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1.  ABBREVIATIONS AND NOMENCLATURE 

AVDIX – Analog Versus Digital Interpretation of chest X-rays 

CXRs – Chest X-Rays, or chest radiographs 

MHSC: Mine Health and Safety Council 

SIMRAC: Safety in Mines Research Advisory Council 
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3.  EXECUTIVE SUMMARY 

With the advent of digital radiography being used in surveillance in the mining industry, 

the Mine Health and Safety Council (MHSC) and the Safety in Mines Research 

Advisory Committee (SIMRAC) commissioned research to establish if digital 

radiographic technology was equivalent to the prior film analogue radiography for 

silicosis and tuberculosis. 

A chest radiograph or chest x-ray is created when x-rays are beamed through the chest 

and the resulting pattern captured as an image. If the images are captured directly onto 

film they are termed analogue, and if captured electronically, they are digital. Digital 

images may be displayed either on a suitable computer monitor, and termed soft-copy, 

or they may be printed onto x-ray film and termed hard-copy. Analogue and hard-copy 

images are read on a light-box. 

 

Besides silicosis, the SA mining workforce has the added challenge of pulmonary 

tuberculosis which could make the interpretation or reading of chest radiographs for 

silicosis more difficult. The aim of the research was therefore to determine whether 

mining surveillance chest radiography using the new digital technology gave similar 

results in the identification of silicosis and pulmonary tuberculosis as analogue chest 

radiography. 

 

Our study obtained chest images from 132 in-service miners who were purposively 

sampled based on their previous surveillance chest images. Each subject had two 

chest images taken on the same day, one digital and one analogue. The digital image 

was then printed onto film, giving three sets for study (soft-copy digital, hard-copy film 

digital and analogue film). We presented these to four expert readers, who read the 

images in random sequence, using the ILO classification system. The primary aim was 

to assess among four expert readers, what the intra-reader agreement was (same 

reader, same miner, different image formats) by comparing their readings in each of 

three radiographic formats. A secondary aim of the study was assessment of inter-

reader agreement (different readers, same miner, same image and format). The 
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measure of how precisely the expert readers' opinions agree on repeated readings of 

the same images is termed reliability. 

Prevalence is the proportion of the total number of images read as having silicosis or 

tuberculosis. Reliability and prevalence can be qualitatively combined in the concept of 

equivalence.  

 

Our specialized statistical analysis showed that intra-reader agreement of analogue 

versus digital soft-copy was fair to good for the detection of tuberculosis, while three of 

the four readers showed fair to good agreement for parenchymal abnormalities 

consistent with silicosis. Analogue and soft-copy produced very similar prevalences. 

However, hard-copy yielded higher prevalences than soft-copy and analogue. 

 

Inter-reader agreement (the secondary aim) for analogue and digital soft-copy readings 

was fair to good for tuberculosis. Agreement on parenchymal abnormalities was fair to 

good for analogue, but poor for digital soft-copy, due to one reader reporting 

parenchymal abnormalities much more frequently than the others. 

 

Previous studies of agreement of different radiographic formats have found fair to good 

agreement. This study was thus consistent with the international literature. Taken 

together with the agreement on prevalence, it was concluded that this study 

demonstrated reasonable equivalence of soft-copy and analogue formats for 

conducting radiological surveillance in working populations exposed to both silica dust 

and tuberculosis. Hard-copy (print from digital) should be avoided if possible as it 

overstates prevalence. If it is used, it should be with informed caution as to this 

limitation. 

 

Two peer-reviewed papers were produced. Both have been published in academic 

journals, the first in American Journal of Industrial Medicine, and the second in 

Occupational Health Southern Africa. In the latter (the praxis paper), recommendations 

for the inclusion of the study results into law, regulations, surveillance routines and 
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compensation practices were made. They are fully reproduced as Appendix 1 and 

Appendix 2.  

The third main output of the research was a set of consensus-read images. These have 

been made available to the SA Mining Industry - via MHSC and SIMRAC - for training, 

teaching and possibly standardization purposes. 

 

Headline results of the research are that soft-copy can be used as the equivalent of 

analogue radiography, and that hard-copy should be avoided or used only with 

informed caution. In addition, software, hardware, training, referral and evaluation 

standards should be built into any surveillance programme. 
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4.  INTRODUCTION 

Chest radiography is currently in use in the South African mining industry to detect 

tuberculosis and silicosis as part of medical surveillance. The switch from analogue to 

digital radiography formats for surveillance for silicosis and tuberculosis in the South 

African mining industry raised the question of equivalence of formats for this purpose. 

This research was undertaken in 3 phases. The first Phase 1a concluded that the 

research topic was feasible.  Phase 1b collected the material to answer the research 

question.   The final phase’s objectives are set out below: 

4.1 Aims 

1. A research journal-ready academic article on digital and conventional analog film 

radiographs comparing the interrater reliability (i.e., agreement) and the overall 

prevalence of findings related to detection and description of silicosis and 

silicotuberculosis in South African gold mineworkers. This is essential because of the 

frequent co-occurrence of silicosis and tuberculosis in South Africa. 

2. A journal-ready praxis article giving the headline findings of the research plus 

recommendations for legislation and practice changes in the South African setting. 

3. Expert-read chest radiograph images for use in training, teaching and as potential 

standards in line with ILO analog standards 

4.2 Hypothesis 

Assuming equivalence, the current use of digital radiology in occupational health 

services in the South African mining industry would be shown to produce the same 

results as analog radiology. Further, printed film-digital images would be shown to 

produce the same results as soft-digital images. This knowledge is crucial as the 

inexorable switch to digital started almost a decade ago, and our statutory 

compensation systems need guidance on managing the new technology. 

Any differences will be clearly laid out, with recommendations for caution, further action 

or research with the aim of ensuring valid radiologic practice in identifying silicosis and 

silico-tuberculosis in the South African mining industry. 
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4.3 Research Methodology 

The data collected for the MHSC study SIM 130603 were extensively analysed and 

written up in two peer-reviewed papers. A use-ready set of expert consensus-read 

chest radiographs for the mining industry to distribute and use in training and teaching 

was produced. This final report for SIMRAC and MHSC now ties up the work. 

5.  RESEARCH OUTPUTS  

Prior outcomes reached were • In SIM 060603 - The research was feasible 

• In SIM 130603 - Collection of sufficient data 

 

5.1 Main peer-reviewed paper 

5.1.1 Results  

Paper 1, the main peer-reviewed paper, was published in the prestigious American 

Journal of Industrial Medicine. The full citation is: Franzblau A, teWaterNaude JM, Sen 

A, D’Arcy H, Smilg J, Mashao K, et al. Comparison of digital and film chest radiography 

for detection and medical surveillance of silicosis and pulmonary tuberculosis. Am J Ind 

Med. 2018; 61(3):229-238. The paper is fully reproduced in Appendix 1. The headline 

finding was that film and digital soft-copy images show consistent prevalence of 

findings, and generally fair to good intra-rater agreement for findings related to silicosis 

and tuberculosis. 

 

5.1.2 Conclusions 

There is good equivalence between soft-copy and analog chest radiology. 

Hard-copy equivalence is poorer, and if this format is used, we need to be cautious. 
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5.2 Praxis paper 

5.2.1 Results 

Paper 2, the praxis paper, was published in Occupational Health Southern Africa. It 

outlines the main aspects of how the considerable academic work in this study could 

be implemented towards improving daily medical practice. The full citation is: Ehrlich 

R, Franzblau A, Meyer C, teWaterNaude JM. Digital radiological surveillance of silicosis 

and related tuberculosis in the South African mining industry: practical and technical 

considerations. Occup Health Southern Afr. 2018; 24.2. 38-42.  The paper is fully 

reproduced in Appendix 2. 

 

The paper reiterated that Radiological surveillance for silicosis and tuberculosis in the 

South African mining industry has an important role to play in the prevention and 

management of both diseases, to the benefit of miners and their families and mine 

management and owners.  

5.2.2 Conclusions 

It recommended that to fulfil this role, radiological surveillance needs to be undertaken 

with a clear understanding of its goals, and ability to achieve these goals should be 

subject to evaluation from time to time. Such programmes require training of readers, 

irrespective of their background. Meticulous attention needs to be paid to choice and 

quality control of software and hardware, including workstation environment, the use of 

standard images, and to the archiving of images and information. Finally, closure of the 

loop from reading to reporting and action must be assured. 
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5.3  Digital images 

5.3.1 Results 

We have supplied 48 consensus-read images in DICOM format to SIMRAC and MHSC. 

 

Our method for selecting the consensus-read images was mainly by removing the non-

consensus images, and follows in the box below. 

 

Method of selection, arranged using the sections of the ILO method of classification: 

1. Quality. We retained only those images where the quality was unanimously 

marked by all four readers as quality 1 or quality 2. 

2. Parenchymal abnormalities. All images where there was not full consensus as to 

the presence or absence of parenchymal abnormalities and small opacities, were 

dropped. 

Further images were dropped where the range of profusion categories included any 

non-adjacent integer, in either the primary or secondary profusion reading. 

Further images were dropped where the primary size-shape letter included any of 

the letters indicating irregular small opacities (s, t or u). We retained the images 

where this occurred in the secondary size-shape reading. 

3. Pleural abnormalities. We did not consider pleural changes in the selection. 

4. Other abnormalities. Under the symbols section, where only one reader recorded 

a particular finding, that finding was dropped. 

 

 

The 48 consensus-read chest radiograph images were fully anonymized and renamed 

Avdix 01 – Avdix 48. The images are in the DICOM format, and should be read using 

suitable DICOM-viewing computer software, and suitably-specified equipment as 

detailed in the praxis paper referenced in 5.2 above. (Ehrlich R et al. Occup Health 

Southern Afr. 2018; 24(2): 38-42.) 

 

A single landscape-format A4 sheet listing in order all the consensus readings is 

reproduced in Appendix 3. The image order from Avdix 01 to Avdix 48 is the same as 

what it was in the research study itself, except that the non-consensus-read images are 
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now not sandwiched in between. The readings of the four readers are presented alpha-

numerically and not in order of reader, and they are independently presented in each 

column. One cannot therefore impute what any individual reader read in any particular 

image, apart from when they read exactly alike. 

 

Additional discussion: 

We have provided the MHSC with only the consensus-read analog set and not the 

other sets,  A). the analog and B). the digital hard-copy - for the following reasons: 

 

A) The analog images will not be useful for teaching because 1. They are an outdated 

technology and 2. They will remain a single set because any reproduction leads to 

image deterioration - the reproduction process is imperfect, giving less information on 

any copy made, and ‘flattening’ the copy image.  

 

B) The hard-copy digital images will not be useful in light of one of our main findings 

which were that hard-copy digitals over-represented the prevalence of both silicosis 

and tuberculosis. 

 

5.3.2 Conclusions 

We have produced a set of consensus-read images, ranging from normal to extensive 

silicosis, including images of tuberculosis. The set can be used for training and teaching 

purposes. 

In addition, we recommend that the set of 48 images as well as the entire set be made 

available to the international community and the International Labour organization (ILO) 

to support their pursuit of producing an entirely new set of international digital standards 

for pneumoconioses. The Avdix set is a specific and valuable South African research 

community contribution to the process, because scientifically-read images with dual 

presentations of silicosis plus tuberculosis are uncommon and are needed. 
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6.  GENERAL CONCLUSIONS 

The research achieved its aim of establishing whether and with what certainty digital 

could replace analogue chest images in the South African mining industry. The findings 

are reassuring, in that the dominant technology which has replaced analogue imaging, 

namely soft-copy digital images which are read on suitably appointed computer 

monitors, has been shown to be read with equivalence, despite in the presence of 

tuberculosis on many of the images.  

The study concludes that the trend towards soft-copy readings can be supported. 

Digital soft-copy is equivalent to analogue film for reading silicosis. 

Digital hard-copy is not as well-matched, and its use is not supported. 

A set of locally-applicable consensus-read images is available for teaching and training 

purposes. 

7. RECOMMENDATIONS FOR IMPLEMENTATION FOR THE SECTOR 

We recommend that the praxis paper be distributed throughout the sector, as it contains 

the main practical recommendations emanating from the research. It was published in 

Occupational Health Southern Africa, so it has already been disseminated widely in our 

region. 

In addition, we recommend that training programmes be run as originally envisaged, 

using the consensus-read 48-image set. 
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8. TECHNOLOGY TRANSFER OPTIONS 

These are included in the outputs already: 

While only qualified radiographers are legally permitted to carry out radiography, the 

Health Professions Council of South Africa has allowed Supplementary Diagnostic 

Radiographers to operate under the supervision of a radiographer to carry out chest 

radiography on the mines. Paper 2 (Appendix 2) describes how the findings of Paper 1 

(Appendix 1) can be practically implemented. The following key points are instructively 

discussed in the paper: 

Radiographic process and quality standards. 

Monitors, workstations and use of screen software. 

Viewing image with ILO reference standards. 

Hard copies, the MBOD, and digitization. 

 

The set of 48 consensus-read images provide excellent teaching and training material 

on how to read digital images.   

 

We recommend that the 2 landscape pages of Appendix 3 be reproduced back to back 

in durable format, either plastic-laminated or on thick paper of > 100 grams per square 

metre thickness. This will allow the user to see each subject’s history on one side and 

the matching consensus-read ILO reading on the other. 

