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Abstract

Historically, reporting of images on radiographs or other recording media has been the
domain of radiologists. A shortage of these professionals and changes in government
policy over the last decade have resulted in relaxation of restrictions on who should
report these images, providing radiographers with an opportunity to develop their
reporting roles, as reflected by the increase in numbers reporting Accident and
Emergency (A&E) radiographs from four Trusts in 1995 to 32 Trusts in 1999. In order
to establish whether this increase in radiographer reporting is justified, the thesis aims
to evaluate whether selectively trained radiographers should report A&E plain
radiographs and also the potential for further extending their reporting role.

A systematic review provides evidence that selectively trained radiographers are able
to report A&E radiographs to a high level of accuracy. There is also no evidence to
suggest that radiologists of varying seniority report these radiographs more accurately

than selectively trained radiographers.

Primary research from the thesis also provides evidence that there is ho statistically or
clinically significant difference in A&E radiograph reporting performance between
consultant radiologists and selectively trained radiographers, nor in the subsequent
clinical effects of their reports on clinicians’ diagnoses, choice of management plans,
and patient outcome. No obvious cost savings are obtained from substituting
consultant radiologists with selectively trained radiographers in an A&E plain
radiograph reporting role. No clear evidence indicates that consultant radiologists
report GP plain radiographs significantly more accurately than selectively frained
radiographers. Some of the findings suggest a more adverse effect on GPs’ confidence
in their diagnoses and management plans following incorrect reports by radiologists
than those of the selectively trained radiographers, although this is not reflected in

patient outcome.

The main conclusion of the thesis is that selectively trained radiographers can
substitute radiologists for the reporting of A&E plain radiographs and X-ray
departments should invest in this skill mix, if it can help meet local demands. Further
research is needed before the same conclusion can be drawn about selectively trained
radiographers reporting GP plain radiographs.
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Chapter 1

Introduction to radiographer plain radiograph reporting

1.1 Introduction

In June 1990, the National Health Service (NHS) and Community Care Act was introduced
to help address the increasing demand in health care. This Act gave effect to the Working
for Patients 1989 White Paper, which announced the internal market reforms for the NHS
by the Conservative Party government. These reforms resulted in a major re-structuring of
the funding and delivery of health care, including a review of consultant contracts and their
‘job descriptions’, and the formal introduction of medical audit and resource management
to improve quality and efficiency. Indeed, the Audit Commission, a body which until then
investigated the efficiency of local government, had its brief extended to the NHS. There
was also a desire to bring greater satisfaction and rewards to those working in the NHS. A
combination of doctor’s reflecting on their role and job satisfaction, increased cost-
awareness, and the introduction of medical audit, engendered a climate that blurred the
distinction of tasks between medical and allied health care, or non-medical, professionals.

Allied health care is delivered by professionals like chiropodists, paramedics,
physiotherapists, speech, language and art therapists who support their medicai
counterparts. In particular, there are diagnostic radiographers who are responsible for the
production of high quality images on radiographs or other recording media, using all kinds
of radiation. Radiologists are their medical colleagues who are responsible for reading the
images produced by radiographers. The service provided by radiographers and
radiologists is integral to the front-line diagnosis of patients in the NHS, although while
from 1968 to 1991 radiologist's workload increased by 322 per cent, the number of posts
increased by only 213 per cent. Subsequently, radiologists in England were reporting only
60 per cent of examinations within two working days [Royal College of Radiologists (RCR),
1993a], and 22 per cent never reported 10 per cent of radiographs (Rose & Gallivan,
1991). The shortage of radiologists meant that the examinations produced by the
radiographers were not always reported, and so did not contribute to the diagnosis of
patients, an important factor to inform referring clinician’s choice of management and,
ultimately, patient outcome. Furthermore, an abnormality detected on a radiograph that

1



could have contributed to patient management and outcome but was not reported could
have medico-legal implications. Examinations performed but not reported are also a
waste of already scarce resources. It is, moreover, unethical and illegal to expose patients
to potentially harmful radiation without the benefit of the image being reported.

A potential solution to the problem of increasing radiologist workload and failure to report
examinations, was to allow radiographers to report the images that, after all, they were
responsible for producing and ensuring were of high quality. Historically, there were many
obstacles to radiographers developing a reporting role: radiologist resistance to change;
lack of resources to support the necessary education; and lack of training opportunities to
allow radiographers to maximise their talents (Paterson, 1995). However, the shortage in
radiologists and changes in government policy during the late 1980s and early 1990s
helped to remove these barriers and permit radiographers to further develop this role.

In 1996, the College of Radiographers outlined the minimum requirements necessary to
implement radiographer reporting [College of Radiographers‘ (CoR), 1996]. This included
professionally and academically accredited competence based training, continuing
education, and clinical audit to monitor their performance so as to assure quality in clinical
practice. The Diploma of the College of Radiographers was also withdrawn in April 1995,
with the introduction of an all-graduate entry into the profession. Simultaneous expansion
into the higher education sector and the availability of a variety of specialist and advanced
postgraduate courses exposed the profession to a research culture in the form of projects
generated by under-graduate and post-graduate students. For the profession to sustain its
position in diagnostic medical imaging, the Society and CoR (SCoR) also recognised the
need to underpin its development with a sound research base. As a result, all
radiographers were encouraged to engage in research to be consistent with the very best
in medical practice - of which research is clearly seen as a normal and expected part
(CoR, 1994). Indeed, the centenary UK Radiology Congress in 1995 saw the launch of
the Radiography international peer-reviewed journal as a medium for publishing research

in Radiography.



In summary, a shortage in medical doctors and the need to address increasing demand in
a health care system with scarce resources brought about changes in government policy,
promoting a more flexible and creative use of allied health care professional skills.
Notably, the change in climate allowed radiographers to develop their reporting role
underpinned by clinical audit and the changes in CoR education policy encouraged a

research ethos in the profession.

By the mid 1990s, these changes in policy led to research into radiographers developing a
reporting role. It was discovered that selectively trained radiographers could report
accident and emergency (A&E) plain radiographs to a high level of accuracy (Loughran,
1994 a; Robinson, 1996a). However, there were some methodological limitations to these
studies and they only assessed the accuracy with which radiographs were reported. In
February 1995 two carefully selected radiographers having completed a training
programme in plain radiograph reporting began to report A&E plain radiographs of the
appendicular skeleton at the Trust where the primary research in this thesis was
conducted. This providéd an opportunity to undertake further research, underpinned by
appropriate methodology, to evaluate the clinical effects of radiographer plain radiograph
reporting in terms of accuracy, changes in patient diagnosis, management plans and
outcome, and the associated costs. The Trust where this research was conducted is a
typical district general hospital which is described as Trust A and consists of two clinical
sites (A and B).

This thesis endeavours to answer the question as to whether selectively trained
radiographers should report A&E plain radiograph X-ray examinations and the potential for

further extending their reporting role.

The aim of the introductory chapter is:

o to discuss role development in Radiography (section 1.2);

e to discuss the background to radiographer reporting (section 1.3);

e to provide background information to image interpretation (section 1.4);

e to provide background information for the proposed research (section 1.5);
e outline of the thesis (section 1.6).



1.2  Role development in Radiography

The purpose of this section is to provide background information to define role
development in Radiography, including a definition of role development and how it can be
realised in the profession of Radiography and a discussion on how radiographers’ roles
are currently being developed and what they may be in the future.

1.2.1 Whatis role development in Radiography?

Role development represents a fundamental change to the professional practice of
radiographers and is subject to the provisions of the statutory and professional codes of
conduct which govern such practice (CoR, 1996). It is defined as "representing quantitative
and qualitative change in the way radiographers contribute to patient management and
health care services" and "demands a high level of skill, training, experience and
expertise” (CoR, 1997). All role development activities must be underpinned by continuing
education and training programmes, incorporating practice and theory related to work-
based competencies, and should be accredited both professionally and academically
(CoR, 1996). Radiographers already play an integral role in front-line diagnosis. Such
activities should increase their job satisfaction and further develop their professional
standing (Hughes et al, 1996).

1.2.2 How can role development in Radiography be achieved?

The developing role of radiographers can be achieved through ‘skill-mix’ initiatives. A skill
is defined as "an act or series of acts in which instruction and practice are required to
achieve a level of competence and should be exercised effectively and efficiently without
supervision” (RCR, 1993a). SCoR are driving current initiatives to train qualified
radiographers at postgraduate level and to include training in degree syllabuses in aspects
of what was formerly considered the province of radiologists.



1.2.3 What are current areas of role development in Radiography?

The RCR (1993a) proposed ways in which the role of the radiographer may be developed,
including ultrasound scanning (e.g. Doppler techniques and the recording of technical
observations), some contrast media examinations (e.g. barium examinations) and
intravenous injections (e.g. radiopharmaceuticals and confrast media). There is now
evidence that radiographers can provide preliminary reports of abdominal ultrasound
examinations (Bates et al, 1994) and successfully perform barium enemas (Mannion et al,
1995). They can also undertake the injection of radiopharmaceuticals in nuclear medicine
(NM) and of contrast media in computed tomography (CT), magnetic resonance imaging
(MRI) and urography (Robinson, 1996). As discussed in more detail in section 1.3,
radiographers now provide both verbal and written reports for A&E radiographs and for
other imaging examinations such as ultrasound, MRI, CT, NM (CoR, 1997).

