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GLOSSARY OF TERMS

The following operational definitions have been applied to the termsusedin the study:

Anti-scatter grid: Device to be placed before the image reception area in order to

reduce the incidence of scattered radiation upon that area and thus increase the

contrast in the X ray pattern.

Artefact: Any unwantedstructure or pattern visible in an image, not including noise.

Automatic exposure control: A device which determines and provides automatically

the exposure needed to produce an image of adequate optical density, by sampling

the X ray intensity at the image receptor.

Cash and Carry:A self financing concept introduced by the Government of Ghanain

1985 bylegislative instrument (LI.1313) a law establishing the full recovery of drug

costs and hospital fees in public health institutions.

Diagnostic reference levels: Dose levels in medical radiodiagnostic practices or, in the

case of radiopharmaceuticals, levels of activity, for typical examinations for groups of

standard-sized patients or standard phantomsfor broadly defined types of equipment.

These levels are indicative of good practice when not exceeded, for standard

procedures when good and normal practice regarding diagnostic and technical

performanceis applied.

District: The administrative subdivisions of the regions in Ghana are knownasdistricts

Dose-area product: Productof the area ofa cross-section of a radiation beam and the

average value of a dose-related quantity over that cross section.

Entrance surface air kerma: The air kerma measured free-in-air (without backscatter)

at a point in a plane corresponding to the entrance surfaceof a specified object, e.g. a

patient’s breast or a standard phantom.

Entrance surface/skin dose: Absorbed dosein the centre of the field at the surface of

entry of radiation for a patient undergoing a radiodiagnostic examination, expressedin

air and with backscatter.

Exposure factors: The settings of X ray tube voltage (kV), tube current (mA) and

exposuretime(s).

Filtration: Modification of characteristics of ionising radiation on passing through

matter.
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Guidancelevel for medical exposure: A value of dose, doserate or activity selected by

professional bodies in consultation with the regulatory bodyto indicate a level above

which there should be a review by medical practitioners in order to determine

whetheror not the value is excessive, taking into account the particular circumstances

and applying sound clinical judgement.

Grid ratio: The ratio of the height of lead strips to the distance between radioluscent

strips.

Half-value layer: Thickness of a specified material which, under narrow beam

conditions, attenuates photon radiation according to its energy spectrum to an extent

that the kerma rate, exposure rate or absorbed dose rate is reduced to one half of the

value that is measured without the material.

Justification: Actions involving new exposures or changes in exposures of individuals

have to bejustified in advance.A positive net benefit must results.

Medical exposure: Exposure applying to the following groups: patients as part of their

own medical diagnosis or treatment; individuals as part of occupational health

surveillance; individuals as part of health screening programmes; healthy individuals or

patients voluntarily participating in medical or biomedical, diagnostic or therapeutic,

research programmes;individuals as part of medico-legal procedures.

Object Contrast: The inherent differences in X ray attenuation in the object being

imaged.

Optical density: The degree of blackening of processed X ray of photographic film.

Numerically equal to the decadallogarithm ofratio oflight incident on the film to that

transmitted throughthefilm.

Optimisation: Any procedure which ensures that doses due to appropriate medical

exposure for radiological purposes are kept as low as reasonably achievable

(ALARA)consistent with obtaining the required diagnostic information, taking into

account economic andsocial factors.

Polyclinic: General services health institutions usually with limited or no ward facilities

foundin the large cities in Ghana.

Quality Assurance: The World Health Organisation (WHO)defines Quality Assurancein

diagnostic imaging as an organised effort by the staff operating a facility, to ensure

that the diagnostic images producedbythefacility are of sufficiently high quality so
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that they consistently provide adequate diagnostic information at the lowest possible

cost and with the least possible exposure of the patient to radiation.

Planned and systematic actions necessary to provide adequate confidence that an

item, process or service will satisfy given requirements for quality, for example, those

specified in the licence (IAEA-TECDOC 1423)

Quality control: Part of quality assurance intended to verify that systems and

componentscorrespond to predetermined requirements (IAEA-TECDOC 1423).

Quality criteria: Criteria which characterise a level of acceptability for radiological

images which could answer to any clinical indication. The characteristics include

diagnostic requirements (imagecriteria, important image details), criteria for radiation

dose to the patient (reference dose value), and example of good imaging technique.

Regions: The land area of Ghana has ten divisions for administrative purposes. Each

oneis referred to as a region dependingonits location or historical activities.

Radiation output (X ray output): The air kerma measured free-in-air (without

backscatter) per unit of tube loading at a specified distance from the X ray tube focus

and at stated exposurefactors.

Radiographer: Also known as Radiological Technologist is a health care professional

who, through education of international standard, possess social skills to perform that

art of application of ionising radiation to the patient

Radiographic contrast: The difference of optical density between two adjacent

elements of a radiographic image.

Radiological Technician: Also known in Ghana as Technical Officer (X-Ray)is a locally

trained to certificate level “radiographer” whosetraining does not confer on him the

status of a professional and whois an assistant to the professional radiographer. A

minimum entry qualification for this training is GCE ‘O’ level.

Reference dose value: Value of a specific dose quantity obtained by patient dose

evaluation, which may be used to quantify the diagnostic reference level.

Reproducibility: Indicates the reliability of either a measuring method or test

equipment. The results underidentical conditions should be constant.

Resolution: The degree to which fine detail of an object can be reproduced in a

radiographic, fluoroscopic, television or other image. The smallest object or highest

spatial frequency of a given contrast thatis just perceptible.
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Scattered Radiation: As the X-ray beam passes through the matter someofit collide

with atomic particles and are forced to change course. They may emergebuttravelling

in directions different from the original beam

Technical Assistant: Used to be known as the darkroom attendant. This category of

personnel wastrained on the job to assist the Radiographer and the Radiological

Technician in the darkroom. Their job description includes processing of the

radiographs, maintaining cassettes and fluorescent screens and general darkroom

practice. By law,itis illegal for this category of personnel to operate X-ray machines.

Thermo-luminescent dosimeter (TLD): A radiation dosimeter which contains a

substance that, when properly annealed and exposedtoionising radiation, emits light

after thermal stimulation in proportion to the radiation dose received.

Tube loading: The tube current-exposure time product (mAs) that applies during a

particular exposure.

Tube potential: The potential difference (kilovolt, kV) applied across the anode and

cathodeofthe X ray tube during a radiographic exposure.
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ABSTRACT

The Ghanaian government’s policy on health to provide affordable quality healthcare to the

people is both appropriate and laudable. Imaging departmentsplay a vital role in facilitating

the above goal through the provision of diagnostic services and are widely used because of

their known benefits to society. However, diagnostic X-rays are the largest contributor to

radiation dose from all man-made radiation sources. Quality assurance (QA) programmesplay

a fundamentalrole in establishing and maintaining systems to support high quality healthcare.

Currently there is no quality assurance system in place for diagnostic imaging service or

training and a generallack of awarenessof radiation protection or quality service and training

provision. This has major consequencesforpatient quality of care andsafety.

The aim of the study was to develop a sustainable quality assurance framework for

implementationin diagnostic imaging practice in Ghana. A total of 2383 patients, 120 staff and

students across 23 hospitals plus key stakeholders were included in the study to obtain a

representative sample of all users and providers of service. Mixed methods approach was

employed (qualitative and quantitative) with data acquired during 3 field trips to Ghana over 3

years. Stakeholders’ views were elicited on QA, service and training issues followed by 3

quantitative studies across hospitals in Ghana, examining radiation dose to patients, image

quality and film reject analysis.

There weresignificant differences in radiation dose for the same examination both within and

between departments. Image quality was also inconsistent with higher than acceptable reject

rates, with major financial and risk implications to the healthcare system and patients. The

majority of problems identified (90%) with diagnostic image quality were mainly due to

inconsistent radiographic technique, lack of protocols for standardisation or record keeping,

poor quality monitoring and non-existent QA.Initial results of this study have been accepted

for presentation at 2 international conferencesin 2009.

The results of this work havefacilitated the development of a suggested QA frameworkfor

diagnostic imaging in Ghana and the establishment of a National Quality Assurance Taskforce

for Imaging. Training workshops and materials have been organised for 2010 andinitially chest

radiography, the most commonexamination undertaken, will be used as the pilot modelfor

implementation of the system.
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CHAPTER 1

Background andIntroduction

“First do no harm.......”

(Attributed to Hippocrates circa 470-360BC)

1.1 Introduction and background

Provision of high quality healthcare to consumers must be the goal of all medical

services and so the Ghanaian government’s policy on health to provide affordable

quality healthcare to the people is both appropriate and laudable (GHS, 2004). In

Ghana, as elsewhere, imaging departments play a vital role in facilitating the above

goal through the provision of diagnostic services and are widely used becauseoftheir

known benefits to society (Saunders et al, 2005). However, despite their extensive

usage worldwide and known benefits, diagnostic X-rays are by far the largest

contributor to the collective dose from all man-made radiation sources (UNSCEAR,

2000; Manning, 2004; Moores, 2006).

It has been increasingly recognised that quality assurance (QA) programmesplay a

fundamental role in establishing and maintaining systems to support high quality

healthcare. Defining quality means developing expectations or standardsofquality, as

well as designing systems for quality (Silimperi et al, 2002). The Ghana Health Service

has established an Institutional Care Directorate to oversee quality assurance issuesin

the Ghanaian health sector. However, divisions, policies and guidelines formulated

underthis Directorate failed to include diagnostic imaging even though QA directed at

equipment and operator performance is of known value in improving diagnostic

information content, reducing radiation dose, reducing medical costs and improving

departmental managementandthe quality of patient care.

This chapter examines the general health and diagnostic systems in Ghana,radiation

exposure in diagnostic imaging and the subsequent needfor radiation protection and

quality assurance.This is followed by a statementof the problem and an introductory

discussion on the significance and aimsof the study.



1.2. +The general health and diagnostic imaging systems in Ghana

Ghana is a developing country located in the West African sub-region and

administratively is divided into 10 regions which are subdivided into 110 districts. The

population is approximately 20.4 million and growing at 1.7 per cent per year.

According to the World Development Indicators Database (WDID) (August, 2004),

Ghana’s Gross Domestic Product (GDP) per capita is about $1,980 with growthrate of

5.2%. The health spending averages 4.7% of GDP of which public expenditure is

equivalent to 1.8% and private expenditure 2.9%. The geography of Ghanais shownin

Figure 1.2

Figure 1.2 Geographical location of Ghana andits regions

 
Mainstream medicine wasfirst brought to Ghana by missionaries during the colonial

era. Since then the health system in Ghana has undergoneseveral reforms with the

aim of improving the quality of health care delivery in the country. It was the

government’s strategy to implement these changes in order to enhance effective

health care delivery which resulted in the creation of the Ghana Health Service (GHS,

2004) and the Teaching Hospital Boards (Ghana MOH, 2004). The public health care

system provides over two-thirds of the medical care in the country andis three-tiered

(Castro-Leal et al, 2000). The primary level consists of basic clinics and dispensaries;
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the secondarylevel has district level hospitals and finally the tertiary level has regional

hospitals which are referral hospitals (Castro-Leal et al, 2000).

Traditional medical practice was in existence before orthodox medicine was

introducedandisstill patronised by the public and has some governmentrecognition.

The W.H.O. (2000) defines traditional medicine as ‘the knowledge, skills and practices

of holistic health care, recognised and accepted for its role in the maintenance of

health and treatment of diseases. It is based on indigenous theories beliefs and

experiences that are handed downfrom generation to generation’. Traditional medical

practitioners in the country use various methodsin treating their patients. The use of

herbs, spiritual beliefs and local knowledge with training through apprenticeship isstill

employed. The GhanaHealth Service is designing a programmeto integrate traditional

medicine into the medical schools which attest to the government’s recognition of

traditional medicine (W.H.O., 2001).

Nine of the ten regions of Ghana have a regional hospital based in the regional capital.

Three of the regions, (Greater-Accra, Ashanti and Northern), also have teaching

hospitals with one in the northern sector and two in the south. The largest, Korle-Bu

Teaching Hospital, is located in the capital Accra. There are also district referral

hospitals in almostall the district capitals, some of which were established by Christian

missions or Churches and are therefore known as mission hospitals. There are other

hospitals established by private individuals or organisations and also the police, the

military and other government agencies or organisations.

Imaging departments within the teaching hospitals are headed by a radiologist on the

clinical side and a radiographeron the technical side. The imagingfacilities available at

the teaching hospitals are conventional imaging including fluoroscopy, CT, ultrasound

and C-arm fluoroscopy for theatre. Korle-Bu and Komfo Anokye Teaching Hospitals

(KATH) in Kumasi both have Radiotherapy Centres. The only Magnetic Resonance

Imaging (MRI) unit in the country is at Korle-Bu Teaching Hospital.The regional

hospitals as well as those hospitals established by private individuals or organisations

and also the police, the military and other government agencies or organisations have

general imaging facilities and fluoroscopy and the department is managed by a



radiographer with no permanentradiologist. About 60% of districts within the regions

have hospitals with X-rays facilities and are mostly headed by a senior radiological

technician. Radiological technicians undergo a 3-year certificate training programme

with the Ministry of Health. Diagnostic imaging services provided by these hospitals

are basic plain film X-ray examinations. There are in total approximately 300

conventional diagnostic X-ray installations in Ghana which are used mainly for medical

diagnosis.

1.3 Radiological and radiographic staffing in Ghana

Countries in sub-Saharan Africa, particularly Ghana have very few radiologists. This is a

situation mirrored, in the relative sense, throughout the world due to the rapid

increase in imaging technology and range of examinations available in the last 50

years. Britain, for example, has the fewest radiologists per head of population when

compared with other Western nations, approximately half that of Germany and one

quarter that of France. However, Britain also has one of the fewest number of

examinations performed per head of population in Western nations, suggesting the

need for fewer radiologists (the UK performs 52 investigations per 100 head of

population annually compared with a European annual average of approximately 100)

(Royal College of Radiologists, 2002). This situation, however, is magnified dramatically

in third world countries like Ghana, where a major challenge confronting diagnostic

imaging practice is the availability of the requisite human resources. Between 2000

and 2002, the second teaching hospital in Kumasi (KATH) with 800 beds had no

radiologists. The major teaching hospital, Korle-Bu, with 1600 beds had one radiologist

during the sameperiod (Scarisbrick, 2003). There has been slight improvementas at

the time of this study, KATH and Korle-Bu had 2 and 5 consultant radiologists

respectively. The 37 Military hospital and Ridge regional hospitals also had 1

radiologist each. All the radiographs from the district and other regional hospitals

which need reporting have to be sent to either Korle-Bu or KATH. In practice, this

meansthat the majority of radiographs produced in Ghanaare neverreported.

A training programmebegan in 1999 to train radiologists locally with the collaboration

of the radiology training programmein Nigeria (Scarisbrick, 2003). This study observed

that with limited number of full time radiologists at the teaching hospital in Accra
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wherethetraining is taking place, it would be difficult to provide meaningful training

whilst accommodating the normal departmental workload. Their training mostly has

been in fluoroscopy, ultrasound and plain film imaging. Although nuclear medicine is

undertaken in the major teaching hospital where their training takes place,it is limited

(Rabinowitz and Pretorius, 2005). This study indicates that there are now nine

radiologists for Ghana’s 20.4 million people, with four of these radiologists being

recent graduates of the new training programme. Lack of budgetary allocation to

diagnostic imaging departments and limited equipment hinder the training of

radiological staff, exacerbated by poor library and on-line resources which are

essential part of any training institution (Rabinowitz and Pretorius, 2005). With a more

appropriate budgetary system and a structured training programme,the training of

radiologists would be more feasible but in the context of the African situation with

limited resources, first consideration is given to the fight against malaria, AIDS and

guinea worm infection, especially in Ghana (Sandrick, 2003).

Until 2002, degree-qualified radiographers in Ghana wereall trained abroad, were few

in numberand most workedin the teaching and regional hospitals. Chief Radiographer

is the highest grade in the staffing system and currently there is only one in the

country based at Korle-Bu teaching hospital. Although imaging has been practisedin

Ghana for many years, the number of radiographers required to deliver an effective

service which meets national needs has never been attained. For this reason the

government,in parallel with the training of radiologists, started a degree programme

in 2002 to increase the numbers of appropriately trained radiographers in the country

as training abroad was expensive and no longer viable in the economic climate. The

additional difficulty of getting clinical placement experience abroad contributed to the

government's decision to train radiographers at the University of Ghana. However the

clinical placementof the student radiographersis still problematic with all the students

(60 as at June, 2009) currently receiving their clinical training at Korle-Bu, the major

teaching hospital. Since the start of the degree programmethere has been a gradual

increase in the intake from six in 2002 to twenty in 2008. The total numberof graduate

radiographers in the country at the end of 2008 was twenty-five.



Radiological technicians are locally trained personnel and seen as quasi professionals

who operate imagingfacilities in most of the nation’s imaging centres. They undergo

three year certificated training under the control of the MOH and currently form the

greater proportion of the staff in various X-ray departments in the country.

Radiological technicians make up the majority of staff in the district level hospitals,

with the highest grade in the country being Chief Technical Officer but currently this

position is vacant. Ghana also has technical assistants who are usually dark room

attendants and other supporting staff who assist in other radiological services. Since

the inception of the degree programme in 2002, the training of radiographic

technicians in the country has been phased out. Table 1.3 shows an inventory of

medical application of X-rays, radiation sources, and other imaging sources in Ghana at

the time of the study.

Table 1.3 Inventory of medical application of X-rays and radiation sources in Ghana.

Source: Regulatory Authority Information System (RAIS), Radiation Protection Board,

Ghana Atomic Energy Commission, Accra, Ghana.

 

 

 

 

 

 

 

 

 

 

  

TYPE OF APPLICATION NUMBER

Conventional diagnostic x-ray installations 300

Fluoroscopy 6

Mammography 6

Dental 26

CT 5

Nuclear medicine 1

Ultrasound 60

MRI 1

Teletherapy 2

Brachytherapy Z   
 

1.4 Challenges confronting diagnostic imaging in Ghana

Diagnostic imaging in Ghana faces numerouschallenges which have impacted severely

on image quality, patient radiation dose and the quality of the services being provided.

Someof the key issues are enumerated below.



Referral for X-ray examinations

There are three fundamental problems regarding X-ray referrals in Ghana. Firstly,

inappropriately completed X-ray requests are very commona situation not unusualin

developing countries. X-ray requests which lacked sufficient patients’ clinical details to

justify the procedure have been observed in Ghana (Triantopoulou et al, 2005; Antwi

and Griffiths, 2008). It appears that somereferring clinicians do not appreciate the

importance of clinical information on X-ray request forms. This situation is not

confined to developing countries. Secondly, X-ray requests that lacked the required

clinical detail for justification werestill performed by majority of imaging departments.

This meansthat staff in the imaging department may be lacking education regarding

justification and/or that policies for justification of exposures are either not in place or

not implemented (Antwi and Griffiths, 2008). The third problem identified was that

traditional medical practitioners were requesting X-ray examinations for their clients

contrary to national regulations and most of these X-ray examination requests were

performed by the radiographic staff even whenclinical information was omitted

(Antwi and Griffiths, 2008). These issues have an obvious impact on unnecessary

radiation doseto patients and staff.

Jumah et al (1995) found that in the West African sub region including Ghana,

clinicians often do not complete the radiological request form properly. An audit of X-

ray requests was recommendedto identify X-ray examinations which were being

requested inappropriately, also suggested by Pearsonet al (2001). Although audit and

feedback yield positive results, Eccles et al (2001) found that they havelittle effect on

test requesting behaviour and the numberof inappropriate radiological requestsif not

followed up with reminder messages. Their study suggests that regular reminder

messages on primary care referrals improved the quality of X-ray request that are

submitted to the radiology department. These arguments seem to showthat although

audit in itself can be useful it haslittle impact unless imaging departments have a more

interactive relationship with referrers.

Although it is worrying when staff apparently do not apply the principles of

justification, it is important to appreciate, in the Ghanaian context, why this may be

happening. It can be difficult to determine where a request originates due tolimited
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information about the referring clinician on the request form. Someof the patients are

illiterate and are often unable to provide enough information to help the

radiographer/technician to trace the source of the request. Radiologists are not

available in most hospitals to justify X-ray examinations and where they are, their

workload does not allow them time to seeall X-ray requests. Moreover, there is no

legislation to support radiographers and technicians querying these requests. Conflicts

can arise betweenthe radiographers and referring clinicians and to avoid this they may

not question the requestatall. There is no evidence to suggest that the Ghana Medical

and Dental Council (GMDC) are aware of these problems associated with X-ray

referrals. Unlike the UK where the Royal College of Radiologists has developed

guidelines which enable referring clinicians to make the best clinical use of the

department of radiology (Royal College of Radiologists, 2003), no such information

exists in Ghana.

Recordsof imaging history of patients

Anintrinsic problem in the Ghanaian diagnostic imaging system is poor record keeping.

In the UK, patients are all registered for their primary care with a general practitioner

in the community, who acts as a central point of reference and record ofthe patient’s

medical history. However in Ghana, such a system of centralised record keeping does

not exist and patients go directly to their nearest (or any) hospital if they areill. There

is no requirementfor patients to return to the same hospital on subsequent occasions

and therefore their medical treatment can occur across several sites, with no

centralised or traceable record of their medical history.

If they require radiological services, they pay for them and therefore take their

radiographs away with them after the examination. Many patients travel long

distances to have their X-ray examination at either the regional or teaching hospitals.

The communication and records systems within and between hospitals is poor and

coupled with lack of appointment and booking systems, it is often not possible to

obtain previous imaging history of patients. In 2003, the government of Ghana

introduced a national health insurance scheme (NHIS) to replace the ‘cash and carry’

system in the health system. However, this has not as yet made any impact on the



retaining of patient radiographs after examination due to the problems enumerated

above. Consequently, the majority offilms are not formally reported.

Processing chemicals

In order to produce hard copy images, X-ray films have to be processed post-exposure.

This requires appropriate chemistry which should be matched to the typeoffilm used.

Acquisition of a regular supply of appropriate processing chemicals is a problem with

most imaging departments due to lack of effective procurement and distribution

policies. The use of developer from manufacturer A, with fixer from manufacturerB,

coupled with sometimes the use of films from manufacturer C was a common

occurrence. This situation is detrimental to the quality of images produced and their

shelf life. Chemistry and films were often poor quality and beyond their use-by date.It

was observed that radiographers and technicians are not consulted and do not have

any influence on the purchase of radiographic consumables and accessories.

Purchases are made by procurementofficers from the Ghana Health Services who

usually have little or no knowledge of diagnostic imaging or the impact of their

(usually) financial decisions on the end results.

Cassettes and intensifying screens

For many years, calcium tungstate (CaWO,) were the most commonintensifying

screens used in Ghana, but over the last ten years most diagnostic imaging

departments have switched to the use of rare earth screens which have features of

greater dose reduction and improved image quality as a result of their more efficient

absorption of X-ray quanta. Presently mostfilms imported into the country are green

sensitive and initially cassettes with green emitting screens were supplied. It was

observed during the field trips associated with this study that most imaging

departments have both green and blue emitting screens. Since these cassettes were

old and often were supplied before the radiographer in charge wasin post, they are

often used interchangeably causing problems with resultant poor image quality and

subsequently repeated films and increased patient dose. Another contributing factoris

that like most developing countries, most of these cassettes were donations to the

Government and radiographers had no choice but to use green sensitive films with

blue emitting screens or vice versa. The consequenceofthis screen-film sensitivity mix
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often resulted in the use of high exposure factors among the imaging departmentsin

order to obtain visible images. Intensifying screens are not automatically replaced

when they deteriorate with age although the intensity of screen emission decreases

with age. Screens are only replaced whentheyareirretrievably damaged.