 

Training programmes could be developed either as in-person teaching or as take-home 

modules using the DICOM set of 48 images. These images can be easily read on 

DICOM viewers, with no PACS (picture archiving and communication system) required. 

The one caveat however is that the monitors used for the readings should be up to ILO 

(International Labour Organisation) or NIOSH (National Institute for Occupational 

Safety and Health) specifications. 

 

Free DICOM viewer software can be found and downloaded onto personal computers. 

Examples here are RadiAnt DICOM Viewer found at https://www.radiantviewer.com/ 

and MicroDicom DICOM viewer found at http://www.microdicom.com/. 
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9. LIST OF APPENDICES 

These items are attached in the following order: 

• Appendix 1 – Paper 1, the main peer-reviewed paper. 

• Appendix 2 – Paper 2, the praxis paper. 

• Appendix 3 – The 48 consensus-readings, plus a short history on each subject. 
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10. FINANCIAL SUMMARY 

FINANCIAL SUMMARY       

EXPENSES 
Staff 
Costs 

Operating 
Costs 

Capital 
Costs 

Subcontractors Other TOTALS 

Original STEP 5 (analysis, 
interpretation, write-up, delivery) 

173,916 0 0 195,579 33,254 402,749 

VAT 24,348 0 0 27,381 4,656 56,385 

TOTAL COSTS 198,264 0 0 222,960 37,910 459,134 

DETAILED COSTING 
Step No. 

Milestone 
Date 

Days 
Planned 

Incurred Costs 

  

Milestones   

1,2 & 4: Reports sent to MHSC & 
Journals 

1, 2 & 4 02/2018 36 361,743   

3: Images supplied to MHSC 3 03/2018 8 97,391   
       

STAFF  COSTS   
Step 1,2 

& 4 
Step 3 

Total, excl 
VAT 

  TOTALS 

Dr Jim TeWaterNaude  175,958 22,306 173,916    

Total  175,958 22,306   198,264 

SUBCONTRACTOR COSTS   
Step 1,2 

& 4 
Step 3 

Total, excl 
VAT 

    

Prof Rodney Ehrlich  72,684 31,150 91,082    

Prof Al Franzblau  83,232 35,894 104,496    

Total  155,916 67,044   222,960 

OTHER COSTS   
Step 1,2 

& 4 
Step 3 

Total, excl 
VAT 

    

9% Administration fee  29,869 8,041 33,254    

Total  29,869 8,041   37,910 

            459,134 
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Background: Continuing use of analog film and digital chest radiography for screening

and surveillance for pneumoconiosis and tuberculosis in lower and middle income

countries raises questions of equivalence of disease detection. This study compared

analog to digital images for intra-rater agreement across formats and prevalence of

changes related to silicosis and tuberculosis among SouthAfrican goldminers using the

International Labour Organization classification system.

Methods: Miners with diverse radiological presentations of silicosis and tuberculosis

were recruited. Digital and film chest images on each subject were classified by four

expert readers.

Results:Readings of film and soft copydigital images showedno significant differences

in prevalence of tuberculosis or silicosis, and intra-rater agreement across formats was

fair to good. Hard copy images yielded higher prevalences.

Conclusion: Film and digital soft copy images show consistent prevalence of findings,

and generally fair to good intra-rater agreement for findings related to silicosis and

tuberculosis.

K E YWORD S

digital radiographs, pneumoconiosis, silicosis, surveillance, tuberculosis

1 | INTRODUCTION

Themost widely used system for categorizing the abnormalities seen

on chest radiographs due to the inhalation of pneumoconiotic dusts

is the International Labour Organization (ILO) classification.1–3 While

the ILO system originally was developed using analog film radio-

graphs, in recent years a number of validation studies have shown

that interpretations of soft copy digital radiographs (ie, digital

radiographic images displayed on a radiology-quality high resolution

computer workstation) are equivalent to those for film radiographs
Institution at which the work was performed: University of Cape Town and University of

Michigan.
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for classifying parenchymal and pleural abnormalities due to

pneumoconiosis.4–10 Largely on the basis of these reports, the ILO

and the National Institute for Occupational Safety and Health

(NIOSH) have promulgated guidelines for use of digital radiographs

for such purposes.1,11 However, all of these validation studies were

conducted in the United States, Western Europe, or Japan, regions in

which the incidence of pulmonary tuberculosis is low (eg, 9.9 cases

per 100 000 in the United States in 2014).12 Because there were

few, if any subjects with tuberculosis in these studies, they were, by

design, not capable of assessing whether digital radiographs were

equivalent to film radiographs for identifying radiographic changes

suspected to be related to tuberculosis or combined silicosis and

tuberculosis.

In 2014, South Africa had the highest general population

incidence rate of tuberculosis in the world (834 cases per 100 000

population).12 Rates of tuberculosis among gold miners in South

Africa are even higher, up to 2950 cases per 100 000,13 which is

attributable to high rates of infection with the human immunode-

ficiency virus (HIV), silica exposure among miners, and exposure in

congregate settings on the mines.14,15 In addition to South Africa, a

number of other countries with large extractive industries, such as

Brazil, India, and China, also have high rates of tuberculosis.12 For

these reasons, workplace radiological surveillance programs

among miners in South Africa and other developing countries

may need to serve the dual purpose of surveillance for silicosis

and tuberculosis.16 Historically, such surveillance programs

utilized traditional analog film chest radiographs. Since 2004,

digital radiographic equipment began to be installed in the

South African mining industry, at least in the health services of

the larger mines.17 However, analog film chest radiography

continues to be used in the health facilities in remote rural areas

of South Africa and surrounding countries, where the majority

of migrant ex-miners live and on which they are dependent

for the continuing surveillance that is required by South African

mining law. In 2007, the South African Mine Health and Safety

Council, which is composed of representatives from labor,

management and the government, requested evidence on the

equivalence of the two formats in the detection of silicosis and

tuberculosis.

This issue is not limited to Southern Africa. In middle

income countries with large mining, quarrying and/or stone working

sectors and related pneumoconiosis and tuberculosis burdens, such as

Brazil, India and China, plain film radiography continues to be widely

used in screening for pneumoconiosis and tuberculosis amongworkers

(Dr. E. Algranti [Brazil], Dr. J. Patel [India], and Dr. W. Chen [China],

personal communications).

The primary goal of the present study was to compare traditional

film and digital radiography for the prevalence of findings and intra-

rater agreement across formats (based on the kappa statistic) for

changes related to silicosis and tuberculosis among South African gold

miners. Examination of inter-reader agreement for the presence of

silicosis and tuberculosis, given their co-occurrence in this context,

was a secondary goal.

2 | MATERIALS AND METHODS

2.1 | Subject recruitment

The original goal was to recruit 220 subjects from among workers at a

single, large South African gold mine who displayed a range of

radiological presentations of silicosis and tuberculosis. For statistical

reasons, the goal was not to recruit a representative sample of the

worker population, but rather to create a study group that would

provide sufficient power for the analyses comparing prevalence, and

intra-rater and inter-rater agreement using the kappa statistic (see

section 2.6).

For silicosis, there were three broad target categories for the final

study population: (1) no abnormalities (∼50%); (2) “mild” abnormalities

(ie, ILO major category “1” for silicosis—∼30%); (3) and “severe”

abnormalities (ie, ILO major category “2” or greater—∼20%). For

tuberculosis, there were also three target categories for the study

population: (1) no tuberculosis (∼40%); (2) “mild” tuberculosis (ie,

involving only 1-2 lung zones, as defined by the ILO system—∼40%); 3)

and “severe” tuberculosis (ie, involving three or more lung zones

—∼20%). The goal was to identify potential study subjects who fitted

into a 3 × 3 matrix with these marginal prevalences of abnormalities.

With the cooperation of the mine management, two investigators

(JtW and RIE) reviewed digital radiographs from an archive of

previously taken radiographs to identify potential study subjects

based on the criteria outlined above. Eligible candidateswho fitted into

the pre-defined categories were selected. As recruitment of candidate

study subjects was slower than expected, part way through the study

statistical power requirements were re-calculated, determining that

only∼104 subjectswere needed. By this time 132 subjects had already

been recruited, and further recruitment was stopped.

Direct subject recruitment was performed by a research staff

nurse accompanied by one of the occupational health nurses. There

was no financial incentive offered to subjects. Once an approach was

made and the identified worker expressed interest, the nurse

explained the study and obtained written informed consent in one

of three locally used languages, being Zulu, Sotho, and English. All

study forms explaining the project were available in these languages as

well as in Afrikaans. Ethics approval was granted by the Human

Research Ethics Committee of the Faculty of Health Sciences,

University of Cape Town (HREC reference number 385/2011) and

the University of Michigan Institutional Review Board (IRB number

HUM00055022).

2.2 | Data collection

Each subject completed a research questionnaire and underwent a

digital chest radiograph as part of routine periodic health screening at

themine. The latter was reviewed clinically by the mine's medical staff,

for abnormalities needing immediate attention. In addition, a film chest

radiograph was taken for study purposes (see section 2.3 below for

details on radiographic methods). The questionnaire elicited demo-

graphic information (age, gender, height, weight), work history,

2 | FRANZBLAU ET AL.



smoking history, self-reported HIV status, and a limited respiratory

health history including history of tuberculosis. Participants were

asked whether they had ever been diagnosed with tuberculosis, and if

so, the year(s) of diagnosis and treatment.

2.3 | Imaging methods and quality control

After obtaining the digital radiograph at field radiography facilities,

each miner was transported on the same day to the mine medical

center for the film radiograph. Film and digital radiographic techniques,

which did not change over the course of the study, were those in effect

at the respective sites at the time of the fieldwork (February to June,

2012), and are described below.

The protocol for capturing film images was as follows. Radiogra-

phy unit make and model: Philips Optimus 50 (Philips Healthcare,

Hamburg, Germany). Technique: 125 kVp, 2-3.8 mAs (AEC-side

chamber), 180 cm source-to-image distance, with a grid of

36 LP/cm, RATIO 12:1 of focal length 140 cm; Agfa CP-GC chest

film, Agfa CURIX regular 400 speed screen cassette (AgfaHealthcare—

NV, Mortsel, Belgium). Exposed film was developed in an Agfa EOS

Classic processor with Agfa G138i developer and Agfa G334i fixer

(Agfa Healthcare).

The protocol for capturing digital images was as follows. Digital

images were captured using a Swissray ddR Modulaire TM chest

system with a dOd-HD-16™ Detector (Swissray Medical—AG,

Hochdorf, Switzerland). Technique: 125 kVp, 2-3.8 mAs (AEC-side

chamber), 150 cm source-to-image distance, with a grid of 80 LP/cm,

ratio 10:1 of fixed focal length of 150 cm. The pixel size of the detector

was 168micrometres, and the image array sizewas 2046 × 2560 pixels

(14 × 17 inches). Digital imageswere stored asDICOM lossless images.

Although a 150 cm source-to-image distance is non-standard, this

distance is used commonly in South Africa for digital images.

Hard copy digital images were printed on an AGFA DRYSTAR

5302 laser printer using AGFA DRY LASER FILM DT2B film (Agfa

Gevaert—NV,Mortsel, Belgium). Theywere printed using the standard

look-up table recommended by AGFA. Hard copy images were printed

at 80% scale along the x-axis and y-axis; the images were thus

0.8 × 0.8 = 0.64 or 64%of full-size. Since earlier validation studies have

shown that hard copy digital images are inferior to soft copy and film

images,4 the primary focus of this article is comparison of film and soft

copy results. The full results, that is, those comparing film, soft copy

and hard copy are available in the on-line Supplemental Tables.

2.4 | Reading and scoring of images

Four readers, three radiologists and one pulmonologist experienced in

reading radiographs for pneumoconiosis, independently interpreted all

film and digital images. Two of the readers were from South Africa and

twowere from the United States. The South African readers both have

expertise in respiratory imaging of miners—one has been reading for

the statutory pneumoconiosis bureau since 1998 and the other has

been an academic radiologist for the past 20 years. All readers had

extensive experience in reading digital radiographic images. The

readers from the United States were NIOSH-certified B readers for 13

and 32 years, respectively, at the time of the study, and had

participated as readers in previous validation studies.4,7

Interpretation of film, soft-copy digital images, and hard-copy

digital images were performed in random order. All images were

stripped of personal identifiers and labeled with a study ID number;

the study ID numbers differed by image format and images were

presented in random order for each image format. The total number

of potential image interpretations was: 132 subjects × 4 readers × 3

formats = 1584. However, due to one missing image and one

additional missed reading, the final total number of readings was

1579 (one subject was missing a digital image, and one reader

neglected to read the digital image for one additional subject, for a

total of five missing readings). The final number of readings varied

slightly for analyses for different outcomes due to a small number of

images that the readers interpreted as being “unreadable” for ILO

purposes.

