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Unification of Physical and Clinical Requirements for Medical X-ray Imaging and its Relevance to European Industrial and Socio-economic Development

SUMMARY

1.
Objectives

The primary overall objective of this project was to further develop European-wide research initiatives that can establish scientific methods in the field of diagnostic radiology.  Such an objective is required if the diagnostic deployment of ionising radiations in medicine is to meet the same scientific criteria presently applied to the field of radiotherapy.  The application of quantitative scientific methods to the whole of the clinical field of radiotherapy began in the early part of the 20th Century, soon after Roentgen’s Curries’ and Bequerels monumental discoveries of x-rays, radium and radioactivity respectively in the late 19th and early 20th centuries.  These discoveries have underpinned the development of our modern, technology, driven healthcare systems and radiotherapy leads the way in terms of the application of scientific methods.  Such methods are displayed across Europe in a consistent and uniform manner in all aspects of the field including, tumour delineation, dosimetry, treatment planning, optimisation of dose delivery and assessment of treatment outcomes.  Unfortunately such a situation does not apply to the field of diagnostic radiology.

The annual cost of radiological services in Europe is probably in the region of 30 billion Euro with an installed x-ray equipment base value of possibly 15 billion Euro and growing as IT driven technology is deployed.  The major European manufacturers of x-ray equipment need to compete world wide in a large international market with enormous growth potential.  In order to ensure that Europe can be competitive in this socially, technologically and economically relevant sector there is now, more than ever, a need for an effective scientific interface between the clinical “user” domain and the industrial/commercial suppliers domain.  This is now increasingly obvious as development is technologically driven, with a strong IT component.  Indeed since the introduction of Computed Tomography (CT) at the beginning of the 1970’s there has been continuous ongoing technological developments in this field.  This is set to continue into the 21st century.

One of the primary aims of the RADIUS research group, is not merely to follow trends or evaluate the latest imaging technology, but to develop new capabilities for future research and development as well as potential commercial clinical outcomes.  Ideally problems tackled should be generic in that appropriate outcomes can be applied universally to radiological practice as a whole.  Such research may be termed  “Generic Enabling Research (GER)”  An important key to future progress lies in unifying physical and clinical descriptions of both patient dose and medical image quality coupled with a better understanding of how the human observer handles the information contained in an image.  Thus the primary “specific” objective of the present project has been to further develop the framework for assessing both patient dose and image quality or information provided by radiographic examinations particularly when the human observer is included in this process.

These two concepts are the very foundations of the application of scientific methods to the field of diagnostic radiology.  Indeed they parallel the fundamentals of radiotherapy science – tumour dose delivered and cure rates.  Consequently, if we are to make real progress in “objectivising” the performance of diagnostic radiology as a clinical service, we will need robust quantification in both areas.  This is becoming increasingly obvious as Computer Aided Diagnosis (CAD) concepts are now being applied to the field of diagnostic radiology.  A clear knowledge of the quality of the image data input to such systems, at a known level of patient dose, will underpin their effective development and implementation.  That such developments are inevitable may be gained from a consideration of the cost overhead associated with the professional radiologist input to the diagnostic process, including the training component, as well as the difficulties of standardising practices and outcomes throughout Europe.  Indeed, given the lead time required for establishing the infrastructure for quality training programmes for radiologists sufficient to meet expanding radiological service requirements throughout Europe, deployment of CAD systems might be a more strategically desirable option over the next 20 years.

In order to explore the assessment of patient dose and image quality in an up to date fashion the RADIUS Group project utilises forefront IT driven digital radiographic technology.  Indeed one of its main aims was to explore the role and relevance of physical and clinical assessment of image quality, as known levels of patient dose, in order to try and unify our understanding of the scientific concepts that underpin these approaches.  Similarly, the project was concerned with exploring the role of both patient dose and image quality in safety management strategies for diagnostic radiology in Europe.  This included any potential for dose reduction or containment within existing practices.  Such an approach represents a shift in emphasis in radiation protection away from antiquated mechanisms that employ outcome measures eg what patient dose did I deliver, towards management strategies that provide predictable outcomes eg what patient dose will/should I deliver.  

In order to tackle the specific objective the RADIUS Group tackled the problem from a number of different inter-related perspectives, each with its own scientific/technological requirements and objectives:-

· Explore the potential for IT driven radiation protection strategies commensurate with the evolving European infrastructure of diagnostic radiology

· Develop and evaluate methods for assessing image quality from actual clinical images including the delineation of new noise sources

· Develop and evaluate methods for assessing the performance of digital radiographic imaging systems from physical measurements

· Development of standards for digital radiographic systems

· Develop modelling methods for the radiographic process and explore image quality outcomes

· Explore the role of safety management principles in diagnostic radiology where patient dose and image quality can be integrated

· Develop unification strategies for combining outcomes from the different perspectives at either the scientific or European levels.