Lack of organized structure on QA issues

Thoughthere seem to be an unofficial form of structure among the diagnostic imaging

departments, duties of individuals are not well defined. There are no role descriptions

for radiographic staff and subsequently no regional radiographers with prescribed

roles regarding monitoring, training and appointment of personnel or advice on

procurement of equipment and regional imaging management. There are no organised

structures or protocols in place for monitoring of quality among diagnostic imaging

departments. Periodic monitoring of equipment performance is ad hoc, minor faults

are not remedied and equipmentservice engineers are only called in when thereis a

complete breakdown of the equipment which often takes monthsto repair, or is not

repairedatall.

Radiographic equipment supply and maintenance

The Ghana government doesnot have a technical team advising on the procurement

of radiological equipment and accessories. Most equipment in the country was

purchased throughgrants, aids and donations from organisations such as World Bank,

Philips Medical Systems etc. Ad-hoc committees were sometimes formed to examine

the way in which the grant would be administered and to have an overview of the

number and type ofinstallations and their suitability for purpose. However, the

committee members selected often lacked the imaging knowledge and expertise to

give appropriate advice and recommendations. Formal acceptancetesting is often not

undertaken on equipment and the end users receive basic training but this is not

followed up. Whenthere is no baseline acceptance testing, it becomes difficult to

interpret any subsequent equipment test results or changes in equipment

performance. Additionally, some contracts have no after-sales maintenance contract,

so the equipment’s functioninglife is shortened by lack of maintenance. Currently the

Ghana governmenthasentered into a contractual maintenance agreement with the

Philips Medical Systems who have supplied most radiological equipment to the
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country. However,unstable electrical power supply in the country and non-existent QA

systems in the hospitals contribute to frequent equipment breakdown with the

accompanying wait for engineers’ call-out times and consequent delays in patients’

examinations

Quality assurancestatus of diagnostic imaging in Ghana

Currently the Radiation Protection Board (RPB) of the Ghana Atomic Energy

Commission (GAEC) conducts periodic quality assurance (QA) and quality control (QC)

audits on imaging equipment for some critical parameters such as accuracy and

reproducibility of kVp, accuracy and reproducibility of timer, linearity of X-ray output,

reproducibility of X-ray output, half value layer determination, light/radiation beam

alignment and X-ray film processor (temperature, sensitometry tests) for the purposes

of licensing and practice authorisation. Some equipment QC at the departmental level

is also required. However, operational QA and QC protocols are not well established in

day to day radiological practice as there are no qualified personnel with the requisite

knowledge in radiological physics at most departments, even though some

departments do have QC kits. Radiographic staff are not trained to perform even the

most basic equipment quality control tests, nor is it currently included in the

undergraduate curriculum.

Radiation protection legislation in Ghana

The radiation protection and safety regulations for diagnostic imaging in Ghana are

published in the Radiation Protection and Safety Guide (2003) supported by the Ghana

Atomic Energy Act 204 (1993). It covers a range of subjects consistent with

recommendations of ICRP Publication 60 (1991) and IAEA Basic Safety Standards

(2002). The regulation cameinto force in June 2003. It emphasises issues such as

adequate training of those registered to provide diagnostic services and the

importance of justification and optimisation in diagnostic imaging. The regulations

have remained theoretical rather than practical since most of the imaging departments

havelittle or no idea about such regulations. The issue of enforcement of regulations

has always been a dauntingtask in the country due tothe attitudes and cultural issues

inherent in the people coupled with lack of political will of the authorities. Personal

experience of the author suggests that often for political or power expedient, people
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in authority turn a blind eye towards those breaking the law and allows lawlessness to

prevail over decency and sanity.

1.5 Radiation exposure in diagnostic imaging and the need for protection and

quality assurance

Since the discovery of X-rays by Wilhelm Roentgenin 1895, ionising radiation has been

harnessed for diagnostic and therapeutic purposes. However, within a short time of

the discovery, the harmful effects of X-rays were detected in early radiation workers

due to overexposure to radiation (Engel-Hills, 2006; Ratnapalan et al, 2008). In

particular during the First World War, X-rays for medical purposes were used widely

and manycases of leukaemia and anaemia were found amongstaff who administered

radiation (Martin, 2003). The high doses received by both patients and staff and the

subsequenteffects observed confirmed that ionising radiation causes cancer(Williams,

2004). It was not then known whetherlow dose radiation could also be harmful but in

the 1950s scientific evidence demonstrated that the low radiation dose used in

diagnostic imaging was dangerous(Engel-Hills, 2006). Evidence available suggests that

the risk of radiation damageis directly proportional to the dose deposited in the tissue

and that prolonged radiation damage to deoxyribonucleic acid (DNA) molecules in

organs andtissues not properly repaired can induce cancer (Cohen, 2002).

In the 2000 report of the United Nations Scientific Committee on the Effects of Atomic

Radiation (UNSCEAR, 2000), it was estimated that the application of radiation in

medical diagnosis accounts for about 95% of the population exposure to radiation

from man-madesources and about 12% of total exposure. One of the reasonsfor this

situation is the large numberof X-ray examinations performed every year (McDonald,

2009). Additionally, in 2002, the International Atomic Energy Agency estimated that

the annual numberofall types of medical examination in the world was about 2100

million in 2000, corresponding to an annual frequency of 360 examinations per 1000

world population. This frequency is about 10% higher than the previous estimate of

330 per 1000 for the period 1991-1995 (UNSCEAR, 1996) indicating an increase in

practice. Three-quartersofall examinations occur in the countries of health-care level|

(WHOclassification), which accountfor only one-quarter of the world population. Only

1% arises from the lower health-care levels III-IV like Ghana, which include one fifth of
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the world population. In Ghana, the annual X-ray examination numbers are about

120,000 peryearfor a population of 20.4 Million. However, further growth in medical

imaging can be expected in developing countries where facilities and services are

lacking. Typical highest organ dosesin plain film imaging, including mammography,

range from 1-20 mGy (UNSCEAR, 2000) but an increasing part of medical radiation

exposure is due to the use of dose-demanding X-ray procedures. These include

computed tomography, fluoroscopy and various interventional procedures. CT

procedures results in organ doses in the range of 10-100 mGy, generally below the

level required to produce deterministic effects. However, all X-ray procedures may

give rise to stochastic effects, namely tumour induction or hereditary effects.

Reports from the Bureau of Radiological Health, New Jersey in 2002,also suggests that

an average person in the United States receives approximately 12% of their total

radiation exposure from medical X-ray procedures, making it the highest man-made

source of exposure. Additionally, in 2006, the estimated total numberof radiographsin

the US was about 330 million (NCRP, 2008). Similarly in the United Kingdom, Moores

(2006) suggests that roughly 25 million X-ray examinations of roughly 50 different

types are undertaken each year with a population dose burden of approximately

25,000 man SV. In Europe approximately 250 million X-ray examinations are

performed each year with a total population dose of over 300,000 man Sv. However,

this extremely large dose burdenis not distributed uniformly throughout Europe,in

that very large differences in the volume of radiological practices exist between

MemberStates (Regulla and Eder, 2005). Additional figures from Europe also show

that the frequency of X-ray examinations per 1000 population varies between 700-

1655 whilst the annual per capita mean effective dose varies between 0.33- 2.0 mSv

(Regulla and Eder, 2005). This is now probably a conservative estimate due to the

world’s increase in population and the corresponding increase in demandfor health

care.

In the United Kingdom, the National Radiological Protection Board (NRPB) reports that

about 90% of the radiation dose to the UK population from man-madesourcesis due

to medical X-rays. Diagnostic imaging contributes approximately 14% of the total

radiation exposure whilst other artificial sources contribute less than 0.4% with just
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0.012% arising from the disposal of radioactive waste. Over the past decade, CT

scanning examinations in the UK have increased from about 2% to 4% ofall

examinations with its contribution to collective dose rising from approximately 23% to

40% (William, 2004; NRPB, 2004). Similarly Aldrich and William (2005) showed that

from 1991-2002 there was an increase of 28% in the total number of X-ray

examinations performed in Canada with CT examinations increased fourfold and

contributed nearly 60% ofthe total patient dose. Ikamaise et al (2000) reported from

Nigeria that medical procedures contribute 40% of the total radiation exposure to man

and radiographers are equally at risk of being exposed to radiation as they carry out

the procedure. This suggests a need for professional regulations and radiation

protection in hospitals in Nigeria than hitherto practiced.

Unfortunately there are currently no data on the status of radiation dose levels in

Ghana. Radiation exposure from medical X-rays could well be higher in Ghana and

most African countries than in western/developed countries as available literature

suggests that radiation protection practise is poor and no proper records are kept on

medical exposures (Schandorf and Tetteh, 1998a; Ikamaise et al, 2000; Quainoo,

2003). A system is therefore needed to organize the safe use of X-rays in Ghana in

particular and Africa as a whole. Countries must be encouraged to adopt several

protective measures to prevent unnecessary or unproductive medical radiation

exposures (Milu and Tomulescu, 2004), a view strongly shared by the author.

The increase in availability of radiological equipment and services in many developing

countries calls for radiological protection in diagnostic imaging in order to keep doses

as low as reasonably achievable (ALARA) to obtain the necessary diagnostic

information. The aim of diagnostic imaging is to obtain images, which are adequatefor

clinical purpose with the minimum radiation dose to the patient (Martin and Shand

2003). The effective use of imaging requires the application of two of the principles

recommendedby the International Commission on Radiological Protection (ICRP) in

dose limitation systems, namely justification for and optimisation of X-ray exposure

(ICRP Publication 60, 1991). Justification implies taking into consideration the benefits

and harm that an X-ray procedure can provide for the managementofthe patient as

well as the degree to which workers and the general public are endangered with the
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cost of the procedure also in mind (Brennan, 2003). Optimisation implies that the dose

from the X-ray exposure is kept as low as reasonably achievable (ALARA), social and

economic factors being taken into account. Quality assurance programmes have a

major role to play in this optimisation process. The overall approach to reduction of

collective dose must consist of rational use of the imaging devices and X-ray

equipment (IAEA-TECDOC- 1423, 2004). The ICRP (ICRP, Publication, 60, 1991) reports

that doses from similar radiological investigations carried out at different departments

can differ by as much as two orders of magnitude and emphasised that there is a

considerable scope for dose reduction in diagnostic and interventional radiology and

also in nuclear medicine.

Although there have been advancesin X-ray imaging techniques and technologyin the

recentyears, the fact still remains that whether used appropriately or not, X-rays carry

with them some levelof risk (Department of Health, UK, 2001; Coxet al, 2004; Picano,

2004). The authors however emphasised that, although the radiation exposure

connected with these procedures cannot be avoided, there are meansto reduceit.

According to Manning (2004), radiation has been one of the most studied ofall

carcinogens, yet therearestill uncertainties in making estimates of cancer risk from

low dose radiation. The risks cannot be totally prevented but they can be reduced by

weighing the benefits from radiation practices against the risks associated withits use.

Efforts to minimise the risk, according to the Organisation for Economic Co-operation

and Development (OECD) (2004), have been made the central feature of radiation

protection in Europe.

The fear associated with radiation within society is partly due to media influence

(Jaworowski, 1999; Graham and Cloke, 2003). This is because data concerning the

harmful effects of radiation are largely gathered from nuclear disasters and animal

model experiments which have led the public to fearing radiation and its perceived

effects (Jaworowski, 1999; Burk, 2004). Moreover, atomic bomb explosions at

Hiroshima and Nagasaki during the Second World Warand nuclear accidents such as

the cases of Three Mile Island 1979 and Chernobyl in 1986, coupled with the poorly

understood nature of radiation, have also heightened public fears of the dangers of

ionising radiation (Martin, 2003; Majkaet al, 2005). The perceived dangersofionising
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radiation have led to measures that could be applied to reduce anyrisks involvedin its

application on humans (Prasad et al, 2004). However in Ghana due to the high

illiteracy rate and lack of awarenessthe effects of radiation arelittle known nor taken

seriously among the population.

Medical diagnostic imaging has changed dramatically in recent years; newer imaging

modalities are now in commonuse. Although newer imaging modalities such as

ultrasound, computed tomography (CT), and magnetic resonance imaging (MRI) have

become the primary imaging techniques for selective examinations in developed

countries, conventional imaging is still widely used for most medical imaging,

especially in developing countries including Ghana. Conventional imaging will be

associated with Ghana and most developing countries for a long time dueto theinitial

investment, the running costs of these new diagnostic equipmentinstallations and the

prevailing poverty levels. Conventional X-ray procedures have beenavailable for over 4

decades in Ghana whilst other imaging modalities such as mammography, computed

tomography and ultrasound wereintroduced in the 1990s. According to Schandorf and

Tetteh (1998a) conventional static radiographic equipment is the major imaging

method in use in Ghana and about 95% of the radiological staff currently work in this

imaging area. Ultrasound is the second most common imaging methodin use, but this

facility in some hospitals is not located in the X-ray department because of lack of

trained operators. Computed tomography (CT) is limited in availability and the first

magnetic resonance imaging (MRI) was installed in the country’s leading teaching

hospital, Korle-Bu in 2005 (Ghana News Agency, 2005).

According to Reiner et al (2006) despite escalating technological innovation in medical

imaging, general or conventional radiographic examinationsstill account for 65%-70%

of all imaging examinations worldwide. It was further stressed that, in spite of the

inroads of the digital revolution, most radiologists and technologistsstill operate in a

“film like” world. This emphasises the continued importance of general imaging at a

time when high-technology modalities, such as CT and MRI, have becomeroutine

elements of imaging practice (Reineret. al. 2006).
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The Basic Safety Standards for the protection against ionising radiation and Safety of

radiation Sources (IAEA, 2002) recommendinternationally that alternative imaging

methods (e.g. MRI or ultrasound) should be considered if they will provide equal or

better information. These modalities avoid the use of ionising radiation and the

subsequentrisks to the patient (Valentine, 2000). However, this is not yet a viable

option in developing countries due mainly to cost.

A World Health Organisation workshop on efficacy and efficiency in the diagnostic

application of radiation and radionuclides which was held in Neuherberg in 1979,

concluded that an important step in the development of efficacy/efficiency studies

would be the design and adoption byall countries of a programmeof quality assurance

and quality control in the domain of radiodiagnostic and nuclear medicine with the aim

of improving the diagnostic quality of procedures and reducing wastage. It was

considered that better diagnostic images, which could lead to more accurate diagnoses

and better-informed decisions regarding treatment, would benefit not only the health

of individual patients but also the health status of the population (WHO, 1982). The

conference felt that the World Health Organisation (WHO) and the International

Atomic Energy Agency should play a catalytic role in the design and implementation of

this quality control and quality assurance programmes.

Some countries, especially the developed ones have initiated quality assurance in

diagnostic radiology at either the national or local level in the last 30 years. In Ghana

such programmesdo not yet exist. Due to the accrued interest in quality assurance in

diagnostic imaging there is an urgent need for realistic recommendations and explicit

strategies in this area for their implementation in Ghana in particular and the

developing countries in general. Ensuring patient safety has taken on an additional

urgency in imaging, with widely cited publications that indicate increased cancerrisks

from Computed Tomography (CT) and other examinations and continued concerns

about the effects of low-level radiation (Cohen, 2002; Barrington de Gonzalez and

Darby, 2004; BrennerandElliston, 2004). Reiner et al (2006) observed that, although

patient concerns about radiation exposure have been somewhat mutedin the United

States, coverage of these issues in the media and on the Internet may produce an
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increasing public awareness about radiation doses andcalls for more aggressive quality

assurance measuresin the performanceof general radiographic examinations.

Recently in Ghana, concerns have been raised about poor quality of health care

delivery, patient safety, indiscipline and poor inter-professional communication and

co-operation. Health workers are being encouragedto provide quality, results oriented

and client focused services enshrined in the mission statement of the Ghana Health

Service (GHS) and efforts to improve the quality of health care and training in the

hospitals to facilitate client and customer satisfaction (Ghana News Agency, 2003). To

further this aim, the Ghanaian government launched the Patient’s Charter on the code

of conduct and disciplinary procedures, which had increased the expectation,

awareness, and insistence of the public on their rights. The environmentin the country

called for commitment and a radical changein the attitude of health professionals and

the urgent demandforpolicies from health care institutions that lead to strategies to

implement quality assurance in all areas of health care delivery including diagnostic

imaging. Nevertheless in Ghana as well as other developing countries, the right of

patients are often ignored due tolack of appropriate structures to support and address

their needs.

Wilson (2000) observed that quality assurance programmes not only provide a

framework for the optimisation and maintenance of adequate image quality but also

fulfil an essential role by ensuring that patient doses are minimised. Patients expect

and demand good quality X-ray studies therefore, the true objective of quality

assurance and quality control in diagnostic imaging should be an improvementin

patient care (Reineret al, 2006).

1.6 Quality assurance

Kodak (2005) defined quality assurance as a plan of action to ensure that a diagnostic

X-ray facility will produce consistently, high quality images with a minimum exposure

to patients and personnel. Quality assurance is regarded as the measurement of the

actual level of service rendered and the efforts to modify, when necessary, the

provision in the light of the results measured. There are several paradigms on QA and

different authors place different emphases on QA. For example, Finch et al (2001)
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suggest that the focus of quality assurance should be provision of quality health

service to the patient andin the clinical radiologist context, one of the most important

factors is the quality of the image. Wilson (2000) holds the view that quality assurance

programmesare designed to remove as many of the variables as possible before they

degrade image quality. Quality assurance programmescan be seen as a management

tool for maintaining optimal diagnostic image quality, with minimum hazard and

distress to patients. The authors believe that if the X-ray equipment is regularly

monitored and serviced and the radiographers’ carry out good patient care by

employing a high standard of technique, then the diagnostic quality of the images

could lead to an accurate diagnosis with minimum patient dose. These factors combine

to give a better service to the patient. In addition, if multiple repeat films are taken,

the patient receives unnecessary exposureto radiation and if pathology that is present

is missed due to poor quality images, the clinician may misdiagnose the patient and

could be subject to legal action by the patient. Three things stand commonin all

paradigms; image quality, patient safety, and quality of service.

The primary benefits of quality assurance programmesin imagingwill be an increasein

image quality leading to more effective diagnosis, a reduction in the number of

repeated films and subsequent avoidance of unnecessary radiation to the patient and

staff. Other associated benefits include less downtime of equipment, improved patient

flow due to avoidance of repeat films and reduction in the cost of films and processing

chemicals. The operation of effective QA programmesalso encouragesprofessionalism

and motivation.

Implementation of Quality Assurance programmes may seem a daunting prospect to a

developing countrylike Ghana, butit is perhaps best regarded as a whole system for

providing an improved quality of service. In the European Union, the organisation of

quality assurance and quality control vary from hospital to hospital butit is a legal

requirement to have such an organized programmein place (IRR, 1999). Quality

assurance programmes cannot and should not be imported holistically from one

country to another due to the variance in the health care systemsavailable in different

countries plus social and cultural differences but an appropriate model could be

developed specifically for in-country application and must have both bottom-up and
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top-down approaches combinedif it’s implementation is to succeed. The evidence

available highlights the need for attention to radiation protection in medical imaging

practice and enforcement of quality assurance programmesin all diagnostic imaging

departments(King et al, 2002).

1.7 Statement of the problem

Previous studies in Ghana in respect of medical diagnostic imaging identified problems

with radiation protection. Schandorf and Tetteh (1998a) found that radiation doses

within imaging departments in Ghana were above international recommended

averages. The studyalso stated that there are neither performance checks nor routine

checks at regular intervals, following major repairs of faulty equipment, to ensure

consistency of equipment performance. The absence of these routine quality control

tests could have severe consequences on the patient and staff radiation protection.

Quainoo (2003) also identified unqualified staff operating X-ray facilities in some

mission hospitals and the use of equipment that lacked essential radiation protection

facilities, such as beam limiting devices.

Unfortunately, the above problems seem to persist in the Ghanaian imaging

departments, which suggests that perhaps no attempt has been made to implement

quality assurance in the diagnostic imaging departments in Ghana to rectify the

problem. As a result of this, the author, an engineer and a lecturer at the imaging

departmentof the Schoolof Allied Health Sciences at the University of Ghana, decided

to visit and interact with staff of imaging departments in Ghana to seek their view on

patient radiation optimisation and quality assurance. During the researcher's personal

interaction among the heads of diagnostic imaging departments in Ghana, it was

apparent that, poor quality radiographic practice, low morale of staff, frequent

breakdownof radiological equipment, lack of written protocols and procedures are

commontoall the hospitals in Ghana from the Teaching through the Regional to the

District hospitals.

A study by Quainoo (2003) on the status of imaging education and practice in Ghana

highlighted the same problems, indicating that quality assurance in imaging

departments in Ghana did not currently exist. This focussed the purpose of the work
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-to investigate the barriers to the implementation of quality assurance in diagnostic

imaging departments with the aim of developing a model and strategy for in-country

application in Ghana. Quality assurance programmes are essential elements in the

quality of service delivery in diagnostic imaging departments in Ghana butstrategies

used to implement these programmesare either absentorill conceived.

To date there has been no effort to promote and create awarenessof optimisation of

patient radiation protection in particular, in the teaching hospitals where majority of

radiological equipment and staff are located. The same situation exists in the regional

and district hospitals. In the International Atomic Energy Agency coordinated research

project on radiation doses in diagnostic radiology and methods for dose reduction

conducted in 1995, (IAEA-TECDOC-796, 1995), the Ghanaian researchers covered only

5 private hospitals and suggested that the dose levels were above internationally

recommended values. This worrying situation was a conservative estimate since no

data was gathered from the teaching, the regional hospitals and the districts hospitals,

which possess the majority of radiological facilities and staff and have the largest

patient throughput. This current study is therefore timely, probably long overdue, and

essential in order to assess the current situation of radiation protection and quality

assurance in diagnostic imaging in Ghana. The intention would be to identify areas

where action is needed and then develop appropriate cost effective quality assurance

systems for optimising protection with the best possible improvementin image quality

and service delivery.

The lack of data on other important issues such as availability of policies and

procedures, reported by previous researchers, which could affect radiation protection

within imaging departments in Ghana, also required investigation. In the absence of

available information there was also the need to establish a base line dataset on

current patient radiation dose, radiation protection and QA practices in the diagnostic

imaging departments in Ghanato inform future work.

1.8 Significance of the study.

From the above background, a study into the optimisation of patient’s radiation

protection and quality assurance in the diagnostic imaging in Ghana could be a
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significant step in improving patient protection because of the awarenessit will create

amongthe operators of imaging facilities in the country. Once there is awareness and

appropriate quality assurance programmes are implemented, it will no doubt

contribute to the provision of high-quality care in the country. This is the key to

improving patient safety, quality service delivery, and the performance of the imaging

facilities. For example, according to the 2006 United Kingdom’s Health Protection

Agency (HPA)five-yearly review of the National Patient Dose Database, the amount of

radiation to which patients are exposed when they have medical X-rays continues to

fall partly due to ever-increasing sensitivity of X-ray equipment and an increase in the

awarenessof exposurelevels in patient doses since the introduction of the National

reference dosesin the early 1990s in the country. “This degree of awareness needs to

be maintained, “says the HPA (Hart et al, 2007).