Readers classified images according to the 2011 revision of the

ILO classification system and NIOSH guidelines with one modification:

if readers checked the symbol “tb,” they were asked to mark which of

six lung zones were involved (upper, middle and lower; left and right

sides) in a fashion similar to section 2 of the ILO form.1,11 Criteria for

checking the symbol “tb” were based on the instructional language in

the ILO guidelines (“The symbol tb should be used for either suspect

active or suspect inactive tuberculosis. The symbol tb should not be

used for the calcified granuloma of tuberculosis or other granuloma-

tous processes, for example, histoplasmosis. Such appearances should

be recorded as cg.”).1 Tuberculosis was read without reference to

disease activity. As the participants were selected based on previous

radiographs, it was expected that most if not all of the changes

attributable to tuberculosis would reflect previous rather than active

disease. In order to ensure similar interpretation and scoring of

tuberculosis, a training workshop including 30 control radiographs was

held in Cape Town for all four readers on the day prior to the first

readings.

In order to avoid the risk of loss during shipment, interpretation

of film images was performed independently by all readers in South

Africa. Otherwise, readers interpreted hard copy and soft copy

digital images at their respective home facilities. Other than the use

of high-resolution workstations for interpretation of digital images, it

was not feasible to standardize radiology work stations across

facilities for this study. Readers were allowed to use various

features of digital display at their own discretion, as would occur in

everyday practice, and similar to procedures employed in previous

studies.4,5,7

2.5 | Standard ILO images

Each of the four readers used their own set of the 22 hard-copy

standard ILO radiographs when they read film and hard-copy digital

images, in accordance with the ILO guidelines.1 In order to perform

side-by-side readings of soft copy digital imageswith digital versions of

the ILO standard images (with permission from the ILO), the American
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readers used the same digital versions of the ILO standard films that

had been created and used previously.4 For technical reasons, the

South African readers were unable to utilize the digital standards.

Accordingly, they used the traditional hard-copy standard ILO

radiographs when interpreting digital images.

2.6 | Statistical methods

Summary statistics were calculated describing the demographic

characteristics, smoking status, mining experience, as well as self-

reported history of tuberculosis and infection with HIV for the sample

under study.

For each pair of formats within each reader, Cohen's kappa

statistic was calculated as a measure of intra-rater agreement.18 For

this project, we considered only the dichotomous outcomes, for

example, silicosis read as profusion >1/0 versus <1/0, or tuberculosis

as present versus absent using the ILO system.

For each image format and each outcome with four different

readers, there are six possible pairwise comparisons among readers.

Since between-reader comparison is not of primary interest, we

decided to pool inter-rater agreement across all readers. An overall

agreement measure among readers was computed for each image

format using the multiple rater version of the kappa statistic.19 This

version is applicable to outcomes with dichotomous as well as

multiple ordinal categories. In the case of dichotomous outcomes,

kappa has an attractive interpretation as an intra-class correlation

coefficient. Fleiss has offered language for describing kappa results:

values greater than 0.75 are “excellent”; values between 0.40 and

0.75 are “fair to good”; and values less than 0.40 show “poor”

agreement.19

Mixed effects logistic regression models were used to evaluate

rating differences across image formats with and without controlling

for subject characteristics. In the unadjusted models image format was

used as a fixed effect, while subject and reader were used as random

effects. Adjusted versions of the models had the additional covariates

of age, bodymass index (BMI), and smoking status (current or former vs

never). An additional sensitivity analysis was carried out using self-

reported HIV status as a controlling variable.

The contribution to variability of image format and reader in

explaining the variation in the data was assessed in the following

way. In the first stage, a “null” model with only a random subject

effect was fitted. Subsequently two separate models were fitted,

one including an image format effect in addition to the subject

effect, and the other with a reader and a subject effect. The

percentage increase in pseudo log likelihood between the second

and the first stage models, indicating the degree of improvement in

goodness of fit, was used as an assessment of the additional

contribution to explaining variation.

Statistical analysis was carried out in SAS® version 9.4.20

Generalized linear mixed models were implemented using proc

glimmix. The SAS macro “MAGREE” was used to compute the overall

multi-rater kappa value and its standard error (SE) with 95%

confidence intervals computed using ±1.96 × SE.

3 | RESULTS

The characteristics of the study participants are summarized in

Table 1. A total of 132 male gold mine workers participated in this

study. The mean age of the sample was 47.6 years with a standard

deviation (sd) of 6.6 years. The study participants were primarily of

normal weight or overweight with a mean body mass index (BMI) of

24.1 kg/m2 (sd 3.9) for the sample. Subjects had a mean of 23.3 years

of gold mining experience (sd 8.4), reflecting a long service sample.

About three quarters of the subjects were currently non-smokers.

Only 10% of the sample reported to have been previously

diagnosed with tuberculosis while 31% reported having tested

positive for HIV.

A total of 1579 radiographic readings were completed for the

study, with a varying number of readings available for different

outcomes due to a small number of missing images or images that were

scored as “unreadable” (see section 2). Table 2 reports the distributions

of the ILO classification outcomes for traditional film and soft copy

images. The marginal distributions of ILO findings for the two formats

show no significant differences for any outcomes, with the exception

of image quality. By design, the prevalence of findings of parenchymal

abnormalities and findings suggestive of tuberculosis in the study

group were high, 66% and 38%, respectively. The comparisons shown

in Table 2 do not adjust for the clustering within readings made on the

same subject using different image formats (see Table 5). Full results,

including those for hard copy digital images, are available in

Supplemental Tables S1-S7.

Although the overall prevalence of radiographic findings of

tuberculosis (38%—see Supplemental Table S1) was much greater

than the self-reported history of tuberculosis (10%—see Table 1), these

TABLE 1 Subject characteristics

N = 132
Sub-categories
within each variable Frequency %

Age (years)
Mean standard
deviation (SD) = 47.6
(6.6)

45 or younger
46 to 50
Over 50

36
52
44

27
39
33

Body mass index
(kg/m2)

Mean (SD) = 24.1 (3.9)

Less than 25
25 to 30
Equal to or more

than 30

85
33
11

66
26
9

Years of gold mining

Mean (SD) = 23.3 (8.4)

15 or fewer

16 to 20
21 to 25
26 to 30
More than 30

19

17
39
27
25

15

13
31
21
20

Smoking status Never
Former
Current

95
7
27

74
5
21

Self-reported history of
tuberculosis (TB)

Yes
No

13
119

10
90

Self-reported HIV
positive

Yes
No

36
82

31
69
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TABLE 2 Results of ILO classifications using film and soft copy, with χ2 tests for differences

Overall Film Soft copy Χ2

n % n % n % P

Image quality (n = 1051)

1 537 51 223 42 314 60 <0.001

2 470 45 265 50 205 39

3 39 4 35 7 4 1

4 (unreadable) 5 <1 5 1 0 0

Any parenchymal abnormalities (n = 1051)

No 373 36 191 37 182 35 0.561

Yes 673 64 332 63 341 65

Shape/size of primary small opacities (n = 673)

Round (p, q, r) 633 94 311 94 322 94 0.679

Irregular (s, t, u) 40 6 21 6 19 6

Small opacity profusion (n = 1045)

Major category 0 418 40 213 41 205 39 0.953

Major category 1 363 35 179 34 184 35

Major category 2 222 21 110 21 112 21

Major category 3 42 4 20 4 22 4

Tuberculosis (n = 1046)

No 664 63 326 62 338 65 0.441

Yes 382 37 197 38 185 35

# of zones with TB (n = 1046)

0 664 63 326 62 338 65 0.719

1 195 19 97 19 98 19

2 151 14 82 16 69 13

≥3 36 3 18 3 18 3

Large opacities (n = 1045)

O 975 93 485 93 490 94 0.875

A 59 6 31 6 28 5

B 11 1 6 1 5 1

C 0 0 0 0 0 0

Large opacities (n = 1045)

No (O) 975 93 485 93 490 94 0.615

Yes (A, B, or C) 70 7 37 7 33 6

Coalescence of small opacities (ax) (n = 1046)

No 946 90 464 89 482 92 0.058

Yes 100 10 59 11 41 8

Large opacities or ax (n = 1045)

No (O) 903 86 443 85 460 88 0.145

Yes (A, B, C, or ax) 142 14 79 15 63 12

Pleural abnormalities (n = 1046)

No 973 93 493 94 480 92 0.115

Yes 73 7 30 6 43 8

Costophrenic angle obliteration (CAO) (n = 1046)

No 1000 96 504 96 496 95 0.228

(Continues)
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two outcomes were significantly associated (data not shown). In two

previous cross-sectional studies of ex-miners self-reported tuberculo-

sis was more common than radiographic evidence of tuberculosis,21

while in a study of active miners, the radiographic prevalence was

similar to or greater than the prevalence based on history.22 The

reasons for these discrepancies are unknown. The self-reported

prevalence of HIV infection is very high at 31% but is of the same order

as that reported in other surveys of working miners, such as the 27%

found by Corbett et al,23 and would be expected to be high, in part,

because of the enrichment of this sample with cases of past

tuberculosis.

Not surprisingly, since the subjects for this study were gold miners

with silica exposure, not asbestos exposure, the prevalence of pleural

abnormalities attributable to pneumoconiosis was relatively low (8.3%

overall—see Supplemental Table S1). While pleural scarring and

thickening can result from tuberculosis,24 there was no association

between findings of pleural abnormalities and self-reported tubercu-

losis nor findings of pleural abnormalities and radiologically recorded

tuberculosis (data not shown).

The intra-rater agreement values for film versus soft copy are

reported in Table 3 for each reader and all major dichotomous

outcomes. The agreement is consistently fair to good for the

detection of tuberculosis, and three of the four readers had fair to

good results for parenchymal abnormalities. The other outcomes

show considerable variation of intra-rater agreement across formats

(eg, large opacities, coalescence of small opacities, pleural abnor-

malities, costophrenic angle obliteration, diffuse pleural thickening).

Such variation is not surprising since the prevalences of these

findings were generally low (less than 10% in most instances), and

it is well known that kappa is less stable and approaches zero when

the underlying prevalence of the condition approaches zero or

100%.25

Inter-rater agreement, using multi-rater kappa, for film and soft

copy readings are displayed in Table 4. Agreement for tuberculosis was

fair to good for both film and soft copy. Agreement on parenchymal

abnormalities was fair to good for film, but was poor for soft copy (the

latter likely due to one reader [reader 4] reporting parenchymal

abnormalities much more frequently relative to the others—see

Supplemental Table S2). Re-calculation of results shown in Table 4

without reader 4 showed increased multi-rater kappas for

parenchymal abnormalities, but essentially no change for kappas for

tuberculosis—see Supplemental Table S10.

Kappas for several of the other inter-rater outcomes indicate poor

agreement, likely for the same reasons noted above—that the

prevalence of the underlying condition was low.25 Most important

for the purposes of this study, there is little difference between the

TABLE 2 (Continued)

Overall Film Soft copy Χ2

n % n % n % P

Yes (right and/or left) 46 4 19 4 27 5

CAO or pleural effusion (n = 1046)

No 992 95 502 96 490 94 0.094

Yes (right and/or left) 54 5 21 4 33 6

Diffuse pleural thickening (n = 1046)

No 1023 98 513 98 510 98 0.527

Yes (right and/or left) 23 2 10 2 13 2

TABLE 3 Intra-rater Kappa values for agreement between traditional film and digital soft copy

Film versus soft

Reader 1 Reader 2 Reader 3 Reader 4

Parenchymal abnormalities (yes/no) 0.67 0.69 0.59 0.35

Tuberculosis (yes/no) 0.48 0.60 0.58 0.60

Large opacities (yes/no) 0.53 0.25 0.66 0.07

Coalescence of small opacities (ax) (yes/no) 0.36 0.45 0.80 −.03

Large opacities or ax (yes/no) 0.56 0.49 0.79 0.10

Pleural abnormalities (yes/no) 0.10 0.52 – 0.43

Costophrenic angle obliteration (yes/no) 0.23 0.67 – 0.37

CAO or pleural effusion (yes/no) 0.30 0.63 −.01 0.37

Diffuse pleural thickening (yes/no) −.02 0.79 – 0.74

– Indicates kappa cannot be calculated; there were no findings of this type for this reader and certain image formats.
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inter-rater kappas for film and soft copy across the outcomes for

findings with low prevalence.

Table 5 exhibits the odds ratios of film versus soft copy in finding

an abnormal outcome using a model-based approach, as opposed to

comparison of simple prevalence as in Table 2. As the results in the

table indicate, there are no significant differences between formats

with the exception of coalescence of small opacities (symbol “ax”). For

this outcome film format has about a 1.7 times higher odds than the

soft copy format of identifying this abnormality (OR: 1.69, 95%CI:

1.05, 2.74). Interestingly, in Table 2 this outcome approached

statistical significance. Overall, the results in Table 5 appear to be

quite robust to subject level adjustments (ie, age, BMI, and smoking).

Table 6 displays the degree of improvement in pseudo log

likelihood of logisticmodels fit for image format and for reader for each

of the major ILO outcomes. For all outcomes the variation due to the

readers dwarfs the variability attributable to image format. The

increase in pseudo log likelihood due to reader is between 7- and 120-

fold of that due to image format.