1.2.4 Whatis the future of role development in Radiography?

It took time to overcome the status quo, set early in the 20" century, before radiologists
were willing to delegate some of their more routine tasks to radiographers in the interest of
utilising their specialist skills more effectively (Craven & Barber, 1995). Indeed, the future
role of radiographers partly depends upon radiologists developing the use of interventional
techniques, high technology, and sub-specialisation for which they will require more time

free from their current routine work.

As radiologists are beginning to delegate some of their traditional fasks radiographers are
doing likewise, and helpers or aides are beginning to undertake many of the tasks they
previously performed. It may be that, similar to radiologists leaving behind more routine
elements of their profession without losing control over them, radiographers will no longer
be able to retain the more routine aspects of theirs (Craven & Barber, 1995). There is also
a wide range of occupational groups, including midwives, cardiac technicians and vascular
technologists that perform ultrasound imaging examinations (Paterson & Price, 1996) and
evidence of emergency nurse practitioners' reading A&E radiographs (Meek et al, 1998;
Remedios et al, 1998). These initiatives in other professions all impinge on radiographers’
practice.



The continuing need for growth in skills in Radiography is imperative to the retention of
their professional identity and status in a dynamic health care climate (O'Connor, 1896).
Further developing the role of radiographers will allow Radiography to consolidate its
professional status and address future technological and employment challenges. Indeed,
the recent government initiatives described in the NHS Plan [Department of Health (DH),
2000] and elaborated on in Meeting the Challenge (DH, 2000) aim to ensure that the
continuing development of the allied health professional role is successful and enduring.
The government aims to invest in and reward staff by modernising pay structures,
increasing earnings and improving staff working lives in the form of advanced practitioner
and consultant posts. The future challenge to radiographers is to fit the criteria for these
posts by demonstrating expertise and leadership in the research, clinical and professional

environment.
1.3 Background to radiographer reporting

This section provides a summary of the historical background to radiographer reporting.
1.3.1 The early years

The subject of non-medically qualified staff reporting radiographs has been debated and
contested almost since the discovery of X-rays by Rontgen in 1895. In the early years of
radiation medicine, there was no clear distinction between Radiography and Radiology
and the terms were used interchangeably. Radiographers would routinely comment on X-
ray plates without medical supervision (Larkin, 1983), however, this was frowned upon by
some members of the medical profession (Arthur & Muir, 1909) and within ten years of
Réntgen's discovery, moves were made to establish boundaries between medical and
non-medical practitioners (CoR, 1995). The debate continued until 1925, when the Society
of Radiographers adopted a special resolution restricting its members from giving any form
of report on an examination, although in certain circumstances radiographers could
describe the appearances seen "to such an extent as may be necessary to assist in
making a diagnosis" (Moodie, 1970). Subsequently, Radiography was reduced to mean
the production of radiographs and was practised by non-medically qualified or technical
personnel: radiographers working at the behest of medical practitioners. Radiology came
to mean the medical interpretation of radiographs and became the exclusive domain of
medically qualified staff (Paterson & Price, 1996).



1.3.2 Recent contentions

Although in many situations it is recognised practice that radiographers comment upon
images they produce, it was not until the 1970s before any formal change relative to
reporting was proposed. Swinburne (1971) was probably the first to suggest an
investigation into ‘pattern recognition’, whereby a radiographer could identify whether a
radiograph is 'normal’ or “abnormal’, without prolonged, complex training. Berman et al
(1985a) were the first to perform a prospective evaluation of a scheme whereby
radiographers marked A&E radiographs with a red dot to alert casualty officers to the
possible presence of abnormalities. Radiographers and casualty officers were found to
have equivalent error rates when reading A&E radiographs. The 'red dot system’ or similar
flagging systems are now regarded as very useful in some departments. Two recent
national surveys have identified that such a system is employed in 150 and 162 hospitals

respectively (Paterson, 1995; Price et al, 1999).

However, there has been considerable concern about developing the red dot system into a
written, radiographic report. Fielding (1990) agreed with red dot systems and
acknowledged that the reporting of A&E radiographs makes a significant contribution to
the workload of many radiologists, but he also believed that the contentious issue of
making reports must remain the province of the radiologist. Renwick et al (1991) ruled out
reporting A&E radiographs by radiographers, but did recognise that the evidence from their
research was based on unselected radiographers of varying levels of expertise, none of
whom had been formally trained in fracture recognition. Not until Saxton’s controversial
editorial in 1992, was it suggested that with training, suitable radiographers could
undertake reporting in such areas as fracture recognition on A&E radiographs.
Subsequently, moves were made to evaluate the feasibility of radiographers contributing to
plain radiograph reporting services with three separate, unrelated, but almost
simultaneous initiatives in Leeds, Macclesfield, and Canterbury. All three studies
concluded that experienced radiographers who receive supplementary training may be
introduced into a reporting rota for A&E skeletal examinations. These initiatives were
followed quite rapidly by the development of reporting training programmes for
radiographers and, by December 19986, five Higher Education Institutions were offering
postgraduate programmes: Bradford, Herffordshire, Leeds, South Bank, Canterbury Christ
Church College and Salford. To improve the awareness of what was happening in local
situations, the national Special Interest Group in Radiographic Reporting (SIGRR) was



established in 1996, providing a forum for parties with an interest in radiographer reporting
(Cunningham, 1997).

Since then, there has been an increase in the number of education programmes available
to prepare radiographers for a reporting role (Prime et al, 1999). Moreover, a comparison
between two national surveys clearly indicates an increase in the number of radiographers
reporting A&E radiographs. Paterson (1995) identified radiographer reporting at four Trusts
only, whereas Price et al (1999) found that 37 Trusts stated radiographers were involved in
reporting. This is evidence that local initiatives to train radiographers to report are affecting
practice on a national scale. The danger is that in the absence of robust evidence this
might become a natural duty of radiographers rather than a role extension, further
supporting the need for rigorous evaluation of radiographer plain radiograph reporting to

justify their already developing role in this area.

1.3.3 The current position on radiographer reporting

During the 1990s, the CoR, RCR and Audit Commission issued papers reflecting and
encouraging relaxation of restrictions on radiographer reporting.

Understandably, the CoR were always enthusiastic about radiographers providing a report
on image appearances, beginning with a statement to this effect in 1993. These
sentiments were re-iterated the following year in the Code of Professional Conduct, which

stated “radiographers may provide a verbal comment on image appearances and should
provide a written report to the clinician” (CoR, 1994). In 1995, a paper discussed the
importance of training in the reporting of radiographs (CoR, 1995) and in Reporting by
radiographers: A vision paper, the belief was again expressed that all radiological
examinations carried out by radiographers, irrespective of the imaging modality used,

should receive a radiographer report (CoR, 1997).

In contrast, the RCR began with the statement in 1993 that "it would not be appropriate to
expect a non-medical practitioner to offer a medical opinion on a radiograph or procedure”
(RCR, 1993b). However, by 1995 they recognised that there were "insufficient fully trained
radiologists to undertake all the procedures and report all the examinations" and explored
"alternative ways of providing reports, principally in relation to plain radiographs” and the
potential of delegation to non-medical staff, such as radiographers (RCR, 1995a). In 1998,



.

a joint statement by the RCR & CoR described how the reporting of radiological images
could be properly delegated to non-medical staff.

More recently, the SIGRR have published a document that builds on the CoR (1997)
Reporting by radiographers: A vision paper. The SIGRR (2002) paper provides further
guidance on policy and practice for staff involved in this skifl mix, fo reflect the increase in
number of radiographers involved in reporting and the number of education programmes

available.
1.3.4 Background to radiographer reporting

At a typical general hospital the A&E department is responsible for 27 per cent of the
radiographic examinations and general practitioner (GP) examinations account for 21 per
cent (Audit Commission, 1995). At the general hospital where the primary research for
this thesis was to be conducted, which shall be called Trust A, the corresponding workload
in 1997 to 1998 amounted to 23 per cent A&E examinations and 19 per cent GP

examinations.

Radiographer reporting was introduced at Trust A in February 1995, as a result of a project
funded between 1992 and 1995 by the NHS Executive and the then Yorkshire Regional
Health Authority, at a cost of £85,000. Two radiographers at Trust A and two from another
local hospital were selected, based on their experience and competence, to undertake a
training programme in plain radiograph reporting. The aim was to enhance the
radiographers’ skills in the reporting of skeletal, chest and abdominal radiographs, to
ensure that all radiographs could continue to be reported, and to contain costs. The
results of the study demonstrated that the trained radiographers performed better than
comparison groups of untrained radiographers and trainee radiologists when reporting
plain radiographs for all areas of the body (Personal Communication from Jean Wilson,
1999). The radiographers at these Trusts were introduced to their respective A&E
reporting services, with the caveat that their performance was regularly monitored to
ensure a consistent level of quality. Internal agreements were made between the
radiologists and A&E consultants at Trust A, allowing the radiographers to report under the
new tifle of Clinical Specialist Radiographers (CSRs).