The present study has the potential to contribute to the development of educational

programmesandactivities that will provide radiographers and radiological technicians

with more knowledgein quality assurance, patient radiation optimisation, and patient

care. It is also important because of its implications for training and education for

referring clinicians, whilst also helping the Ghana Health Services vision of ensuring

quality care in the health institutions.

The study would serve as a radiological protection and QA framework, which could be

extended to all imaging modalities and hospitals in Ghana, to facilitate a systematic

approach to quality control, assurance and optimisation of radiological protection for

the patients in diagnostic imaging throughout Ghana. The collection of current patient

dose and image quality data from someteaching, regional and district hospitals in

Ghana and comparing them to internationally recommendedvalues (IAEA, EU and UK)

would be a first basic step towards development of a QA system that would bring

radiological procedures in the country in line with European Guidelines on Quality

Criteria for Diagnostic Radiological Images values (EC- EUR 16260 EN, 1996), thus

complying with the internationally recommended standards. Additionally, this study

will contribute to the national data required to establish national diagnostic reference

levels in Ghana and help estimate the total collective population dose from medical

exposures and subsequent radiation risk assessment. The study will also highlight
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some quality control interventions that will ensure the reduction of patient dose and

image quality improvementin the imaging departments. The findings could inform the

development of educational programmesandactivities that will provide radiographers

and radiological technologists with more knowledge in balancing radiographic image

quality and dose optimisation.

Finally it is important that the practice of patient dose optimisation and quality

assurance becomespart of the safety culture of staff working in imaging departments

in Ghana. It is hoped that this study will improve this culture so that graduating

radiography students will incorporate these practices as part of their normal work

ethic.

1.9 Research aims and key objectives

The aims of this study are to undertake both a quantitative and qualitative baseline

assessment of radiation protection protocols and image quality in Ghana and to

address the issues raised by the development of a sustainable Quality Assurance

programmefor implementation in diagnostic imaging practice.

Specific objectives wereto:

e elicit stake holders’ views on the status of infrastructure, protocols, regulations,

educational and training support and other important issues required for radiation

protection and quality assurance within the imaging departments in Ghana.

e identify any measures consistent with international standards that are in place for

radiation protection and quality assurance.

® measure patient dose for selected radiographic examinations in two teaching and

eight regional hospitals

e undertake an image quality assessment study for standardisation

e assess the film reject rate as an indicator of the status of image quality of the

radiographs produced in two teaching and ten regional hospitals and analyse the

causes of poor image quality

e develop a blueprint for quality assurance in diagnostic imaging practice in Ghana

® promote an ongoing awareness about practical implementation of patient

radiation optimisation as a part of the safety culture of staff in imaging

departments in Ghana.
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CHAPTER 2

Quality assurance and patient radiation dose optimisationin

diagnostic radiology; a review of the literature

This chapter reviewsliterature relevant to the study. The aspects of quality assurance and

radiation protection to be considered are:

e Principles of Quality Assurance (QA)in diagnostic imaging

e Patient radiation dosein X-ray diagnosis

e Principles of radiation protection in diagnostic imaging

e Patient dose assessment

e Patient dose reduction methods

e Image quality assessmentandinfluential factors

e Reject analysis as quality indicator

e Overview of radiation protection of the patient studies in Ghana and other

developing countries

2.1 Principles of quality assurance (QA)in diagnostic imaging

Causer et al (2005) observed that risk management in a modern diagnostic radiology

facility requires that all X-ray equipment used on patients is safe and operating optimally

and recommend quality assuranceincluding basic quality control tests to ensure optimal

equipment performance coupled with radiation safety for patients and staff. Quality

assurance is defined as planned and systematic actions necessary to provide adequate

confidence that an item, process orservice will satisfy given requirements for quality, for

example, those specified in the licence (IAEA TECDOC-1423, 2004). A more general

definition of quality assurance is a systematic programme of controls and inspections

applied by any organisation or body involved in the transport of radioactive material

whichis aimed at providing adequate confidence that the standard ofsafety prescribed in

these Regulations is achieved in practice (ISO 921, 1997). Quality control which is a

component of quality assurance is intended to verify that systems and components
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correspond to predetermined requirements (ISO 921, 1997). With particular reference to

diagnostic imaging, a quality assurance programme which includes quality control tests

helps to ensure that high quality diagnostic images are consistently produced while

minimizing radiation exposure (Bureau of Radiological Health, New Jersey, 2002). QA

programmesare designed to remove as manyof the variables as possible and to correct

problemsbefore they degrade imagequality

Quality assurance should cover the entire X-ray system from machine to processor to

image viewing (Wilson 2000). This programme identifies when parameters are out of

limits at any stage of the imaging process which could result in poor quality images,

increased radiation exposure to patients, or both. Quality assurance and quality control

have beenpracticed in manyhospital radiology departments in most developed countries

for years (Wilson, 2000). Imaging QA is being practiced in some hospitals in developed

countries, but the process is not always implemented as stipulated by the respective

regulatory bodies. For example in the United Kingdom it is known that the organisation of

quality assurance and quality control varies from hospital to hospital, and most radiology

departments are implementing QA programmesat somelevels, though not always to the

standard set out by the regulatory body (Finch et al, 2001; IPEM Report 91, 2005).

Howeverin developing countries like Ghana, QA in diagnostic imaging is either yet to be

conceivedoris practiced in an informal and inconsistent manner.

2.1.1 Legislative framework for quality assurance

The implementation of an effective quality assurance programmein diagnostic imaging

requires legislation in orderto beeffective and the responsibility for compliance should be

placed on the radiology department and other users of such equipment (Wilson, 2000;

Langston et al 2001). In the European Union, the requirement of departmentsto institute

robust QA systemsis detailed in the European Directives governing the use of ionising

radiation, implemented in UK through the lonising Radiations Regulations 1999 and the

lonising Radiation (Medical Exposures) Regulations (IR(ME)R) 2000 . Thusin UK,it is a legal

requirement to have such an organised QA programmein place and employers have a

duty to ensure that medical physics expertise is available to advise on Quality Assurance
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matters (Finch et al, 2001). IRR (1999) require quality assurance and quality control on

performance of equipment used to deliver ionizing radiation and ancillary equipment.

These requirements werefurther enhancedby the introduction of the IRMER Regulations

in 2000, which put significant emphasis on the importance of optimization of radiological

procedures. QA is regarded as an important aspect of the optimization process.

In the United Kingdom, the legal requirement to check the performance of X-ray

equipmentis stated in the IRR (1999). Regulation 31(2) in particular puts the onus on the

installer of X-ray equipment to undertake a critical examination of the mannerin whichit

wasinstalled, to ensure that the safety features and warning devices operate correctly

and that there is sufficient protection for persons from exposureto ionising radiation

(Langston et al, 2001). Employers are also obliged to ensure that equipment used in

connection with medical exposures is of such design or construction and is so installed and

maintained as to be capable of restricting the medical exposure of patients so far asis

reasonably practicable, compatible with the clinical purpose. Regulation 32(3)-(4) of the

IRR 1999 however, makes it clear that Quality Assurance must be undertaken on any

equipment or apparatus which is used for medical exposure and recommends that a QA

programme must include tests before first use of equipment and then test at regular

intervals and after maintenance. The Medical and Dental Guideline Notes in the UK (IPEM

91, 2005, para. 3.30) also place emphases on the need for QA in diagnostic imaging by

stating that “all X-ray departments should undertake quality assurance to ensure the

continual production of optimum quality images with the minimum necessary dose to the

patients.

Bodies in UK including the Royal College of Radiologists (RCR) and the National

Radiological Protection Board (NRPB), now knownasthe Radiation Protection Division of

the Health Protection Agency (HPA), also reinforce the need for routine performance

testing in diagnostic imaging in the UK National Health Trusts (IPEM 91, 2005). The

Institute of Physics and Engineering in Medicine (IPEM) in UK, represents the inspection

standard adopted by the Health and Safety Executive (HSE), the enforcement agency for

the legislation, when assessing compliance with regulatory requirements pertaining to
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Quality Assurance. Outside the UK, most developed countries including, USA, Canada,

Japan etc also have regulations backing the institutionalisation of quality assurance in

diagnostic imaging departments of their respective Health Care Services. Périard and

Chaloner (1999), report that a basic diagnostic imaging quality assurance programmeis a

regulatory requirement in many provinces in Canada and similarly, in the United States of

America, individual states have regulations on quality assurance in place for diagnostic

imaging (Wilson, 2000; Bureau of Radiological Health, New Jersey, 2002).

In contrast, regulations on quality assurance in diagnostic imaging are rare in developing

countries like Ghana. A few such countries have established regulations on quality

assurance for their diagnostic imaging departments, such as Estonia, where the

requirements for radiation protection and quality assurance in X-ray examinations are

defined in the Regulation 56(1998) of the Ministry of Social Affairs, concerning

requirements for using medical exposure, based on the Euratom Directive 97/43 (Kepler

et al, 2005; Kepler and Vladimirov, 2008).

In Ghana, the regulatory body, which has an overview responsibility for the use of ionising

radiation, is the Radiation Protection Board (RPB) of the Ghana Atomic Energy

Commission (GAEC). The RPB is mandated to be the national competent authority in

Ghanaforlicensing and inspection of sources and practices for the purposesof radiation

safety. The Radiation Protection Board (RPB) has formulated Radiation Protection and

Safety Guide (GRPB-G9, 2003) on medical exposure based on Regulation 11 of the

Radiation Protection Instrument LI 1559 of 1993. This was developed from the guidance

provided in the International Atomic Energy Agency Safety Guide Rs-G.1.5 on

“Radiological protection for medical exposure to ionising radiation”. This regulatory guide

was developedtoassist a Registrant/Licenseeto follow systematic procedurestofacilitate

effective implementation of the radiation protection regulations, but contains no

provision for or guidance on quality assurance. The target group for this guide includes;

managersand staff of the radiation protection Institute, employers and workers,licensees

and registrants, radiation safety officers, qualified experts, health and safety committees,
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health care professionals and suppliers of medical equipment however patients do not

appearto be included.

The researcher’s experience in the Ghanaian healthcare system regarding rules and

regulations indicates three common problems; lack of awareness, dissemination and

enforcement. Though such regulations exist, the researcher’s personal experience through

the interaction with most of the personnel of the country’s diagnostic imaging

departments and hospitals showed virtually no knowledge or documentary evidence of

the existence of such regulations. There seems to be a missing link between the regulatory

body and the individual hospitals. In addition accountability and responsibility towards

law enforcements in Ghana appears dysfunctional. It is therefore not surprising that

personnel of the country’s health facilities are not aware of the existence of such laws.

The lack of appropriate policies and structures, ineffective dissemination of information

down the management chain and lack of resources all contribute to this lack of

awareness.

Schandorf and Tetteh (1998a) recommended the establishment of a national quality

assurance policy and programmein the Health Services in Ghana in collaboration with the

Radiation Protection Board of the Ghana Atomic Energy Commission (the regulatory body)

based on the recommendations from the International Atomic Energy Agency (IAEA).

However, for almost two decades now, interaction with the diagnostic imaging

departments suggests that there is no such formal QA programmein place in any of the

facilities, including the teaching hospitals. Recently, the Ghana Health Service established

a directorate for quality assurance to oversee the implementation of quality of care

activities in the Ghanaian hospitals. A critical scrutiny of the directorate’s document (GHS,

2002b) shows that quality assurance in diagnostic imaging is currently outside the scope

of the unit.

2.1.2 Man powerdevelopmentfor effective QA implementation

Producing high quality radiographs requires appropriate positioning of the patient,

selection of proper exposure factors, control of processing conditions and an accurate
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interpretation of the quality of the resultant image. The technical skill of the radiographer

has the greatest effect on the final image; even a minor technical adjustment can affect

image quality. Given the enormous technological change which has occurred overthe past

decades within the field of medical imaging, there exists a real need to define the

optimum organisational or corporate structure which can deliver quality diagnostic

outcomes (Moores, 2002; Spalding, 2003; Shanahan, 2007). Radiographers need to be

able to deal with advanced technical equipment and be responsive to the continuous

technological development within their field (ISRRT, 2004; Hafslund et al, 2008). The

radiographer’s professional skills therefore must be continually refined to take advantage

of new improvements in image recording media and techniques in order to produce

quality radiographs. The Bureau of Radiological Health (2002) and IPEM Report 91 (2005)

proposed that quality assurance programme should include the means to provide

appropriate training for all personnel with quality assurance responsibilities and especially

those involved with quality control testing. A continuing education programme is

necessary to keep personnel up-to-date.

It is essential that individuals working with X-rays should continuously improve their

knowledge base in order to be aware of effective diagnostic practices that will help

protect patients and staff from unnecessary exposure to ionising radiation (Dowd and

Tilson 1999; Martin 2003; Manning 2004). Both the IAEA and ICRP emphasise the need to

use well trained staff to operate X-ray facilities in order to achieve a high standard of

radiation protection in medical imaging (ICRP Publication 60, 1991; IAEA, 2002). The IAEA

(2002) further suggest that imaging organisations should endeavourto train qualified staff

and support them to attend regional, national and international courses on optimisation.

It has been suggestedthatit is unreasonableto train individuals at a young age and expect

them to maintain the necessary skills for a lifetime of work. Therefore to future proof an

individual’s working potential, ongoing education and training would be a basic

requirement, otherwise a working population would become deskilled within its own

working lifetime (Moores, 2002). Similarly, qualified radiographers need to engage in

further training in order to enhance competence,skills and technical knowledge that will
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further improve the quality of service provided to patients. Towle and Godolphin (2001)

and Ehrilch et al (2004) share the view that formal professional education is just an aspect

of professional development and whenit is combined with research and professional

seminars and workshops and continuous professional development, care provided will

improve. The Department of Health (DoH) in the UK, in particular, believes that there is

much to gain when health professionals are provided with the opportunity to advance

their career through further training (Department of Health UK, 2004; Department of

Health UK , 2008). There is no doubt that an improvementin knowledgeandskills is highly

motivational for staff, particularly in developing countries that generally have fewer

opportunities for career progression.

The W.H.O. recommend that training programmes for the introduction and wide

application of quality assurance proceduresin diagnostic radiology should be established

for the various categories of personnel in need of such training. The groups of people

concerned should be encouraged to make the maximum use of elements relating to

quality assurance in their basic professional training, and such professional training

should, in future, incorporate some of the basic concepts inherent in quality assurance

programmes (W.H.O., 1982). It further recommends that in view of the variety of

backgrounds and responsibilities of the categories of personnel to be trained in quality

assurance procedures,training should be providedfor the following groups:

(i) Radiographers or medical radiology technicians, who have to perform routine

basic quality control tests

(ii) Radiologists

(iii) Other medical personnel who perform radiodiagnostic procedures on a routine

but less frequentbasis - dentists, physiologists, orthopaedists

(iv) Medical and health physicists, X-ray engineers and engineering technicians

Althoughthe specific training requirements of each groupwill differ, the relevant training

curricula will contain some commoncore elements. The form of training for QA & QC is an

important consideration due to time constraints for the staff concerned so it is

recommendedthat all training in quality assurance procedures should be practically

oriented, with a minimum of formal teaching (W.H.O., 1982). Formal teaching should be
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restricted to that necessary to achieve an understanding of the physical and

physiochemical parameters investigated, and the maximum amount of time should be

devoted to the direct application of procedures and an evaluation of results. Using this

‘hands on’ approach, the training could be brief, but the number of trainees on each

course should be restricted in accordance with the practical facilities available. The

method of teaching in QA programmes mustbeflexible and accommodatesuchfactors as

variations in the background knowledge of trainees and local facilities. The curriculum

must include practical demonstrations of quality assurance procedures as Bates (2007)

found that when evaluating a novel, UK accredited research skills course in a teaching

hospital in Ghana, learning by doing and a supportive peer community arecritical in

promoting learning in an environment wheretutors are scarce. It is also important that

the consequences of poor/absence of quality procedures are made explicit and that a

pride in quality is encouraged.

Instruction manuals and teaching aids form an integral part of the training programme

and the production and regular updating of these manuals is essential. Additionally,

comparative studies of X-ray image quality on a local, regional or international basis are

important and should have an impact on the aims of training and the motivation for

developing and maintaining programmes. Due to the variety and high degree of

specialisation in many QA programmes,there is always concern that developing countries

like Ghana may not be able to achieve this. In fact, quality assurance systems used in

industrialised countries and published in the literature are not appropriate for rural

settings in poor countries such as Ghana. They are too complex for a workforce that is

made up of a range of qualified / unqualified staff and assistants and they are based on

assumptions that the methodsare generally automated and communication and transport

networks are reliable (Bates et al, 2004). However, if basic-level training of medical

radiology technicians and other persons involved in quality assurance procedures is

organised nationally, and is realistic and relevant, then it is achievable. There are in

existence imaging quality assurances handbooks that have been specifically developed by

Lloyd (2001) for WHO and Chen-Yuan et al (2008) for the Tuberculosis Coalition for

Technical Assistance, to give practical training for radiographers and radiological
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technologists for use in developing countries like Ghana with few resources. These

documents recommendsimple procedures that are effective and are far morelikely to

succeedin resource constrained settings.

Recently Ghana has started training radiologists and graduate radiographers in country.

The inclusion of QA in the training curriculum in Ghana is essential to support the

implementation and the maintenance of QA in Ghanaian hospitals in the near future but

this does not currently happen. The training of medical and health physicists, X-ray

engineers and engineering technicians could be conducted in countries in which adequate

technical knowledge and suitable facilities exist. In the absence of these resourcesin

Ghana, currently such training can only be be organised onan international basis.

It is suggested that Health Services must ensurethat all individuals performing any of the

quality control tests have an appropriate level of training to perform the tests

competently (Bureau of Radiological Health, New Jersey, US 2002). Anyone with adequate

training can perform quality control tests for radiographic and fluoroscopic equipment

with the level of training required dependent on the test being undertaken. Some

procedures such as darkroom maintenance and cleaning require minimal training whereas

film processor quality control tests and their interpretation require higher level training.

Ideally, the department should ensure that there are sufficient trained personnel so that

there is always someone available to perform the necessary testing and maytrain their

own personnel in house. Product manufacturers, vendors, and service companies have

training aids in the form ofleaflets and videos. Companies, whosesole purposeis training,

as well as service and repair companies and the facility's medical physicist, can provide

seminars and training courses ranging from a few hours to several days or more on how to

perform Quality Control tests. Basic but adequate training of personnel would ensure that

simple tests were performedcorrectly, consistently and for minimal cost. However, with

minimal resources the most basic QA and QC can have significant impact on quality

improvementandthis is feasible in Ghana.
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The quest for evidence-based practice and competence for the healthcare professionals

has gained much publicity in the last 10 years. For a professional to be deemed

competent, the practitioner must demonstrate the acquired knowledge, skills and

techniques (Flores-Mateo and Argimon, 2007; Hafslund et al, 2008). These qualities could

be gained if the professional engages himself or herself in post-qualification

developmental activities (Hafslund et al, 2008; Price and Edwards, 2008). After first

qualification, every radiographer in the UK is expected to maintain and improve acquired

knowledge, skills and techniques to maintain and advance competence and

professionalism (Spalding, 2003). According to Gambling et al. (2003), such continuing

professional development (CPD) benefits the radiographer by offering the opportunity to

retain basic knowledge, enhance existing knowledge and acquire new knowledge

throughouttheir working life. In the area of healthcare, small advances in knowledge and

skills can makea significant difference to patient care, safety and management. Advances

in technology, changesin clinical practice and the restyling of the health services require

the implementation of a comprehensive CPD programme (Palarm et al, 2001). The

importance of training and CPD should be of paramount importance due to the medico-

legal issues surrounding these extendedpractices, although this would appear at present

to be an area of neglect in some fields of imaging. One of the roles of the quality

assurance advisor is to help implement quality assurance training in the imaging

departments.

The Human Resource Department of the Ghana Health Service is responsible for

undertaking training needs assessment; providing technical support in the management

and implementation of in-service training activities; developing health learning materials

and establishing and monitoring training information system (The Ghana Health Service,

2002a). Despite this remit, Quainoo (2003) found that only 21.1% of radiographers and

technicians within two major teaching hospitals had had any post basic and in-service

training. For example, a symposium organised in Ghana in 2001 wasthefirst time some

radiographers and technicians have had the opportunity to attend a workshop even

though they had been qualified for over 2-3 decades (Scarisbrick, 2001). There is no
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evidence in the literature to suggest there has been much changein this situation since

2001.

Henwoodand Taket (2008) suggest that some radiographers are generally unaware of a

holistic concept of CPD, but focus on specific components such as participation in

attendance-based activities and often do not recognise their involvement in some

activities such as reading research papers, workshops, seminars etc., as contribution to

CPD and recommendthat active participation in CPD activities is necessary and the

attitude with which participants undertake activities is of the utmost importance. Studies

that focus on UK radiographers generally show that CPD is often undertaken in a

haphazard and almost random way (HenwoodandTaket, 2008). If the concept of CPD has

never been officially introduced as in the case of Ghana or formalised in an organisation

then this is a missed opportunity. Sometimes radiographers may be eager and willing to

enhance or upgrade their knowledge by acquiring new skills and knowledge but the

opportunities either do not exist or are not created for them to doso,asis the case in

Ghana.It is therefore necessary to find out the awarenesslevel of QA and CPD among the

Ghanaian radiographersin order to guide future recommendationsand actions.

2.2 Patient dose in X-ray diagnosis

Radiographic examinations are complex in nature and can involve unnecessary radiation

dose to the patient. This is a matter of concern, since exposure to ionising radiation is

associated with detrimental health effects, namely stochastic and deterministic effects.

Stochastic effects (e.g. cancer induction) are those for which the probability of the effect

increases with the dose, without a threshold, but the severity of the effect is independent

of dose. Deterministic effects, which include neurological effects (such as mental

retardation), death or malformation, are those that occur only after a threshold doseis

exceeded, with both the probability of the effect and its severity being dose dependent.

Whenionising radiation interacts with living tissue, some of the electrons are ejected from

their orbits, breaking chemical bonds. Individual cells can often repair this damage, but

the repair process is occasionally faulty, resulting in mutations. If the chromosomes are
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damaged,the fault can propagate whenthecell divides. In the early stages of pregnancy,

this increases the risk of genetic disease in the developing fetus. In all patients, it increases

the risk of developing cancersin later life. These are termed stochastic effects, since there

is not thought to be any dose threshold below which they cannot occur. On exposing an

organ to ionising radiation, the probability of the effect occurring is directly proportional

to radiation dose received and thereis no safe level of radiation and it is impossible to

completely prevent these effects because there is no threshold dose (Dewey, 2005; Engel-

Hills, 2006). This means that all dose received carries some risk and therefore there is no

grounds to assumethat there is a safe limit to radiation dose (Graham and Cloke, 2003;

Engel-Hills, 2006; ICRP Publication 99, 2006). Symptomsoften do not appearuntil years or

even decadesafter the initial radiation exposure. This makes it impossible to determine

which cancers were caused by medical exposures. The effects in the developing child due

to ionising radiation are indistinguishable from those that occur naturally. It is therefore

impossible to identify any disorder in a specific person as having been causeddirectly by

radiation. The only way currently, to established radiation effects is by population-based

studies in which the frequency of an effect in an exposed population is compared with a

control population of unexposedindividuals (Osei and Faulkner, 2000).

