Kappa values: 

< 0.4 (Weak to moderate agreement), 

values indicated in italic: 0.4 – 0.75 (Fair to good agreement), 

values indicated in bold: > 0.75 (Strong agreement) 



 

 

 

APPENDIX V 

Literature searches with key words that yielded no results 



 

 

 



 

 

 



 

 



 

 

 



 

 



 

 



 

 

 

APPENDIX W 

Recommended soft-copy viewing protocol for mammogra phy 



 

 

APPENDIX W

SOFT-COPY VIEWING PROTOCOL FOR MAMMOGRAPHY 

 

 

1 Pre-requisites for soft-copy mammography reporting:  Training of viewers to have a 

good understanding of digital imaging principles and soft-copy viewing principles 

 

2 Apply zooming or image magnification on all images to ensure the entire breast is 

viewed at full resolution 

 

3 Use MUSICA2 Invert as the default processing option for viewing all anatomical 

structures in the breast  

 

4 Pay special attention to viewing the dense parenchyma in the breast.  Use window-

width and window-level adjustments to improve the contrast to better visualise the 

dense parenchyma 

 

5 Use MUSICA2 Invert (default processing option) for viewing of calcifications 

 

6 Pay special attention to viewing for masses.  Use window-width and window-level 

adjustments to improve the contrast to better visualise masses 

 

7 Use MUSICA2 Invert for both the screening and diagnostic mammographic tasks 

 

8 Use the Unprocessed image whenever noise in the dense areas of the breast poses 

a problem 

 

9 Use a structured report form 

 

10 Use BI-RADS to standardise reporting 

 

11 Use BI-RADS lexicon to communicate findings 



 

 

 

APPENDIX X 

Implementation of the soft-copy viewing protocol fo r mammography 



 

 

 APPENDIX X

IMPLEMENTATION OF THE SOFT-COPY VIEWING PROTOCOL FOR 

MAMMOGRAPHY 

SIMULATION UNIT – FACULTY OF HEALTH SCIENCES (UFS) 

 
Delegates: All registrars in the Department Clinical Imaging Sciences 

Date:  Friday – date to be decided 

Time:  Departmental Academic Afternoon 

Venue:  Theoretical training - Lecture room (Department Clinical Imaging Sciences) 

  Teaching file and assessment (Simulation Unit - on appointment) 

 

1 THEORETICAL TRAINING PROGRAM 

 

• Prof WID Rae 

Understanding the digital image and image processing 

 

• C Meyer 

The effect of image processing on image quality (in specific MUSICA
2
) 

 

• Dr SF Otto 

Reporting of the Mammogram 

- Structured report form 

- Tabar’s classification of breast parenchyma 

- BI-RADS lexicon 

- BI-RADS assessment categories 

 

• Assessment of theoretical training by registrars 

 

2 TEACHING FILE (SIMULATION UNIT – On appointment) 

- Registrar reports on 80 Mammograms 

- Use structured report form 

- Aid: Drop boxes with explanation of Tabar’s classification of breast parenchyma, the ACR 

lexicon and ACR assessment categories 

- Assessment of the teaching file by registrars 

- Assessment of the registrar’s sensitivity / specificity / BI-RADS category 3 

- Feedback to the registrar 

 

3 ASSESSMENT (SIMULATION UNIT – On appointment) 

- Registrar reports for assessment when ready – The simulation unit will allocate a date and 

time 

- Registrar reports on 40 Mammograms 

- Use structured report form 

- No drop boxes as in teaching file 

- Evaluation of the registrar’s sensitivity / specificity / BI-RADS category 3 

- Feedback to the registrar  



 

 

SUMMARY 
 

INTRODUCTION 

Switching from screen-film mammography to digital mammography entails a lot more for the 

reporting radiologists, than switching from a light box to a computer monitor.  Soft-copy viewing of 

the digitally processed image demands different skills and thus knowledge from the radiologist.  

The image processing option on digital mammography units is vendor dependant and the optimal 

processing options have not yet been established. 

The main aim of this study was to develop and evaluate a soft-copy viewing protocol for 

mammography through participative learning to improve radiological reporting. 

METHODS 

A phantom-based method was used to identify a smaller set of processing options to be evaluated 

for image quality assessment on clinical images.  Three (3) radiologists were trained in the new 

modality with specific emphasis on how to address the challenges of soft-copy viewing.  The 

viewing protocol was developed through participative learning.  The radiologists scored the image 

quality on thirty six (36) medio-lateral oblique images processed with four (4) different image 

processing options (MUSICA2, MUSICA2 Invert, Unprocessed, and Unprocessed Invert).  An 

image quality score was calculated to find the best processing option for the anatomical structures 

overall, anatomical structures individually, masses, calcifications, noise, and the early detection of 

breast cancer.  A viewing protocol was recommended based on the findings.  The effect of the 

viewing protocol was assessed by comparing diagnostic accuracy of the radiologists before and 

after the viewing protocol.  They reported on eighty (80) mammograms using the breast imaging 

and reporting data system (BI-RADS) of the American College of Radiology.  Sensitivity, 



 

 

specificity, positive predictive value (PPV) and BI-RADS category 3 were calculated and 

compared. 