4 | DISCUSSION

Of the 22 “high-burden countries”which account for 83% of the global

burden of tuberculosis,12 a number have large and/or growing

extractive industries, notably South Africa, Brazil, and China. The

prevalence of tuberculosis needs to be taken into account in reading

for silicosis in silica exposed workforces for epidemiological, screening

and/or clinical purposes. This is particularly notable in the South

African context of very high tuberculosis incidence rates. Radiographic

images among individuals with a history of tuberculosis present

patterns that overlap with silicosis.26 Specifically, when tuberculosis

heals with scarring it may leave a nodular pattern or large opacities

which need to be distinguished from silicosis. Alternatively, tubercu-

losis may heal with linear fibrosis or loss of lung volume, obscuring an

underlying silicotic pattern. Tuberculosis can also result in effusions

and ultimately scarring of the pleura. Active tuberculosis may also be

confused with silicosis, particularly when miliary.

The relative performance of digital versus analog radiography in

such a setting has not previously been studied. The continued use of

both formats in industrializing lower and middle income countries for

the foreseeable future thus makes this a relevant question for

occupational health practitioners and compensation administrators

involved with pneumoconiosis in these countries.

Our results demonstrate that, despite the co-occurrence of

tuberculosis in the sample, among experienced readers interpretation

of soft copy digital chest images and traditional film chest radiographs

show a similar prevalence of parenchymal abnormalities consistent

TABLE 4 Multi-rater kappas with 95% confidence intervals, showing agreement across readers within each image format, for dichotomous
radiographic findings (present vs absent)

Finding Film 95%CI Soft 95%CI

Parenchymal abnormalities 0.59 (0.52, 0.66) 0.37 (0.30, 0.44)

Tuberculosis 0.43 (0.36, 0.50) 0.44 (0.37, 0.51)

Large opacities 0.16 (0.09, 0.23) 0.28 (0.21, 0.35)

Coalescence of small opacities (ax) 0.21 (0.14, 0.28) 0.13 (0.06, 0.20)

Large opacities or ax 0.29 (0.22, 0.36) 0.27 (0.20, 0.34)

Pleural abnormalities 0.2 (0.13, 0.27) 0.29 (0.22, 0.36)

Costophrenic angle obliteration 0.33 (0.26, 0.40) 0.34 (0.27, 0.41)

CAO or pleural effusion 0.42 (0.35, 0.49) 0.43 (0.36, 0.50)

Diffuse pleural thickening 0.32 (0.25, 0.39) 0.29 (0.22, 0.36)

TABLE 5 Odds ratios for findings of abnormalities, traditional film versus soft copy, with and without adjustment for subject characteristics

Odds ratios (95% confidence interval) Film vs soft copy Film vs soft copy, adjusteda

Parenchymal abnormalities 0.88 (0.61, 1.27) 0.88 (0.60, 1.29)

Tuberculosis 1.18 (0.84, 1.65) 1.17 (0.83, 1.65)

Large opacities 1.15 (0.68, 1.95) 1.07 (0.63, 1.84)

Coalescence of small opacities (ax) 1.73 (1.06, 2.81) 1.75 (1.06, 2.86)

Large opacities or ax 1.46 (0.95, 2.23) 1.41 (0.91, 2.18)

Pleural abnormalities 0.62 (0.36, 1.07) 0.70 (0.40, 1.22)

Costophrenic angle obliteration (CAO) 0.58 (0.28, 1.21) 0.69 (0.32, 1.47)

CAO or pleural effusion 0.50 (0.25, 0.99) 0.57 (0.28, 1.15)

Diffuse pleural thickening –b –b

aAdjusted for age, BMI, ever/never smoked.
bModel did not converge due to very few readings with diffuse pleural thickening.
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with silicosis, and generally fair to good intra-rater agreement between

these image formats. More specifically Table 5 shows no odds ratios

significantly different from the null for parenchymal abnormalities

while Table 3 shows “fair to good” agreement across formats for three

out of four intra-rater kappa values. More generally, Tables 2 and 5

show no significant differences across these formats for the

prevalence of findings for all major outcomes (except image quality

in Table 2).

The range of kappa values for intra-rater agreement for

parenchymal abnormalities found among the four readers in the

present study (kappa = 0.35 to kappa = 0.69—see Table 3) is similar to

what has been reported previously. Laney et al, using seven readers,

found the intra-reader kappa values for small pneumoconiotic

opacities comparing interpretations of film and soft-copy digital

images ranging from kappa = 0.39 to kappa = 0.72.6 As noted

previously, the relatively poor inter-rater agreement for parenchymal

abnormalities for soft copy is likely due to the outlier influence of one

reader (see Tables 4, S2, and S10). In another study involving eight

readers, Laney et al reported inter-rater agreement for parenchymal

abnormalities based on using the ILO classification systemas applied to

film and soft copy images: for film, kappa = 0.39 (95%CI: 0.28-0.49);

and for soft copy, kappa = 0.42 (95%CI: 0.31-0.53).5 While the results

are similar to ours, it is important to note that direct comparisons of

kappa statistics between studies are hampered by differences in study

design and the exact method used for calculating kappa (eg, weighted

versus unweighted).8

As this is the first study to our knowledge to examine inter-rater

and intra-rater agreement on the reading of tuberculosis using digital

chest radiography in a silica exposed population, there are no prior

studies for comparison of kappa values. Efficacy of screening for

pulmonary tuberculosis using digital chest radiography has been

demonstrated among various high-risk populations, including home-

less persons, drug addicts, alcohol users, and prisoners.27 That was a

validation study, and did not address reliability of radiographic

methods. In our study, despite the co-occurrence of silicosis as a

potential radiological confounder, intra-rater agreement on abnormal-

ities assigned to tuberculosis across film and soft copy images was fair

to good for all four readers while inter-rater agreement, as represented

by multi-rater kappas, did not differ by format.

Although the interpretations of hard copy images showed similar

results for intra-rater agreement for parenchymal abnormalities and

tuberculosis with film and soft copy (see Supplemental Table SVI),

there were significant differences between hard copy digital and

traditional film and soft copy digital for the odds of finding these two

outcomes (see Supplemental Tables S4 and S5), which is consistent

with previous findings for parenchymal abnormalities.4 A limitation in

making this comparison is that the hard copy digital images used in this

study were about two thirds the size of the film and soft copy images.

While it has been common for hard copy digital images to be printed in

reduced format,28 it has been shown that reduction of image size can

contribute to loss of detection accuracy.29

Overall, the results of the present study support the use of soft

copy digital imaging for surveillance of silicosis and tuberculosis among

miners in South Africa and elsewhere, as providing continuity with the

use of analog imaging. Use of hard copy digital, however, may result in

some degree of overestimation of these two key outcomes relative to

either film or soft copy digital; overall, we recommend that hard copy

digital images should be avoided if possible, and if used, done so at full

size and with due recognition of their limitations.

Readings for many outcomes showed considerable variation

among readers and within readers. However, as shown in Table 5,

subject characteristics (ie, age, BMI, and smoking history) made little or

no contribution to differences in readings between image formats.

And, as demonstrated in Table 6, readers are a far greater source of

variation for all outcomes than image format. The finding that even

experienced readers are a more important source of variation than

image format is consistent with previous results.4 Training of readers,

whether radiologists, minemedical officers, or other types of clinicians,

in a standardized approach to reading images as part of such

surveillance programs is thus essential.

In conclusion, the present study demonstrates reasonable

equivalence of soft copy digital chest images in comparison to

traditional film for conducting radiological surveillance in working

populations that may have exposures to both pneumoconiotic dusts

and tuberculosis. Use of hard copy digital images is discouraged.
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Supplemental Table SI.  Results of ILO classifications overall and by image format, including pairwise Chi-square test p-values. 

 Overall Film Hard copy 

(HC) 

Soft copy (SC) Film 

vs. HC 

HC vs. 

SC 

Film 

vs. SC 

 n % n % n % n % p p P 

Image quality (n=1,578) 

1 

2 

3 

4 (unreadable) 

 

856 

549 

168 

5 

 

54% 

35% 

11% 

<1% 

 

223 

265 

35 

5 

 

42% 

50% 

7% 

1% 

 

319 

79 

129 

0 

 

61% 

15% 

24% 

0% 

 

314 

205 

4 

0 

 

60% 

39% 

1% 

0% 

 

 

<0.001 

 

 

<0.001 

 

 

<0.001 

Any parenchymal abnormalities 

(n=1,574) 

No 

Yes 

 

 

537 

1,037 

 

 

34% 

66% 

 

 

191 

332 

 

 

37% 

63% 

 

 

164 

364 

 

 

31% 

69% 

 

 

182 

341 

 

 

35% 

65% 

 

 

0.061 

 

 

0.197 

 

 

0.561 

Shape / size of primary small 

opacities (n=1,037) 

Round (p, q, r) 

Irregular (s, t, u) 

 

 

961 

76 

 

 

93% 

7% 

 

 

311 

21 

 

 

94% 

6% 

 

 

328 

36 

 

 

90% 

10% 

 

 

322 

19 

 

 

94% 

6% 

 

 

0.087 

 

 

0.033 

 

 

0.679 

Small opacity profusion 

(n=1,573) 

None or 0/* 

1/* 

2/* 

3/* 

 

 

601 

533 

362 

77 

 

 

38% 

34% 

23% 

5% 

 

 

213 

179 

110 

20 

 

 

41% 

34% 

21% 

4% 

 

 

183 

170 

140 

35 

 

 

35% 

32% 

27% 

7% 

 

 

205 

184 

112 

22 

 

 

39% 

35% 

21% 

4% 

 

 

0.017 

 

 

0.049 

 

 

0.953 

Tuberculosis (n=1,574) 

No 

Yes 

 

981 

593 

 

62% 

38% 

 

326 

197 

 

62% 

38% 

 

317 

211 

 

60% 

40% 

 

338 

185 

 

65% 

35% 

 

0.445 

 

0.125 

 

0.441 

# of zones with TB (n=1,574) 

0 

1 

2 

≥ 3 

 

981 

303 

239 

51 

 

62% 

19% 

15% 

3% 

 

326 

97 

82 

18 

 

62% 

19% 

16% 

3% 

 

317 

108 

88 

15 

 

60% 

20% 

17% 

3% 

 

338 

98 

69 

18 

 

65% 

19% 

13% 

3% 

 

 

0.759 

 

 

0.295 

 

 

0.719 

 

  



Page 2 of 15 
 

Supplemental Table SI continued. 

 Overall Film Hard copy Soft copy Film 

vs. HC 

HC 

vs. SC 

Film 

vs. SC 

 n % n % n % n % p p P 

Large opacities (n=1,573) 

O 

A 

B 

C 

 

1,477 

82 

14 

0 

 

94% 

5% 

1% 

0% 

 

485 

31 

6 

0 

 

93% 

6% 

1% 

0% 

 

502 

23 

3 

0 

 

95% 

4% 

1% 

0% 

 

490 

28 

5 

0 

 

94% 

5% 

1% 

0% 

 

 

0.295 

 

 

0.574 

 

 

0.875 

 

 

Large opacities (n=1,573) 

No (O) 

Yes (A, B, or C) 

 

1,477 

96 

 

94% 

6% 

 

485 

37 

 

93% 

7% 

 

502 

26 

 

95% 

5% 

 

490 

33 

 

94% 

6% 

 

0.140 

 

0.329 

 

0.615 

 

Coalescence of small opacities 

(ax) (n=1,574) 

No 

Yes 

 

 

1,397 

177 

 

 

89% 

11% 

 

 

464 

59 

 

 

89% 

11% 

 

 

451 

77 

 

 

85% 

15% 

 

 

482 

41 

 

 

92% 

8% 

 

 

0.111 

 

 

0.001 

 

 

0.058 

Large opacities or ax (n=1,573) 

No (O) 

Yes (A, B, C, or ax) 

 

1,339 

234 

 

85% 

15% 

 

443 

79 

 

85% 

15% 

 

436 

92 

 

83% 

17% 

 

460 

63 

 

88% 

12% 

 

0.315 

 

0.014 

 

0.145 

Pleural abnormalities (n=1,574) 

No 

Yes 

 

1,444 

130 

 

92% 

8% 

 

493 

30 

 

94% 

6% 

 

471 

57 

 

89% 

11% 

 

480 

43 

 

92% 

8% 

 

0.003 

 

0.155 

 

0.115 

Costophrenic angle obliteration 

(n=1,574) 

No 

Yes (right and/or left) 

 

 

1,500 

74 

 

 

95% 

5% 

 

 

504 

19 

 

 

96% 

4% 

 

 

500 

28 

 

 

95% 

5% 

 

 

496 

27 

 

 

95% 

5% 

 

 

0.190 

 

 

0.919 

 

 

0.228 

Costophrenic angle obliteration 

or pleural effusion  (n=1,574) 

No 

Yes (right and/or left) 

 

 

1,487 

87 

 

 

94% 

6% 

 

 

502 

21 

 

 

96% 

4% 

 

 

495 

33 

 

 

94% 

6% 

 

 

490 

33 

 

 

94% 

6% 

 

 

0.101 

 

 

0.968 

 

 

0.094 

Diffuse pleural thickening 

(n=1,573) 

No 

Yes (right and/or left) 

 

 

1,542 

31 

 

 

98% 

2% 

 

 

513 

10 

 

 

98% 

2% 

 

 

519 

8 

 

 

98% 

2% 

 

 

510 

13 

 

 

98% 

2% 

 

 

0.623 

 

 

0.263 

 

 

0.527 
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Comment on Supplemental Table SI:  In spite of higher image quality of soft digital images as compared with film, prevalences of 

findings were similar between film and soft digital copy across multiple outcomes.  Coalescences of small opacities were slightly less 

prevalent in soft copy readings (8%) vs. film (11%, p=0.058), but no significant differences were found.  Tuberculosis was marked in 

35% of soft digital images vs. 38% of film images (p=0.441) with a similar number of zones involved (p=0.719). 
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Supplemental Table SII.  Results of ILO classifications by reader. 