Twosignificant stochastic effects due to diagnostic imaging are radiation-induced cancers

including leukaemia and heredity effect, and genetic effects and according to Martin and

Shand (2003), stochastic effects are the main hazards which need attention when deciding

whether a diagnostic examination should be performed. Based on thesefacts, radiation

protection literature has emphasised the needfor radiologists, radiographers/technicians

and referring clinicians to understand the risk and the biological impact from exposure to

ionising radiation in orderto provide effective protective measures (Lo, 2003; Shiralker et

al, 2003; Engel-Hills, 2006). The general consensusis that radiation safety should be an

important componentof the training of the diagnostic radiographer/technician so that

when they X-ray a patient, it is done in a manner that the patient would not be over

exposedin trying to acquire the desired image (Gordon, 1999), with the subsequentrisk of

additional exposureto staff. He further states that:
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“Radiation is a powerful medical tool that demands knowledge and respectful

handling if we are to protect our patients and ourselves from potential harm’

(Gordon, 1999)

This suggests that there is the need for measures that will ensure appropriate application

of radiation and goodradiation protection of the staff, the patient and the public.

lf a large numberof cells in one part of the body are killed or sterilised, deterministic

effects such as skin burns and ocular cataracts can occur. Such injuries only develop after

a certain dose threshold has been exceeded. Their severity depends on the magnitude of

the dose received. Interventional radiology and cardiology procedures can involve

prolongedirradiation of particular areas of the patient’s skin, and are knowntocarry a risk

of radiation burns. In deterministic effects, two things are eminent (Graham and Cloke,

2003). Theseare:

(i) the higher the radiation dose received the greater the severity of the damage and

(ii) there is a threshold below whichtheeffect of the exposure will not occur. This has

not been provenbystate or international radiation protection bodies andis therefore yet

to be accepted (Washington State Departmentof Health, 2003; Engel-Hills, 2006).

Thus in deterministic effects higher radiation doses are needed and until recently this

would occur only as a result of radiation accidents and during radiotherapy (Graham and

Cloke, 2003). However, with the introduction of newer imaging methods such as

interventional radiological procedures which require higher doses and longer exposure

times, deterministic effects such as severe skin burns have been reported (Osei and

Faulkner, 2000). Examples of deterministic effects are cataracts, erythema,epilation and

even death (Mahesh, 2001). However, these arestill very unlikely in diagnostic imaging.

2.3 Principles for radiation protection of the patient

Radiation protection applies to all measures that protect people (radiation workers, the

general public and patients) from the detriments of ionising radiation resulting from its

use in medicine (Cunninghamet al, 2004). It develops and sustains an environment where

ionising radiation poses as little a threat as possible to the public (Graham and Cloke,
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2003). The strategies for radiation protection are too numerous and varied for this

literature survey to attempt to coverall in great detail but the most important aspects

relevant to diagnostic imaging are considered.

The current fundamental principles guiding all activities and which have been established

to contribute to radiation dose reduction in the application of ionising radiation are

justification, optimisation and limitation (Goldstone, 2003a). Justification and optimisation

are of particular importance for the protection of the patient in diagnostic imaging and

underpin the professional and legal responsibility of the radiographer to produce images

of diagnostic quality at acceptable cost to the individual patient and to society (Matthews

and Brennan, 2008). Limitation is mainly aimed at staff and public protection.

2.3.1 Justification of procedures

Diagnostic investigations using ionising radiations offer potential benefits to the health

care of patients and are an accepted part of medical practice. Howeverit is recognised

that exposure to such radiation is associated with an increased risk in the long term of

malignant disease in those personsirradiated (Berrington de Gonzalez and Darby, 2004;

Engel-Hills, 2006). For example, studies conducted have indicated that in the UK about

0.6% of the cumulative risk of cancer to age 75 years could be attributed to diagnostic X-

rays, which is equivalent to about 700 cases of cancer per year. In 13 other developed

countries, estimates of the attributable risk ranged from 0.6% to 1.8%, whereas in Japan,

which had the highest estimated annual exposure frequency in the world, it was more

than 3% (Berrington de Gonzalez and Darby, 2004; Manning, 2004).

Furthermore, it is assumed that the probability of occurrence of these adverseeffects is

directly proportional to the level of exposure, without any dose threshold (Engel-Hills,

2006). Onthis basis, it is necessary to consider the potential harm, albeit relatively small,

arising from even the lowest levels of absorbed radiation dose and to avoid those

exposures that have influence on patient management. Accordingly, it is necessary to

weigh the likely benefits to patient management from diagnostic medical exposures

against the potential radiological harm in order to justify such practices.
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Internationally, in countries with regulatory bodies, it is recommended thatall diagnostic

practices should be justified (Engel-Hills, 2006). Justification is the first step in radiation

protection. It is accepted that diagnostic exposureis justifiable only when thereis a valid

clinical indication, no matter how good the imaging performance maybe.According to the

International Atomic Energy Agency (IAEA), every examination must result in a net benefit

to the patient (IAEA-TECDOC-1423, 2004). Justification of X-ray examination is said to

have the mostsignificant impact on radiation dose (Manning, 2004) and is possibly the

most vital measure in radiation protection in diagnostic imaging procedures (Cooketal,

2001). For these reasons, in Ghana’s regulationsit is stated that:

“no patient is exposed to radiation for diagnostic purposes unless the procedureis

prescribed by a medical practitioner who fulfils the requirements of the Ghana

Medical and Dental Council and the Ghana Health Service on training and

experience for prescribing procedures involving medical exposure. The prescriber

shall consider the efficacy, benefits and risks of alternative technology, for example

ultrasound, magnetic resonance imaging and endoscopy”. (Radiation Protection

and Safety Guide, GRPB-G9p. 11, 2003)

Justification therefore takes into consideration the benefits and harm that an X-ray

procedure can provide for the managementof the patient as well as the degree to which

workers and the general public are endangered with the cost of the procedure also in

mind (Brennan, 2003). According to Brennan, there are twostages in justification of

medical exposures that are usually required: the first is the general application of ionising

radiation for a specific purpose such as diagnosis, treatment or mass screening; the

second stage is concerned with the individual patient whichis theclinical justification. He

suggests that the following need to be considered when dealing withclinical justification

of a procedure:

e clinical information supplied;

e the specific reasons for the requested procedureandits relevanceto the individual

involved;

e the potential benefit and risks associated with the test request.
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e the efficacy, benefits and risks of suitable alternative techniques that are available.

Some problemsassociated with justification of X-ray procedures have beenidentified. For

example, Bury (2004) identified controversial issues such as whether a radiologist should

challenge a trained cardiologist about an angiography examination or the orthopaedic

surgeon about hip surgery and Corbett (2008) also observedthatclinicians often decide to

carry out a follow-up/ and add-on procedures during a ‘diagnostic ‘study and managers

find it difficult to interfere as these are ‘clinical decisions’. If this argument is extended to

other specialised radiological investigations, then most examinations will not need to be

justified by a radiologist. In recent years, concern has been increasing with regard to the

rapidly increasing numbers of high dose radiological procedures being carried out without

the direct knowledge of the radiologist and issues arise from the dose being received not

only by patients, but also by staff (Bury, 2004; Corbett, 2008). However, this may be

because radiographers are sufficiently knowledgeable to justify some radiological

examinations.

Another problem with justification is that some radiological investigations are over-

requested and also radiation protection measures applied by radiographers/techniciansin

procedures that have been justified are inconsistent. Additionally, it has also been

identified that X-ray requests lacking the required clinical information to justify the

examination are common. For example, Antwi and Griffiths (2008) identified faults in the

completion of radiological request formsin a study in some hospitals in Ghana. The most

frequent faults were incorrect demographic details, use of unconventional abbreviations,

lack of clinical information in the request forms and general illegibility. Insufficient

information andillegible clinical notes on patient X-ray request form wasalso identified in

a separate study by Lam et al (2004) in Australia. In a similar investigation in Greece,

Triantopoulou et al (2005) detected that most of the request forms they investigated were

not properly completed and about 81.5% did not include age and 46% of the forms lacked

clinical diagnosis. Good ethical practice requires to review and check every request for an

X-ray procedure, including all diagnostic and therapeutic procedures and full explanations

be given to patients, possibly their advocates, and to gain patient’s full consent. Detailed
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clinical information is also required for a proper understanding of the patient’s health

problems which influences the clinical decision for the radiographic procedure (Lam etal,

2004).

The lack of knowledge of non radiologists (for example doctors, physiotherapists, and

nurses) about radiation exposures is believed to be partly a factor causing inappropriate

referral problems (Shiralker et al, 2003; Jacob et al, 2004). A survey of physicians’

knowledge of radiation exposure from common X-ray examinations in the United Kingdom

found major gaps in their level of knowledge regarding radiation doses received by

patients when they undergo commonly prescribed X-ray examinations. Over 97% of the

130 doctors surveyed underestimated the dose and risk from common examinations and

only 6% knew that a CT scan of the abdomeninvolves 400 times the amountof radiation

exposure from a chest X-ray. Some believed that the MRI of the abdomen, knee and spine

involve the use of radiation and that the ultrasound of the abdomen employs radiation

(Napoli, 2003; Shiralker et al, 2003; Malone, 2009). The abovefindings have also been

confirmed qualitatively by other investigators (Lee et al, 2004; Soye and Paterson, 2008).

This situation then raises questions about the capacity of physicians or radiologists to

make informed judgements on justification of medical radiological examinations (Jacob et

al, 2004; Malone, 2009), something the system of medical radiation protection advocates.

The requester’s lack of awareness about the radiation dose associated with radiological

examinations may have an influence on their decision to make a referral (Jacob et al

2004). If radiation protection is not considered by the referrer, the accompanying

necessary information is often omitted.

It is suggested that if the outcomeof an X-ray examination will not provide any useful

information that does affect patient managementthen thetest is not required and should

not be done (EC Radiation Protection 118, 2001; Corbett, 2003). Walker and Tuck (2001)

also suggest that imaging departments should reject any request that has limited

demographic information to identify the patient or clinical details that do not provide

enough grounds to justify the X-ray procedure. This would be a powerful tool that

radiology departments could use to educate referring clinicians to prevent unnecessary

40



medical exposures. It is estimated that 100-250 deaths occur each year in the UK from

cancers directly related to medical exposure to X-Ray (Napoli, 2003; Shiralkaret al, 2003).

To implementjustification, there is a need forclinicians to be familiar with referral criteria

as published by the EC and UK Royal College of Radiologists: Making the Best Use of a

Departmentof Clinical Radiology (EC, 2001; Royal College of Radiologists, 2003). Evidence

suggests that if clinicians follow such guidelines, better results are often obtained than

whenclinicians follow purely their ownclinical instinct (Corbett, 2008).

To contribute to dose reduction, a radiation protection training programmefor doctors,

dentists or other health professionals who might have the right to send individuals for a

medical exposure should be organised (EC Radiation Protection 118, 2001; Jacob etal,

2004). Additionally, It is recommended that the concept of justification and referral

criteria for all types of procedures be broughtto practitioner’s and referrer’s attention on

a regular basis, especially in fields with a rapid development of new procedures, which in

themselves require full assessment, both clinically and financially (Corbett, 2008).

Education as well as training in radiation protection play crucial role in radiation

protection but so does the ethos that is promoted by the group to which an individual

belongs (radiologists/ radiographers) since ethics involves a human judgement,it is one’s

moral sense that directs one to do the right thing (Sia, 2009). Justification therefore

demandsfrom clinicians and diagnostic imaging staff, an increased awarenessonradiation

risk as well as advocacy of the ethos of the profession. The teaching and training in

interventional radiology and radiation protection will require regular revision and

updating and if radiographers andclinicians are trained with radiation risks in mind, it

could lead to reduction, if not elimination of, at least, skin erythema, ulceration and other

associated risks. An awareness of the radiation doses delivered by different techniques

and the acceptable exposure thresholds can help both the patients and practitioners

(Ratnapalan et al, 2008). The reduction in cancer risk from diagnostic X-rays is a

responsibility spread over a range of professional practitioners; but at the very leading

edge of dose delivery is the radiographer and there is no escaping a unique professional

duty in this duty in this respect (Manning, 2004).

4]



2.3.2 Optimisation- a balance between image quality and dose

Given the harmful effects associated with exposure to ionising radiation, it is important

both to be able to measure patient doses, and to reduce them wherepossible. Over the

years, reductions in patient doses have been achieved through advancesin technology

and changesin clinical practice and in the UK in particular, repeated national dose surveys

by the National Radiological Protection Board have showna significant lowering of patient

dose for individual procedure types (Hart et al, 2002; Hart et al, 2007). However, whilst

some dose reduction measures have a positive effect on image quality, others degrade

contrast or increase noise. Thusit is important not just to reduce doses but to optimise

each imaging technique, maximising its efficiency and determining the right balance

between patient dose and image quality. Once an X-ray examinationis definitely justified,

the principle of optimisation implies that during the examination, the margin of good over

harm is maximised by given attention to all aspects of radiographic technique (ICRP,

Publication 73, 2007). As with all medical investigations, including medical imaging, ethical

considerations need to be addressed before ionising radiation can be administered (IR

(ME) R, 2000) and onesuchethical consideration relating to ionising radiation is the ‘Cost-

Benefit Relationship’. Will the benefits of this radiographic examination outweigh the

detrimental effects of ionising radiation?

A principle commonly used within imaging departments when administering ionising

radiation is the optimisation. The concept of optimisation, was originally advocated by the

ICRP in 1959, and articulated as “keeping doses as low as practicable” (ICRP Publication

101, 2006) thus laying down the precept that the maximum margin of good over harm

should be achieved from any exposure. In 1996, the ICRP explained optimisation in a

context that “...for any source (of medical irradiation), doses or the likelihood of being

exposed should be as low as reasonably achievable (“ALARA”) and constrained by doses to

individuals and risks to individuals from potential exposures” (ICRP Publication 60, 1991).

In the United Kingdom, for reasonsof legal precedent “ALARA” has been amendedto read

“ALARP”- As Low as Reasonably Practicable (Engel-Hills, 2006).
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The concept of optimisation has been wholly embraced by the European Union, and

enshrined in the European Medical Exposure Directive 97/43/ Euratom that: “All doses

due to medical exposurefor radiological purposes except radiotherapeutic procedures...

shall be kept as low as reasonably achievable consistent with obtaining the required

diagnostic information....”( Commission of the European Union, 1997). Memberstates are

required to pay special attention to exposures involving high doses to the patient, such as

those considered in this study. These requirements have been incorporated into UK

legislation in the form of IR (ME) R 2000, which extend the obligation to cover therapeutic

as well as diagnostic exposures: “The operator shall select equipment and methods to

ensure that for each medical exposure the dose of ionising radiation to the individual

undergoing the exposure is as low as reasonably practical and consistent with the

intended diagnostic or therapeutic purpose”. Thus, radiology providers are underlegal

obligation to use the lowest dose that is consistent with obtaining the required clinical

information. Furthermore, the ICRP Publication 73 (2007) suggests that radiation

protection measures maybe applied and optimised at twolevels:

(i) In the design and construction of equipment, which can reducetheinfluence of

subjective human factors on optimisation of protection;

(ii) During daily operation, where optimisation of protection during X-ray

examinations can have direct influences on patient care

Theoretically, optimisation appears to be a simple principle wherein radiation dose is kept

low and effective radiation protection is applied. Practically, measures to achieve

optimisation must address multiple influences, which can vary from simple to complex.

Nonetheless, optimisation in diagnostic radiology does not mean simply maximizing image

quality and minimising patient dose, rather it requires radiologists to determine thelevel

of image quality that is necessary to maketheclinical diagnosis and then for the dose to

be minimised without compromising this image quality (Wall, 2006).

2.3.3 Dose limitation

The third principle of the radiation protection structure recommendedbythe ICRPis that

of application of dose constraints. This principle requires that the combined effectofall

relevant exposures to any individual should be constrained either by a dose limit, or to
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some control of risks (ICRP Publication 73, 2007). These concepts of dose limits and

control of risk were introduced because of substantial biological and epidemiological

evidence for radiation-induced effects in man (ICRP, 1998). The principle of limitation

affects those who are occupationally exposed and the general public and suggests that

employees must not be exposed to radiation dose beyond a certain limit (lonising

Radiation Regulations (IRR, 1999). Dose limits do not apply to patients undergoing

medical exposure, since the exposure mustbejustified by a net benefit to the patient, and

hence clinical necessity supersedes dose limitation (Goldstone, 2003b). However,

exposures must be optimised by maximising radiation protection to achieve the best

balance between necessary radiation dose and diagnostic outcome (ICRP Publication 73,

2007). When justification and optimisation are effectively applied the principle of

limitation may not be necessary (Goldstone, 2003b).

2.3.4 Diagnostic reference levels (DRLs) and guidancelevels

The DRLsare not doselimits, and have no relationship with numerical dose limits or dose

constraints (ICRP Publication 73, 1996). In explaining their first recommendations on DRLs,

the ICRP (ICRP Publication 73, 1996) indicated that they are:

e an easily measured dose quantity, such as absorbed dose in air, or entrance

surface dosefor a tissue- equivalent phantom orrepresentative patient;

e an investigation level, which , if exceeded, should lead to a review of procedures

and equipmentin order to evaluate whether the approaches to optimisation are

adequate, and to indicate when consideration of dose reducing measures should

be made;

e intended for use as a simple test for identifying situations where the levels of

patient dose are unusually high;

e supplementary to professional judgement;

e not intended to be used in a precise manner, but related only to broadly defined

types of diagnostic examination and to broadly defined types of equipment.

Following the ICRP recommendations, the Commission of European Union issued a

legislation (Medical Exposures Directive (Council Directive 97/43) which required member

states to promote the establishment and use of DRLs (CEU, Council Directive 97/43, Article
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4.2.a) and define DRL as “dose /evels in medical radio-diagnostic practices.... for typical

examinations for groups of standard sized patients or standard phantoms for broadly

defined types of equipment. These levels are not expected to be exceeded for standard

procedures when good and normal practice regarding diagnostic and_ technical

performanceis applied” (page 2). The ICRP had proposed that DRLsbeinitially drawn from

a percentile point in the patient dose distribution for a particular examination, and be

reviewed at intervals as more optimised techniques are developed (ICRP Publication 73,

1996). Following this guidance the EC, expressed the DRL as the dose quantity found at

the 75"" percentile of the mean dosedistribution for each type of radiograph. Whilst, the

establishment of a DRL at the 75” percentile provides a benchmark for objective

assessment of application of the ALARA principle, achievement of the DRL does not

guarantee good practice (European Commission, 1999). Lauders et al (2001) were of the

view that the DRLs were notoriginally proposed as a guide to optimisation, but rather as a

mechanism for identifying outdated and /or poor techniques.

The use of DRLs is already recognised as a useful and practical tool for promoting the

optimisation of patient protection (EC Council Director 97/43/Euratom, 1997). Over the

last two decades, surveys of practice in the UK by the NRPB have demonstrated wide

variations in dosimetric performance betweendifferent hospitals and an obvious need for

guidance on appropriate levels of patient exposure (Hart et al, 2007). NRPB has, in

collaboration with professional bodies, provided general advice concerning dose reduction

(NRPB, 2004; IPEM REPORT 91, 2005). Reference dose values for diagnostic medical

exposure have the function of investigation levels to help identify hospitals where the

dosimetric performance is potentially unacceptable. National reference dose levels for

commonprocedures are set empirically on the basis of observed practice by measuring

dose levels from samples of patients from numerous hospitals. The lonising Radiation

(Medical Exposure) Regulations 2000introduced a legal frameworkfor the establishment

of DRLs in the UK (DoH, 2000 & 2007). In 1992, the National Patient dose database (NPDD)

wasestablished by the National Radiological Protection Board (NPRB) which has now been

merged into the Health Protection Agency as Radiation Protection Division. The purpose

of the NPDD was to collate the measurements of radiation doses to patients from
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common radiological and fluoroscopic X-ray examinations carried out in hospitals

throughout the UK, and to monitor any trends. The RPDis responsible for maintaining the

NPDDand reviewing recommendednational reference doses approximately every 5 years.

Latest review of the DRLs (see Table 2.3.4) was published in 2007 (IPEM Report 88, 2004;

Hart et al, 2009).

In 2002 the IAEA also published the Basic Safety Standards (BSS) for Protection Against

lonizing Radiation (IAEA,2002), which require that guidance levels (similar to the DRLs) for

medical exposure be determined and revised as technology improves and used as

guidance by medical practitioners, in orderthat:

(a) Corrective actions be taken as necessary if dose or activities fall substantially

below the guidance levels and the exposures do not provide useful diagnostic

information and do notyield the expected medical benefit to patients;

(b) reviews be considered if doses or activities exceed the guidance levels as an

input to ensuring optimized protection of patients and maintaining appropriate

levels of good practices; and

(c) for diagnostic radiology, including computed tomography examinations, the

guidance levels are derived from the data from wide scale quality surveys

which include entrance surface doses (ESD) and cross-sectional dimensions of

the beamsdelivered by individual facilities for the most frequent examinations

in diagnostic radiology.

The IAEA recommends that once a suitable patient dose quantity has been chosen,

indicative dose measurements can be made on ‘average’ patients, under normal clinical

conditions, using current imaging technologies and techniques. They emphasize that since

such an average patient (for example, assumed to be 20cm APtrunk thickness and 70 kg

weight in Europe)is unlikely to be available, measurements typically are to be made on a

statistically significant sample of patients (minimum of 10 whose weights are mean wt +

10kg). The mean value of these dose measurements can then be taken as an estimate of

the dose to a standard-sized patient for comparison with guidancelevels (reference dose

values) (IAEA-TECDOC-1423, 2004). Reference dose values developed under the above

philosophy, could take the role of investigation levels in the sense that it is reasonable to
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investigate the reasons when reference dose values are consistently exceeded with

normalsized patients (IAEA-TECDOC-1423, 2004).