RESULTS 

The phantom-based method found Unprocessed Invert, MUSICA2, MUSICA2 Invert, and 

Unprocessed to provide the best image quality.  These processing options were therefore 

identified for image quality assessment on clinical images.  For the anatomical structures overall, 

MUSICA2 provided significantly superior image quality compared to Unprocessed (p<0.0001) and 

Unprocessed Invert (p<0.0001).  MUSICA2 Invert also provided significantly superior image quality 

compared to Unprocessed (p<0.0001) and Unprocessed Invert (p=0.0003) for that.  The only 

significant difference between MUSICA2 and MUSICA2 Invert was found for skin outline for which 

MUSICA2 Invert showed superiority (p=0.0563).  The image quality of vessels in dense 

parenchyma was found be significantly inferior to that of all other anatomical structures with all 

processing options, even with the processed images (p<0.0001).  For calcifications MUSICA2 

provided significantly superior image quality compared to Unprocessed and its Invert (p=0.0066 

and p=0.0001 respectively).  However, no significant difference was found between any of the 

processing options for masses (p>0.05).  Noise was significantly less visible for Unprocessed 

compared to MUSICA2 (p = 0.016) although it was still acceptable to all three radiologists in 97.2% 

of cases with MUSICA2.  For the early detection of breast cancer, MUSICA2 was found to be 

significantly superior to Unprocessed (p=0.0003) and Unprocessed Invert (p=0.0005).  The 

recommended default processing option for the viewing protocol was MUSICA2 Invert.  After the 

development of the viewing protocol, sensitivity increased for two of the radiologists [from 90% to 

95% (p=0.6752)], and from 90% to 97.5% (p =0.3589) respectively]; specificity increased for two of 

the radiologists [from 61.5% to 72.5% (p=0.2999), and from 70% to 85% (p=0.1082) respectively]; 

PPV increased for all three radiologists [from 71.7% to 77.6% (p=0.6198), from 75% to 86.4% 

(p=0.1699), and from 83.7% to 84.8% (p=0.8907) respectively].  The percentage BI-RADS 



 

 

category 3 cases decreased for two of the radiologists [from 15% to 12.5% (p=0.6461) and from 

28.8% to 22.5% (p=0.2810) respectively]. 

CONCLUSIONS 

Although not significant, the study found improvement in diagnostic accuracy after the 

development of the viewing protocol.  Training of radiologists in the new modality and knowledge 

of the effect of image processing on image quality is regarded as important.  The development of 

the viewing protocol through participative learning of the radiologist provided evidence to the 

radiologists that they could confidently use the proposed viewing protocol in clinical practice. 

 

KEYWORDS 

Digital mammography, soft-copy display, viewing protocol, digital mammography training, image 

quality assessment, digital image processing, MUSICA2, unprocessed image, BI-RADS, diagnostic 

accuracy 



 

 

OPSOMMING 
 

INLEIDING 

Vir die rapporterende radioloog behels die oorskakeling vanaf skerm-film mammografie na 

digital mammografie baie meer as slegs die oorskaling vanaf ‘n ligboks na ‘n rekenaarskerm.  

Sagte-kopie besigtiging van die digital geprosesseerde beeld vereis ander vaardighede en dus 

kennis van die radioloog.  Die beeldprosesserings-opsie op ‘n digitale mammogafie eenheid 

hang af van die vervaardiger daarvan en die optimal prosesserings-opsies is nog nie vasgestel 

nie. 

Die hoof doel van die studie was om ’n sagte-kopie besigtigingsprotokol vir mammografie te 

ontwikkel en te evaluaeer deur middel van deelnemende leer om sodoende radiologiese 

rapportering te verbeter. 