 Reader 1 Reader 2 Reader 3 Reader 4 

 n % n % n % n % 

Image quality (n=1,578) 

1 

2 

3 

4 (unreadable) 

 

108 

140 

146 

1 

 

27% 

35% 

37% 

<1% 

 

253 

131 

9 

2 

 

64% 

33% 

2% 

1% 

 

378 

15 

1 

0 

 

96% 

4% 

<1% 

0% 

 

117 

263 

12 

2 

 

30% 

67% 

3% 

1% 

Any parenchymal 

abnormalities (n=1,574) 

No 

Yes 

 

 

135 

259 

 

 

34% 

66% 

 

 

151 

242 

 

 

38% 

62% 

 

 

192 

202 

 

 

49% 

51% 

 

 

59 

334 

 

 

15% 

85% 

Shape / size of primary small 

opacities (n=1,037) 

Round (p, q, r) 

Irregular (s, t, u) 

 

 

220 

39 

 

 

85% 

15% 

 

 

225 

17 

 

 

93% 

7% 

 

 

201 

1 

 

 

>99% 

<1% 

 

 

315 

19 

 

 

94% 

6% 

Small opacity profusion 

(n=1,573) 

None or 0/* 

1/* 

2/* 

3/* 

 

 

161 

127 

90 

16 

 

 

41% 

32% 

23% 

4% 

 

 

157 

127 

74 

35 

 

 

40% 

32% 

19% 

9% 

 

 

201 

86 

90 

16 

 

 

51% 

22% 

23% 

4% 

 

 

82 

193 

108 

10 

 

 

21% 

49% 

27% 

3% 

Tuberculosis (n=1,574) 

No 

Yes 

 

276 

118 

 

70% 

30% 

 

184 

209 

 

47% 

53% 

 

230 

164 

 

58% 

42% 

 

291 

102 

 

74% 

26% 

# of zones with TB (n=1,574) 

0 

1 

2 

≥ 3 

 

276 

80 

32 

6 

 

70% 

20% 

8% 

2% 

 

184 

90 

92 

27 

 

47% 

23% 

23% 

7% 

 

230 

81 

68 

15 

 

58% 

21% 

17% 

4% 

 

291 

52 

47 

3 

 

74% 

13% 

12% 

1% 
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Supplemental Table SII continued. 

 Reader 1 Reader 2 Reader 3 Reader 4 

 n % n % n % n % 

Large opacities (n=1,573) 

O 

A 

B 

C 

 

353 

38 

3 

0 

 

90% 

10% 

1% 

0% 

 

371 

18 

4 

0 

 

94% 

5% 

1% 

0% 

 

382 

7 

4 

0 

 

97% 

2% 

1% 

0% 

 

371 

19 

3 

0 

 

94% 

5% 

1% 

0% 

Large opacities (n=1,573) 

No (O) 

Yes (A, B, or C) 

 

353 

41 

 

90% 

10% 

 

371 

22 

 

94% 

6% 

 

382 

11 

 

97% 

3% 

 

371 

22 

 

94% 

6% 

Coalescence of small opacities 

(ax) (n=1,574) 

No 

Yes 

 

 

334 

60 

 

 

85% 

15% 

 

 

320 

73 

 

 

81% 

19% 

 

 

365 

29 

 

 

93% 

7% 

 

 

378 

15 

 

 

96% 

4% 

Large opacities or ax (n=1,573) 

No (O) 

Yes (A, B, C, or ax) 

 

311 

83 

 

79% 

21% 

 

312 

81 

 

79% 

21% 

 

358 

35 

 

91% 

9% 

 

358 

35 

 

91% 

9% 

Pleural abnormalities (n=1,574) 

No 

Yes 

 

373 

21 

 

95% 

5% 

 

337 

56 

 

86% 

14% 

 

391 

3 

 

99% 

1% 

 

343 

50 

 

87% 

13% 

Costophrenic angle obliteration 

(n=1,574) 

No 

Yes (right and/or left) 

 

 

382 

12 

 

 

97% 

3% 

 

 

358 

35 

 

 

91% 

9% 

 

 

394 

0 

 

 

100% 

0% 

 

 

366 

27 

 

 

93% 

7% 

Costophrenic angle obliteration 

or pleural effusion  (n=1,574) 

No 

Yes (right and/or left) 

 

 

373 

21 

 

 

95% 

5% 

 

 

357 

36 

 

 

91% 

9% 

 

 

391 

3 

 

 

99% 

1% 

 

 

366 

27 

 

 

93% 

7% 

Diffuse pleural thickening 

(n=1,573) 

No 

Yes (right and/or left) 

 

 

388 

6 

 

 

98% 

2% 

 

 

376 

16 

 

 

96% 

4% 

 

 

394 

0 

 

 

100% 

0% 

 

 

384 

9 

 

 

98% 

2% 
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Comment on Supplemental Table SII: Considerable variability in findings was observed across readers, with prevalences of any 

parenchymal abnormalities ranging from 51% to 85% of readings, and prevalence of tuberculosis ranging from 26% to 53%.  While 

inter-reader variability is not the primary focus of the paper, the first two supplemental tables indicate that variability across readers is 

much larger than across the three image formats. 
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Supplemental Table SIII.  Percentage of images marked as completely normal, by reader and 

image format. 

 Overall Film Hard copy Soft copy 

 

Reader 1 

 

10.4% 

 

9.2% 

 

10.6% 

 

11.5% 

 

Reader 2 

 

11.2% 

 

10.0% 

 

9.8% 

 

13.7% 

 

Reader 3 

 

19.5% 

 

20.5% 

 

15.9% 

 

22.3% 

 

Reader 4 

 

2.0% 

 

1.5% 

 

2.3% 

 

2.3% 

 

Comment on supplemental Table SIII: Some readers are more conservative in marking 

findings on chest images, with one finding that nearly 1 in 5 readings shows no abnormality 

whatsoever, while another reader only rarely considered images to be entirely normal (2%).  

These reader-related results occur consistently across different image formats, and appear larger 

than variability due to image format. 
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Supplemental Table SIV.  Pairwise comparisons of prevalence of findings by image format, 

based on dichotomous outcomes. 

Odds ratios 

(95% confidence 

interval) 

Film vs.  

Hard copy 

Hard copy 

vs.  

Soft copy 

Film vs.  

Soft copy 

Overall 

format 

p-value 

 

Parenchymal 

abnormalities 

 

0.60 

(0.41, 0.87) 

 

1.49 

(1.02, 2.17) 

 

0.89 

(0.62, 1.29) 

 

0.019 

 

Tuberculosis 

 

0.81 

(0.57, 1.15) 

 

1.49 

(1.05, 2.12) 

 

1.21 

(0.85, 1.72) 

 

0.087 

 

Large opacities 

 

1.60 

(0.90, 2.84) 

 

0.73 

(0.41, 1.31) 

 

1.17 

(0.68, 2.01) 

 

0.274 

 

Coalescence of small 

opacities (ax) 

 

0.66 

(0.43, 1.01) 

 

2.56 

(1.61, 4.06) 

 

1.69 

(1.05, 2.74) 

 

<0.001 

 

Large opacities or ax 

 

0.77 

(0.52, 1.15) 

 

1.87 

(1.24, 2.83) 

 

1.45 

(0.95, 2.21) 

 

0.012 

 

Pleural abnormalities 

 

0.39 

(0.23, 0.67) 

 

1.56 

(0.95, 2.57) 

 

0.61 

(0.34, 1.07) 

 

0.003 

 

Costophrenic angle 

obliteration (CAO) 

 

0.51 

(0.23, 1.10) 

 

1.07 

(0.52, 2.18) 

 

0.54 

(0.25, 1.18) 

 

0.182 

 

 

CAO or pleural 

thickening 

 

0.46 

(0.22, 0.95) 

 

1.00 

(0.52, 1.92) 

 

0.46 

(0.22, 0.94) 

 

0.061 

 

Diffuse pleural 

thickening 

 

-- 

 

-- 

 

-- 

 

-- 

 

Tuberculosis 

 

0.81 

(0.57, 1.15) 

 

1.49 

(1.05, 2.12) 

 

1.21 

(0.85, 1.72) 

 

0.087 

 

Models for diffuse pleural thickening did not converge, so results are not shown.  All models 

take into account the repeated measures / clustered nature of the data. 

 

Comment on supplemental Table SIV: Odds ratios reflect pairwise comparisons between two 

image formats, in the likelihood of finding the given outcome.  The overall p-value is a global 

measure indicating whether image format (3 categories) contributes to the likelihood of finding a 

particular outcome.  Soft digital copies differed significantly from film images only for 
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coalescences of small opacities, which were 69% more likely to be found on film images vs. soft 

digital.  For findings of tuberculosis, image format was only modestly related (p=0.087) with 

tuberculosis being 49% more likely to be found on hard copies vs. soft digital, but with no 

significant difference between film and soft digital.    
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Supplemental Table SV.  Pairwise comparisons of prevalence of findings by image format, based 

on dichotomous outcomes, adjusted for subject age, BMI, and ever / never smoking status. 

Odds ratios 

(95% confidence interval) 

Film vs.  

Hard copy 

Hard copy vs.  

Soft copy 

Film vs.  

Soft copy 

Overall 

format 

p-value 

 

Parenchymal abnormalities 

 

0.56 

(0.38, 0.82) 

 

1.60 

(1.09, 2.36) 

 

0.89 

(0.61, 1.30) 

 

0.008 

 

Tuberculosis 

 

0.81 

(0.56, 1.16) 

 

1.48 

(1.03, 2.13) 

 

1.20 

(0.83, 1.72) 

 

0.101 

 

Large opacities 

 

1.49 

(0.83, 2.69) 

 

0.72 

(0.40, 1.31) 

 

1.08 

(0.62, 1.89) 

 

0.381 

 

Coalescence of small 

opacities (ax) 

 

0.65 

(0.43, 1.01) 

 

2.61 

(1.63, 4.16) 

 

1.70 

(1.05, 2.76) 

 

<0.001 

 

Large opacities or ax 

 

0.73 

(0.49, 1.09) 

 

1.91 

(1.25, 2.90) 

 

1.40 

(0.91, 2.15) 

 

0.011 

 

Pleural abnormalities 

 

0.43 

(0.25, 0.76) 

 

1.57 

(0.93, 2.64) 

 

0.68 

(0.38, 1.21) 

 

0.012 

 

Costophrenic angle 

obliteration 

 

0.61 

(0.28, 1.36) 

 

1.08 

(0.50, 2.30) 

 

0.66 

(0.30, 1.47) 

 

0.444 

 

 

Diffuse pleural thickening 

 

1.60 

(0.52, 4.96) 

 

0.43 

(0.15, 1.27) 

 

0.69 

(0.26, 1.84) 

 

0.308 

* p < 0.05      ** p < 0.01     *** p < 0.001 

All models take into account the repeated measures / clustered nature of the data. 

 

Comment on supplemental Table SV: Odds ratios reflect pairwise comparisons between two 

image formats, after adjustment for subject age, BMI, and smoking status, in the likelihood of 

finding the given outcome.  The overall p-value is a global measure indicating whether image 

format (3 categories) contributes to the likelihood of finding a particular outcome.  Soft digital 

copies differed significantly from film images only for coalescences of small opacities, which 

were 70% more likely to be found on film images vs. soft digital.  For findings of tuberculosis, 

image format did not contribute significantly (p=0.101) and no difference was seen between film 

and soft digital.    
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Supplemental Table SVI.  Intra-rater kappa estimates and 95% confidence intervals given by 

standard errors generated over 2,000 bootstrapped samples. 

 

 
Film vs. HC HC vs. SC Film vs. SC 

Parenchymal abnormalities           

Reader 1 0.65 (0.51, 0.78) 0.73 (0.61, 0.85) 0.67 (0.52, 0.80) 

2 0.64 (0.51, 0.77) 0.66 (0.51, 0.79) 0.69 (0.56, 0.81) 

3 0.59 (0.44, 0.71) 0.63 (0.50, 0.76) 0.59 (0.44, 0.72) 

4 0.36 (0.16, 0.56) 0.48 (0.25, 0.68) 0.34 (0.14, 0.55) 

Tuberculosis       

Reader 1 0.55 (0.40, 0.69) 0.71 (0.56, 0.84) 0.47 (0.33, 0.62) 

2 0.50 (0.35, 0.65) 0.71 (0.58, 0.83) 0.59 (0.44, 0.73) 

3 0.55 (0.43, 0.68) 0.58 (0.44, 0.71) 0.58 (0.44, 0.71) 

4 0.53 (0.37, 0.69) 0.60 (0.45, 0.74) 0.60 (0.41, 0.76) 

 

Comment on supplemental Table SVI:  Two thousand bootstrap samples were generated by 

drawing random samples with replacement from the given data of readings from all readers.  Each 

bootstrap sample consisted of as many observations as in the original data (n=1,579).  Simple 

Cohen’s kappas for each pair of image formats, within reader, were calculated in each replication; 

the 95% confidence intervals were estimated as the 2.5th and the 97.5th sample percentiles from 

these 2000 kappa differences.  For any parenchymal abnormalities, the confidence intervals for 

each format pair overlap substantially for all four readers, indicating little difference in within-

reader agreement across formats.  For tuberculosis, readers 3 and 4 had roughly equivalent 

agreement across all pairs of formats, while readers 1 and 2 showed better agreement between hard 

copy and soft digital images than for other format pairs. 