Reference dose values for diagnostic medical exposures represent thresholds for the

internal investigation of potentially poor practice within radiology departments. These

investigation levels are set in terms of quantities that can provide an indication of typical

dosimetric performance for the purposes of comparison of examination technique. Such

reference dose values are intended to be applied with flexibility to allow higher doses

whereindicated by sound clinical judgement otherwise appropriate steps should be taken

by the department to improve practice; this will involve changes in technique or

equipment to reduce doses belowthe reference dose level without compromising image

quality. Reference dose values are quite different in concept from dose limits and are not

a formal tool for the Regulatory Authorities. In particular, reference doses have been

published for some common medical diagnostic X-ray examinations on adult patients with

the intention of prompting local investigation of potentially poor performance, with the

recommendation that hospitals should aim to achieve mean doses below the values

suggested (EC 16260 EN, 1996). Actual values for guidance levels and reference doses are

typically based on surveys of current practices. For example, DRL’s given in the EC EUR

16260 EN, (1996) were determined on the basis of the a quartile of patient dose

distributions obtained in European surveys in recent years. These values, for the

projections investigated in this thesis, are presented in Table 2.3.4 below. These values

are expressed in terms of the directly measurably dose quantity ESD (with backscatter)

per radiograph.
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Table 2.3.4: Reference values of ESD in the UK National DLRs (2005), the EC document

(EUR 16260EN), and the GuidanceLevel of ESD in IAEA BSS

 

 

 

 

 

 

 

 

  

Examination Recommended EC Reference IAEA BSS Guidance

Type National Reference values for ESD for a levels for ESD for a

Level for Adult Standard-sized typical Adult Patient

Patient in UK-2005 Patient(70kg) (70 kg) (mGy)

Review (mGy) (mGy)

Chest PA 0.15 0.3 0.4

Chest LAT 0.6 1.5 1.5

Skull PA 2.0 5.0 5.0

Skull LAT 1.3 3.0 3.0

Lumbar spine AP 5.0 10 10

Lumbar spine LAT 11.0 30 30

Pelvis 4.0 10 10

Abdomen AP 4.0 - -     
 

The levels were based onthethird (upper) quartile values for the distributions of mean

dose at individual hospitals participating in a national survey (ICRP Publication 73, 1996)

during the mid 1980s. The adoption of the third quartile was a purely pragmatic approach

to help identify the 25% of X-ray rooms, for each type of examination that would seem to

be most urgently in need of review of practice. Since dose levels may vary significantly

with the size of the patient, reference doses necessarily relate to typical practice for an

examination, as indicated by the mean of the doses measured on a representative sample

of patients. Such reference doses are inappropriate for application in the examination of

individual patients. The local establishment of reference dose values below the national

levels has been recommendedas a useful way of promoting further dose reduction and

this approach has been adopted in someregions following dose surveys (Johnston and

Brennan, 2000; Hart et al, 2007; Matthews and Brennan, 2008). In view ofthis, there is

the need to establish a national framework for developing quantitative guidance onlevels

of patient doses that are generally applicable to all sources of diagnostic medical exposure

in order to promote the optimisation of patient protection in developing countries in

general and Ghanain particular.
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Reference dose values developed under the above philosophy, where exceeded with

normalsized patients warrant investigation. One scientific problem with a progressive

approach to reference dose reduction is that although X-ray machine technology has

hitherto been able to deliver adequate images at progressively lower doses, there is a

practical limit to the reduction of dose for each particular imaging system, governed by

the laws of physics. As doses approachthis limit, image quality would start to degrade.

This is clearly undesirable and counter to the principle of optimisation. It would seem to

be more appropriate to base further dose reduction on what is technically possible and

whatis ultimately achievable.

2.3.5 Policies and protocols for radiation protection

Practice guidelines and standards are central to all professions and very important in

diagnostic imaging (Brealey, 2001; Minigh, 2005). As a result of this, regulatory policies

such as the Radiation Protection and Safety Guide (GRPB-G9, 2003) of Ghana Radiation

Protection Board, IR(ME)R (2000) and the IRR (1999) of the UK and the American College

of Radiology, (ACR) (2008), places responsibilities on employers to put in place

administrative measures that promote dose reduction and unnecessary exposure of

patients. Employers are required by regulations to ensure that their workers and the

general public are exposed to radiation dose as low as reasonably achievable (Goldstone,

2003b). This can be done through institution of several measures. It is suggested that

strict adherence to administrative procedures and training is an important aspect of

radiation protection and these administrative measures require the involvement of the

referring clinician, the radiologist and the radiographer (Engel-Hills, 2006).

To ensure good radiation protection, measures such as written technique protocols and

procedures tailored to proper performance of radiological investigations should be

available in the department (King et al, 2002). The protocol should maintain consistency

in the administration of radiation and image quality required for patient management

(Bureau of Radiological Health, New Jersey, US 2002, IPEM Report 91, 2005). The

American College of Radiology, in particular, recommend in the ACR (2008) practice

guidelines for general imaging that all imaging facilities should have policies and
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procedures to reasonably attemptto identify pregnant patients prior to the performance

of any diagnostic examination involving ionising radiation. If the patient is known to be

pregnant, the potential radiation risks to the fetus and clinical benefits of the procedure

should be considered before proceeding with the study (ACR, 2002). Additionally, the ACR

recommendthat policies and procedures related to quality, patient education, infection

control, and safety should be developed and implemented in accordance with the ACR

Policy on Quality Control and Improvement, Safety, Infection Control, and Patient

Education Concerns, appearing elsewhere in the ACR Practice Guidelines and Technical

Standards Book (ACR, 2008). However, the development of written procedures has been

identified as one of the biggest challenges facing radiology departments as they try to

comply with regulations (Beddoeet al, 2004). It is also reported that in practical terms,

written procedures may not be followed andit is not easy to bring them effectively to the

relevant individuals’ attention (Goldstone, 2003b).

Diagnostic imaging employers are also required by legislation to restrict radiation

exposure in the workplace by providing local rules. Employers are to provide local rules for

all radiation work practices and in Ghana as elsewhere, it is an offence to use ionising

radiation without the establishmentof local rules (Ghana Radiation Protection and Safety

Guide, GRPB-G9, 2003). However, there is no evidence to suggest that such policies and

protocols are implementedin the diagnostic imaging departments in Ghana.

Radiation protection literature suggests that imaging departments should have written

records of departmental radiation doses (King et al., 2002; Lam etal., 2004). Inspection of

previous patient records for more information by radiographers/technicians could prevent

any additional X-ray procedures or the information may suggest alternative imaging

method that does not require the use of ionising radiation (Minigh, 2005). This is possible

when records are properly kept and used when needed (Manning, 2004). However,it is

difficult for doses to be recordedif the equipment required is not available. In developing

countries, this lack of infrastructure, data collection and monitoring procedures is a

commonproblem.
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According to Papp (2006) humanerrors and equipmentfailures can lead to repetition of

exposures which increases patient radiation burden, departmental cost and mayaffect

image interpretation. In diagnostic imaging the equipment, image receptors, processing,

viewing conditions, the availability of support staff and competency of the radiographer or

technician and the person interpreting the image are the variables that can lead to

increased radiation exposure when they begin to change. For these reasons Quality

Assurance (QA) programmes which monitor these variables are very important and

according to Wilson (2000) should ensure that there is consistency in the production of

images with minimum exposure of the patient and this could be achieved by well-

structured measures within the imaging department. Quality Assurance can evaluate the

efficiency of equipment, and identify training needs and any other aspects of the imaging

chain that can lead to higher radiation dose and the need for corrective measures.

Specific Quality Assurance measures such as film reject analysis can identify systemic

problems involved in image production and subsequent patient radiation dose. This can

help to reduce radiation dose whenthefactors that led to the reject and repeat of patient

exposure are corrected (Clark and Hogg, 2003). However despite the benefits of Quality

Assurance and Quality Control in diagnostic radiology, lack of adequately trained

manpowerin the diagnostic imaging profession in developing countries in particular has

madeit impossible to engage and enthusestaff in the process of taking responsibility for

quality issues.

2.4 Patient dose assessment

In the past, various quantities have been used for specification of the dose in diagnostic

radiology, and there has been ambiguity because the same name has been used for

different quantities. Dosimetric quantities are divided into basic and application specific

quantities. The application specific quantities are practical dosimetric quantities that are

used for measurements in diagnostic radiology. The main aim of patient dosimetry for X-

rays used in medical imaging is to determine dosimetric quantities for the establishment

and use of guidance levels (diagnostic reference levels) and for comparative risk

assessment (Zoetelief et al., 2003). Dosimetry in diagnostic and interventional radiology

could be used in the assessment of equipment performance as a part of the quality
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assurance process. Dosimetry measurements can be made directly on the patient.

Howeverit is preferable to make measurements using a standard phantom to stimulate

the patient for the control of technical parameters, for the comparison of different

systems and for optimization. Quality control can only work satisfactorily if correct

calibrations and measurements are made.

2.4.1 Basic dosimetric quantities

The energy carried by the photons in an X-ray beam can be specified in terms of the

energy fluence. The energy fluence, W is the quotient of dR by da, where dR is the

radiant energy incident on a sphere of cross-sectional area da (ICRU Report 74, 2005),

thus:

_ dR

~ da

The unit for energy fluence W is J/m?

The conversion of energy refers to the transfer of energy from ionising particles to

secondary ionising particles. The quantity kerma relates to the kinetic energy of all the

charged particles liberated by uncharged particles; the energy expended against the

binding energies, usually a relatively small component,is, by definition, not included.

The kerma, K, is the quotient of dF; by dm, where dE;,; is the sum of theinitial kinetic

energies of all the charged particles liberated by uncharged particles in a mass dm of a

material (ICRU Report 74, 2005), thus

_ dEtr
 

dm

The unit for the kerma,K is J/kg , and is termed gray (Gy).

Kerma is defined at a point and concerns the initial transfer of energy by uncharged

particles to matter. For uncharged particles of a single energy, kerma is related to the

energy fluence by the mass energy transfer coefficient, [4, /p of the material for these

particles.

_ Wutr

p
K

The International Commission on Radiation Units (ICRU) and IAEA have developed two

new recommendations on dosimetry in diagnostic radiology. Both documents provide a

consistent set of application specific dosimetric quantities based on air kerma. The air
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kermais the primary dosimetry quantity in the diagnostic energy range and all calibrations

at national laboratories of dosimeters for use in diagnostic radiology are provided in terms

of air kerma (Zoetelief et al, 2003 and IAEA-TECDOC-1447, 2005). For X-rays used for

medical imaging the kerma is usually expressedin air. The air kerma, K,, is related to the

energy fluence by the massenergy transfer coefficient or air, (Ut /P)3. Thus for photons of

a single energy, air kerma, K, is given by

Ka= V(r /P)a-

The Unit for the air kerma,is J/kg, special name gray (Gy).

Whenthe photons are not monoenergetic, which is usually the case in medical X-ray, a

mean value of (ui, /p), is used, weighted according to the energy distribution of the energy

fluence. The kermarate, K is the quotient of dK by dt , where dK is the increment of

kermain the time interval dt, thus

aK
Kerma rate, K =—

dt

The units for the kermarateis (J/kg)/s or Gy/s

Currently, the fundamental dose quantity used in radiology is the Absorbed dose to a

tissue or organ. The Absorbed dose, D, can be used to quantify the deposition of energy by

ionizing radiation. The Absorbed dose, D, is defined as the energy absorbed per unit mass

of tissue, Thus;

Where de is the mean energy imparted to matter of mass, dm. The absorbed doseis

defined at a point; for the average dose in a tissue or organ. The unitis Jkg’. The special

name for the unit of absorbed dose is gray (Gy). 1gray is equivalent to ijoule per

kilogramme.(1Gy = Ukg")

In diagnostic radiology, the production of bremsstrahlung within low atomic number

materials is negligible. Therefore for a given material and radiation field, absorbed dose

and kerma are then numerically equal when the secondary electron equilibrium is

established. Contrary, wherever secondary electron equilibrium is not established(i.e.

close to an interface between different materials), there will be important numerical
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differences between the two quantities. Despite the equivalence of kerma and absorbed

dose, it is the air kerma measured free-in-air on the central axis of the X-ray beam at a

specific distance from the focal spot that is the most common methodforspecifying the

output of X-ray tubes used in medical imaging. For X-rays used in medical imaging,

calibrations are made in terms of air kerma because this is the dosimetric quantity

supported by the international metrology system and for which primary standards have

been developed (ICRU Report 74, 2005).

According to The International Atomic Energy Agency (IAEA-TECDOC- 1423, 2004), in order

to be able to assess patient doses, compare them with reference dose values and evaluate

the patient dose reduction achieved a dose indicator which is recommended and for

practical reasons should:

e be simple to measure

e preferably permit direct measurements on the patient during an examination

e be representative of, or related to the dose received by the patient in terms of

effective dose.

Several practical dosimetric quantities have been found useful for measurements in

medical X-ray imaging. However, ambiguity exists in names of quantities and their use.

Owing to the equivalence of numerical values of absorbed dose and kerma in the same

material for the X-ray energies used in medical imaging, quantities have often been

alternatively referred to in terms of absorbed doseorin terms of kerma. Commonly used

namesfor these quantities are shownin Table 2.4.1;
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Table 2.4.1 Basic dosimetric quantities
 

 

 

 

 

 

 

 

  

Exposure at skin entrance (free-in-air)

Exposure rate at skin entrance (free-in-air)

Entrance surface kerma (or dose) (free-in-air)

Entrance surface kerma(or dose) rate (free-in-air)

Entrance surface dose (or kerma) (with backscatter)

Entrance surface dose (or kerma) rate (with backscatter)

Kerma(or dose)- area product (free-in-air)

Kerma(or dose)- area product rate (free-in-air)

CT dose (or kerma) index (free-in-air or in phantom) 
 

Almost all the above quantities are measured with instrumentscalibrated in terms of air

kerma and it is considered to be appropriate and more consistent with practice to name

them in termsof air kerma, except when measured orcalculated inside a phantom ora

patient. In the case of a patient, the absorbed dose is the preferred quantity (ICRU Report

74, 2005).

It is known that the most reliable dosimetry quantities commonly used in diagnostic

radiology to give an indication of the typical dose that is being delivered to an average

adult patient are the patient entrance surface (skin) dose (ESD) including backscatter for

simple X-ray projections, and the dose area product (DAP) for complex examinations

(Moores, 2005; Wall, 2006). The ESD in particular is recommended as the most

appropriate dosimetry quantity for simple X-ray projections since it meets the three basic

conditions set out by the IAEA (simple to measure, permits direct measurementon patient

during the examination, and representative of the dose received by the patient) and is

also recommended by the Commission of the European Communities (CEC) in the

documenton quality criteria for the most common radiographic images. In addition, the

measurement of ESD permits easy comparison with published diagnostic guidance or

reference levels (EC, 1999; IAEA-TECDOC-1423, 2004; Skrk et al, 2006, Wall, 2006).
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The Entrance Surface (Skin) dose (ESD) is defined as the absorbed dosein the centre of the

field at the surface of radiation for a patient undergoing a radiological examination,

expressedin air with backscatter. Alternatively the Entrance Surface (Skin) Dose can also

be defined as the absorbed dose to air measured in the primary X-ray beam in the

entrance plane of the patient with the patient present in the beam, and therefore includes

backscatter).The ESD is a product of the entrance surface air kerma and the back scatter

factor (BSF). Thus

ESD= ESAK x BSF

where ESAK is the entrance surface air kerma (ESAK) and is defined as the air kerma

measured free-in-air (without backscatter) at a point in a plane corresponding to the

entrance of a specified object, e.g., a patient’s breast or a standard phantom. The Dose-

area—product (DAP) is defined as the product of the area of a cross-section of a radiation

beam and the averagevalue of a dose-related quantity over that cross-section.

2.4.2 Risk related quantities

The fundamental dosimetric quantity in radiological protection is the absorbed dose D. At

low dose levels, the mean absorbed doses in organs or tissues in the human body are

taken to be indicators of the probability of subsequent stochastic effects; at high levels,

absorbed doses to the more heavily irradiated sites within the body are taken to be

indicators of the severity of deterministic effects (ICRP Publication 59, 1991b, ICRP

Publication 85, 2000). The organ doses from diagnostic X-ray procedures are difficult to

assess. In view of the difficulties in measuring the distribution of absorbed dose within the

body during medical X-ray imaging, more practical dosimetric quantities have evolved

which can be directly measured or readily estimated from closely related measurements.

The risk-related quantities can then be obtained from the practical dosimetric quantities

using the appropriate dose-conversion coefficients.

The ICRP has recommended that appropriate dosimetric indicators for the probability of

stochastic radiation effects are the average absorbed dosein a tissue or organ. The Mean

absorbed dosein a specified organ or tissue T has been given the symbol D; andis defined
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either as the integral of the absorbed dose D; over the mass of the tissue divided byits

mass M7, thus

1

mT
Dr = Sar Ddm,

Where D;is the absorbed dose at a point in tissue material t, or as the energy imparted to

the tissue, €7, divided by its mass

Dr=——

The mean absorbed dosein a specified organ or tissue is further simply referred to as

organ dose. The subscript T can be replaced by a specific organ, for example stomach,

Dstomach. The analysis of radiation risk from diagnostic medical exposure requires a detailed

knowledge of organ doses, the age and the sex of patient. The Organ dose can be

estimated from ESD by using conversion factors appropriate to the conditions of the

exposure. These coefficients can be determined experimentally on physical

anthropomorphic phantoms or calculated using Monte Carlo techniques to simulate

photo transport in mathematical phantoms.

2.4.3 Equivalent dose andeffective dose

The probability of stochastic events is found to depend not only on the absorbeddose but

also on the type and energy of the radiation depositing the dose (ICRP Publication 59,

1991b). The ICRP has, therefore, recommendedthatfor radiological protection purposes,

organ dose should be weighted for radiation quality by a radiation weighing factor, we.

Values of we have been selected by the ICRP to be representative of the relative biological

effectiveness of specified type and energies of radiation incident on the surface of the

body in inducing stochastic effects at low doses. The present weighted absorbed dose has

been given the name equivalent dose and the symbol H;. The Equivalent dose, Hr , to an

organ ortissue, T, is defined for a single type of radiation, R, as the product of radiation

weighing factor, We, for radiation R and the organ dose, D; , thus:

Hr =WerDrz
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The special name of sievert (symbol Sv) has been given to the unit of equivalent dose.

1Sv = 1 J/kg. The ICRP uses a radiation weighing factor of unity (1Sv/Gy) for photonsof all

energies, so for the X-rays used in medical imaging, the organ dose, D7, expressed in Gyis

numerically equal to equivalent dose, H;, expressed in Sv. The radiation weighing factor,

Wr, allows for differences in the relative biological effectiveness of the incident radiation

in producing stochastic effects at low doses in tissue or organ, T. For X-ray energies used

in diagnostic radiology, wg is taken to be unity.

The relationship between the probability of stochastic effects and equivalent dose

dependson theorgan ortissue irradiated. In medical X-ray imaging more than one organ

is often irradiated. It might therefore be useful to combine the dosesto different tissues in

such a way that the combined value is likely to correlate well with the total of the

stochastic effects.

The Effective dose, E, is defined as the sum overall the organs and tissues of the body of

the product of the equivalent dose, Hy, to the organ ortissue and a tissue weighing factor,

wr, for that organ ortissue , thus

E= Yr wrt

It is desirable that a uniform equivalent dose to whole body should give an effective dose

numerically equal to that uniform equivalent dose (ICRP Publication 59, 1991b), therefore,

the sum of the tissue weighing factors is normalised to unity.

Yr wT =1

The tissue weighing factor, wz, for organ or tissue T represents the relative contribution of

that organ or tissue to the total detriment arising from stochastic effects for uniform

irradiation of the whole body. The unit for the effective doseis Jkg* The special namefor

the unit of effective doseis sievert (Sv).

‘The Effective’ or ‘Whole body’ dose is a measure of the doseto a tissue or organ designed

to reflect the amount of harm caused. The effective doses is an indicator of the risk of

inducing stochastic effects, such as cancer and represents a convenient indicator of the
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overall exposure in diagnostic practice (UNSCEAR, 2000). Effective dose broadly reflects

the risks to health of stochastic effects, and can be used for comparison purposes.

2.4.4 Dose-conversion coefficients for the assessment of organ and tissue doses

A ‘conversion coefficient’, C, relates a dosimetric quantity to some other quantity,i.e., the

normalisation quantity, which can be readily measured or calculated in the clinical

situation. In general

specified dosimetric quantity (Organ ortissue dose)
 

~ nornalisation quantity( Measuredor calculated quantity)

Suffices are added to c to indicate the two quantities that are related, for example the

coefficient,

Cor; - Dr K;,, relates the organ dose, Dr, to the incident air kerma,Ki.

For general radiology of adult and children, the specified dosimetric quantity is the organ

dose, D7. The incident air kerma , K,; or the air kerma-area product, Pxa is used as a

normalisation quantity. Thus

DT
Cr Kai ==Tal Kai

Unit: (J/kg)/ (J/kg), or Gy/ Gy, or

DT

Ka,e

Unit: (J/kg)/ (J/kg), or Gy/Gy, or

Cr, Kae =

DTCr Pra=——TT, KA PKA

Unit: (J/kg)/(Jem?/ kg) or Gy/ (Gy/cm’).

In mammography, the ICRU recommendsthe use of the meandose, Dg, to the glandular

tissues within the breast for breast dosimetry in diagnostic radiology. The conversion

coefficients are available relating the incident air kerma, K,; to Dg. Thus

DG
C6,Ka,i =
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Unit: (J/kg)/(Jkg), or Gy/Gy.

For Computed Tomography, when stochastic effects are of interest, the specified

dosimetric quantity is the organ dose, Dy, and the CTair kerma, Cx, may be used as

DT
Cr, Cx= =Te

Unit: (J/kg )/ (Jkg) , or Gy/ Gy.

2.5 Dose measurement methods

There are direct and indirect methods for assessing patient doses. Indirect measurements

employ the radiographic or fluoroscope factors used by the X-ray generator in order to

calculate the dose delivered. The X-ray generatoris calibrated overits full range of X-ray

exposure conditions at a standard distance. The entrance surface dose (air kerma) can

then be calculated from the actual factors employed together with the focus to skin

distance. The inverse square law correction can convert the calibration data into a patient

entrance dose value. Back scatter factor can be addedif required (Hart et al, 2007; ICRP

Report 103, 2007) Backscatterfactors are significant, usually ranging from 1.2 - 1.4 for the

X-rays spectra and beam sizes used in diagnostic radiology (Skrk et al., 2006). Petoussi-

Hensset al (1998) and IPEM Report 91 (2005) recommendthat in cases where the X-ray

equipment had manual setting for exposure time and tube current or had automatic

exposure control unit where the mAs value could be displayed, the determination of the

ESD from the tube output would be convenient and appropriate.

With the indirect method, provided that the necessary measurements have been made

and the relevant X-ray parameters recorded during the examination, on-the-spot dose

calculations are possible and retrospective dose estimates may be made. Furthermore a

large number of dose calculations may easily be made on any particular X-ray units.

However, under certain circumstances, uncertainties in the recorded parameters and

distances may lead to greater inaccuracies in the calculated dose than in equivalent direct

measurements.
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Indirect estimate of ESD has been used in various studies (George et al, 2004; SRPA

Reports, 2004 and 2005; Skrk et al, 2006; Suliman and Elshiekh, 2008). SeSek (2005) also

used exposure parameters to calculate the ESD for examination of lumbar spine.

Additionally, The Conference of Radiation Control Programme Directors (CRCPD) used

indirect method to estimate the ESD for simple X-ray projections in their Nationwide

Evaluation of X-ray Trends (NEXT), study (CRCPD-NEXT, 2002).

Direct patient dose, which can be defined as the absorbed doseto air averaged over the

area of the X-ray beam in a plane perpendicular to the beam in the same plane,

measurements involve someform of interaction with the patient. The use of DAP-meter

is well suited to measure the dose to the patient for a complete examination involving

screening and radiographyand is considered as an aid to patient care as it allows for the

minimising of patient dose while not compromising the quality of the X-ray image (Engel-

Hills, 2006). In the case of DAP measurements, the field size is a form of dosimetric

interaction process. The field size selected depends upon the nature of the examination,

including anatomical location as well as the area which needs to be included. Also the

patient size plays an important role whetherthis involves paediatric as well as male or

female patients (Wall, 2004). A dose-area-product (DAP) meteris a transmission ionisation

chamberthatis fitted at the output window of the X-ray collimator assembly, so as to

intercept the whole of the X-ray beam. The charge collected in the chamber is

proportional to both radiation dose and beam area. DAP meters are nowfitted as

standard to new X-ray units in the UK (Wall, 2006) to comply with the lonising Radiation

Regulation 1999. The integral DAP for an examination gives a general indication of the

total dose received by the patient, but offers no information about the breakdownof dose

to individual organs. DAP measurements is regarded as a simple system of monitoring

dose that requires no further calculations and it can be easily done within the confines of

a busy X-ray departments (Engel-Hills, 2006).