At present, the CSRs report only a selected sample of radiographs, as do selectively
trained radiographers at other district hospitals. These are A&E plain radiographs of the
appendicular skeleton that have been read by medical staff in Casualty and then returned
to the X-ray Department for review. They exclude the radiographs of patients with overt
fractures, who are referred to the next available fracture clinic and subsequent follow up
radiographs. Approximately 90 per cent of the radiographs reported have negative or
equivocal findings and the remaining 10 per cent are subtle, positive findings. At Trust A,
as at other hospitals, there was the potential to extend radiographer reporting to include
axial, as well as chest and abdominal A&E radiographs, or even to other categeries of
patients, but there is uncertainty as to whether such programmes should be extended.

1.4 Background fo image interpretation

An understanding of the complexities involved in defining a report and illustrating the
problems with measuring reporting performance is important to the appreciation of current
controversies concerning radiographer reporting. This section will define a report, outline
what constitutes a ‘good’ report, and discuss the salient issues regarding observer error

and variation when interpreting images.

1.4.1 What is a report?

The difference between ‘pattern recognition’ used in red dot systems and ‘reporting’ is that
the latter involves the translation of the observed abnormality into an explanation of the
findings in terms of pathology. In many cases, further commentary on the significance of
the results in the context of the individual patient is necessary (Robinson, 1996b).

Pattern recognition technique describes a process that requires no systematic visual
analysis or disciplined effort. In contrast, reporting involves an analytical approach to the
perception of image features, followed by synthetic processes of deduction or induction to
achieve an understanding of the pathological basis of the abnormalities shown, and their
medical significance (Robinson, 1998). Furthermore, the reporting process has two
elements: the descriptive report, which involves the interpretation of the radiograph
appearances; and the medical report that includes an opinion on the further medical
management of a patient (RCR & CoR, 1998). Hence, a report is an "expert" opinion
expressed as a verbal or written description and interpretation of image appearances
based on past experience and current observation.
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The descriptive and interpretational elements of a report can be combined under the
general term 'findings’, involving the three steps of perception, interpretation and
diagnosis. Perception requires visual recognition of the image features and mental
comparison with historically recollected data describing normal and abnormal
appearances. Interpretation calls for an understanding of the mechanisms of disease or
trauma which cause abnormal appearances, and an understanding of the range of normal
variation and changes with age. To diagnose, the observer must deduce from the
radiograph appearances, the nature, extent and underlying disease process. A further
element of some reports is the recommendation of future steps in patient management,
such as suggestions for additional imaging procedures or proposals for interventional
therapy (Robinson, 1996b). An advantage of the A&E environment is the relatively limited
range of pathology, particularly in musculo-skeletal areas of the body, compared with the
much wider range of possible findings in unselected inpatient or outpatient examinations

(Robinson, 1998).

1.4.2 What is a 'good’ report?

The reporting of images is an exercise in communication. In order to succeed, the right
message must be sent at the right time to the right person (Robinson, 1996b). At present,
the indicators used for measuring the quality of a report, which is synonymous with the
quality of a repaorting service, relate to availability and content. The former emphasises the
speed of report production from the time the examination was performed to its receipt by
the referring clinician, and to a lesser extent the proportion of images reported (RCR,
1995a; ACR, 1993). The content of a report focuses on intrinsic dimensions of report
quality in terms of reliability, accuracy and readability (RCR, 1995a; Sierra et al, 1992).
The other principal attributes are clarity, brevity, clinical correlation and the appropriate
reporting of pertinent negative findings (Lafortune et al, 1988).

To satisfactorily verify the quality of a report, which is also an assessment of an
individual's performance, it must be compared with a standard, making its validity
dependent on the veracity of the reference standard (Robinson, 1997). But the process of
deriving an incontrovertible standard to help assess the accuracy of a report poses several
difficult methodological problems. For instance, a report is described as an opinion only, so
by definition, it admits that doubt exists, since when certainty is established opinion
becomes superfluous (Robinson, 1997). This problem is illustrated by the use of qualifiers
to convey aobserver’s uncertainty in recording the absence or presence of an abnormality,
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the severity or degree of abnormality, and progression of disease with time in relation to
treatment (Robinson & Fletcher, 1994). Quality, is also, by definition, unmeasurable, since
it represents precisely those attributes of an entity which are indefinable in quantitative
terms. No robust methodology has yet been developed for the assessment of how well
cognitive tasks, such as interpretation of radiographs, are performed (Robinson, 1997).

These problems are not insurmountable. Reports can be graded to reflect the various
qualifiers and analysed accordingly, and the individual intrinsic dimensions of reports can
be appraised, which in totality reflect the quality of a report. In the absence of explicitly
defined standards, it has been suggested that a useful guideline for clinical practice may
be the medico-legal benchmark: an acceptable report is indistinguishable from that made
by an "average” practitioner (Robinson, 1999). Using this approach, concordance between
reports can be assessed by measuring the level of agreement or reliability between
individuals or 'observers' of equal competence. Alternatively, the reporting accuracy of an
observer under evaluation could be measured in comparison with a reference standard
report. This is generated by agreement between a panel of independent consultant
radiologists or the report of a single, experienced consultant radiologist validated by
appropriate clinical follow-up. Since some observer variation is idiosyncratic or due to
random mistakes, independent agreement between a group of observers should provide a
better standard than a single expert. However, reproducible results are not necessarily
accurate, as all observers could agree on a finding and all of them could be wrong
(Robinson, 1997).

1.4.3 What is observer error and variation?

Interpretations that differ from the view of an independent panel of “experts” are regarded
as errors; where experts fail to achieve agreement, differing reports is “observer variation”.
An error reflects an inaccurate interpretation in comparison with the standard opinion of
expert radiologists, where the validity of the interpretation is dependent upon the veracity
of the standard. When experts fail to agree, and there is no standard by which to measure
their performance, this is considered a source of variation (Robinson, 1997).

The concept of error and intra- and inter-observer variation, or variation within and
between observers respectively, is not new. Over 50 years ago, it was recognised that the
“human equation” resulted even in experts exhibiting enormous variations in their ability to
be consistent with themselves and others equally competent. This element of uncertainty
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extends to all branches of medicine (Garland, 1949). Cognitive psychology recognises that
human beings behave differently and are by no means neutral or passive toward incoming
information (Neisser, 1967). Similarly, clinical judgement in the context of image
interpretation is not objective and passive but a subjective and active process of
synthesising information, susceptible to imprecise or inconsistent deductions reflecting

human heterogeneity.

It is believed that errors and variation in interpretation now represent the weakest aspect of
clinical imaging (Robinson, 1997), an opinion substantiated by the discovery that 70 per
cent of legal cases arising within Radiology departments are a consequence of alleged
diagnostic errors (Berlin, 1995). These errors can arise from poor technique, failures of
perception, lack of knowledge and misjudgement (Berlin, 19963, b, ¢, d). The majority of
litigation cases arise from the failure to diagnose breast cancer on mammography, lung
cancer on chest radiographs, and fractures on skeletal radiographs [Physician Insurers
Association of America (PIAA), 1997]. Several systems of classifying errors have been
developed and Smith was probably the first to develop such a scheme in 1967. This was
later updated by Renfrew et al (1992) who classified the causes of error as limitations of
technique, misleading or incomplete clinical data, unavailability of previous studies or
reports, false positive errors (over-calls), misinterpretation of perceived findings, and
misses due to the phenomenon of “satisfaction for search” in which subtle findings are
more likely to be overlooked if overt abnormalities are also present. Kundel (1989) also
distinguished between perceptual and cognitive errors. The former occur when image
features, though recorded, are not appreciated - the failure of an observer to correctly
describe the image appearances. A cognitive, or reasoning error, occurs when image
features, though appreciated, lead to erroneous conclusions, so having identified an
abnormality the observer incorrectly interprets what the abnormality is. This eclectic array
of potential sources of error exemplifies the problems associated with image interpretation.

Observer variation in plain radiograph reporting is also substantial. A recent study
examined the variation between three experienced observers reporting the three major
types of plain radiograph examination: skeletal, chest and abdomen. Concordance
between all three readers was found in 74 per cent, 61 per cent and 51 per cent of
radiographs respectively (Robinson et al, 1999). Observer variation should also be
considered when different diagnostic methods are compared; in many cases, the
difference between observers outweighs the difference between techniques (Kido et al,
1993).
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Finally, the magnitude of observer variation must be considered when designing
assessment techniques and setting quality standards for the reporting of radiographs
(Robinson et al, 1999). This problem is exacerbated by variation in judgements about
whether reports are concordant. Development of objective and reliable criteria to minimise
variation in the measurement of performance is important so that when an intervention for
improving performance (e.g. a training programme) is evaluated, change can be attributed
to the policy rather than reflecting inconsistencies in measurement. Assessment of
observer performance should be underpinned by scientific principles if unbiased, valid and

reliable results are to be collected.
1.5 Background for the proposed research

Both the RCR (1995a) and the American College of Radiology (ACR, 1995) state that all
radiographic examinations should be accompanied by a timely, accurate and appropriate
written report. Frequent emphasis has been placed on the clinical contribution of the
radiologist's report in the management of A&E patients (de Lacey et al, 1980; Thomas et
al, 1992; Wardrope & Chennels, 1985) and the Audit Commission (1995} also supporis
this view. They recommend that Radiology departments institute ‘hot’ reporting systems,
allowing reports on basic examinations to be available before the patient leaves the
department, as a delay in the reporting of radiographs may diminish the effectiveness of

patient management.