 

  



Page 12 of 15 
 

Supplemental Table SVII.  Differences between intra-rater kappas, with 95% confidence 

intervals given by standard errors generated over 2,000 bootstrapped samples. 

 Difference in kappas 
 

Diff (95% CI) Film/HC – Film/SC 

 

Film/HC – HC/SC Film/SC – HC/SC 

Parenchymal abnormalities    

Reader 1 -0.02 (-0.15, 0.11)  -0.09 (-0.23, 0.06)  -0.07 (-0.22, 0.08) 

2 -0.05 (-0.21, 0.09)  -0.02 (-0.16, 0.12)  0.03 (-0.13, 0.20) 

3 0.00 (-0.14, 0.14)  -0.05 (-0.20, 0.09)  -0.05 (-0.21, 0.10) 

4 0.02 (-0.18, 0.21)  -0.11 (-0.37, 0.13)  -0.13 (-0.36, 0.10) 

Tuberculosis     

Reader 1 0.07 (-0.05, 0.20)  -0.16 (-0.34, 0.03)  -0.23 (-0.39, -0.08) 

2 -0.09 (-0.22, 0.04)  -0.21 (-0.37, -0.05)  -0.11 (-0.28, 0.05) 

3 -0.03 (-0.17, 0.12)  -0.03 (-0.17, 0.12)  0.00 (-0.15, 0.15) 

4 -0.07 (-0.22, 0.10)  -0.07 (-0.24, 0.09)  0.00 (-0.20, 0.17) 

 

Comment on supplemental Table SVII: Two thousand bootstrap samples were generated by 

drawing random samples with replacement from the given data of readings from all readers.  Each 

bootstrap sample consisted of as many observations as in the original data (n=1,579).  Simple 

differences in kappas were calculated in each replication, and the 95% confidence intervals were 

estimated as the 2.5th and the 97.5th sample percentiles from these 2000 kappa differences.  These 

allowed us to detect significantly better or worse agreement between particular pairs of formats, 

separately for each reader. 

 

Most of the above 95% confidence intervals contain 0, indicating that for these major 

radiological findings, there is no significant difference in agreement for one pair of formats over 

another pair.  For example, when considering parenchymal abnormalities, no two formats – say, 

film and soft digital copy – had superior agreement to other format pairs, such as film vs. hard 

copy, or hard vs. soft digital copies.  Generally these results indicate that agreement is 

homogenous across the three formats, with occasional differences (boldface) showing no 

consistent pattern.  Overall, all three formats appear to agree roughly equally with one another 

within readers. 
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Supplemental Table SVIII.  Table V re-calculated with all data, including hard copy results.  Odds ratios 

for findings of abnormalities, traditional film vs. soft copy, with and without adjustment for subject 

characteristics. 

Odds ratios 
(95% confidence interval) 

Film vs. Soft copy 
 

Film vs. Soft copy, 
adjusted1 

Parenchymal abnormalities 
0.89 

(0.62, 1.29) 
0.89 

(0.61, 1.30) 

Tuberculosis 
1.21 

(0.85, 1.72) 
1.20 

(0.83, 1.72) 

Large opacities 
1.17 

(0.68, 2.01) 
1.08 

(0.62, 1.89) 

Coalescence of small opacities 
(ax) 

1.69 
(1.05, 2.74) 

1.70 
(1.05, 2.76) 

Large opacities or ax 
1.45 

(0.95, 2.21) 
1.40 

(0.91, 2.15) 

Pleural abnormalities 
0.61 

(0.34, 1.07) 
0.68 

(0.38, 1.21) 

Costophrenic angle 
obliteration (CAO) 

0.54 
(0.25, 1.18) 

0.66 
(0.30, 1.47) 

CAO or pleural effusion 
0.46 

(0.22, 0.94) 
0.54 

(0.26, 1.12) 

Diffuse pleural thickening --* 0.69 
(0.26, 1.84) 

 
1 Adjusted for age, BMI, ever/ never smoked. 
* Model did not converge due to very few readings with diffuse pleural thickening. 
 

 

  



Page 14 of 15 
 

Supplemental Table SIX.  Table VI recalculated with all data, including hard copy results.  Percentage 

increase in (pseudo) log-likelihood with the addition of either image format or reader to a baseline 

model of subject only; ratio of reader to image format contribution. 

% improvement 
in pseudo log-likelihood 

Image format Reader Ratio 

Parenchymal abnormalities 0.3% 9.7% 32.3 

Tuberculosis 0.3% 5.5% 18.3 

Large opacities 0.1% 1.8% 18 

Coalescences of small opacities (ax) 1.0% 5.5% 5.5 

Large opacities or ax 0.5% 4.2% 8.4 

Pleural abnormalities 0.9% 10.4% 11.6 

Costophrenic angle obliteration (CAO) 0.4% 16.7% 41.8 

CAO or pleural effusion 0.7% 8.1% 11.6 

Diffuse pleural thickening --* --*  

 

* Model did not converge due to very few readings with diffuse pleural thickening. 
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Table SX.  Revised version of Table IV.  Multi-rater kappas with 95% confidence intervals, showing 

agreement across readers within each image format, for dichotomous radiographic findings (present vs. 

absent).  Reader 4 omitted. 

Finding     
 

Film 95% CI Soft 95% CI 

Parenchymal abnormalities 0.74 (0.64, 0.84) 0.56 (0.46, 0.66) 

Tuberculosis 0.42 (0.32, 0.52) 0.42 (0.32, 0.52) 

Large opacities 0.24 (0.14, 0.34) 0.24 (0.14, 0.34) 

Coalescence of small opacities (ax) 0.26 (0.16, 0.36) 0.24 (0.14, 0.34) 

Large opacities or ax 0.31 (0.21, 0.41) 0.33 (0.23, 0.43) 

Pleural abnormalities 0.16 (0.06, 0.26) 0.16 (0.06, 0.26) 

Costophrenic angle obliteration 0.18 (0.08, 0.28) 0.20 (0.10, 0.30) 

CAO or pleural effusion 0.35 (0.25, 0.45) 0.31 (0.21, 0.41) 

Diffuse pleural thickening 0.13 (0.03, 0.23) 0.11 (0.01, 0.21) 

 

 

 



 
 
 
 

SIM 170603 
Appendix 2 – Paper 2 

 
Digital radiological surveillance of silicosis and 
related tuberculosis in the South African mining 
industry: practical and technical considerations 

 

 
 
 



38 Vol 24 No 2   March/April 2018 OccupatiOnal HealtH SOutHern africa   www.OccHealtH.cO.za

INTRODUCTION 
This paper is directed at medical practitioners and other professionals with 
responsibility for, or an interest in, mass radiography in the mining industry 
and, more generally, in silica dust generating industries in South Africa and 
elsewhere. Given the widespread changeover from analogue to digital 
radiography in recent years, we draw attention to a recent study comparing 
analogue and digital radiography in the detection of silicosis and pulmonary 
tuberculosis.1 The publication of this study provides an opportunity to con-
sider, in more detail, a number of technical and practical issues in radiographic 
surveillance of miners in the South African mining industry, and to make 
recommendations to enhance the efficiency and effectiveness of the system.

Radiological medical surveillance
The main target conditions of mass radiography in the South African mining 
industry are silicosis and pulmonary tuberculosis. Both occur at high rates 
as a result of exposure to respirable silica with its known association with 
tuberculosis,2 as well as high tuberculosis infection rates in congregate set-
tings and high prevalences of HIV infection.3,4

The Witwatersrand gold mining industry was one of the first to introduce 
mass radiography at the beginning of the 20th century.6 Mass miniature 
radiography (MMR), which became widely used in the 1960s, was originally 
developed for the South African mining industry.7 However, racially-based 
practice pervaded the system: white miners were examined with full size 
films, while MMR was restricted to miners in job groups four to eight (mainly 
black miners) (Paulette Brink, personal communication, 5 March 2018). This 
persisted until the early 2000s, when full size analogue radiography was 
introduced for all miners.6 

Underground miners subject to radiological surveillance undergo two 
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such examinations annually. With approximately 366 000 miners employed 
in the gold, coal and platinum sectors in 2016,8 and even given that not all 
would be required to undergo radiographic examination, the implied volume 
of radiography is enormous. The cost of any inefficiency or ineffectiveness 
inherent in practice would be high.

To be able to evaluate this system, it is necessary to understand its pur-
pose and the fact that radiological medical surveillance fulfils two functions, 
more precisely characterised as active screening and disease surveillance. 

Medical surveillance is the general term used in occupational health 
to describe the regular examination of workers for pre-clinical or clinical 
abnormalities. Active screening is directed at the individual worker. Its aim 
is to detect disease – in this case, silicosis or pulmonary tuberculosis – at a 
stage prior to that at which the individual would present for care as a result of 
symptoms or ill-health. The rationale for screening is that early clinical action, 
such as treatment, or occupational management, such as risk counselling, job 
change or compensation, will limit the impact of the disease on that individual.

Disease surveillance is directed at the population. Its aim is to measure 
the number of cases of the disease in the target population, which can be 
expressed as prevalence or annual incidence. The rationale for surveillance 
is that such information is needed for disease prevention and control, and 
for health programme planning. Both of these functions are important in the 
mining industry.

Legal background
Both the Mine Health and Safety Act (MHSA) of 1996 as amended and 
its related guidance notes, and the Occupational Diseases in Mines and 
Works Act (ODMWA) of 1973 as amended, mandate medical surveillance 

BACK TO BASICS PEER REVIEWED



39Vol 24 No 2   March/April 2018OccupatiOnal HealtH SOutHern africa   www.OccHealtH.cO.za

of miners.9,10 The MHSA imposes duties on the Inspectorate of Mine Health 
and Safety, Department of Mineral Resources, as well as on the manager 
of each mine and the occupational medical practitioner employed by the 
mining company, to ensure that medical surveillance occurs. In terms of 
the ODMWA, the Director of the Medical Bureau for Occupational Diseases 
(MBOD) is empowered to inspect the equipment and outcomes of any medi-
cal examinations. Where a medical practitioner considers or suspects that 
a miner or ex-miner is suffering from a compensable disease, he or she is 
required to report the findings to the Director. 

Clinico-radiological features of  silicosis and pulmonary tuberculosis 
Practitioners with responsibility for mining radiology need to be familiar with 
the common radiologic presentation of silicosis. In particular, it is essential to 
distinguish the early radiological features of silicosis from those of a normal 
chest, or of tuberculosis, and the signs of active tuberculosis from those of 
‘healed’ disease.11,12 This task is made considerably easier by high-quality 
imaging and the use of reference standards (both discussed later in this 
paper), and the converse holds for a poor-quality imaging which might make 
the distinction impossible. 

The most common form of silicosis seen today in the mining industry is 
chronic uncomplicated silicosis, characterised by  bilateral, more or less sym-
metrical, rounded nodulation with upper lobe predominance. When extensive, 
the whole lung may be affected, a pattern which needs to be distinguished 
from miliary tuberculosis, especially if the nodules are small. Complicated 
silicosis may also be characterised by regular or irregular masses exceeding 
1 cm in the long axis, most commonly, and originating in the upper zones 
– labelled progressive massive fibrosis. In such cases, the association with 
surrounding nodules may be apparent, or lung destruction with surrounding 
emphysema may incorporate and obscure the nodules in the adjacent lung. 
Eggshell calcification of hilar or mediastinal nodes, while not pathognomonic, 
is an uncommon but distinctive marker of longstanding silicosis. 

Pulmonary tuberculosis has a wider range of appearances than silicosis 
and may be due to previous ‘healed’ tuberculosis or to active tuberculosis 
requiring immediate action. Appearances include cavitation, adenopathy, 
masses, asymmetrical nodules, often clumped and heterogeneous in size, 
linear fibrosis, fibrocystic disease, bronchiectasis, pleural thickening or 
effusion, hilar distortion with ‘compensatory’ emphysema, or lung collapse. 
Symmetrical bronchopneumonic or miliary patterns may also occur. 