METODES 

‘n Fantoom-gebaseerde metode is gebruik om ‘n kleiner aantal prosesseringsopsies te 

identifiseer vir die assessering van beeldkwaliteit op kliniese beelde.  Drie (3) radioloë is 

opgelei in die nuwe modaliteit met spesifieke klem op hoe om die uitdagings van sagte-kopie 

besigtiging die hoof te bied.  Die besigtigingsprotokol was ontwikkel deur middel van 

deelnemende leer.  Die radioloë het die beeldkwaliteit bepunt op ses-en-dertig (36) medio-

lateraal skuins beelde wat met vier (4) verskillende beeldprosesseringsopsies (geïdentifiseer 

met die fantoom-gebaseerde metode) geprosesseer is.  ‘n Beeldkwaliteitspunt is bereken om 

die prosesseringsopsie te vind vir die anatomiese strukture in geheel, anatomiese strukture 

individueel, massas, kalsifikasies, steuring en die die vroeë opsporing van kanker.  ‘n 

Besigtigingsprotokol is op grond van die bevindinge aanbeveel.  Die effek van die 

besigtigingsprotokol is geëvalueer deur die diagnostiese akkuraatheid van die radioloë voor en 



 

 

na die besigtigingsprotokol te vergelyk.  Die radioloë het op tagtig (80) mammogramme 

gerapporteer deur gebruik te maak van die ‘breast imaging en reporting data system’ (BI-

RADS) van die Amerikaanse Kollege vir Radiologie.  Sensitiwiteit, spesifisiteit, positiewe 

voorspelbaarheidswaarde (PPV) en BI-RADS kategorie 3 was bereken en vergelyk. 

RESULTATE 

Die fantoom-gebaseerde metode het bevind dat Ongeprosesseerd Invers, MUSICA2, 

MUSICA2 Invers en Ongeprosesseerd die beste beeldkwaliteit verskaf het.  Hierdie 

prosesseringsopsies is dus geïdentifiseer vir gebruik om beeldkwaliteit op kliniese beelde te 

evalueer.  Vir die anatomiese strukture in geheel, het MUSICA2 betekenisvol beter 

beeldkwaliteit gelewer in vergeyking met Ongeprosesseerd (p<0.0001) en Ongeprosesseerd 

Invers (p<0.0001).  MUSICA2 Invers het ook betekenisvol beter beeldkwaliteit daarvoor 

gelewer in vergelyking met Ongeproseesserd (p<0.0001) en Ongeprosesseerd Invers 

(p=0.0003).  Die enigste betekenisvolle verskil tussen MUSICA2 en MUSICA2 Invers was 

gevind vir die buitelyn van die vel waarvoor MUSICA2 Invers superior was (p=0.0563).  Die 

beeldkwaliteit van vate in digte parenchiem was betekenisvol laer as al die van ander 

anatomiese strukture, selfs met die geprosesseerde beelde (p<0.0001).  MUSICA2 het 

betekenisvol beter beeldkwaliteit gelewer vir kalsifikasies in vergelyking met Ongeprosesseerd 

en sy Invers (p=0.0066 en p=0.0001 onderskeidellik).  Vir massas aan die anderkant is geen 

betekenisvolle verskil tussen enige van die prosesserings-opsies gevind nie (p>0.05).  

Steuring was betekenisvol minder sigbaar vir Ongeprossesseerd in vergelyking met MUSICA2 

hoewel dit steeds aanvaarbaar was vir al drie radioloë in 97.2% van gevalle met MUSICA2.  Vir 

die vroeë opsporing van borskanker was MUSICA2 betekenisvol meer aangedui as 

Ongeprosesseerd (p=0.0003) en Ongeprosesseerd Invers (p=0.0005).  Die aanbevole 

“default” prosesserings-opsie vir die besigtigingsprotokol was MUSICA2 Invers.  Na die 

ontwikkeling van die besigtigingsprotokol het sensitiwiteit vir twee van die radioloë verhoog 



 

 

[van 90% tot 95% (p=0.6752) en van 90% tot 97.5% (p=0.35890] onderskeidellik; spesifisiteit 

het verhoog vir twee8van die radioloë [van 61.5% tot 72.5% (p=0.2999) en van 70% tot 85% 

(p=0.1082) onderskeidellik]; PPV het toegeneem vir al drie radioloë [van 71.7% tot 77.6% 

9p=0.6198), van 75% tot 86.4% (p=0.1699) en van 83.7% tot 84.8% (p=0.8907) 

onderskeidellik].  Die persentasie BI-RADS kategorie 3 gevalle het afgeneem vir twee van die 

radioloë [van 15% tot 12.5% (p=0.6461) en van 28.8% tot 22.5% (p=0.2810) onderskeidellik]. 

GEVOLGTREKKINGS 

Alhoewel nie betekenisvol nie, het die studie ‘n verbetering in diagnostiese akkuraatheid van 

die radioloë gevind na die ontwikkeling van die besigtingingsprotokol.  Opleiding van radioloë 

in die nuwe modaliteit en kennis van die effek van beeldprosessering op beeldkwaliteit word 

beskou as belangrik.  Die ontwikkeling van die besigtigingsprotokol deur middel van 

deelnemende leer van die radioloog het aan die radioloë bewyse verskaf dat hulle die 

voorgestelde besigtigingsprotokol met vertroue in kliniese praktyk kan gebruik. 

 

 