Another direct means of measuring patient dose is by the use of thermo-luminescent

dosimeter (TLD) chips placed on the skin of the patient (IAEA-TECDOC-1423, 2004) as

shownin figure 2.5a
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Figure 2.5a Measurementof entrance surface dose using TLD

 

  

 

 

Since TLDs do not provide a direct indication of absorbed dose,their response to radiation

in the form of an emission of light has to be calibrated against a known standard of

absorbed dose. In the case of TLDs, positioning the dose meter on the surface of the

patient at one or more locations is required. For plain film examinations the location of

the dosimeters can affect the quantity of back-scattered radiation depending on whether

bone or soft tissue is immediately beneath the surface. Examinations for which the

projection may be changed can also lead to partial or non-irradiation of the dose-meter

for some projections. Doses down to 0.1 mGy can be measured with a precision of 2-5

percent if careful calibration procedures are adopted. However TLD techniques obviate

on-the-spot dose measurements and a delay between the examination and the

determination of dose is unavoidable unless the TLD readeris close at hand. Few,if any, X -

ray parameters need to be recorded, although indicated peak tube potential and mAs

would normally be noted.

Other precise measurements of the dosesto particular tissues or organs may be obtained

using scintillation detectors, diode or radiographic films. Direct measurements can be

madefor organsthat are readily accessible. Doses to inaccessible organs can be measured
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in an anthropomorphic phantom, for typical exposures associated with the procedureof

interest. Alternatively, doses to internal organs may be estimated using Monte-Carlo

modelling. This is a computational technique, in which the paths of a large number of

photonsare tracked in a mathematical model of the human body, and the absorbed dose

to each organ is calculated. The National Radiological Protection Board has produced

tables of Monte- Carlo data for a series of standard radiographic projections (Hart etal,

2007; ICRP Report 103, 2007). Table 2.5 shows the comparison of three dosimetric

strategies, indirect; direct (DAP) and direct (TLD) in respect of widespread European

implementation and the overall framework for dosimetric methods. Figure 2.5b

demonstrate dosimetric framework in diagnostic radiology.

Table 2.5 Comparison of three dosimetric strategies, indirect; direct (DAP) and direct

(TLD) in respect of widespread European implementation
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Figure 2.5b Dosimetric Framework
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2.6 Dose reduction techniques

Radiation protection of the patient involves both medical and technical decisions. The

medical decisions include the consideration of whether or not an examination is required,

which examination would be the most appropriate and the possible contraindications to

the patient having the study. The technical decisions relates to the choice of appropriate

equipment and to technique. It has been suggested that the reduction of the radiation

dose by changes to the equipment will result in a more consistent reduction while

reduction due to radiological technique need constant effort to maintain the benefit

(Engel-Hills, 2006). However, the changes to the equipment used is regarded as_ having

long term impact on radiation protection but on the day-to-day basis, once justification is

made,the factors affecting dose to the patient will be the radiologist and/or radiographer

technique.

There are several methods that have been developed in diagnostic imaging to optimise

radiation dose during imaging. Minimising the risk of exposure to radiation in diagnostic

imaging is a duty that extends to several health practitioners, however, radiographers/

technicians possess the technical knowledge and responsibilities and can have the

greatest effect on the degree of risk posed by this energy source (Manning, 2004). The

IAEA has observed that patient dose can be reduced by a numberof factors without losing

the necessary information for diagnosis. Some of these factors may be applied without

sophisticated equipment and may lead to substantial improvement in terms of dose

reduction. It is worth noting that not all methods for reduction of the entrance surface

dose influence organ doses and the effective dose in the same proportion (IAEA-TECDOC-

1423, 2004).

Three important physical principles have previously been considered as measures that

radiographers/technicians could use to minimise radiation dose (Prasad et al, 2004;

Furlow, 2004; Minigh, 2005). Theseare:

e shielding of areas not required for investigation by the use of a material with high

atomic numberusually lead.
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e increasing the distance between radiation source and radiation workers and

patients by using the inverse squarelaw.

e reducing the exposure time to minimise the dose.

Despite the importance of these factors in radiation protection it is not always possible to

apply them. For example, during fluoroscopy, protecting the gastrointestinal tract against

the detrimental effect of radiation may not be possible by lead shielding (Prasad et al,

2004). In paediatric imaging two main areas are impractical with shielding (Minigh, 2005):

(i) shielding the thyroid during chest imaging and

(ii) shielding the breast during anterior posterior (AP) projection of scoliosis series.

Moreover, according to Minigh, as a result of ancillary equipment, providing adequate

shielding may not be possible with a neonatein an incubator.

The use of distance as a radiation protection measureis not always possible (Prasad etal

2004) and its effectiveness has been challenged in recent time (Poletti, 2003). In

supporting his argument Poletti argues that dose area product (DAP) should be used as

the main determinant of radiation dose to the patient because the risk is in direct

relationship with DAP but not distance. Onnaschet. al., (2004) stated that in theclinical

settings patient dose can easily be measured from the DAP out of which the entrance

surface dose (ESD) for a given area can be calculated. However, the relative risk of

stochastic and deterministic effects cannot be properly determine by DAP and ESD

(Onnasch,et al., 2004). Changes in distance between X-ray tubewill also mean changes

in the exposure (Minigh, 2005), which implies changesin radiation dose.

Numerous studies have been conducted on patient dose reduction in diagnostic radiology

and there are several techniquesthat can beutilised for dose reduction. A list of methods

for dose reduction can easily be obtained by reviewing the parameters which influence

effective dose. Some methods can be applied without having access to sophisticated

equipment and maylead to substantial improvements in terms of dose reduction:

e Select the most sensitive screen-film combination available consistent with good

diagnostic quality (factor of 2 reduction or higher).

¢ Operatefilm processor optimally (especially temperature).
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e Collimate X-ray beam to minimisefield size.

The most relevant parameters to ESD for common radiographic examinationsare briefly

discussed below. Not all methods for dose reduction of the ESD influence the effective

dose in the same proportion. From this point of view, the methods can beclassified into

two categories:

(i) Methodsleading to a pure reduction of the mAs without modification of the beam

quality (e.g. improving the film developing conditions, reducing the optical density

of the film or increasing the speed class of the screen-film combinations). In these

cases, the reduction of the ESD implies a reduction of the effective dose by the

samefactorsince the relative distribution within the patient does not change.

(ii) Methods leading to modification of the dose distribution within the patient by

modifying the beam quality (kV and/orfiltration). In these cases, the penetration

and scattering inside the patient are modified so the reduction of the ESD does not

imply a reduction in effective dose by the samefactor. In addition, a large variation

of the distance from the X-ray tube to the patient also modifies the dose

distribution. A shorter distance leads to a higher ESD, given the same optical

density on the film, which becomescritical when focus-patient distance decreases

to 50 cm orless.

2.6.1 Filtration

Filtration is used to remove the low energy components of the X-ray spectrum which do

not contribute to image formation but are absorbed by superficial layers of the tissues. X-

ray tubes have both inherent and addedfiltration. Inherentfiltrationis filtration provided

by permanent materials through which the radiation beam must pass before emerging

from the radiation source. For X-ray tubesthis is the filtration inherent in the structural

componentsof the X-ray tube head:the glass of the X-ray tube, the insulating oil, and the

seal of the X-ray port. Additional filtration is the quality equivalentfiltration due to added

filters and other removable materials in the radiation beam which are between the

radiation source and the patientor a specified plane. Total filtration is the sum of effective

thickness of materials traversed by the primary X-ray beam before it enters the patient

which is the sum of aluminium equivalent thickness of inherent and additional filtration.

67



The minimum total filtration present in a standard general radiographic X-ray tube for use

up to 100 kVp should not be less than 2.5 mm of aluminium. Filtration in addition to this

minimum can be used to reduce ESD. If too much additional filtration is used, image

quality can be compromised by the reduction in contrast that arises from the harder

quality of the incident X-ray beam. Too muchfiltration also reduces the amount of

radiation reaching the film. Compensation for this reduction may lead to longer exposure

times which can cause image blurring and larger tube loading factors (mAs), which may

result in excessive loads and tube overheating.

2.6.2 Tube potential

The X-ray beam quality, that is the penetrating ability of the beam, can be altered by

adjusting the kVp. A higher kVp means that electrons move faster in the tube current,

which results in an increase in the quality of X-rays produced that in turn leads to a more

penetrating primary beam. Doseswill generally be lower at high kVp becauseof the better

penetration of the beam that leads to reducedscatter within the body. A reduction of the

ESD for the same optical density of the film can then be achieved by increasing the

penetration powerof the X-ray beam (increasing the tube potential). However, the extent

to which the ESD may be reduced does not result in the same reduction in effective dose

(Engel-Hills, 2006). The optimal choice of energy spectrum dependsprimarily on patient

thickness, contrasting detail, characteristics of the anti-scatter grid used, and image

receptor and display method. High tube voltage also knownas peak kilovoltage (kVp) used

with low milliampere-second (mAs) selection during conventional imaging to reduce

radiation dose has been established (Parry et al, 1999; Papp, 2001; Minigh, 2005; Engel-

Hills, 2006). Using high kVpis said to be the most important determinant of the required

patient absorbed dose to produce X-ray images. However, higher kVps result in reduced

image contrast and this is not always acceptable. For example, in mammography higher

contrast is required and subtle differences in the energy of the X-rays do affect patient

dose and therefore the level of peak kilovoltages is not as high as in those usedforall

other applications of X-ray imaging (Parry et al, 1999). While a ‘high kV technique’ is

desirable in some types of examinations, in general ‘high kV techniques’ cannot be

recommendedin cases where high contrast performanceis needed. The usual approachis
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to use the highest kVp that is compatible with the imaging performance required to

ensure a diagnostic image. Recent developments show that with newer screen-film

combination the application of higher peak kilovoltages with lower output in milliampere-

seconds(mAs)is possible with subsequent reduced dose (Parryet al, 1999).

2.6.3 mAs Reduction

The X-ray beam quantity which is the number of photons in the primary beam can be

altered by adjusting the mA. Reducing exposuretimeis one highly effective means of dose

reduction (Papp, 2001; Furlow, 2004; Prasad et al, 2004; Minigh, 2005). Reduced

exposure time reduces repeat examinations due to patient movement especially, those

patients who cannot remain still for sufficient time. The duration of exposureis directly

proportional to dose received (Price, 2004; Minigh, 2005) and if the duration of the

exposure is tailored with appropriate sequencing of the examination, dose could be

reduced especially during paediatric imaging (Minigh, 2005). The time factor is more

significant in high dose proceduressuchasin fluoroscopy (Papp, 2001). In cases where the

optical density of the film is too high, lowering the mAs may improve image quality.

Reductions in mAs affect both ESD and effective dose by the samefactor. In some cases

there is scope to keep the same mAsbyincreasing the mA and reducing the time. This also

may yield image quality improvements by reduction of motion blurring due to shorter

exposure time (IAEA-TECDOC-1423, 2004).

2.6.4 Film-Screen combination

The higher the sensitivity of the film-screen combination class the lower the dose, but

image quality requirements ultimately limit the range of acceptable sensitivities. In order

to obtain an adequatelevel of patient dose and good image quality, screens must also be

matched with the appropriate typeof film (green or blue sensitive film) (Engel-Hills, 2006).

The sensitivity class of the screen-film combination used should be selected according to

the type of examination. The quality of the image and the radiation dose depend on the

characteristics and condition of the film and intensifying screens used. Therefore it is

important that the screensare carefully handled and kept clean using the manufacturer’s

recommendedproducts.

69



Radiological literature suggests that one of the most effective methods by which

radiographers/technicians could reduce radiation dose to patient is the use of a faster

film/screen system, which requires a lower milliampere, mA (tube current) value to

achieve an imageof diagnostic value (Papp, 2001). Nonetheless, film/screen combinations

which have low sensitivity provides a more detailed image but at a cost of high radiation

dose to the patient (Minigh, 2005). Rare-earth screens are knowntobe veryefficient in

the conversion of X-rays into light for image production and can greatly reduce radiation

exposure with eitherlittle or no loss of image sharpness(Price, 2004). Increasing the

speed of the film / screen combination will affect both the ESD and effective dose by the

same factor. This is because the X-ray beam quality and therefore the dose inside the

patient remained unchanged (IAEA-TECDOC-1423, 2004).

2.6.5 Film processing

During processing, the latent image captured on the film during the exposure is

transformed into a visible, stable radiographic image. The processor is often the most

critical element in the imaging chain from the QC point of view. Deficiencies in processing

methods, especially manual processing (which in somecasesisstill in use in developing

countries), accounts for a large percentage of rejected films which have to be repeated

with attendant dose to the patients and staff. With automatic processors, the film is

transported through the processing sequence: developing, fixing, washing and drying. The

consistency of the processor performancein each stage of processing need to be assured

with the greatest care, in order to avoid rapid degradation of the image quality (loss of

contrast, speed, and increase in base plus fog, for example). An important aspect of

quality control is, therefore, to maintain a record of the variations in these processing

parameters over time on a control chart. The useoflight sensitometric tests of the filmsis

the most effective method for measuring such variations.

Since films require processing after exposure, the film processor should perform in

accordance with the requirements of the film manufacturer. Any limitation in the film

processing could affect image quality and poor image quality may lead to changesin

radiographic techniques, which will impact on patient dose (Parry et al, 1999). Regular
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replenishment of processing chemistry, operating temperature and regular maintenance

are all fundamentalto efficient operation.

2.6.6 Collimation

The importance of using collimation to reduce X-ray beam size and therefore radiation

dose to the patient during X-ray examination has also been stressed (Parry et al, 1999;

Papp, 2001; Engel-Hills, 2006). Practically, the application of collimators or beam limiting

devices confines the X-ray beam to the area ofclinical interest (Engel-Hills, 2006). This

process avoids irradiation of areas not required for diagnosis and therefore reduces

unnecessary dose to the patient, minimises scattered radiation and improves image

contrast (Parry et al, 1999; Price 2004; Minigh, 2005; Engel-Hills, 2006). Collimation is very

important in diagnostic imaging because the risk of stochastic effects has a direct

relationship to the volume of biological material that has received the dose (Kingetal,

2002). However, it should be applied with skill because over collimation results in the

anatomical areas of interest omitted leading to repeated examinations resulting in even

higher dose to the patient.

2.6.7 Automatic exposure devices

Another important aspect of technology in diagnostic imaging is the introduction of

automatic exposure devices (AED) in radiographic equipment. The output from the

detector is constantly monitored, and kept to a preset value by adjusting the tube voltage

(kVp) and current (mA). This automatically compensates for changes in attenuation as

different imaging projections are used. The effects on patient dose and image quality

depend on the algorithm relating kVp and mA. WhenAEDis used properlyit is believed to

maintain radiation dose as low as reasonably achievable (ALARA) (Onnaschetal, 2004).

2.6.8 Shielding

Any radiation barrier placed between the source of the radiation and the patient or

radiographeris shielding (Minigh, 2005). Gonad shieldingis applied in diagnostic imaging

becauseit is an effective meansof protecting the reproductive organs of patients (Doolan

et al, 2004). A female child is born possessing all the eggs that she will ever have and
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these eggs are susceptible to radiation damageif not shielded during X-ray diagnosis. In

order to prevent any genetic effects gonad shielding is advised (ICRP Publication 60, 1991;

Minigh, 2005). Moreover, lead rubber aprons and gloves are necessary when imaging

staff need to be within the X-ray room but not behind the control room during an X-ray

procedure(Papp, 2001).

2.6.9 Patient immobilisation devices

Any movement of the patient during X-ray examination could lead to a repeat of the

examination (Graham and Hardy, 2004). Immobilisation during examinations reduces the

probability of patient movement and the need for repeat exposure. Patient

immobilisation is therefore very important during diagnostic imaging. In some situations

immobilisation aids and sedation would be required for the operator to perform the

examination without repetition as a result of patient movement (Graham and Hardy,

2004; Minigh, 2005). Additionally, the need to reduce motion andtissue density through

compression has beenstressed (Engel-Hills, 2006). Dowd and Tilson (1999) suggest that

the following considerations should be made before application of immobilising devices:

e whetherthe patient is able to remain still for an exposure;

e whetherthe patient is capable of following instructions;

e the type of examination as samepositions are moredifficult to maintain

In addition to the above dose reduction techniques, the technical expertise and

responsibilities of radiographers can influence the level of radiation risk to the patient.

Procedures such as careful record-keeping, making sure patient’s previous films are

available and listening to patients all have significant effect on reducing unnecessary re-

examination (Manning, 2004).

2.7 Image quality assessmentandinfluential factors

The goal of radiographic imaging is to demonstrate patient anatomy and pathology well

enoughto enable reliable, accurate diagnosis or intervention.If the balance between dose

and image quality is to be optimised, suitable measures of image quality must first be

defined. A medical image is a representation of the distribution of some property of the

V2



human body which showsthe structure and /or organs and tissues underinvestigation

(ICRU Report 54, 1996). The diversity of possible structures and functions relevant to

clinical diagnosis places a wide variety of requirements on any imaging system. Therefore

any general definition of image quality must address the effectiveness with which the

image can be used forits intended task.

Imaging systems are often described in terms of physical quantities that characterise

various aspects of their performance. These include measures of contrast in the image

between different tissues or tissue substitutes, the detailed nature of system spatial

resolution and the quantity and character of the image noise. Martin et al (1999)

emphasised that there is no absolute measure of image quality, at least from the point of

view of the end user, the Radiologist. The aim of diagnostic radiology is to ‘obtain images

which are adequate for the clinical purpose with the minimum radiation dose to the

patient’.

2.7.1 Radiographic image quality parameters

A medical image is assessed on an elemental level by how well it can be used to diagnose

physical abnormalities or disease. Overall image quality is assessed using a set of defined

parameters. In performing Quality Assurance, the optimisation of the imaging system is

tested in terms of radiographic image quality parameters, notably:

(i) Contrast

Contrast is defined as the ability of a system to distinguish between two materials with

different attenuation properties. With regard to X-ray film imagesit is seen as different

optical densities, once the film has been developed. This is essentially the difference in

signal intensity on imaging objects that have different attenuation coefficients. The

greater the contrast between neighbouring structures, the more readily they can be

distinguished. When the primary beam interacts with the patient, some of the X-ray

photons are absorbed or scattered, and some pass through the patient to reach the

detector. Photoelectric absorption occurs, preferentially in materials with higher atomic

numbers, and is the most important interaction process for diagnostic X-ray imaging. The
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probability of Compton scattering depends on electron density. Hence, it also contributes

to image contrast. However, those scattered photons that reach the detector produce a

uniform increase in signal intensity across the image, and this has a detrimental effect on

contrast. There are several factors that affect the overall contrast which can beclassified

as, Subject contrast, Film contrast, Scatter and Fog.

Subject contrast is the difference in X-ray intensity transmitted through different parts of

the patient and is dependent on the attenuation properties of the material. Thickness of

tissue affects the attenuation, as well as the atomic number and density. The energy of

the radiation also affects subject contrast, since at low kV thereis a bigger difference in

attenuation coefficients. In image intensifiers, subject contrast is seen as the different

brightness of the pixels on the viewing screen. Subject contrast and scatter affect the

image as well as the efficiency of the electronic components that convert the output

screen imageto a television screen images. Film contrast depends on the characteristic

curve of the film, film density, the intensifying screen and thefilm processing. Howeverin

the case of digital imaging the characteristics curve of the displayed image can be altered

electronically.

Scatter which is defined as Compton interactions may be divided into subject-reflected

scatter (backscatter) and couch-generated scatter (Kawabe et al, 2008). Scatter reduces

the contrast by appearing as unwanted exposure, containing no spatial information. This

increases the overall optical density of film or the brightness of the television screen.

Using a smaller field size, an anti-scatter grid or air gap techniques can reduce scatter

(Kawabeetal, 2008))

Fog is an effect seen on radiographic films caused by silver halide crystals which are

developed on thefilm, without being exposed or intentionally exposed. Thelikelihood of

fog is increasedif the film is not stored properly or the developing processis not correctly

adjusted, for example the developersolution is not changed regularly or the processoris

set at too high a temperature, or may be dueto accidental exposure.
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(ii) Noise

This describes the variation in pixel values across an image of a uniform object. The

greater the noise, the more difficult it is to distinguish final detail, and low contrast

structures. Noise seen on a radiographic film image can be due to a numberof factors

such as; Quantum mottle, the structure of the film, fluctuation in the absorption of X-rays

in the input screen in fluoroscopy systems andtheelectrical amplification systems within

the video camera .Quantum mottle is due to the number of photons absorbed perunit

area of the film, the fewer the photons there are the greater the statistical variation is

acrossthefilm. Increasing the photons (dose) can reduce quantum mottle.

(iii) Unsharpness

Radiographic image unsharpnessis seen as objects having blurred edgesin the image. This

can be caused by a number of reasons such as; geometric unsharpness, motion

unsharpnessand screen unsharpness.

Geometric unsharpnessis due to the finite size of the focal spot which results in the edge

of an object being imaged at more than one point. This can be reduced by either

increasing the tube to object distance or by decreasing the object-screen/ film distance or

by reducing the focal spot size. Motion unsharpness is caused by the movementofeither

the object or the imaging system during exposure. This can be reduced byeither using

shorter exposure time or immobilising the patient. For film images using cassette, screen

unsharpness is caused by the diffusion of light from the phosphor layer. This can be

reduced by using a thinner screen, ensuring there is no gap betweenthe screen andfilm

and using a single emulsion layer on the film.

2.7.2 Radiographic image quality criteria and methods of assessment

Establishment of international acceptable criteria for diagnostic image quality is essential.

Establishing acceptable criteria for the benefits costs and risks associated with medical X-

rays should form the basis for quality management and quality control mechanisms for

management and operating staff of X-ray diagnostic departments (IAEA-TECDOC 1423,

2004). To ensure that the radiographic facility is consistent in its evaluations, it is
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recommended that standards of acceptable image quality should be defined during the

establishment of a quality assurance programme. These standards would express the

amount of variation in equipment performance which thefacility feels it can tolerate

while still maintaining acceptable image quality and minimizing radiation exposure. Notall

fluctuations are serious enough to cause image quality problems. Standards for image

quality help the staff of the facility to decide when the detected variations in performance

are serious enoughto require corrective action.

Ideally standards of acceptable image quality should be objective, for example measuring

the acceptability limits for parameters that characterise image quality such as contrast,

sharpness, and noise power spectrum and modulation transfer function among others.

For example, the standard of quality related to processor performance might be stated in

terms of the acceptable range of optical densities found through sensitometric monitoring

of the processor. Since variations greater than this range may lead to poor image quality,

they would call for corrective action. The standards can also be subjective which are based

on the opinions of professional personnel. These methodsare retake analysis or Analysis

of rejected films, Radiologist impressions, and visibility of anatomical landmark or

Observer performance.