As discussed earlier, an increase in radiologist workload from 1968 to 1991 has meant that
not all radiographs are reported. The Audit Commission’s survey in 1995 drew attention to
the degree of clinicians’ dissatisfaction, including those from A&E, with some aspects of
the reporting service provided by Radiology departments. In particular, it noted that reports
were not provided for all examinations and that a significant percentage was not received
in time to influence patient management. This raised potential medico-legal issues,
particularly important within the field of A&E medicine, as two-thirds of all claims concern
radiographs and over half relate to missed abnormalities or difficult interpretations

(Capsticks Solicitors, 19945.

In view of the difficulties in fulfilling recommended standards, attention has focused on
radiographers reporting under supervision on selected groups of examinations (Robinson
et al, 1999). When considering the transfer of responsibility for reporting selected cases
from radiologists to radiographers, it is clearly essential to ensure service quality is not
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adversely affected. Studies have demonstrated that selectively trained radiographers can
achieve the same standard of accuracy as radiologists when reporting A&E radiographs
(Loughran, 1994; Robinson, 1996a). Radiographer reporting has the potential to alleviate
radiologists’ reporting workload, allowing them more effective use of their time by
performing other more specialist and complex investigations. It may also increase the
potential for reporting a higher proportion of radiographs and in a more timely fashion. This
could have a beneficial effect on clinician and patient satisfaction, patient management
and outcome, securing improved service quality (Audit Commission, 1995). The job
satisfaction and skill of radiographers would be enhanced and the professional profile of
Radiography further consolidated. Finally, managers view skill mix or ‘workforce re-
profiling’ as a way to make substantial savings on unit labour costs (Kletzenbauer, 1996).
It is believed that the wider deployment of radiographers in a developed reporting role will
bring enormous benefits to the patient, and has the capacity to revolutionise the cost-
effective management of the patient in clinical radiology and other imaging dependent
services (CoR, 1997).

Most of the above is conjecture. As yet, the effects of introducing radiographers to multiple
facets of the reporting service such as radiologists reporting workload, the proportion of
radiographs reported, the timeliness of reports and acceptability to health care
professionals and patients awaits rigorous evaluation. Those studies that have assessed

radiographer radiograph reading performance are susceptible to biases that couid
overestimate their accuracy. No economic evaluation has been conducted. Nor have the

chain of events that follow report availability and content, or report quality, been assessed.
For example, timely, accurate and coherent reports are necessary for reassuring referring
clinicians by improving their confidence in their diagnosis and contributing to the decision
to undertake another diagnostic test, which may have economic implications and
determine whether a patient is further exposed to radiation. The report will also influence
the choice of patient management, which may ultimately affect patient outcome.

In summary, a comprehensive assessment of the cost and benefits of using selectively

trained radiographers needs rigorous examination of as many of these dimensions as is
feasible. This can be achieved with a variety of research methodologies.
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1.6 Thesis outline

The aim of the thesis was to determine whether selectively trained radiographers should
report plain radiograph X-ray examinations. First, it was appropriate to conduct a
systematic review to synthesise the existing evidence about radiographer radiograph
reporting. Before conducting the primary research, it was necessary to develop and
assess the criteria and standards used to measure reporting performance to heip ensure
collection of reliable and valid data. Primary studies were then designed to evaluate the
clinical effects of radiographer radiograph reporting and associated costs. Finally, it was
important to discuss the evidence from these studies to inform policy, influence good
practice and direct research. The following is a summary of the objectives and contents of
each chapter.

Chapter 2

A systematic review of radiographer and other health care professionals plain radiograph
reporting performance for different body areas and patient types.

Data was also collected in detail on threats to study validity and whether there was
evidence about the clinical effects of radiographer reading performance on, for example,
patient diagnosis and choice of patient management, and the associated costs. This was
to help inform the design of the primary studies in Chapters 4 to 6.

Chapter 3
A feasibility study to develop the decision-making criteria used to compare reports for
concordance in the primary studies presented in Chapters 4 and 8.

This was followed by an assessment of the consistent application of these criteria as well
as the acceptability of the reference standard. The development of these methods for
measuring reporting performance was to help ensure that valid and reliable data was
collected from the primary studies.
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Chapter 4
A controlled before and after study to assess the effect of introducing selectively trained
radiographers to an A&E reporting service.

This included an assessment of radiograph reporting accuracy and effect on patient
management and outcome: a pragmatic study reflecting normal clinical practice.

Chapter 5
A quasi-experimental study to assess the potential for extending radiographer’s reporting

role.

The study involved assessing the performance of the selectively trained radiographers and
a group of consultant radiologists at Trust A, in comparison with a reference standard
when reporting A&E and GP plain radiographs for all body areas. An explanatory study to
assess the efficacy of the two professional groups ability to independently report in a
controlled environment, it included measuring the effect of reports on the diagnosis,

management and outcome of the patient.

Chapter 6
An analysis of the cost of introducing radiographer reporting plain A&E radiographs of the
appendicular skeleton and the cost of extending their reporting role to include the

remaining body areas.

The analysis was supplemented by an in-house survey that qualitatively explored the
consequences of introducing radiographer reporting at Trust A on different professional's

workload.

Chapter 7

The aim of Chapter 7 was to use the evidence presented in this thesis to discuss the
conclusions that can be drawn about selectively trained radiographers reporting plain
radiographs and what future research is necessary.

All primary research received ethical approval from the Local Research Ethics committee.
Data collection adhered to the Data Protection Act, 1984.
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’Chapter 2

Radiographer plain radiograph reporting performance:

A systematic review

2.1 Rationale for undertaking the review

2.1.1 Introduction

Historical and current contentions relevant to non-medical staff reporting radiographs were
discussed in Chapter 1. It was therefore timely to conduct a systematic review with the
primary objective of assessing radiographer plain radiograph reporting performance to
help establish whether the increasing trend in this skill mix is justified (Paterson, 1995;
Price et al, 1999). Other secondary objectives worthy of consideration were: accuracy of
selectively trained radiographers reporting compared with other health care professionals;
accuracy of reporting different categories of patients and body areas; and effectiveness of

training programmes for improving radiographer reporting performance.

There were also supplementary issues that would be useful to address when synthesising
the evidence about radiographer plain radiograph reporting performance. These includea:
assessing radiographers reading plain radiographs in a red-dot or triage role; identifying

threats to study validity; assessing the clinical effects of radiographer reading performance

on patient diagnosis, management and outcome, and the associated costs.

Although red-dotting or triaging radiographs only involves the use of pattern recognition
techniques that require limited understanding of the pathological basis of abnormalities
shown on radiographs, this nevertheless contributes to clinician's decision-making and
subsequently patient outcome and costs. A recent survey showed that 162 Trusts use
radiographers in this role (Price et al, 1999). it was therefore appropriate to also

synthesise the evidence about radiographer’s performance in this role.

The complexities of reading images and the associated variation between observers were
discussed in Chapter 1. The suggestion was that assessing radiographer’s reporting
performance could be extremely subjective and prone to bias, so identification of threats to
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study validity should be considered when appraising such studies. This should help inform
the synthesis of the resulits of studies included in this review and the design and conduct of
the primary studies presented in Chapters 4 to 6.

Again, as discussed in Chapter 1, there seemed to be an absence of evidence about the
clinical effects and costs of radiographer reporting. It was therefore also appropriate to
collect evidence about this as a supplementary objective of the review. This in turn could

help to justify the design of the primary studies in this thesis.
2.1.2 Checking for existing and ongoing reviews

Given that the rationale exists for undertaking a systematic review, the following databases
were searched and the results provided in Annex 2.1:
¢ MEDLINE; and

* NHS Centre for Reviews and Dissemination (CRD) at the University of York, Database
of Abstracts of Reviews of Effectiveness (DARE).

These searches did not identify a review. The Cochrane Collaboration and the Special
Interest Group in Radiographer Reporting (SIGRR) informed the author that to their
knowledge a review did not exist, neither was one in preparation or commissioned.

2.1.3  Advisory Group

The advisory group comprised the author and members of Department of Health Sciences
with extensive experience in conducting reviews. Two reviewers were recruited (one from
Radiography and the other Radiology) to provide subject area advice, help identify
unpublished data, assist with data extraction and reflect the major professional
perspectives. Both reviewers are members of the SIGRR and have research experience in

the subject area. The radiographer is a Lecturer at the School of Health Studies, University
of Bradford and the consultant radiologist is based at North Manchester General Hospital

and has a special interest in radiographer role development and education. They are also
potential users of the review, so can facilitate its dissemination and implementation.
Finally, a Senior Health Lecturer at the School of Health Studies, University of Bradford,

helped to pilot the data extraction form.

19



2.1.4 Background research

Results of the background research to conducting the review are presented here, including
discussion of the scope of the review, formulation of its objectives, the type of study
designs used to assess radiographer plain radiograph reporting performance and the

framework for conducting this review.

2.1.4.1 Scope of the review

When performing the background research, a broader search identified studies that
assessed radiographers reading images other than plain radiographs. For example, when
reporting routine Computed Tomography (CT) head scans compared with a consultant
radiologist an experienced radiographer performed as well as a group of five senior
registrar radiologists (Craven & Blanshard, 1997). Studies also demonstrated that
selectively trained radiographers perform at a similar level to radiologists when reading

mammograms (Pauli et al, 1996; Haiart & Henderson, 1991) and read abdominal
ultrasound examinations at a high level of accuracy (Bates et al, 1994). Evidence also
emerged of other health care professionals, such as casualty officers (Berman et al, 1985),

radiologists (de Lacey et al, 1980) and nurse practitioners (Overton-Brown & Anthony,

1998; Meek et al, 1998), reading radiographs.