The project also underpins the scientific basis of key aspects of the EC Directive 97/43/EURATOM concerned with protection of the patient.

2.
Research performed and methods / approach adopted

Because of the complexity of the problem the project was given an overall structure that could be readily understood by members of the Group.  First of all it was divided into two main parts, one an experimentally based evaluation of image quality and the other employing modelling procedures.  The image evaluation aspects of the project are shown in Figure 2.1.  In this part, chest and breast images were produced under well defined and calibrated radiographic conditions.  Images were produced on both screen-film and digital radiographic systems.  The physical performance of these imaging systems was assessed by methodologies developed as part of the project.  This “calibrated” image data set formed the input to the evaluation tasks.  Part of this programme involved the modification, or processing, of the images, which involved alteration of parameters such as noise, resolution and contrast as well as the overlay of pathological structures.  Modelling of realistic “artificial” pathology also formed part of the project.

The images were then employed in a variety of different assessment regimes, which included ROC analysis, assessment against quality criteria including visual grading analysis as well as the measurement of physical descriptors from within images.  This latter aspect included histogram analysis and contrast of specific structures.  Performance of the imaging systems employed involved the measurement of physical quantities such as noise, contrast, signal-to-noise and Detective Quantum Efficiency (DQE).  Test phantoms were developed and employed in the project and assessed by both real and a model observer with defined visual characteristics.  A particularly novel aspect of the project involved the definition, delineation and assessment of a completely new noise process which has been termed “anatomical noise”.

Underpinning the project was research into the understanding of factors which influence the implementation of research findings.  This involved an evaluation of “real world science” in terms of how systems employed in the field perform.  An integral part of this involved an evaluation of IT based radiation protection initiatives which can help standardise the widespread quantification of radiological performance and aid the implementation of scientific methods in diagnostic radiology throughout Europe. 

The modelling aspect of the project involved the establishment of realistic voxel phantoms of the chest and breast.  The main elements of the radiographic process (x-ray spectrum, screen-film and digital detectors, anti-scatter grid and human visual system) were all modelled according to established criteria.  This involved input from a variety of physical measurement data sets that were obtained either from the published literature or from within the research project itself .  Modelled pathology was also included.

Following validation tests on the modelled voxel phantoms and imaging systems, a series of modelling exercises were performed employing Monte Carlo techniques.  These exercises enabled both patient dose and imaging outcomes to be assessed under conditions that mirrored those employed in the experimental programme.  A variety of realistic imaging performance criteria were developed and employed on the modelled image data sets.  Modelled human observer performance studies were also included.

Results from both parts of the project, experimental and modelling, were then reviewed, correlated and co-ordinated in order to explore the Radiological Imaging Unification Strategy Space occupied by clinical, physical and modelled image quality parameters.

The project comprised 9 Work Packages (WP):-

· WP1
Assessment of clinical images – human observer studies.

· WP2
Assessment of clinical images – physical measurement

· WP3
Modelling procedures – anthropomorphic phantoms

· WP4
Modelling procedures – imaging process

· WP5
Physical parameters and their measurement

· WP6
International standards applications

· WP7
Optimisation strategies – real world effects

· WP8
Image and data processing

· WP9
Unification strategies
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3.
Main achievements

By most measures of project performance the RADIUS Group Fifth Framework research programme has been extremely successful.  The project tackled was difficult and required high level and focused scientific input in order to reach some form of realistic conclusion.  The fact that this has been achieved is meritable.

The vitality of research programmes may to some extent be measured by publications and presentations of research outcomes.  The RADIUS Group have achieved over 150 presentations and publications during the course of the project and more will follow.  Such activity is helping to create a truly European voice in the science of diagnostic radiology.  Increasingly scientific outcomes from the RADIUS Group have been accepted at prestigious North American meetings which have led to increased collaboration with leading research groups in the US.

Publications and presentations are important but these have not been the only important outcomes from the project.  Three PhD students submitted and defended their work undertaken as part of the research programme as well as an MSc student.  Involving young scientists in such research ensures that future manpower requirements for both the routine scientific support to diagnostic radiology as well as research leaders of the future are being trained.