In the late eighties, the Radiation Protection Programme of the Commission of the

European Communities (CEC)initiated a project to establish radiographic ‘quality criteria’

for a range of common examination types. These were then subjected to an extensive

clinical trial across the European Union, and a set of European Guidelines on quality

criteria were published (European Commission EUR 16260EN, 1996). These set out to

define the ‘necessary requirements’ for an imageof ‘standard diagnostic quality’. Quality

criteria were defined for standard chest, skull, lumbar spine, pelvis, urinary tract and

breast images.

To encourage widespread use, the image criteria have been expressed in a manner

requiring personal visual assessment rather than objective physical measurements, which

need sophisticated equipment unavailable to most radiology departments. However the

76



assessment of compliance with the criteria for radiation dose to the patient for a specific

radiograph unavoidably involves some form of dose measurement which requires

representative sampling of the patient population.

Quality Control programmesas an essential part of dose-effective radiological practice

should cover a selection of the most important physical and technical parameters

associated with the types of X-ray examination being carried out. It is recognized that for

many of the parameters of a diagnostic radiological system, the standards of image

quality will remain partially subjective for some time to come becauseof lack of consensus

among medical practitioners as to what constitute ‘ good’ quality and also it is not clear

what impact variations in some parameters have on image quality.

In order to optimise imaging techniques, it is essential to be able to define and measure

the quality of clinical images, and to assess whether or not they are adequatefor their

intended purpose (ICRU Report 70, 2003). These tasks are particularly challenging, since it

is difficult to connect objective measures of technical image quality with clinicians’ reading

and perception of the medical image. Clinical image quality depends on a combination of

factors, such as the technical performance of the imaging system, patient cooperation, the

skill of the radiographer and the nature of the imaging task. Image quality requirements

can only be understood in relation to a particular task, since they depend on thesize and

contrast of the objects to be imaged, and onthepreciseclinical question that needs to be

answered. For optimisation studies, it is also necessary to have more immediate methods

for assessing image adequacy. Before a new technique is trialled on patients, the

researchers need to know whatits technical effects on image quality will be, in order to

predict the likelihood of any changes in the appearance ofclinical images. Following

implementation, it is important to verify quickly that clinical images continueto fulfil their

purpose.

2.8 Reject analysis as quality indicator

The International Standard Organization (ISO) has suggested that departments aiming for

recognised quality standards (e.g. BS 5750) will need indicators of quality and targets of
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achievement against which performance can be audited (ISO 9004, 1991) thus, valid

quality indicators are necessary parameters of any quality system. According to Hardy and

Persaud (2001), achieving quality with cost effectiveness in the National Health Service

(NHS), in UK, is the goal of the governmentinitiatives, however, within the NHS,individual

Trusts and primary care groups have a statutory responsibility for quality but clinicians

remain individually responsible and accountable for their clinical practice and the quality

of care that they give. To assure a quality service, service levels need to be measured

within the clinical environment and a potential measurementtoolis film reject analysis

(Lau et al, 2004)

In conventional imaging, reject analysis can be described as the critical evaluation of

radiographs that have beenrejected as being of insufficient quality to enable a diagnostic

radiological opinion to be given. By analysing these rejects it may be possible to identify

problem areas and to introduce corrective measures (Finch et al, 2001). Peer et al, (1999)

reported that reject analysis has been used as a quality indicator of radiology services and

has been recommended as a quality indicator for purchasers. However, it was also

suggested that care be taken when using reject rates as a global quality indicator for

radiology services but its use is supported in local, examination specific, and audits for

quality. Furthermore, Dunn and Roger (1998) wereof the view that the reject rate appears

to be an attractive option as a quality indicator since it is easy to measure both the rate

and its economic impact in terms of wasted resources (consumables, staff time and

radiation burden to the population) and therefore useful and easy to execute in

developing countries with limited facilities.

A film reject analysis also acts as a link between a department’s quality assurance efforts

and the consistency of its image quality and provides an overall index of consistency

related to image quality (Peer et al., 1999; Clark and Hogg 2003). However, due to the

subjectivity of the analysis, it is possible that a given hospital may be approving the

consistent production of images of poorer quality than those, which could be achieved by

the installed equipment. In addition to the reduction in film wastage resulting from

Quality Assurance, there is the further advantage of reducing patient and radiological
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personnel exposure. Clark and Hogg (2003) shared the same opinion by stating that the

repeat analysis study highlights its importance to the radiology department as a Quality

Assurance tool and provides a useful indication of the quality and effectiveness of a

department’s imaging process. It was emphasized that the reject/repeat analysis has long

been the primary tool used to assess the cost—effectiveness of imaging departments and

in particular, it is one way of helping to enforce the ALARA, ‘As Low As Reasonably

Achievable’ principle of administering ionising radiation within the imaging departments.

Clark and Hogg (2003), believed that the reject analysis can be justified by means of

reducing departmental film expenses, minimising radiation burden and decreasing patient

waiting times, thus increasing the quality of service delivered. In addition to increasing

patient dosage, a repeat radiograph costs more than the price of the film used and the

time spent by the radiographer and other personnel, room scheduling conflicts, and cost

of chemicals and other disposables all add to the expense of a repeat. It is also an

educational tool in its own right. A reject rate is defined as the numberoffilms rejected

from the department expressed as a percentage of the total films used. This includes

radiographs that are repeated as well as films wasted due to equipment error and other

factors. Repeat rate refers to the percentage of clinical radiographs that have to be

retaken owing to an errorresulting in an image of unacceptable quality (Finch et al, 2001).

It is therefore important that Quality Assurance staff have a clear definition of whatis to

be included in their reject analysis programmes. Reject analysis will provide a wide range

of information about the efficiency of image production in the department. This total

reject rate provides a baseline with which to monitor the effect of introducing new

techniques, equipmentorfilms and can be analysed by section, room or anatomical part

to give more detailed information about performance. It may also give an indication of

training needs. The reject/repeat rate is sensitive to examination type (Peeret al., 1999;

Clark and Hogg, 2003; Lau et al, 2004).

Reject films increase costs and radiation dose but do not contribute to the quality of the

service and whenit is undertaken in a department on a regular basis, reject analysis will
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indicate any variation from the usual departmental performance (Finch et al, 2001),

Analysis of rejected films is a subjective evaluation of image quality. Those images judged

to be of inadequate quality are then categorised according to cause, which mayberelated

to the competence of the technical personnel, equipment problems, specific difficulties

associated with the examination or some combination of these elements. Wilson (2000)

however, was of the opinion that the reasons for a retake could be divided into two

categories;

e Equipment and accessoryfailure, malfunction, or error, and

e X-ray personnel error

Equipment and accessoryfailures malfunction, or error are referred to as technical errors

and include thefollowing:

e Inaccurate kilovoltage (kVp) calibration

e Inaccurate milliamperage (mA) calibration

e Inaccurate timer calibration

e Dirty or damagedcassettes

e Improperly labelled or damaged grids

e Malfunctioning collimator

e Improperfilm storage

e Incorrect or inconsistent film processing

X-ray Personnel Error

e Use of incorrect technical factors (kVp, mAs, distance)

e Incorrect positioning

e Failure to measurethe patient withcallipers

e Impropercollimation

e Use of improper accessories such as grids, cassettes andfilters

e Improper handling of unexposed or exposedfilms

e Failure to communicate clear instructions to the patient resulting in inadequate

immobilisation.

According to Wilson (2000), studies have shownthat most of the radiographsare rejected

because of patient positioning, patient or equipment motionorthe selection of the wrong
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exposure factors. Reject analysis programmecan thus help to identify areas that could be

addressedin an in-service training programme. To ensure cooperation in a reject analysis

programme,the technical staff must be assured that the information is not intended to be

used for disciplinary purposes. Finch et. al. (2001) stated that a reject analysis programme

will only be a successif there is cooperation from departmental staff and emphasized that

it is important to inform and involve as many as staff as possible throughout the

organization stage to try to ensure a positive approach. If reject rate is seen as a meansof

exerting discipline, support may be withdrawn, resentment provoked and invalid results

may be obtained.

It was recommendedthat radiology departments should have ongoing reject analysis in

order to reduce retakes, and specifically on the projections that have the highest repeat

rates and the reason(s) for this (Wilson, 2000). The analysis will demonstrate the strengths

and weaknesses of the techniques undertaken and also highlight problems with the

equipment or technique charts that must be addressed with corrective action. It is

howeveradvised that reject analysis must be conducted judiciously and in such a manner

as to minimise interference with the normal departmental activities (Wilson, 2000).

A comparative study on reject analysis of conventional film-screen imaging and computed

tomography with picture archiving and communication systems (PACS) by Sheung-ling Lau

et. al. (2004) revealed that the overall reject rate of computed imaging with PACS (1.3 %)

wassignificantly lower than that of conventional imaging (2.1%). In conventional imaging,

exposure (38.6%) and positioning (28.2%) errors were the main reasons for rejection,

whereas the main reason in computed imaging was positioning error (55.4%). Rejections

due to exposure errors and patient movement in computed imaging (7.4% and 2.3%

respectively) are significantly lower than that in conventional imaging (38.6% and 6.5%

respectively).

A study by Clark and Hogg, (2003) on reject analysis and the effect prior film viewing has

on a department’s reject/repeat rate showed that the availability of the patients’ past

films in the study hospital lowered the overall repeat rate from 33 to 10.6%. After the
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baseline study, an interventional period was used to analyse and discuss the data among

the radiographic staff. The intervention successfully lowered the repeat rates by 22.4%.

The above results thus provide scopeforsignificant patient and staff dose reductions as

well as reducing departmental film expenses.

According to Wilson (2000), 50% of repeat examinations are due to error in exposure

factors resulting in films or radiographs that are either over or under exposed; that is, the

film has incorrect density or shows poor contrast. Positioning errors account for

approximately 25% of all repeats. A similar study in Nigeria, also in sub-Saharan Africa by

Ikamaise et al (2000) assessed accuracy in patient positioning, beam collimation and

identification of radiographs as indicators for Quality Assurance and radiation protection.

The results showed that for males 59% of chest X-rays were rotated (60% of the female)

were rotated while 39% were not. 95.30% radiographs were inadequately collimated.

69.30% were not properly identified. Positioning and beam collimation contributed to a

high percentage of unnecessary radiation dose to the patients in all the participating

hospitals. Ikamaise et al (2000) wereof the view that poorpractice of radiation protection

exists in the hospitals in Nigeria and suggested that most patients wereat risk of having

other parts of the body not involved in the required X-ray examination exposed to

radiation. Another study in Nigeria by Bassey (1997) revealed that equipment and patient

faults contribute 1.4% and 5.4% respectively, whilst inappropriate technique and exposure

factors contribute 33.9% to film wastage. Recently, Egbe et al., (2009) reported that chest

examinations lacking sufficient beam collimation is a major area of concern in Nigerian

hospitals.

In Ghana however, it was reported that repeat rate for chest examinations which was

conductedin five private hospitals were between 4.0-11.2% with patient movement as

the most common cause (IAEA-TECDOC-796, 1995). Thereis no literature on the regional

and teaching hospitals, which are the largest in terms of facilities, staff and patient

throughput in Ghana. According to Schandorf and Tetteh (1998a) reject analysis is not

done on routine basis in the hospitals in Ghana and suggested an urgent need for Quality

Assurance programmesto betaken seriously to avert considerable cost and high patient
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doses. To date, there is no available literature to suggest a change in the above situation

or an effort to promote patient radiation optimisation in Ghana.

2.9 Radiation protection of the patient studies in Ghana and other developing

countries

The most recent investigation on optimisation of the patient radiological protection in

diagnostic imaging was conductedbythe International Atomic Energy Agency in 2004 and

2005 (IAEA-TECDOC-1423, 2004; IAEA-TECDOC-1447, 2005). In the 2004 study, the only

participating African country was Morocco.It was reported that thefilm rejection rate for

all examinations prior to Quality Control intervention ranged from 3.0-26.4%. However,

after the introduction of Quality Control programmes and its ensuing corrective actions,

there was an overall decreasein film reject rates to between 1.6-13.0%. Common Quality

Control problems amongtheparticipating countries revealed in the study were inaccurate

kV selection, linearity of output with mAs, reproducibility and in a few cases insufficient

filtration. The average dose reduction for the patients after the Quality Control was

introduced was from 21% to 78% for the participating countries. The study therefore

shows the enormous benefit that can be derived when routine Quality Control activities

are carried out routinely on diagnostic radiological equipment.

The Conference of Radiation Control Programme Directors Inc (CRCPD) suggested that

quality assurance in diagnostic radiology must move beyond X-ray equipmenttesting to

assessment of image quality and patient dose (CRCPD, 2001). This view is shared by the

IAEA which has recommended that the emphasis on QA should be image quality and

patient dose rather than testing equipment performance (IAEA-TECDOC-1423, 2004). The

CRCPD, believe that most countries have the potential, with minimal training to address

significant step(s) in Quality Assurance, from evaluating image quality to identifying causes

for poor quality and thus forming the base for developing a Quality Assurance

programme. This step can lead to development of a rational Quality Assurance

programmebased on the need for image quality. However few countries currently have

the capability of carrying out regular patient dose assessment in order to establish

guidancelevels.
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Schandorf and Tetteh (1998b) conducted a study on the assessmentin the radiation doses

to patients in selected and most frequent X-ray examinations in Ghana. The study

provided a basic comparison of measurements in individual X-ray departments in the

country. The mean entrance skin dose during the survey was found to be higher than

suggested by the European Commission (1996). The study attributed the cause of high

patient dose to the absence of formal QA and QC programmeto ensure that the

performanceofthefacilities was acceptable. It was also suggested that, operators of X-ray

facilities in Ghana might probably not be aware of any international dose averages as a

benchmarkfor the doses they deliver. However, the study in Ghana did not state whether

there were any national agreed dose levels consistent with the international dose

averages, and whether or not these were being adhered to. Moreover there is no

evidence to suggest that the Economic Communities of West African States, of which

Ghana is a member, has any recommended dose levels which member states should

follow.

Schandorf and Tetteh (1998a) also detected that mostof the hospitals their study covered

used technique parameters in conjunction with slowerfilm/screen speed systems, which

required higher doses. Ghanais not alone in experiencing these problems: similar findings

were also identified in Irish hospitals in a survey conducted by Johnston and Brennan

(2000) leading to higher radiation doses in some hospitals. Schandorf and Tetteh’s

(1998a) study identified dose variations for the same radiological examination in the

different hospitals. This problem was not isolated to Ghana but common in other

developing countries (Johnston and Brennan, 2000; Wall, 2001; King et al, 2002). These

problems probably could partly be associated with the inadequate training of imaging

staff, variation in patient physique, different types of equipment and technique usedin

different hospitals. Also, the different methods of documentation of data on radiation

dose could also lead to apparent dosevariations (King et al, 2002; Minigh, 2005).

In another IAEA Coordinated Research Project (IAEA-TECDOC-796, 1995) on Radiation

doses in diagnostic radiology and methods for dose reduction, the Ghanaian researchers

reported that for chest PA examinations, there was dose reduction between 41.2%-75.6%
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after Quality Control measures had been introduced into the imaging system. Though the

study wascarried out in five private hospitals of relatively small patient throughput, the

situation is probably mirrored in regional and teaching hospitals where the majority of

radiographic examinations take place.

The patient dose surveys conducted by Schandorf and Tetteh, (1998a; 1998b) in Ghana,

although undertaken 10 years ago, were important in identifying methods to reduce

patient dose in Ghana. Such surveys produce important data on levels of patient dose

which can also provide knowledge into causes of these differences in dose such as

personnel, equipmentfactors, patient characteristics, exposure parameters, radiographic

procedures and the extent of quality assurance that are in place (Johnston and Brennan,

2000). In developing countries and sub-Saharan Africa in particular, constraints such as

shortages of radiology staff, lack of equipment maintenance and service, and logistic

problems concerning X-ray films and chemicals may interfere with effectiveness of a

Quality Control approach (Schandorf and Tetteh, 1998a). Quainoo (2003) observed that

financial support, lack of personnel and other logistic constraints are the major factors

hindering the implementation of such surveys in the Ghana.

Moreover, dose surveys form the basis for the institution of diagnostic reference levels

(Van Soldt et al., 2003), which helps to guide exposures in every X-ray procedure (ICRP

Publication 60, 1991). It is the foundation of optimisation of patient doses to identify

those practices in most urgent need of investigation and corrective action (Wall, 2001).

Schandorf and Tetteh’s (1998a) investigation is significant in the assessment of dosein

routine medical X-ray examination which could lead to the developmentof local DRLs. For

example, the importance of a dose surveyis reflected by their use in many hospitals in

other countries to develop local dose reference levels (LDRL) to monitor radiation

exposure (Yakoumakis et al, 1999, Yakoumakis et al 2001; Van Soldt et al, 2003;

Yakoumakis et al 2007). The ICRP and NRPB in UK also recommend that dose

measurement should be carried out in all X-ray departments as a result of the reasons

already provided above (ICRP Publication 60, 1991; Hart etal, 2007). However, in the

context of the situation that exists in Ghana with sub-standard imaging facilities
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(Schandorf and Tetteh, 1998a; Schandorf and Tetteh 1998b), high DRL may be set. The

concernis that as long as these DRLs are complied with, sub-standard equipment may not

be replaced (Dendy and Whitehouse, 2000) which defeats the whole concept of dose

reduction.

The attempts to develop DRLs in Ghanais to be encouragedfor radiation dose reduction

becausejustification and optimisation of radiation exposures requires reliable information

(Younget al, 2005) which from theliterature reviewed could be achieved through image

quality evaluation and patient dose surveys. The IAEA states that large differences in

radiation doses from the same procedures amongdifferent X-ray rooms demonstrate the

potential for dose reduction. They recommendedthat an exercise in dose reduction, while

maintaining the quality of the diagnostic information in the image, is a genuine process of

optimisation associated with an improved use of the X-ray equipment (IAEA-TECDOC-

1423, 2004). Quality Assurance programmes and Quality Control protocols form an

essential part of the optimisation process. Therefore, such programmescovering physical

and technical parameters associated withthe types of X-ray examination being carried out

needto be instigated in every medical X-ray facility (IAEA-TECDOC-1423, 2004).
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CHAPTER 3

Research Methodology and Design

This chapter deals with the philosophy guiding the research, overall research design and

instruments used to achieve the objectives of the study.

3.1 Philosophy guiding the research methods

Research methodology is the overarching approach to research and encompasses both

philosophy and methods and is fundamental and vital to the success of the research

(Finlay and Ballinger, 2006; Gray, 2009). With the lack of available data and records on

quality assurance and patient radiation protection inherent in the Ghanaian health

system, a basic theory and conceptual framework was required that would encompass

these difficulties. For the current study, it was essential to understand how the diagnostic

imaging practitioners perceived the quality of service they provide, the problems

associated with the practice of the profession, how these problemsaffected the quality of

diagnostic imaging practice, the protection of the patient against unnecessary radiation

and subsequently the quality of care received. The objectives of this research included a

strong social element and were based on both qualitative and quantitative methods. The

paradigm chosen to underpin the current research is pragmatism since both post

positivism (quantitative) and relativism (qualitative) approaches were considered

necessary to achieve the objectives of the study. Others have advocated pragmatism i.e.,

use whatever philosophical or methodological approach that works best for a particular

research problem at stake (Robson, 2002; Gray, 2009). Pragmatism leads to mixed method

studies where both quantitative and qualitative approaches are adopted. Pragmatism is

itself a philosophical position with a respectable, mainly American history going back to

the work of Pierce, William James and Dewey (Robson, 2002). For these pragmatists,

truth is ‘what works’. Hence the test is whether or not it is feasible to carry out

worthwhile studies using quantitative and qualitative approachesside by side. Tashakkori

and Teddlie (1998, pp. 137-70,) provided an extensive set of examples. Gray (2009)

contends that this pragmatic approach is feasible because the fundamental values of
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current quantitative and qualitative researches are actually highly compatible, both

including the value-ladennessof facts; that reality is multiple complex, constructed and

stratified; and the under determination of theory by fact (i.e. that any particular set of

data is explicable by more than a single theory). With the above evidence, a combination

of both qualitative and quantitative methods approach were considered to be the most

appropriate approachtofulfil the research objectives.

Both fixed (experimental) and flexible (qualitative) design approaches were adopted at

appropriate stages throughout the entire project. Mixed methods have been defined as

‘the collection or analysis of both quantitative and qualitative data in a single study in

which the data are collected concurrently or sequentially, are given a priority , and

involve the integration of data at one or more stages in the process of research’ ( Creswell

et, al., 2003; Creswell and Clark, 2007). Mixed methods research adopts a pragmatic

method and system, based on a view of knowledgeas being both socially constructed and

based upon the reality of the world we experience and live in (Johnson et al., 2007).

Hanson et al. (2005) suggest that using mixed methods allows researchers to

simultaneously generalize from a sample to a population and to gain a richer, contextual

understanding of the phenomenon being researched. The most common approach to

mixed methods design occurs whenthe results of a qualitative study are used to inform

the quantitative research phase. The qualitative study, explores, identifies and can provide

clarity about the kinds of variables requiring further investigation. According to Gray

(2009) this approachis useful in circumstances whererelativelylittle or nothing is known

about the research setting or the research problems.

There is a strongly held view that there is an ideological divide between qualitative and

quantitative approaches and that these should never meet (Fielding and Schreier, 2001).

Bryman (2007) howeverarguesthat the epistemological differences between quantitative

and qualitative methods have been exaggerated and Robson,(2002) wasof the view that

many of the differences between qualitative and quantitative approaches are more

apparent than real and that there can be advantages in combining qualitative and
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and quantitative approaches. Pragmatists recommendintegrating the two methodswithin

a single study, utilizing the strengths of both. According to Tashakkori and Teddlie (2003)

rather than looking at a research problem from a position of epistemological purity,

researchers should begin with their research questions and select the most appropriate

method(s). Using more than one method can have substantial advantages, whilst

inevitably adding to the time investment required but enhancingtherichness of data. One

important benefit of multi-methods is the reduction of inappropriate uncertainty. The

main advantage of employing multiple methods is commonly cited as permitting

triangulation i.e. a method of location by getting a ‘fix’ on it from two or more places

(Kelle, 2001; Gray, 2009). Multiple methods can help in other ways. Rather than focusing

on a single, specific research question, they may be used to address different but

complementary questions within a study. Multiple methods can also be used in

complementary fashion to enhanceinterpretability. According to Johnson et al, (2007)

mixed methods research is becoming increasingly recognized as the third major research

approach of paradigm.

3.2 Overview of the methodology

An overview of the methodology is demonstrated in Figure 3.2, commencing with an

identification of the problem and leading through to future prospects. Three separate

study trips were made to Ghanaoverthree yearsto collect data for the study;

e In the first year a qualitative (phenomenological) interview study (Study 1) was

employed using semi-structured questionnaires and observation for data

collection. This is described in Chapter4.

e This was followed in year two by two quantitative studies on optimisation of

patient radiation protection (patient dose measurement and image quality

assessment), (Studies 2 and 3) which are reported in Chapters 5 and 6.

e Study 4 consisted of a reject analysis as a quality indicator, which is reported in

Chapter 7 was undertakenin year 3.