Although this provided the possibility of broadening the scope of the review to include all
heaith care professionals reading a variety of images, it was decided to retain the focus on
radiographer piain radiograph reporting performance, since this was the aim of the thesis.
Expanding the scope of the review would also diminish the rigor with which it could be
conducted in terms of, for example, identifying all relevant studies and extraction of data

by two independent reviewers.
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2.1.4.2 Formulating the objectives of the review

In the interests of formulating objectives and identifying possible effect modifiers, some
relevant published studies were located. They were of varying quality, according to
traditional hierarchies of evidence (Deeks et al, 2001) and methodological papers on
evaluating diagnostic tests (Jaeschke et al, 1994; Reid et al 1995) and were undertaken in
different settings, for different patient types and body areas. They also assessed
radiographers reading radiographs in different roles. Issues concerning the effect of a
report on a clinician’s diagnosis, therapy decisions, patient outcome and cost-effectiveness
were consistently ignored, confirming the need to meet the objectives described in the

introduction to the rationale for the review.

2.1.4.3 Type of study designs

It is important when conducting a review to consider the type of study designs used to
address its objectives, as this can influence decisions on the validity of the evidence and
the conclusions that can be drawn. Background research identified that studies of
radiograph reporting performance involve observers (e.g. radiographers) reading a sample
of radiographs under exam conditions or during clinical practice. An arbiter (i.e. health
care professional) then judges whether the reports made by the observers are concordant
with a reference standard (e.g. consultant radiologist), with resulting data used to calculate

statistics like sensitivity and specificity.

Studies conducted in different settings were very different in design. Those performed
under exam conditions were more explanatory in design and assessed the efficacy with
which radiographers read plain radiographs. A mix of normal and abnormal radiographs
were carefully selected with the abnormalities covering a range of pathology, body areas
and degrees of conspicuity. A robust reference standard such as a double/triple blind
consultant radiologist report was often developed, against which to compare radiographer
reports, thus ensuring the radiographers read radiographs to a high level of accuracy
before their introduction to clinical practice. Subsequently, samples of fewer than one
hundred radiographs were often used.
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In contrast, studies conducted during clinical practice were more pragmatic in design and
assessed the effectiveness with which radiographers read a series of radiographs ranging
from several hundred to several thousand, often compared against a single consultant
radiologist as the reference standard. ‘

For the purpose of the review, it was decided to call the studies performed under exam
conditions ‘Diagnostic Accuracy’ studies and those conducted during clinical practice
‘Diagnostic Performance’ studies. The titles were used because the aim of the studies
performed under exam conditions was to use a robust reference standard to ensure that
radiographers reported accurately in controlled conditions before being introduced to
clinical practice. Those studies conducted during clinical practice were more concerned
with assessing radiographer performance when reading a larger sample of radiographs,

for which it was not feasible to generate a robust reference standard.

In both settings, some studies assessed not only radiographer reading performance but
also the performance of other professional groups. To assist data synthesis, it was )
beneficial to categorise those studies conducted during clinical practice by whether or not
they assessed only radiographer performance. This was to distinguish between studies
that presented findings about radiographer performance from those that were assessing
how radiographers could substitute or complement another professional group. ‘Diagnostic
Performance’ studies which assessed both radiographer and other health care
professionals performance were labelled ‘Diagnostic OQutcome’ studies, under the
assumption that if one professionél group read radiographs more accurately than the
other, it would lead to a change in clinician behaviour that could affect patient outcome.
The procedure was not applied fo studies conducted during exam conditions, as they only
presented the accuracy with which different professional groups read plain radiographs

under controlled conditions, and were not designed to be generalised to clinical practice.
Figure 2.1 summarises how the studies of radiographer plain radiographer reading

performance were classified and Table 2.1 defines the three different types of study
design.
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Figure 2.1

Controlled conditions
(e.g. efficacy, explanatory)

Radiographer

only

Classification of studies of plain radiograph reading performance

Studies of plain radiograph

reading performance

-

Setting

Radiographer vs Radiographer
Radiologists / only
A&E staff
Diagnostic Diagnostic
Accuracy Performance

Setting

During clinical practice
(e.qg. effectiveness, pragmatic)

Radiographer vs
Radiologists /
A&E staff

Diagnostic
Outcome

Radiographers reporting on a

validated bank of radiographs
on a postgraduate course

An audit of radiographers
radiograph reading

A comparison of radiographers

Table 2.1 Types of plain radiograph reading performance studies
Type Description Example
Diagnostic To assess the radiograph reading
Accuracy performance of one (or more) group

of observers in controlled conditions

Diagnostic To assess the radiograph reading

Performance  performance of one group of observers
during clinical practice performance

Diagnostic To assess the radiograph reading

Qutcome performance of two (or more) groups

of observers during clinical practice
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2.1.4.4 Framework for the review

Finally, when conducting the background research, various frameworks on how to conduct
systematic reviews were discovered, including those under the auspices of the Centre for
Reviews and Dissemination, University of York and the Cochrane Collaboration. These
frameworks advocate that reviews should be designed to address explicit objectives, avoid
biased selection of studies, accurately extract data, assess study validity, and interpret the
results narratively or using statistical methods to produce a single estimate of a treatment
effect (Sutton et al, 2000). The framework applied for this review is illustrated in Figure 2.2,

Having discussed the rationale for the review in section 2.1 the specific objectives of the
review are delineated in section 2.2. Section 2.3 then describes the muitiple methods used
to locate studies. Explicit selection criteria as shown in section 2.4 were then developed to
help decide which studies were eligible for inclusion. The results of these searches are
presented in section 2.5. Section 2.6 then describes the process of developing the data
extraction form so that data could be reliably extracted and the results of its subsequent
application. Section 2.7 then discusses how the studies included in the review were
assessed for validity. Section 2.8 provides a qualitative overview of the studies included in
the review using the classification system described in section 2.1.4.3. This was followed
by section 2.9 which applied the statistical methods to quantitatively synthesise the results
of the studies included in the review. Then sections 2.10 and 2.11 respectively present an
exploration into the sources of heterogeneity when quantitatively summarising the studies
included in the review and an investigation into publication bias. Having described the
studies included in the review (section 2.8), attempted quantitative synthesis (section 2.9),
explored sources of heterogeneity (section 2.10) and investigated publication bias (section
2.11) it was then pdssible in section 2.12 to address all the objectives of the review in light
of these findings. Finally, section 2.13 presents the conclusions drawn.

This systematic review therefore comprehensively addressed the methods of scientifically

synthesising studies that assess radiographer plain radiograph reporting performance.
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Figure 2.2 Framework for review about radiographer radiograph reporting performance

2.1  Rationale for undertaking the review

2.2  Objectives

2.3  Searching the literature and retrieving the studies

2.4 The selection of studies for inclusion in the review

2.5 Details of studies included and excluded from the review

2.6 Data extraction form

2.7 Assessing the validity of primary studies

2.8 Qualitative overview

2.9 Quantitative data synthesis (meta-analysis)

2.10 Exploring sources of heterogeneity

2.11 Investigating publication bias

2.12 Interpretation of results

213 Conclusions




2.2

2.2.1

2.2.2

2.2.3

Objectives
Primary objectives

To assess the radiograph reporting performance of radiographers compared

with a reference standard.

Secondary objectives

To compare the radiograph reporting performance of selectively frained
radiographers with other health care professionals (e.g. radiologists).

To assess the radiograph reporting performance of selectively trained
radiographers for different categories of patients (e.g. A&E, non-A&E).

To assess the radiograph reporting performance of selectively trained
radiographers for different body areas (e.g. skeleton, chest and abdomen).

To assess the effectiveness of training programmes for improving radiographer

radiograph reporting performance.
Supplementary objectives

To assess the radiograph reading performance of radiographers compared with

a reference standard in the following roles:

e Red dotrole - placing a red dot on a radiograph when an abnormality is
presen\t

e Triage ~ categorisation of radiographs as, for example, normal, abnormal or
significantly abnormai.

To identify threats to the validity of studies that assess radiographer plain
radiograph reading performance.

To identify evidence that demonstrates the clinical effects of radiographer plain
radiograph reading performance on patient diagnosis, choice of management
and the associated costs.
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2.3 Searching the literature and retrieving the studies

Studies that are eventually published are likely to be a biased set, overestimating
performance (Macaskill et al, 1995), so a comprehensive search employing multiple
strategies was employed in an attempt to eliminate publication bias. Advice on developing
and executing the search strategies was sought from an information specialist.