There have been several exciting and practical outcomes arising from the research programme and these are listed below.  These outcomes help create the tools and methodologies for future research which creates a framework for evolutionary developments.  Such tools and methodologies also can impact favourably on the radiological process and introduce radiation protection principles into routine practice.  One of the major outcomes from the project is further evidence of disjointed practices in diagnostic radiology in Europe particularly at the interface between science and its application.  Historical practices still persist and mechanisms for addressing this situation are still in their infancy.  This is demonstrated in the field of patient dosimetry, a fundamental quantitative method in diagnostic radiology.  The European scientific community needs to come together to standardise and harmonise methods and practices so that patient dose data can be compared and contrasted at the European level.  There is some way to go before this is achieved.  Research initiatives which support and develop the implementation of EC Directive 97/43/EURATOM dealing with patient safety can only help to strengthen links between fundamental research and its application in clinical practice.

Specific achievements from the project include:

· A prototype centralised QA and patient dose data collection and management system is being established in the North West of England.  This initiative is being actively supported by 12 District General Hospitals with a number of smaller satellite hospitals.

· A soft copy viewer developed as part of the project is being employed is streamlined image quality assessments based upon ROC and VGA techniques.

· Work within the project has contributed to the new IEC Standard 62220-1 “DQE of digital radiographic detectors.”

· Voxel phantoms of various anatomical regions are now being employed within the project to model the x-ray imaging process.  Similarly improved Monte Carlo algorithms have led to reduced computational overhead in the modelling process.

· Numerous software packages developed and/or modified as part of the project are integrated into the research programme.

· Mobile test equipment for measuring DQE

· European Guidelines on Patient Dose Measurement and Audit Strategies in Diagnostic Radiology.  

· RADIUS website.
· Established strong operational links with major manufacturers 

· Detailed exploration of the Space of Human Observer Performance in the field of image quality assessments

· Three PhD theses and one MSc project report

4.
Exploitation and Dissemination

Outcomes from the project offer a number of exciting possibilities for deployment in the evolving medical imaging market place.

· Development of robust visual detection tests can be employed to evaluate the performance of soft copy (video display) systems which will become the de facto image display medium.

· Techniques to evaluate human observers performance under development within the project will form the basis for the assessment of training outcomes for both radiologists and radiographers who report images but also in the evaluation of Computer Aided Diagnosis (CAD) systems.

· A novel technique for the removal of anatomical noise which will also remove stochastic noise from images offers a number of exciting possibilities in diagnostic radiology.  The utilisation of digital radiographic detectors provides the technological breakthrough for such novel applications coupled with creative image/data processing techniques.

· Physical measurement techniques applied within the project to digital radiographic detectors have highlighted a number of previously unknown processes which will lead to improvements in detector technology.

· Continued development of improved modelling techniques to the radiological imaging process highlights the future important role this will play not only within the optimisation process but also within the education and training of radiographers and radiologists.  This reflects the important role that modelling plays in such diverse areas as financial predictions, weather forecasting and engineering.

· IT driven radiation protection strategies will play an increasing role in quality management of the radiological process including clinical audit.  Continuous and ongoing patient dose audit as part of the PACS HIS and RIS infrastructure will provide a front line QA process for the widespread application of digital radiographic systems.  Centralisation of data collection and management will provide effective tools for optimisation at local, national and European levels as well as underpin Quality Standards throughout Europe.

· Deployment of voxel phantoms which have been accepted as international standards by ICRP.

These outcomes may be termed Generic Enabling Research (GER) outcomes since they can be applied to the field of diagnostic radiology as a whole and they will underpin future developments and research projects.  The RADIUS Group has disseminated its research outcomes in over 150 published papers and oral presentations, to data.  Some 12 presentations of research outcomes have been made to groups of radiographers and manufacturer’s representatives and several press releases concerning project outcomes.  The RADIUS Group has established a web site to aid dissemination of research outcomes as well as information pertinent to radiation protection in diagnostic radiology.  Strong operational and collaborative links have been established with industry.  Work within the project has formed the basis of IEC standard 62220-1 “DQE of digital radiographic detectors” and voxel phantoms deployed within the project have been accepted as standards by ICRP.

The second Malmö Conference on Optimisation strategies in Medical X-ray Imaging held in April 2004, attracted some 200 participants including al professional groups as well as manufacturer’s representatives.  This was preceded by a one day Workshop on Monitors for medical images; standards, tests and calibration, which attracted approximately 100 persons.  The proceedings of the Conference will be published as a volume of Radiation Protection Dosimetry early in 2005