ANALOGUE VS DIGITAL RADIOGRAPHY – THE STUDY 
Background
The most widely used system for categorising the abnormalities seen on 
chest radiographs due to the inhalation of fibrogenic dusts is the International 
Labour Organization (ILO) classification.13 While the ILO system was 
developed using analogue film radiographs, in recent years a number of 
validation studies have shown that interpretations of soft copy digital radio-
graphs (i.e. digital radiographic images displayed on a radiology-quality high 
resolution computer workstation) are equivalent to those for film radiographs 
(analogue) for classifying parenchymal and pleural abnormalities due to 
pneumoconiosis.14-19

Largely on the basis of these reports, the ILO and the United States 
National Institute for Occupational Safety and Health (NIOSH) have pro-
mulgated guidelines for use of digital radiographs for such purposes.13, 22 
However, all the validation studies were conducted in the United States, 

western Europe or Japan, regions in which the incidence of pulmonary 
tuberculosis is low. Because there were few, if any, subjects with tuberculosis 
in these studies, it was not possible to assess whether digital radiographs 
were equivalent to film radiographs for identifying radiographic changes sus-
pected to be related to tuberculosis, or combined silicosis and tuberculosis.

Digital radiographic equipment was installed in the health ser-
vices of the larger mines in South Africa in the early 2000s. 
Although analogue film chest radiography continues to be used 
in the health facilities in remote rural areas of South Africa and  
surrounding countries where the majority of migrant ex-miners live, there 
is increasing adoption of digital radiographic technology in some of these 
areas in South Africa and Lesotho. In 2007 the South African Mine Health 
and Safety Council (MHSC), composed of representatives from labour, 
management and government, requested evidence on the equivalence of 
the two formats in the detection of silicosis and tuberculosis.

Methods 
A sample of 132 active gold miners with a range of radiographic findings of 
both silicosis and tuberculosis, from ‘normal’ to ‘severe’ for each outcome, 
and combinations of the two, were recruited. Previously-taken periodic 
surveillance radiographs were reviewed to identify potential study subjects 
from among active workers at a single mine, who were then invited to 
participate. Each miner completed a questionnaire and underwent a digital 
chest radiograph as part of routine periodic health screening at the mine. 
The digital image was then printed as a hard copy. In addition, a film chest 
radiograph was obtained for study purposes on the same day. 

The main objective of the study was to measure the intra-reader agree-
ment (reliability) between the three formats – soft copy digital, hard copy 
digital, and traditional film images – for silicosis and/or tuberculosis, as well 
as the prevalences obtained with each of the three formats. Measurement 
of agreement between readers (inter-reader agreement) was a secondary 
objective.

For each image format, the radiographic and printing protocol was that 
in effect at the mine at the time (2012). Owing to circumstances outside the 
researchers’ control, hard copy images were printed at two thirds of the size 
of the other two formats, a size that is common practice in hard-copy digital 
printing and deemed acceptable in the ILO guidelines. 

De-identified images were interpreted independently and in random 
order by four expert readers, two from South Africa and two from the United 
States. Readers classified images according to the 2011 revision of the ILO 
classification system and NIOSH guidelines.13, 22 Criteria for marking the 
symbol ‘tb’ were based on the instructional language in the ILO guidelines, viz. 
“The symbol tb should be used for either suspect active or suspect inactive 
tuberculosis. The symbol ‘tb’ should not be used for the calcified granuloma 
of tuberculosis or other granulomatous process, e.g. histoplasmosis. Such 
appearance should be recorded as cg.” 

The primary focus of the study was to assess intra-reader agreement 
(same reader, same miner, different image formats) among pair-wise com-
parisons of the three radiographic formats. For each pair of formats, the kappa 
statistic was calculated as a measure of intra-rater agreement.23 The kappa 
statistic is used to measure agreement between two raters on an outcome 
after adjusting for the proportion of agreement due to chance. Kappa values 
can range from -1 (perfect disagreement) to +1 (perfect agreement), with 
kappa = 0 representing no agreement beyond chance. Values of kappa 
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>0.75 are considered to indicate ‘excellent’ agreement, values 0.40 to 0.75, 
‘fair to good’, and values < 0.40, ‘poor’.24

The kappas were pooled across the four readers. We considered only 
the dichotomous outcomes, e.g. silicosis read as profusion >=1/0 vs <1/0, 
or tuberculosis as present vs absent, using the ILO system. Assessment of 
inter-reader agreement (different readers, same miner, same image and 
format) was a secondary goal of the study. Full methods are described in 
Franzblau et al., 2018.1

Main findings of the research 
Digital soft copy and traditional film images showed consistent prevalence of 
findings for tuberculosis and silicosis. By contrast, digital hard copy (printed) 
images yielded higher prevalences.

Intra-reader agreement of film versus digital soft copy was fair to good 
for the detection of tuberculosis, while three of the four readers showed fair 
to good agreement for parenchymal abnormalities consistent with silicosis.

Inter-reader agreement for film and digital soft copy readings was fair to 
good for tuberculosis. Agreement on parenchymal abnormalities (silicosis) 
was fair to good for film, but poor for digital soft copy. This latter finding was 
due to one reader reporting parenchymal abnormalities much more frequently 
than the other readers.

Previous studies of equivalence, whether intra- or inter-reader, have found 
agreement in the fair to good ranges of kappa.14-19 Using this standard, we 
concluded that the study demonstrated reasonable equivalence of soft copy 
digital chest images in comparison to traditional film for conducting radiologi-
cal surveillance in working populations that might be exposed to both silica 
dust and tuberculosis. We concluded that use of hard copy digital should be 
discouraged because this method might overstate prevalence.

RECOMMENDATIONS ON DIGITAL  SURVEILLANCE FOR 
SILICOSIS AND  TUBERCULOSIS
In this section we set out the standards that we believe should be followed 
in digital radiographic surveillance, with special reference to internationally 
recommended standards.

Radiographic process and quality standards 
While only qualified radiographers are legally permitted to carry out 
radiography, the Health Professions Council of South Africa (HPCSA) 
does allow supplementary diagnostic radiographers to operate under the 
supervision of a  radiographer to carry out chest radiography on the mines.

The recommended technique for performing chest radiography has 
been well-described by the American College of Radiology (ACR).25 A 
high kilovoltage peak (kVp) technique (100-120 kVp) is recommended 
for chest radiography to reduce contrast between bone and soft tissue, 
making ‘grey’ lung parenchyma more visible. Increasing the mAs (tube 
current) does not improve the quality of the image while increasing 
patient dose.

Digital postero-anterior chest radiographs should conform to the 
same positioning standards as analogue positioning, ensuring that the 
entire lungs and pleural reflections are visible. The dynamic range of 
digital chest radiography is considerably larger than that of film-screen 
images, permitting a wider range of diagnostically acceptable exposures. 
An overall advantage of digital radiography is the ability to produce lower 
dose diagnostically acceptable images. However, it is also possible to 

produce images at low exposure settings with acceptable contrast but 
excessive quantum noise, which might simulate small opacities. 

The converse is also true: exposures can be progressively increased, 
resulting in very low noise and high-quality images, but at the expense of 
excessive patient dose. This is possible because the brightness and contrast 
of the image are uncoupled from the exposure. When this occurs system-
atically, it is known as ‘dose drift’ or ‘dose creep’. Vendor-specific exposure 
indicators have been developed to allow each facility to monitor exposure 
factors by the technologist and mitigate dose drift.26

Monitors, workstations and use of screen software 
The desired reading environment is described in the 2011 ILO booklet.13 The 
room should be evenly lit with low ambient light, no direct sunlight, no glare, 
and clean viewing surfaces, and be clean, quiet and free from distractions.

The NIOSH and ILO guidelines also provide standards for monitors.13,22 
The technical specifications should be adhered to but, where the mega-pixel 
number is higher than five and the pixel pitch (the dark space between two 
pixels) is <0.2 mm, the other specifications will usually also be met. A quality 
control system is recommended to evaluate monitors and to ensure they 
continue to perform adequately. For this purpose, quality control software is 
available that ensures daily testing of monitors for reading fidelity.

The digital acquisition of an image involves the conversion of photons 
to an electronic signal, using a detector. The image is preprocessed with 
vendor-specific algorithms, producing an image histogram. Post-processing 
algorithms can then be applied by the technologist to the image for the 
purpose of creating an image that most efficiently displays the anatomic 
information of the radiograph, both contrast and spatial resolution. Post-
processing spatial frequency algorithms that create edge enhancement 
should be specifically avoided as they can artificially accentuate normal 
parenchymal  markings and simulate small opacities. Grid suppression or 
anti-aliasing software should be activated; failure to do so may result in 
artefactual parallel lines on the image. 

Finally, if a very high-energy technique is used, the digital equivalent of 
overexposure, known as detector saturation, occurs. The over-exposed 
region registers as black on the monitor, and no window-and-level adjust-
ment will display anatomic information. Detector saturation could suppress 
or obscure small, or even large, opacities of pneumoconiosis.

Viewing image with ILO reference standards
Historically, the ILO has provided a set of 22 standard (film) radiographic 
images for side-by-side comparison and classification of film chest radio-
graphs for findings related to inhalation of pneumoconiotic dusts.21 In 2011, 
the ILO produced a set of digitised standard radiographic images for side-
by-side comparison and classification of soft-copy digital chest radiographs, 
for findings related to inhalation of pneumoconiotic dusts.21 NIOSH has also 
issued a guideline document that builds on that of the ILO and is intended 
to provide ‘technical and operational guidance for radiographic facilities and 
physician readers who obtain digital chest radiographs for the evaluation of 
pneumoconiosis’.22

A key element of application of the ILO system for interpretation of 
radiographic images is the requirement for side-by-side comparison of 
a patient’s image with the ILO standard images. Historically, when using 
traditional film images, this was not difficult since both images could be 
displayed on adjacent viewing boxes. However, the clinical Picture Archiving 



41Vol 24 No 2   March/April 2018OccupatiOnal HealtH SOutHern africa   www.OccHealtH.cO.za

and Communication System (PACS) is designed not to permit display of the 
images of two different patients side-by-side, to avoid inadvertent interpre-
tation of the incorrect patient radiograph. While this failsafe is important in 
clinical radiology, it is problematic when interpreting radiographs for pneu-
moconiosis where the specified expectation is that the examinee images will 
be compared with the ILO standard radiographs in the same image format. 

Fortunately, several solutions are available. Configuring a dedicated PACS 
workstation with appropriate high-resolution monitors is the initial step. The 
facility must develop a method to receive transmitted images via virtual private 
network (VPN) or upload chest radiograph images, for example, on CD, to 
a database for viewing. Once the ILO digital standards and the examinee 
images are available in the same database, simultaneous viewing is required. 
Free BViewer software is available through the NIOSH site20 but requires a 
set-up which is not easy to execute. Other free DICOM (Digital Imaging and 
Communications in Medicine) viewers which perform satisfactorily are more 
easily employed and, depending on the local setup, allow a parallel display of 
the examinee and standard images. In all cases, however, one has to purchase 
the standard image digitised set from the ILO. There is also purchasable vendor 
software (for example, OsiriX FDA-approved version for Mac) which allows two 
images to open side-by-side for comparative viewing. Alternatively, side-by-side 
workstations could be employed; however, this adds the expense of a second 
workstation solely for comparison with the standards.

Training and materials
To promote reliability in the interpretation of reading radiographs of the pneu-
moconiosis, the NIOSH ‘B reader program’ was created in 1974. It is restricted 
to medical graduates. (An ‘A reader‘ was a candidate who had completed a 
NIOSH-approved training course without an examination; however, such 
certification has been discontinued.) Initially focused on coal workers’ lung 
disease, the content of the programme was expanded to include pneumoco-
niosis related to asbestos and silica. The B reader examination is offered a 
number of times a year at the NIOSH facilities in Morgantown, West Virginia,27 
as well as from time to time in other countries. To achieve B reader certifica-
tion, a candidate must pass a timed exam consisting of 125 radiographs 
and consistently apply the ILO system in four major areas: technical quality, 
parenchymal abnormalities, pleural abnormalities, and other abnormalities. 
Certification must be renewed every four years. The training course offered 
by the ACR in previous years has been discontinued.

Information and training in the use of the ILO system is available from a 
number of sources. The guideline/booklet already cited13 and digital standard 
images can be ordered from the ILO.21 A NIOSH self-study syllabus (includ-
ing a CD or hard-copy images) is offered by the NIOSH via its website.20

In the near future, a set of consensus-read images will be available via the 
Safety in Mines Research Advisory Committee (SIMRAC) and the MHSC. 
These are images that were acquired in the study described above, and 
which achieved a high degree of consensus among the expert readings.

The importance of the archive and information system 
The availability of prior radiological, occupational and clinical information 
provides the time dimension and is one the great advantages of serial sur-
veillance. This advantage is lost if images are read as one-off investigations, 
with the risk of both missing diagnoses and duplicating previous investigations 
at unnecessary cost. This is particularly the case in a population with a high 
prevalence of silicosis, and both previous and active tuberculosis. Comparison 

of the most recent chest image with previous images is necessary to 
identify new appearance or progression of silicosis, and changes which 
might suggest active tuberculosis, particularly against a background of 
old tuberculosis.11,12 

For both diseases, the diagnosis is clinical. Apart from a chest image 
showing changes consistent with silicosis, the diagnosis of silicosis 
requires a history of sufficient exposure to inhaled silica, typically in the 
order of 10-20 years, depending on the intensity of silica exposure. Time 
since first exposure (latency), independently of the number of years 
exposed, may add further risk. Ideally, the occupational database should 
contain cumulative dust information for each miner but, lacking this, a full 
job history can serve as a proxy for likely relative intensity of exposure. 