2.3.1 Electronic databases

The following electronic databases were searched. The strategies are in Annex 2.1:

o MEDLINE (Index Medicus online)
¢ Science Citation Index Expanded (SCI-Expanded)
e Cumulative Index to Nursing and Allied Health Literature (CINAHL)

e EMBASE (Excerpta Medica online)

 NHS National Research Register (NRR)

e Cochrane Library

o PsycINFO (Psychological abstracts) and

o System for Information on Grey Literature in Europe (SIGLE)

2.3.1.1 Searching MEDLINE

Several potentially eligible studies were located through MEDLINE by searching for known
authors in the subject area. The index terms for the article (Medical Subject Headings
[MeSH]) were identified to help develop the search strategy. The MeSH terms included:
diagnostic-errors, sensitivity-and-specificity, observer-variation, fractures-radiography,
radiography. Only the first two terms were used, as the others were accounted for in the
remaining strategy or subsumed within these two. The title and abstract of the studies
were also analysed, resulting in the inclusion of the following text words in the strategy:
reporting, radiographs, radiographers, triage, x ray film(s). The explode facility was used
for some text words, such as Radiography and Radiology, to search for narrower terms.
Searching relevant papers for other synonyms was not found to be useful, but truncating
the word ‘radiographers’ did help to improve the precision of the search.
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2.3.1.2 Searching SCl-Expanded

Unlike using MEDLINE, when searching SCI-Expanded, it is only possible to enter
individual search terms or phrases separated by search operators such as AND or OR.

Only a single search statement was used, truncating the word ‘radiographers’, as this was
considered the most appropriate word to help identify all potentially eligible studies.

2.3.1.3 Searching CINAHL

The CINAHL database is updated monthly and provides indices and abstracts of over 650
English language nursing and allied health journals, plus books and chapters. CINAHL
was searched to locate papers published in allied health care journals. It is very similar to
MEDLINE in the structure of records, the provision of Boolean commands, index terms
and text word capabilities, and consequently the strategy employed for MEDLINE was

replicated.
2.3.1.4 Searching EMBASE

EMBASE, like other databases, uses its own controlled vocabulary so many of the index

terms used by the MEDLINE strategy were not applicable. A similar approach as
described for searching MEDLINE was applied and identified the following useful index

terms: observer-variation, error, diagnosis, diagnostic-imaging, diagnostic-accuracy. The
same text words used for the MEDLINE strategy were included.

2.3.1.5 Searching NHS NRR

The NRRis a netwark of registers that record details of research and development
projects taking place in or of interest to the NHS. Only the truncated word ‘radiographer’
was used, as in the SCl-Expanded search.
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2.3.1.6 Searching the Cochrane Library

The Cochrane Library comprises several databases that generally include controlled trials

or systematic reviews. The following were searched:

» Cochrane Database of Systematic Reviews (CDSR), which contains the full text of the
regularly updated systematic reviews of the effects of health care prepared by The

Cochrane Collaboration.

o Database of Abstracts of Reviews of Effects (DARE), which provides information on
published reviews of the effects of health care.

e Cochrane Controlled Trials Register (CCTR), which is a list of references to controlled
trials in health care.

e Heath Technology Assessment (HTA) database, which contains records of ongoing

projects and publications reporting completed assessments of health care technologies.
o NHS Economic Evaluation database (NHS EED), which is a register of published

economic evaluations of health care interventions.

To develop the search strategy, an eligible study was located using the truncated version
of the word ‘radiographers’, which identified the following primary and secondary
keywords: diagnostic-errors, radiography, radiology, observer-variation, triage. Using the
thesaurus, the MeSH terms that contain these key words were identified. A combination of
these MeSH terms and free text words were used to search the databases. When
searching with the MeSH terms the explode facility in the thesaurus was used.

2.3.1.7 Searching PsycINFO

PsycINFO is an electronic version of Psychological abstracts, the leading abstracting and
indexing publication for psychology and related disciplines. The relevance of psychological
themes in image interpretation made it an appropriate database to search, but a new
strategy was developed, as the usual index terms were not applicable. The key words
were “cognitive-processes”, for which the explode facility was used in the thesaurus, and
“pattern” and “visual”, for which the index and thesaurus were searched to identify other
relevant terms: pattern-discrimination, pattern-identification, pattern-perception, pattern-
recognition, visual-acuity, visual-perception, visual-search, visual-strategy, visual-tracking.
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2.3.1.8 Searching SIGLE

SIGLE, supplied by WInSPIRS, is a bibliographic database covering European grey
literature, such as reports, dissertations, books and conference proceedings in fields

including economics and social sciences. Only the truncated version of the word

‘radiographer’ was used.

2.3.2 Handsearching

To underpin the electronic searches, the following list of journals and supplements was
handsearched from 1990 onwards, to coincide with the acceleration of the debate
following the NHS Community Care Act (1990): British Journal of Radiology (BJR); Qlinical

Radiology; Radiography Today/Synergy and Radiography (1995 onwards).

2.3.3 Personal Communication

Personal communication helps locate studies possibly missed by the electronic searches
to avoid publication bias. The Royal College of Radiologists (RCR) and Society & College
of Radiographers were contacted, resulting in communication with members of SIGRR and
the following universities that provide postgraduate training in image interpretation:
Bradford; Canterbury; Hertfordshire; Lancashire; Salford; South Bank.

2.3.4 Reading reference lists

The reference lists of all papers and reports identified using the preceding strategies were

read for further potentially eligible studies.

2.3.5 Grey Literature

‘Grey literature’ comprises studies that are unpublished, have limited distribution and/or
are not included in bibliographical retrieval systems (Last, 1995). It includes abstracts,
unpublished studies, conference proceedings, graduate theses, book chapters, reports
and applications (McAuley et al, 2000). Searching SIGLE, handsearching the BJR annual
congress supplements, and personal communication were methods of locating grey
literature. [dentifying such studies was important, as their exclusion could exaggerate
estimates of effectiveness (McAuley et al, 2000).

30



2.3.6 Search limits

Swinburne (1971) was the first to propose using radiographers to distinguish normal from
abnormal radiographs, so when possible, databases were searched from 1971 to the end

of October 2002. No language or geographical restrictions were applied.
2.4 The selection of studies for inclusion in the review

To minimise ‘reviewer bias’ the author and radiographer reviewer, using the title and
abstract if provided, made an independent selection of eligible studies from the electronic
databases. Full copies of articles were acquired if necessary. Complete agreement was
found in the application of the criteria between the two reviewers.

For a study to be included, the following criteria should be met:
o Radiographer(s) were compared with a reference standard to assess their plain

radiograph reading performance.
e Mustinclude or have the potential to calculate an appropriate statistic that reflects

accuracy (e.g. sensitivity, specificity).

The following criteria were used to exclude studies:

e Onlyincluded images from other modalities (e.g. mammograms, ulirasound scans)
e The study was not performed during 1971-2002/10

e Case reports of a radiographer reading radiographs for one or two patients

¢ Visual search strategy studies that used remote eye movement detection equipment to
record visual search behaviour from a fixed distance and/or used phantom images. This
is because of the unrealistic setting in which they were performed and focus on pattern

recognition.

Finally, some studies were duplicated in different journals. Data from one study were
sometimes incorporated in another. Since multiple publications based on the same data
are a source of bias (Gotzsche, 1989), when there waé evidence of duplication the
following criteria were applied:

» when studies were re-published only the original paper was included

» abstracts later published as papers were excluded

* when studies re-used some data only the latest study was included.
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2.5 Details of studies included and excluded from the review

2.5.1 Studies included in the review

This section describes the results of the search strategies.

2.5.1.1 Electronic searches

As seen in Table 2.2, 952 studies were retrieved from all electronic databases. On
applying the selection criteria 25 remained, but several of these studies appeared in more
than one database. Table 2.3 illustrates this overlap and shows that there were only
eleven individual studies. The studies that correspond with the reference numbers are in
the list of references in Annex 2.1. This table shows the importance of searching several

databases as no single database identified all eleven eligible studies.

Table 2.2 Number of studies located from each database
Search resource No of studies before No of studies
selection criteria after selection
applied criteria applied
MEDLINE 25 6
SCIl-Expanded 255 6
CINAHL 15 3
EMBASE 126 6
NRR 05 3
Cochrane Library 355 1
PsycINFO 58 0
SIGLE 23 0
Any database 052 25
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Table 2.3 Overfap between databases for eligible studies

Ref.No MEDLINE SCI-E CINAHL EMBASE NRR Cochrane
Library
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2.5.1.2 Handsearching

Handsearching identified nineteen new studies, of which thirteen were eligible abstracts
located from searching conference supplements. The abstract by Webster & Gallacher
(1998) comprised two separate studies, referred to as 26a and 26b in the results and
discussion section, or 26 in the list of references in Annexe 2.4. Therefore, fourteen more

studies were included.

2.5.1.3 Personal communication

Of the six university centres contacted, only the University of Hertfordshire did not provide
data that could be included in the review. The universities providing data were Bradford,
Salford, South Bank, Lancaster and Canterbury Christ Church University College. This
strategy helped to locate a further ten eligible studies. |
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2.5.1.4 Grey Literature

Searching SIGLE did not identify any studies that satisfied the inclusion criteria. However,
the fourteen studies identified by handsearching conference supplements were all
abstracts and considered grey literature as defined in section 2.3.5. The ten further studies
identified through personal communication were the results of audit, postgraduate training
courses, and dissertations. In total 24/35 (69 per cent) studies could be defined as grey
literature, which further emphasises the need for multiple methods of searching.

2.5.1.5 Reading reference lists

This approach did not identify any new studies.

2.5.2 Studies excluded from the review

Table 2.4 presents studies that involved radiographers reading radiographs but were
excluded. These are listed in the references in Annex 2.1. The remainder of the review

will focus on the included studies.