Similarly, knowledge of the miner’s previous history of tuberculosis and 
other chest conditions and HIV status will assist in interpretation of an abnormal 
image. Such correlative information requires a PACS or equivalent, and a 
clinical and occupational database accessible by the practitioner responsible 
for radiographic surveillance. A paperless system is ideal. 

The importance of using all clinical and occupational information available 
on each miner, to maximise the efficiency and effectiveness of the examina-
tion of the individual miner, cannot be overemphasised. Since the site may be 
physically remote, a mechanism needs to be in place for contacting respon-
sible parties if an abnormality requiring immediate action is required. In the 
current context, this will most often be suspicion of active tuberculosis. The 
archival system needs to provide for backing up and confidentiality of medical 
information, as required by South African law, and security against physical 
events, such as fire or flooding, and human agency, such as cyber incursion. 

Hard copies, the MBOD, and digitisation
The printing of digital chest radiographic images onto hard-copy and their 
submission to the MBOD for compensation purposes is still in current prac-
tice. However, the study reported in this paper and previous work14 have 
clearly shown that soft-copy readings are recommended above hard-copy 
readings. This is because hard-copy readings overestimate the prevalence 
of pneumoconioses. We therefore do not recommend the use of hard-copy 
images. In this regard, the current wording ‘X-ray photograph’ used in the 
current amended version of the ODMW Act is ambiguous and should be 
replaced by the words ‘radiographic image’.

The MBOD is in the process of setting up a digital radiography and reading 
system which enables it to receive and read digital images, submitted with 
claims for compensation under the ODMW Act. This will require substantial 
investment but is a necessary goal given the statutory requirement for radio-
graphic medical surveillance in the South African mining industry. Such a 
system will need to be logistically meshed with the archive of the individual 
miner’s history and analogue films held by the MBOD, and will need to 
include a PACS system to manage the flow of radiographic images, as well 
as viewing software and suitable hardware to read the images.

CONCLUSION 
Radiological surveillance for silicosis and tuberculosis in the South African 
mining industry has an important role to play in the prevention and manage-
ment of both diseases, to the benefit of miners and their families and mine 
management and owners. 

To fulfil this role, radiological surveillance needs to be undertaken with a 
clear understanding of its goals, and ability to achieve these goals should be 
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subject to evaluation from time to time. Such programmes require training 
of readers, irrespective of their backgrounds. Meticulous attention needs to 
be paid to choice and quality control of software and hardware, including 
workstation environment, use of standard images, and archiving of images 
and information. Finally, closure of the loop from reading to reporting and 
action, must be assured. 
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Consensus readings of the Avdix set of 48 chest images 

 

 
 
 



Short history of each subject in the Avdix consensus-read CXR set

ID Short history of each subject

Avdix 01 40 yr old HIV+ male. BMI of 25. Gold mine exposuree for 23 yrs mainly as Engineering Assistant. No smoking history.

Avdix 02 49 yr old male with BMI of 33. Gold mine exposure for 26 yrs mainly as Stope Team Member. No smoking history.

Avdix 03 49 yr old male with BMI of 24. Gold mine exposure for 1 yr mainly as Team Member. No smoking history.

Avdix 04 56 yr old male with BMI of 23. Gold mine exposure for 20 yrs, jobs include Winch Driver and Team Leader. Current smoker. 

Avdix 05 41 yr old male with BMI of 21. Gold mine exposure for 22 yrs mainly as Winch Operator. No smoking history.

Avdix 06 49 yr old HIV+ male with BMI of 24. Gold mine exposure for 29 yrs mainly as Loco Driver. No smoking history.

Avdix 07 50 yr old HIV+ male with BMI of 20. Gold mine exposure for 15 yrs mainly as Shaft Sinker. No smoking history.

Avdix 08 50 yr old male with BMI of 25. Gold mine exposure for 16 yrs mainly as Loco Driver. No smoking history.

Avdix 09 46 yr old male with BMI of 21. Gold mine exposure for 25 yrs mainly as Winch Operator. No smoking history.

Avdix 10 48 yr old HIV+ male with BMI of 23. Gold mine exposure for 14 yrs mainly as Stope Team Member. No smoking history.

Avdix 11 41 yr old male with BMI of 24. Gold mine exposure for 24 yrs mainly as Crew Supervisor. No smoking history.

Avdix 12 50 yr old male with BMI of 20. Gold mine exposure for 6 yrs mainly as Miner Assistant. Current smoker. 

Avdix 13 51 yr old male with BMI of 27. Gold mine exposure for 6 yrs mainly as Mine Assistant. No smoking history.

Avdix 14 53 yr old male with BMI of 28. Gold mine exposure for 25 yrs mainly as Winch Operator. No smoking history.

Avdix 15 53 yr old HIV+ male with BMI of 23. Gold mine exposure for 34 yrs mainly as Multi Task. Former smoker. 

Avdix 16 49 yr old HIV+ male with BMI of 23. Gold mine exposure for 11 yrs mainly as Team Leader. No smoking history.

Avdix 17 48 yr old male with BMI of 23. Gold mine exposure for unknown duration mainly as Team Member. No smoking history.

Avdix 18 57 yr old male with BMI of 25. Gold mine exposure for unknown duration mainly as a Medical Conditioning. No smoking history.

Avdix 19 49 yr old male with BMI of 17. Gold mine exposure for 23 yrs mainly as Machine Operator. Former smoker. 

Avdix 20 55 yr old male with BMI of 24. Gold mine exposure for 38 yrs mainly as Stope Operator. No smoking history.

Avdix 21 46 yr old male with BMI of 19. Gold mine exposure for 9 yrs mainly as Winch Operator. Current smoker. 

Avdix 22 49 yr old male with BMI of 23. Gold mine exposure for 10 yrs mainly as Winch Operator. No smoking history.

Avdix 23 53 yr old male with BMI of 24. Gold mine exposure for 35 yrs mainly as Multi Tasker. No smoking history.

Avdix 24 28 yr old male with BMI of 23. Gold mine exposure for 4 yrs mainly as Development Construction. No smoking history.

Avdix 25 56 yr old male with BMI of 22. Gold mine exposure for 33 yrs, jobs include Stone Loader. No smoking history.

Avdix 26 52 yr old male with BMI of 24. Gold mine exposure for 34 yrs mainly as Stoper. No smoking history.

Avdix 27 51 yr old male with BMI of 30. Gold mine exposure for 27 yrs as General Miner. No smoking history.

Avdix 28 48 yr old male with BMI of 22. Gold mine exposure for 26 yrs mainly as Stope Multi Task. No smoking history.

Avdix 29 47 yr old male with BMI of 18. Gold mine exposure for 15 yrs mainly as Timber Member. No smoking history.

Avdix 30 54 yr old HIV+ male. Gold mine exposure for 34 yrs mainly as Loco Operator. Current smoker.

Avdix 31 50 yr old HIV+ male with BMI of 25. Gold mine exposure for 29 yrs mainly as Driller. Current smoker.

Avdix 32 46 yr old male with BMI of 19. Gold mine exposure for 20 yrs as Development Construction. No smoking history.

Avdix 33 48 yr old male with BMI of 20. Gold mine exposure mainly as Team Member for an unknown duration. Current smoker.

Avdix 34 51 yr old male with BMI of 29. Gold mine exposure for 32 yrs mainly as Loco Operator. No smoking history.

Avdix 35 45 yr old HIV+ male with BMI of 23. Gold mine exposure for 25 yrs mainly as Engineering Assistant. No smoking history.

Avdix 36 48 yr old male. Gold mine exposure for 30 yrs mainly as Team Leader. No smoking history.

Avdix 37 42 yr old male with BMI of 21. Gold mine exposure for 25 yrs mainly as Multi Task. No smoking history.

Avdix 38 53 yr old male with BMI of 29. Gold mine exposure for 24 yrs mainly as Engineer Assistant. Former smoker.

Avdix 39 56 yr old male with BMI of 23. Gold mine exposure for 26 yrs mainly as Winch Operator. He's a current smoker.

Avdix 40 58 yr old male with BMI of 25. Gold mine exposure for 26 yrs mainly as Team Member.

Avdix 41 56 yr old male with BMI of 31. Gold mine exposure for 35 yrs mainly as Miner. Former smoker.

Avdix 42 46 yr old male with BMI of 25. Gold mine exposure for 26 yrs mainly as Pump Operator. No smoking history.

Avdix 43 25 yr old male with BMI of 19. Gold mine exposure for 5 yrs mainly as Mining Team Member. Current smoker.

Avdix 44 51 yr old male with BMI of 22. Gold mine exposure for 21 yrs mainly as Loco Operator. Current smoker.

Avdix 45 46 yr old HIV+ male with BMI of 21. Gold mine exposure for 16 yrs mainly as Team Leader. No smoking history.

Avdix 46 51 yr old male with BMI of 24. Gold mine exposure for 16 yrs mainly as Stope Team Leader. No smoking history.

Avdix 47 55 yr old male with BMI of 24. Gold mine exposure for 14 yrs mainly as Development. No smoking history.

Avdix 48 45 yr old male with BMI of 23. Gold mine exposure for 20 yrs mainly as Development. No smoking history.



Consensus readings of the Avdix set of 48 chest images
Readings of each of the four readers are presented alpha-numerically and not in order of reader, and independently in each column

Avdix ID Quality

Small 

Opacities 

present?

Primary 

profusion

Secondary 

profusion

Primary 

size/shape

Secondary 

size/shape Symbols Avdix Editors' Comments

Avdix 01 1111 No Underinspired

Avdix 02 1122 No

Avdix 03 1112 Yes 1111 1111 PQQR pqqq

Avdix 04 1112 Yes 2222 2223 QQQR qqqr Hyperinflated

Avdix 05 1222 No

Avdix 06 1112 Yes 1111 1111 PQQR qqqt

Avdix 07 1112 Yes 2223 2233 QQQR qrru aa,ax,hi

Avdix 08 1122 Yes 2222 2223 QQRR qqqr ax Difficult to spot "ax" 

Avdix 09 1112 No

Avdix 10 1122 Yes 1112 1122 PQQR pqqr

Avdix 11 1111 No

Avdix 12 1111 Yes 1111 0011 PPQQ ppqq

Avdix 13 1111 No cg,cv,di,tb(LUZ,LMZ)

Avdix 14 1112 Yes 1111 1122 QQQQ ppqr

Avdix 15 1122 Yes 1111 1112 PPQQ pqqt Consider 1/0

Avdix 16 1122 Yes 2222 1222 PQQQ pptu tb(LUZ)

Avdix 17 1112 Yes 1111 1122 PQQQ pqqq

Avdix 18 1122 Yes 2233 2223 QQQR qqrt

Avdix 19 1111 Yes 2233 2222 QQQQ qqrr hi

Avdix 20 1122 Yes 1122 1111 PPQQ ppqq

Avdix 21 1111 Yes 1112 1222 PQQQ pqqr

Avdix 22 1222 Yes 1111 1111 PQQQ pqqr

Avdix 23 1112 Yes 2223 1222 QQRR qqrt ax Difficult to spot "ax" 

Avdix 24 1111 No

Avdix 25 1122 Yes 3333 2333 QRRR qqrr ax

Avdix 26 1112 Yes 2223 2233 QQQQ pqqr ax,tb(RUZ)

Avdix 27 1122 Yes 1122 1112 QRQQ pqrt pb

Avdix 28 1122 Yes 2223 1222 QRQQ qrru at,di,tb(RUZ,LUZ)

Avdix 29 1222 Yes 2222 1122 QQQR qqrt tb(RLZ)

Avdix 30 1222 Yes 1111 1112 PQQQ qqqq em,tb(RUZ)

Avdix 31 1222 Yes 1112 1112 PPQQ pqqq Consider 1/0 and "s" or "t"

Avdix 32 1122 Yes 1222 1112 PQQQ qqrt ax,di,tb(LUZ) Consider 1/0

Avdix 33 1122 Yes 1122 1111 PPQQ qqqq tb,(RUZ,LUZ)

Avdix 34 1222 Yes 1122 1222 PQQQ qqqq

Avdix 35 1122 Yes 1112 0111 PPPQ qqqu di,tb(RUZ,LUZ) Consider 0/1

Avdix 36 1122 Yes 2233 1122 QQQQ pqqt

Avdix 37 1222 Yes 1112 1122 QQQQ pqru bu,tb(RUZ,LUZ) Cut-off LLZ laterally

Avdix 38 1122 Yes 2223 1222 QQRR qqqr ax

Avdix 39 1112 Yes 1122 1122 QQQR pqqq

Avdix 40 1122 Yes 1111 1112 PQQQ pqqq Consider 1/0

Avdix 41 1122 Yes 1111 0001 PPQQ qqqq

Avdix 42 1112 Yes 1222 1222 QQQQ qqqr

Avdix 43 1112 No

Avdix 44 1112 Yes 1112 1112 QQQQ qqqr pi

Avdix 45 1112 Yes 2333 2233 QQQQ qqqr pi

Avdix 46 1112 Yes 1112 1112 QQQQ ppqq

Avdix 47 1222 Yes 1222 1122 PQQQ pqrt tb(RUZ,LUZ)

Avdix 48 1112 Yes 2222 2223 QQQQ qqqq
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