Table 2.4 Studies excluded from the review

“Criteia _____________________________ Reference Number
e Insufficient accuracy data provided 12, 18-19
e Case report study 1
o Visual search study 9-11, 17
« Duplicate publications or more complete 2-8, 13-16

data sets are available
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2.5.3 Results of study selection process

Figure 2.3 summarises the results of the process of selecting studies for inclusion in the

review. The numbers in square brackets refer to the studies excluded from the review.

Figure 2.3 Study selection process for systematic review

Total citations identified from electronic searches: n = 952

Citations excluded after screening titles and/or abstracts: n = 927 '

Potentially relevant studies assessed for eligibility: n = 54

. From electronic search n=25

s From handsearching n=19
E From personal communication n=10

Studies excluded with reasons: n=19

Insufficient accuracy data provided n=3[12, 18, 19]

Case report n=1][1]
Visual search study n=4/[9-11, 17]
Duplicate publication or more n=11[2-8, 13-16]

| complete data set available

Number of studies included in the review: n =35 |
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2.6 Data extraction form

Having identified the 35 studies, it was necessary to develop the data extraction form
presenfed in Annex 2.2. The form was to be used for recording study eligibility and design,
assessing the quality of the studies, and recording factual information about, for example,
the health care professionals being assessed and which type of patients and body areas
were included in the sample of radiographs. The development, piloting, and resulits of the
application of the data extraction form are described here, and in particular, the
development of criteria for assessing the quality of the studies included in the review. This
was because one of the supplementary objectives was to identify threats to the validity of
studies in the review to assist data synthesis and to help inform the design and conduct of

the primary studies presented in Chapters 4 to 6.
2.6.1 De veiofaing the data extraction form

The first part of the data extraction form asked questions relating to study eligibility, as
defined in section 2.4, and the type of study design (i.e. diagnostic accuracy, performance,

or outcome) as described in Table 2.1.

Part two was the quality criteria checklist. in order to develop this checklist, the literature
was searched about how to appraise studies of diagnostic tests, including the Cochrane
Methods Group'’s suggestions on Systematic Reviews of Screening and Diagnostic Tests.
Two types of quality criteria were identified: bias and methodological standards. Failure to
adhere to criteria, resulting in a systematic distortion of reading performance indicated a
definition of ‘bias’. The remaining criteria were defined as ‘methodological standards’.
Although their absence might not systematically affect estimates of performance, the

validity of the study could be undermined.

In total, 32 potential biases were identified. These were sub-divided into three categories
and are briefly summarised in Table 2.5. The first refers to the selection of subjects
(including both films and observers). The other two are concerned with study design
(including the application of the standard and measurement of resuits) and interpretation of
films and reports. They are further divided into those affecting internal validity, or the
validity of the results within the context of the study, and those affecting external validity, or

the generalisability of the results to other settings and populations.
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Table 2.5 Potential biases in radiograph reading performance studies

Subjects [external validity]
Film selection biases
Referral bias

Referral (the time in the referral process that films are reported affects the case-mix of films)

Centripetal (the clinical setting can influence the prevalence and type of disease within the case-mix of films)
Popularity {(experts may preferentially nclude and keep track of challenging or interesting cases)

Diagnostic access (geographical and financial factors affects access to the technology that produces the films)

Film selection (observers not reporting all the films eligible for inclusion)
Film filtering (no record of the criteria used to determine which films were eligible}

Film cohort bias
Spectrum (selecting films based on criteria such as prevalence of disease, severity and range of disease type)

Population (selecting a consecutive series of films over a suitable time period or a valid random sample)

Observer selection biases

Observer cohort (appropriate selection of observers) _
Observer cohort comparator (appropriate matching of two or more groups of observers)

Study [internal validity]

Application of the gold standard
Verification (when not all films are read by the reference standard e.g. due to economic limitations)

Work-up (when not all films are read by the reference standard owing to the report of the observer)
Incorporation (an observers report is incorporated into the process of generating the standard)

Measurement of results
Disease progression bias (long delay between observers report and patient re-attendance as the standard)

Withdrawal bias
Loss to follow-up (films reported by the observer are lost and so the standard cannot be appiied)

Indeterminate results (failure to include equivocal film interpretations)

Observer variability bias
Inter-observer variability (observers within a group independently read a sub-sample of the same films)

Intra-observer variability (the same observers independently read a sub-sample of films at a later date)

Arbiter variability bias
Inter-arbiter (a sub-sample of reports compared by independent arbiters)
Intra-arbiter (a sub-sample of reports compared by the same arbiter at a later date)

Interpretation [internal validity]

Independence of interpretations

Observer review (observers reporting films blind to the reference standard report)

Reference standard review (reference standard reporting films blind to the observers report)
Observer (observers reporting films independently)

Observer comparator (observers reading the same or a similar set of films)

Co-image (observers only having access to types of examination they are being evaluated to read)
Arbiter review (the arbiter also being an observer or reference standard)

Arbiter (the arbiter being blind to whether a report is made by an observer or reference standard)
Film access (the arbiter not having access to the films when comparing reports for concordance)
Clinical review {access to clinical details affecting observers performance)

Cohort comparator (both groups of observers reading films independently)

Co-image comparator {(both groups of observers have similar access to films)

Arbiter comparator (the arbiter being blind to which reports belong to different groups of observers)

37



Ten methodological standards were also identified and subdivided into three groups: the
selection of subjects (or films); study design; presentation of results. Table 2.6 lists the ten
questions asked when assessing whether methodological standards had been met in plain

radiograph reading performance studies.

Table 2.6 Methodological standards in radiograph reading performance studies

Selection of subjects (films)
1. Was an appropriate sample size considered?

Study design

2. Was a normal/abnormal report adequately defined?

3. Was the performance of the observers placed in the context of the diagnostic
sequence’?

4. Was the contribution of individual groups determined if the combined performance of
two (or more) different groups of observers were assessed?

5. Was an appropriate (valid) reference standard (“gold” or "criterion") used:?

6. Was an appropriate (valid) arbiter used to compare radiographers’ reports with the
reference standard?

7. Was an appropriate control used?

Presentation of results
9. Were films appropriately analysed for pertinent subgroups?
8. Was the data presented in enough detail to allow for the re-calculation of performance

statistics (e.g. sensitivity and specificity) and confidence intervals?
10. Were indeterminate (i.e. equivocal; missing data, non-diagnostic) results appropriately

presented?
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Part two of the data extraction form comprised two major sections. The first asked thirty
questions about bias in the selection of subjects and the conduct of the study. Each
criterion in this section was recorded as "DONE", "NOT CLEAR", "NOT DONE", or "N/A"
l.e. not applicable. The second section asked ten questions relating to the studies’
adherence to methodological standards. In this section, the same options were available
except for "NOT CLEAR", as these criteria were easier to judge for adherence.

Part three was developed using the Cochrane Effective Practice and Organisation of Care
Group data extraction form. Factual information was recorded about the characteristics of
the professionals and participants included in a study, the accuracy of its results including
raw data, and whether it had addressed any clinical effects and costs of radiographers

reading plain radiographs.

2.6.2 Piloting the data extraction form

Because so many questions were included in the data extraction form, it was important to
test that the answers were reproducible and objective. The author and a researcher who
was familiar with the subject area piloted the form by independently completing it for fwo
eligible studies (7 and 16). The two studies chosen represented a different design in Table
2.1 and were comprehensively written up, making it possible to judge whether or not
certain criteria had been met, rather than recording the UNCLEAR option because of

insufficient information.

Table 2.7 illustrates the extent of agreement for the different sections of the form. For part
one, there was some disagreement because the researcher was unfamiliar with the
different types of study designs. Part two, sections one and two, showed 68 per cent and
75 per cent agreement respectively between the author and researcher and moderate
Kappa scores of 0.54 and 0.59. Disagreements in part two were as a result of the
researcher's unfamiliarity with some of the terminology or that unsubstantiated
assumptions were made. There was 80 per cent agreement for part three. The form was
judged sufficiently reproducible and simple to complete, considering that the researcher
received no training but still achieved moderate agreement with the author. It was also
concluded that owing to the high degree of agreement only the author need extract data to
complete part three of the form.
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Table 2.7 Pilot application of data extraction form

m

Checklist section % agreement Kappa (95% C})
Part 1 64

Part 2

Section 1 68 0.54 (0.36, 0.72)
Section 2 75 0.59 (0.28, 0.90)
Part 3 90

Total 73

2.6.3 Applying the data extraction form

Paper forms were used to extract data, with the version number recorded to reduce the
chance of erroneously using an outdated form. Each study was given a unique reference
number (as shown in the list of references in Annex 2.1) and Microsoft Excel and Access
were used to store and manage data. The author independently assessed all eligible
studies. Eight studies required completion by personal communication, which involved

visiting the investigator responsible or applying the form by telephone.

Table 2.8 illustrates which reviewers appraised the remaining studies. All three reviewers
were familiar with many of the studies so there was no blinding to authors’ names,
institutions, journal of publication, or results. Discordance between reviewers was resolved
by discussion, with the decisions recorded. The radiographer and radiologist reviewers
also completed data extraction forms for their own studies. Rather than being a source of
bias, this should improve the accuracy with which the form was completed when aspects

of study design in a paper were not explicit.

Table 2.8 Reviewer(s) responsible for study appraisal

“wnm_wmm
Reviewer Reference Number

mmmm“-—-mmmm

Radiographer 1,3,4, 6,10, 13, 17, 18, 22, 23, 28-34
Radiologist 2,9,7,8,11, 16, 20, 24, 25, 27
Author All studies

—-—'“__—'_———————-—-n-——__—.—_—_—______“
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The extent of agreement between reviewers when applying part two, or the quality criteria
component of the form, is presented in Table 2.9. For section one, the author compared
with the radiographer and radiologist reviewer respectively had 82 per cent and 71 per
cent agreement and good or moderate Kappa scores of 0.73 and 0.58. For section two,
the author compared with the radiographer and radiologist reviewer respectively had 92
per cent and 86 per cent agreement and good to very good Kappa scores of 0.88 and
0.79. The higher Kappa scores between the author and radiographer reviewer is probably
explained by the greater number of studies that the latter reviewed resulting in increased
familiarity in the application of the form. However, all Kappa scores ranged from at least
moderate to very good agreement, evidence of reliable decision-making between all
reviewers. The data extracted when applying part two of the form is presented in Annex

2.3.

Table 2.9 Final application of the quality criteria checklist

W

Checklist section Kappa (935% CI) (%) Kappa (95% Cl) (%)
Radiographer Radiologist

Part 2 Section 1 0.73 (0.66, 0.79) (82) 0.58(0.50, 0.65) (71)

Section2  0.88(0.77,0.99)  (92) 0.79(0.65,0.93)  (86)
o

2.6.4 Conclusion

This section provided evidence of development of a comprehensive form that could
provide reproducible answers and address the objectives of the review. In particular parts
two and three would elicit the data to address the supplementary objectives and in turn
inform the design of the primary studies in Chapters 4 to 6. However, part two of the form
comprised forty questions in total. The next section discusses how data extracted with part
two of the form was used to reflect the validity of the studies included in the review without

having to comment on individual quality criteria.
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2.7  Assessing the validity of primary studies

When performing the background research to this review (as described in section 2.1.4.3),
relevant studies were found to vary in design according to their setting and whether
radiographers’ alone or other healith care professionals’ performance was assessed. As a
result, studies were classified in three groups: diagnostic accuracy, performance, and
outcome. Although classification of study by design can help reflect validity, it was useful
to develop a banding system for a more explicit reflection of the strength of evidence
provided by studies included in the review. This should facilitate the synthesis of resuits

from the studies in the review.

First, a numerical scoring scheme was produced so that each study could be awarded a
quality score and ranked in order of validity. This could be achieved in a variety of ways,
including asking experts to agree on which quality criteria should be awarded most weight
because their absence could more seriously undermine study validity (Mulrow et al, 1989).
Within the resource constraints of this review, it was only feasible for the author and
radiographer reviewer to judge the importance of different quality criteria. Both reviewers
independently recorded the importance of each criterion as high (3 points), medium (2
points) or low (1 point). The two reviewers then discussed their recordings and resolved

disagreements by discussion.

Four possible scoring schemes were developed to reflect differences in assumptions
reviewers made on the importance of criteria. The following describes these scoring
systems and Table A2.4.1 in Annex 2.4 lists how important the different criteria were for

each scoring system:
o S81 (consensus) = the two reviewers independently scored the different criteria then

came to a consensus as to the score attributable to each criterion.
o 582 (alternative consensus) = having come to a consensus as to the scores in SS1,

the two reviewers discussed rational alternative scores for the different criteria, which
mainly involved changing the consensus score when the two reviewers' independent

decisions disagreed for SS1.
» 3533 =the scores allocated by the author only.
* SS4 =the scores allocated by the radiographer reviewer.
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The different scoring systems were applied fo each study by summing the scores awarded
to each criterion. When a criterion was judged "NOT CLEAR" it was assumed "NOT
DONE". A score of zero was given when a particular criterion was "N/A" or the bias was
absent. The score of a study was divided by the total score for that study if all applicable
criteria were judged "NOT DONE", and then multiplied by one hundred to produce a
normalised score. Studies awarded the lowest score were the most valid. Because ordinal
data was used, a study with a score of 80 was not necessarily twice as poor in quality as a
study with a scare of 40. Each study was ranked in order of its score for each system as
shown in Table A2.4.2. The score of each study based on the four systems was then
aggregated and divided by four to produce a mean score that incorporated all the different
decisions and assumptions made. The studies were then ranked in order of their mean

score as shown in Table A2.4.3.

Having ranked the studies according to their mean quality score, it was then possible to
‘group them into different bands. The reviewers could have done this by subjectively
judging how the mean quality scores for the different studies naturally grouped together,
but a statistical method, considered more objective and valid, was used. Cluster analysis is
a statistical approach to inform the natural grouping (or clusters) of studies. It is an
exploratory data analysis technique that uses systematic methods for testing how data
groups together. The kmeans cluster analysis method was chosen, using the STATA
statistical package (StataCorp, 2001). This method assigns the mean score for a study to
a group of studies whose mean is closest and based on that categorisation new group
means are determined. The steps are continued until no mean study scores change
groups. The analysis requires the number of clusters to be specified. Table 2.10 presents
the results of this analysis, showing the range of ranks in which the studies were grouped.
A banding system of only three groups (or clusters) was used to aid clear demarcation of

the higher from the lower quality studies and facilitate summarising study quality when

interpreting results.

Table 2.10  System for banding studies by quality

Rank Band  Quality

1-7 A High
8-27 B Maoderate
28-35 C L ow
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2.8 Qualitative overview

Before potential methods of data synthesis were explored, it was thought useful to provide
an overview of the results of the 35 studies included in the review using the classification
system presented in section 2.1.4.3. The results from the individual studies could be
incorporated into section 2.12 for the final interpretation of the results of the review.

The summary tables in this section present information on the facts, results and overall
quality of the primary studies included, ordered within tables by their quality using the
mean scores and the banding system. The letters in square brackets refer to the quality of
evidence and the numbers in superscript to the studies providing this evidence. The
abbreviations used in the tables are presented in the List of abbreviations.

2.8.1 Diagnostic accuracy studies
2.8.1.1 Diagnostic accuracy studies that only assess radiographers only

Table 2.11 shows the results of six studies that assessed radiographer radiograph reading
accuracy. The quality of these studies varies considerably, ranging from [A] *° with a score
of 10.1 to [C] ? with a score of 55.3.

The two studies of highest quality show that trained radiographers can report A&E
radiographs of the skeleton between 94 per cent and 95 per cent accuracy. For the same
body areas they could report a combination of out-patient, in-patient and general
practitioner radiographs between 93 per cent and 94 per cent accuracy [A] ** 7. A study of
moderate quality provides additional evidence that radiographers post-training can report
radiographs of the appendicular skeleton at 95 per cent accuracy [B] . A further study of
radiographers reporting A&E radiographs of the skeleton showed that at follow-up (six to
ten weeks post-training) radiographers reported at only 81 per cent accuracy [B] *°,
although the results indicate that this was a statistically significant improvement compared

with the initial assessment (P<0.01).

Evidence of radiographer's accuracy when reading chest radiographs was provided in two
studies and one also included abdomen radiographs [A] 1! [C] % One study showed that
radiographers not trained to report achieved 84 per cent accuracy when reporting chest
radiographs for various types of patient [A] *'. The other study showed that training
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radiographers to triage chest and thoracic cage radiographs significantly improved their
accuracy from 63 per cent to 74 per cent for A&E radiographs (P<0.01) and from 63 per

cent to 86 per cent for in-patient and out-patient radiographs (P<0.01) [C] . These two
studies, compared with the other studies in the table, showed that radiographers appear to
read chest radiographs less accurately than for the skeletal system. Furthermore, one of

the studies showed that untrained radiographers report radiographs of the abdomen at

only 62 per cent accuracy [A] *'.

In summary, the two high quality studies show that under controlled conditions trained
radiographers can report radiographs of the skeleton for different types of patient between
93 per cent and 95 per cent accuracy [A] '* V. However, radiographers report chest and
abdomen plain radiographs at a lower level of accuracy [A] ' [C] °. There was also
evidence, from studies of varying quality, that training programmes are effective [A] 7 1B]

[C]°.

13

2.8.1.2 Diagnostic accuracy studies that assess radiographers and radiologists

Table 2.12 gives the results of four studies assessing both radiographer and radiologist
22,3 [B] 23, 27-

reporting accuracy [A]
The highest quality study demonstrates that radiographers during training reported A&E
radiographs for all body areas more accurately than untrained radiographers and
radiologist trainees [A] %, though it is not known whether this was statistically significant.
Another study shows that senior radiographets without training report A&E radiographs for
all body areas significantly more accurately than first year Radiology registrars (P<0.05),
not significantly different from second year registrars (P=0.43) but significantly less
accurately than those who had recently completed their fellowship (P<0.05) [A] °. A further
study showed that radiographers post-training reported A&E radiographs of the skeleton
with considerably more accuracy than second year Radiology registrars (P<0.02) and were
not significantly different from the third year registrars [B] *’. The final study shows that
radiographers trained to report achieved a level of accuracy when reporting A&E
radiographs of the skeleton similar to second year Radiology registrars (51per cent vs 52
per cent) [B] %, Although the consultant radiologists reported at 57 per cent accuracy, this
was not significantly different from the other two groups (P>0.05). The reason for the fow

accuracy in this study is probably explained by the careful selection of a difficult case-mix

of twenty radiographs.
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