The culmination of the thesis is the development of a suggested QA frameworkfor

imaging in Ghana, described in Chapter9.
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Figure 3.2 Overview of the methodology
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The researchers’ long standing employmentas a lecturer at the radiography department

of the School of Allied Health Sciences which trained most of the current practicing

radiographers in Ghana and his professional relationship with the decision makers in

radiology/radiography in Ghana influenced the direction of this research and facilitated

access to information. This study wasthefirst of its kind undertaken in Ghana to assess

the level of patient radiation protection and radiation dose in imaging departments of the

leading teaching, regional and district hospitals in Ghana with a view to developing a QA

model for imaging services which could ultimately be implemented nationally.

3.3 Research setting

The data collection for the entire study was conducted across imaging departments from

23 hospitals in Ghana, which has a doctor-population ratio of 1 doctor to 22,193 people

(GHS, Report 2002a). The hospitals were selected to represent at least one tertiary and

one secondary level hospital in each of the 10 regions in Ghana. To most appropriately

reflect the national profile of imaging departments, as the study was dependent upon the

involvement of radiographers and radiologists, every effort was made to those involve

hospitals with at least one radiographer and a resident radiologist. Most of the

radiographic staff who tookpart in the study workedat the two leading teaching hospitals

(Korle-Bu in Accra and Komfo Anokye in Kumasi) in Ghana, both of which wereincluded in

the study. The teaching hospitals possess the majority of radiological facilities and the

highest annual patient throughput in Ghana. The regional and district hospitals usually

have a single x-ray equipmentinstallation in their imaging department. Table 3.3 below

details the hospitals involved in the study, their status in the Ghana health care system,

the numberof X-ray roomsincluded andthe study(ies) in which they were involved.
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Table 3.3 Details of the hospitals involved in the study

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

ID HOSPITALS STATUS REGION NO. OF X-RAY STUDY

ROOMS NUMBER

INCLUDED

1 Korle-Bu Tertiary (Teaching) Greater-Accra 2 1,2 ,3&4

2 Komfo Anokye Tertiary (Teaching) Ashanti 2 1,2,3&4

3 Korle-Bu Secondary (District) Greater Accra 1 1,2,3&4

Polyclinic

4 Ridge Tertiary (Regional) Greater Accra 1 1,2,&4

5 KNUST Secondary(District) Ashanti 1,2,&4

6 Suntreso Tertiary (Regional) Ashanti 1 1&2

7 37 Military Secondary(District) Greater Accra 1 1&2

8 SSNIT Secondary(District) Greater Accra 1 1&2

9 Cape Coast Tertiary (Regional) Central 1 1

10 Koforidua Tertiary (Regional) Eastern 1 1

11 Effia Nkwanta Tertiary (Regional) Western 1 1&4

12 Sunyani Tertiary (Regional) Brong-Ahafo 1 1&4

13 Tamale Tertiary (Regional) Northern 1 1

14 Ho Tertiary (Regional) Volta 1 1

15 Wa Tertiary (Regional) Upper west 1 1&4

16 Sogakope Secondary( District) Volta 1 1&4

17 Essikado-Sekondi Secondary(District) Western 1 1

18 Sandema Secondary(District) Northern 1 1

19 Yendi Secondary(District) Northern 1 1

20 Bolga Secondary(District) Upper west 1 1&4

21 La Polyclinic Secondary(District) Greater Accra 1 1

22 Kibi Secondary(District) Eastern 1 1

23 Oda Secondary(District) Eastern 1 7     
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3.4 Overall project - sampling and sample size

Overall, a total of 25 radiographers, 25 radiographic technicians and 4 radiologists were

involved at various stages throughoutall studies in this thesis. Consultations were also

undertaken with 5 key institutions which have influence in diagnostic imaging in Ghana

namely, the Ghana Health Services, Philip Medical Systems (equipment suppliers), the

Radiation Protection Board of the Ghana Atomic Energy Agency (regulators), the School of

Allied Health Sciences, and the Ghana Society of Radiographers.

Data collection for the three quantitative studies (studies 2, 3 & 4) utilised radiographs of

patients over the age of 18, attending for general radiographic examination in the

radiology departments of the selected hospitals, who were able to co-operate favourably

with the required measurements. Radiographs of most commonly performed X-ray

projections of general radiography, namely chest (PA andlateral); lumbar spine (AP and

lateral); pelvis AP; abdomen AP and skull (PA and lateral) were included in the studies.

These projections were selected by examining the annual frequency of examinations from

records at the selected hospitals.

During the gu year of this work, the researcher had an industrial attachment with

Integrated Radiological Services (IRS) Ltd. in Liverpool from October 2007-June 2008, to

explore existing quality assurance models and their implementation strategies in hospitals

in North-West England. IRS is an independent body mandated by the Health and Safety

Executive (HSE) in the UK to carry out quality control test on diagnostic equipment on

behalf of the National Health Service (NHS) trust in North West (NW) England. IRS also

provides advisory and training services in radiation protection for end users of

radiographic equipments. During the nine months attachmentwith IRS, visits were made

to 20 hospitals where quality control testing on radiographic equipments in the imaging

departments was observed. The researcher also attended three workshops on quality

assurance and radiation protection organised by IRS for radiographers and radiation

protection advisors (RPA). Attendance of these workshops and participation in open

discussions offered an in-depth knowledge of quality assurance and patient radiation
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protection activities in NW England. The attachmentperiod also provided an opportunity

for review of the various documents onlegislations and protocols on radiation protection.

Data was accumulated on 5076 radiographs from 3646 patients who werereferred for the

above examinations throughout the various stages of the study. The samples for each

discrete study are described in detail in the relevant chapters. Opportunistic sampling was

used i.e., patients presenting for examination and matching the inclusion criteria (age,

weight).

3.5 Testing of the methodologies for validity and reliability

Prior to the commencementof each of the 4 studies the methodologies were piloted on

the radiographers and radiologists involved in the main study. This enabled an evaluation

of the practicality, validity and reliability of the devised methods and instruments and to

make any necessary amendments as suggested by Gommetal, 2006. The designed data

collection proformas used for the studies were given to each of the participating

radiologists and radiographers two weeks in advance so that they could familiarise

themselves with the proposed procedures. The sheets were then used to collect the

required data and scrutinised to assess whether they accurately and appropriately

recorded information required from the study.

Feedback from all staff involved was encouraged at each stage. For example, the study 2

pilot (dose assessment) demonstrated that additional supporting staff were requiredin

each room to help the radiographerin the measurement and recording of the data in

order to make the process moretimeefficient. Another important issue that arose was

the need to agree on commonreferencepoints for the measurementof the anatomical

thicknessof the patient. The pilot for study 3 (image quality assessment) indicated that

the relevant information on the data sheet for the image quality grading should be

completed by the radiographerand attached to the radiograph before forwarding to the

radiologist for assessment. Study 4 pilot (reject analysis) produced consensus among the

staff that the list of common causesof film reject was to be reduced to the 7 most
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commoncauses recorded from thepilot study instead of the 14 causesontheoriginal

data sheet. Data on the characteristics of the radiographic equipment(X-ray machine

model, waveform,andfiltration) were also collected and recorded. These data, together

with the information on the relative frequency of the examinations performedin the

selected X-ray rooms, would provide baseline information for future QC programme. The

methods, as tested and correctedin the pilot studies, were then used for the respective

studies.

3.6 Ethical considerations.

In order to ensure that the data from the various interest groups obtained was handled in

an ethical manner, the following measures were taken:

(i) Approval

Ethical clearance (Appendix A-1) was sought and obtained from the Ethics committee of

Schoolof Allied Health Sciences, College of Health Sciences, University of Ghana. Approval

was also sought from the Ghana Health Services who have overall supervisory role on the

regional and district hospitals.

(ii) Researchpartners’ informed consent

Because cooperation and commitment of the partners involved in the project

(Radiologists, Radiographers and Medical Physicists) was crucial, letters (Appendix A-2)

were sent to the radiology departments of the participating hospitals and also to the

Radiation Protection Board of the Ghana Atomic Energy Commission, informing them

about the study. This decision was taken in orderto get(i) their individual consent and(ii)

to motivate them to participate voluntarily. Additionally, prior to commencementof each

of the four studies of the project, discussions were held with key staff of the radiology

departments of the various hospitals in order to ensure that they were fully informed and

to encourage co-operation.

(iii) Patients’ informed consent

Since additional data (anatomical thickness and weight) other than that provided on

patients’ request forms wereto be recorded patients were made aware of the importance

of the study for which data were being taken and the need for their cooperation and
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consent. They were also informed that the measurements being taken would not in

anyway, affect the results of their examination to be done. Additionally, they were

assured of confidentiality of their identity and the information collected on them.Finally,

patients signed a consent form (A-3) signifying that they had consented to the use of the

data collected for the study for research purposes and to develop the QA system. The

research had no elementthat could pose anyrisk or harm to the participants.

3.7 Design of data collection tools and validity and reliability of the data

The instrumentused for data collection in a survey can either be an already approved one

or a new instrument developedspecifically for the research in question (Nicholes, 2002).

The data sheets for the study for the project were combination of the above. For example,

data sheets for studies 2 & 3 (patient dose and image quality assessments) were adopted

and adapted from the International Atomic Energy Agency’s Coordinated Research

Projects (IAEA-TECDOC 769, 1995; IAEA-TECDOC 1423, 2004 ; IAEA-TECDOC 1447, 2005)

whilst the data sheet for the reject analysis was developed after review of relevant

literature.

To improvevalidity and reliability of the data, during each study within this thesis, testing

and re-testing of individual variables by independent assessors was integral. Most

experimental research using practitioner judgments attempt to enforce reliability on

practitioners by providing them with a protocol or guidelines for making judgments and

such instruments are validated for their reliability by testing them to see whether

different practitioners using the same instrument come to the same conclusions with

regard to the samecases. As suggestedin the literature (Gomm etal, 2006), test of inter-

rater reliability is one way in which a researcher can demonstrate the robust nature of the

measurements in a quantitative study. Test-retest, inter- and intra-rater tests are usually

analysed for agreement using kappa (Hek and Moule, 2006; Bryman, 2008; Gray, 2009).

Perfect agreement is expressed as +1, no agreementat all as 0 and completely contrary

judgements as -1. Inter-rater agreement was therefore calculated using kappa.
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Microsoft Excel 2007 version and Statistical Package for Social Sciences (SPSS) version 16

were used for the analysis. The qualitative aspects were also categorized, analysed and

emerging themes reported from participants’ comments with examples of comments

made by respondents as suggested by Bryman (2008) and Gray (2009). This was intended

to facilitate easy interpretation and description of data acquired.

3.8 Limitations /Challenges encountered during studytrips

Challenges such as limitation in the numberof staff were encountered during the entire

project. For example, during the pilot studies for studies 3 & 4 (image quality assessment

and film reject analysis), it was proposed that films would be evaluated by a central panel

of radiologists and also by an independentinternational panel of radiologists for study 3

and for study 4 (film reject analysis) by respective radiographers in charge and by

independent international assessors. However, this was not possible due to the limited

number of local staff. As a result, only two local radiologists, one for each of the 2

participating hospitals in study 3 did the film evaluation. However, 2 independent

radiologists from the hospitals performed assessments on randomly selected films from

the samecohort to test agreement.

Besides the limitation in the numberof radiologists in the country, difficulties arising from

the local rules governing healthcare schemes in Ghana hindered the intended

independentinternational assessmentof the radiographs. For example, in Ghana, patients

pay for their films and keep them after diagnosis as stated in Chapter 1. This madeit

impossible to have the films reviewed and evaluated by independent international

radiologists. Also, the legal implications of sending patients’ films outside Ghana for

external evaluation prevented any comparison of image quality between the hospitals in

Ghana and other countries. As the main aim of the current study was to lay the

foundations of a quality system that could be extended nationally, the decision was

deliberately taken to limit study 3 (image quality assessment) in particular to the two

leading teaching hospitals, with resident radiologists and radiographers.
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It was difficult and often impossible to obtain documented information from the hospitals.

In the cases where information was available, only a particular person could release

official information and if this person was not available (which was the case in most

places) delays wereinevitable. It was therefore necessary to depend on data and service

information collected from radiographic staff working in the current system. Effective

communication was hampered by unreliable internet and telephonefacilities in some

parts of the country. Contacting people by phone proved difficult and in most cases

messagesleft were not passed on to the right person or calls were not returned. E-mail

access was not commonandin most hospitals unavailable. Other difficulties such as lack

of suitable meansof transport (private) compounded the problem and in most cases the

researcher had to rely on public transport which was usually unreliable and inconvenient

to travel between the hospitals. This limited the number of hospitals that could be

included and also contributed to delays in data collection during the study. The research

framework underpinning the overall research has been highlighted in this chapter

followed by an overview ofthe overall study design. Challenges encounteredin the entire

study were reiterated. Details of the individual studies are reported in the following four

chapters.
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CHAPTER 4

Study 1: Phenomenological study on the current statusof

quality assurance andpatient radiation protection in imaging

departments in Ghana

4.1 Introduction

Although radiography has been an established imaging modality for over a century,

continuous developments have led to improvements in technique resulting in

improved image quality at reduced patient dose. Some national surveys, particularly in

the UK (Hart et al, 2007) and in the United States of America (USA) (CRCPD-NEXT,

2002), have indicated large variations in patient doses for the same diagnostic

examination, in somecases by a factor of 20 or more.This arises not only due to the

various types of equipment and accessories used by the different health care

providers, but also because of operational factors and techniques employed (IAEA-

TECDOC 1423, 2004).

A good system of radiological protection should aim to do more good than harm,

should have in place protection arrangements that maximise the net benefit, and

should aim to limit the inequity that may arise from a conflict of interest between

individuals and society as a whole. In addition to regularly checking the operating

characteristics of the X-ray imaging equipment,fully effective QA programmes should

also assess the performanceof the operators of the equipment and must be managed

in a way that enables rapid and effective remedial action to be taken whenrequired.It

has also been demonstrated through practice that Quality Assurance (QA)

programmes and Quality Control (QC) protocols form an essential part of the

optimisation process. Therefore, such programmes covering physical and technical

parameters associated with the types of X-ray examination being carried out need to

be instigated in every medical X-ray facility. Regular patient dose measurements,film

reject analysis (FRA), and image quality assessment need to becomepart andparcelof

the ethos and norms of every diagnostic imaging departments. Issues relating to

radiation protection and quality assurance have been reviewedin detail in Chapter 2.
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4.2 Purpose and objectives

The aim of this study was to undertake a qualitative assessment on the current status

of radiation protection and quality assurance within selected diagnostic imaging

departments in Ghana. The issues raised would then be addressed and inform the

development of a sustainable quality assurance programmefor implementation in the

diagnostic imaging departments in the country. The specific objectives wereto:

e observe the day to dayradiological operations in selected secondary and tertiary

level hospitals

e elicit stake holders (radiographers and heads of department) views on thestatus of

infrastructure, protocols, regulations, educational and training support and other

important issues required for radiation protection and quality assurance within the

diagnostic imaging departments.

e identify whether any measures consistent with international standards are in place

for radiation protection and quality assurance.

e Incorporate the recommendations to develop appropriate measures for

improvementof radiation protection and foster the implementation of quality

assurance in the hospitals

4.3 Study design and methodology

4.3.1 Study design

For the purposesofthis study ‘practice setting’ is defined as those areas, departments,

and/or clinics where diagnostic imaging service is provided by radiographers.

Phenomenological research focuses on the subjective experience of the individuals

studied; it attempts to understand and described a particular phenomenon(Robson,

2002; Gray, 2009). The nature ofthis inquiry lentitself particularly well to the use of

qualitative research methodology in that it enabled a greater understanding of

radiographers experience in QA and radiation protection whilst at the same time

attempting to describe and explain the social world of radiographers practicing in the

field (Burns and Grove, 2005; Hek and Moule, 2006, pg43, 45; Finlay and Ballinger,

2006, pg. 7; Bryman, 2008, pg.369; and Gray, 2009). The use of a descriptive research

approach, as an inductive process, is an effective means of exploring problems about

which relatively little is known andit is through the process that qualitative research

derives its powerto direct the researcher in the developmentof theory. This approach
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permitted the description of the phenomenonfrom the perspective of the participants

within the context of QA and radiation protection, whilst precluding the imposition of

external constraints or controls on the phenomenon understudy (Hek & Moule, 2006,

pg. 43). With the exception of imposing somerestrictions via sample selection criteria,

there was no other attempt to control extraneous or interviewing variables asall

aspects of the participants’ experiencesarising from the context were considered to be

useful. In order for the qualitative research process to be successful it was important

that no pre-conceived notions or biases relating to the researcher’s own experience of

QA andradiation protection in diagnostic imaging were allowedto influence the focus

for inquiry. It was important to understand how the radiographers experience in QA

and radiation protection occurred in diverse contexts.

The study was carried out in Ghana from April to July, 2006 using observation and

semi-structured interviews. This study involved participants from a variety of practice

environments from Ghana. Observational study was carried out in twenty three (23)

hospitals with diagnostic imaging facilities and these comprised a representative

randomized sampling of teaching, regional and district hospitals as well as quasi-

government hospitals across the country provided by the Ghana Health Service.

Drawing participants from a diversity of practice settings promoted increased

participation in the study and contributed to the transferability of findings. Table 4.3.1

shows the hospitals that participated in the study at the various stages. All the

hospitals included utilised traditional film screen imaging.
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Table 4.3.1 Hospitals involved in the study and their status

Key for type of study carried out: Observation: 1, Interview: 2
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Hospitals Status Region Rooms Study

(n) type

Korle-Bu Tertiary (Teaching) Greater-Accra 2 1&2

Komfo Anokye Tertiary (Teaching) Ashanti 2 1&2

Korle-Bu Polyclinic Secondary (District) Greater Accra 1 1&2

Ridge Tertiary (Regional) Greater Accra 1 1

KNUST Secondary( District) Ashanti 1

Suntreso Tertiary (Regional) Ashanti 1 i

37 Military Secondary( District) Greater Accra 1 1

SSNIT Secondary(District) GreaterAccra 1 1

Cape Coast Tertiary (Regional) Central i 1&2

Koforidua Tertiary (Regional) Eastern 1 1

Effia Nkwanta Tertiary (Regional) Western 1 1

Sunyani Tertiary (Regional) Brong-Ahafo 1 1

Tamale Tertiary (Regional) Northern 1 1

Ho Tertiary (Regional) Volta 1 d.

Wa Tertiary (Regional) Upper west 1 1&2

Sogakope Secondary( District) Volta 1 1

Essikado-Sekondi Secondary (District) Western 1 1

Sandema Secondary( District) Northern 1 1

Yendi Secondary (District) Northern 1 1

Bolga Secondary( District) Upper west 1 1

La Polyclinic Secondary (District) |GreaterAccra 1 1

Kibi Secondary( District) Eastern 1 1

Oda Secondary(District) Eastern : 1      
 

4.3.2 Sampling technique andcriteria

For the purposeof this research, a purposive sampling technique, which is one of the

non probability sampling techniques, was used (Morse, 2004; Hek and Moule, 2006).

Participants were adult registered radiographers licensed to practice radiography in
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Ghana who were competent to give informed consent to participate in the study.

Participants were employed full time and were eligible to participate regardless of

their level of educational preparation from entry into radiography practice (whether

technician or a radiographer). Twenty eight radiographic staff (radiographers and

technicians), including five departmental heads, constituted the primary sample for

the study.

4.3.3. Procedurefor data collection

Observational study

After reviewing the relevant literature (Périard and Chaloner, 1996; CPSA, 2005) and

methodologies, a checklist of information relevant to quality assurance and radiation

protection audit was compiled to include items indicated in Table 4.3.3. The

researcher then visited the selected hospitals in turn with the check list from April-

July, 2006 to observe the practise of radiography in the various settings. At each

imaging department the researcher requested the relevant information from the

radiographer in charge and also spent a day observing the activities of the

radiographerfrom the time of entry of the patient to the departure of the patient. The

results of the observation were recorded and reported qualitatively under the results

section of this chapter.

Interviews

Semi-structured interviews were undertaken with departmental heads offive of the

selected hospitals (see table 4.3.1). The interviewees were selected based ontheir long

professional experience (minimum 10 years) with the diagnostic imaging service in the

country. Prior to the interview, separate meetings were arranged with the selected

departmental heads to update them on the rational and objectives of the study and

also seek their consent. Appropriate appointments were booked with the interviewees

in order to establish the necessary rapport needed for the interviews. At the time of

the face-to-face meeting with the participants the investigator thanked them for

participating and again described the study and explicated the rights of the research

participant. Each qualifying participant signed the informed Consent form (Appendix A-

2) and wasgiven a copy to keep. Subjects were informed that their participation in the
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study wasvoluntary; that they mayalso refuse to answer any questions and that they

could withdraw from the study at any time without prejudice.

Written permission to audiotape the interviews was acquired willingly from all

participants. Data were collected via face-to-face audio taped interview with the

participants, using a semi-structured interview process. The used of a semi-structured

interview technique ensured that the investigator obtained the required information

while at the same time allowing the participants the freedom to respond and to

illustrate their thoughts. The interview guides were prepared in a manner that gave

participants the freedom to respond andtoillustrate concepts in their own words as

stories or descriptions of incidents. Question prompts were used as necessarytoelicit

further information during the interview process. The interviews were arranged to

take place in settings that were mutually convenient for the study participants and the

investigator. Brief demographic information addressing participants’ age, gender,level

of imaging experience and years in professional practice were collected during the

interview and were used to create a profile of radiographers participating in this study.

An audit trail of researcher generated data was developed to documentinvestigator

thoughts, observations, and decisions during the research process. Organised and

dated field notes were recorded as a meansof capturingcritical contextual data during

the interview process and methodological decisions and personal insights were

recordedin a reflective journal throughout the study to promote qualitative rigor. The

recording offield notes provided valuable contextual data and significantly contributed

“to the tick description necessary in the reporting of qualitative research” (Bryman,

2008, pg. 378). To promote investigative rigor it wascritical to record field notes in a

manner that was descriptive while at the same time synchronising the notes with

other data. Methodological documentation was necessary to ensurereliability of the

study, being continuously mindful of the need to alter strategies as necessary as the

study design emerged throughout the qualitative research process. According to

Bryman (2008) “the researcher’s records of the impetus andrationale for all ongoing

methodological decisions are an integral part of the audit trail in ensuring, and later

substantiating, the rigor of the investigation”. The use of analytic documentation also

promotedtherigourof the data analysis.
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Table 4.3.3 Checklist for QA status monitoring
 

Items Responses
 

Number/Yes/No/Always/

Sometimes/Never

Remarks

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

1 Number of X-ray rooms available in the

hospital

2 Numberof radiologists in the hospital

3 Numberof radiographersin the hospital

4 Availability of quality assurance committee

(QAC) to monitor and implement quality issues

5 Availability of a documented quality assurance

programme

6 Documented QCtest protocols

7 Availability of quality control test equipment

8 Frequency of performance of quality control on

the X-ray machines

9 Radiographers involvement in equipment QC

testing

10 Frequencyoffilm processor QC/ Cleaning

11 Equipment performance record keeping

12 Documented training programmeand records

13 Availability of radiographic positioning manuals

14 Availability of radiographic Exposure charts

15 Availability of documented acceptable criteria

for diagnostic radiographs

16 Availability of radiation protection devices

17 Frequency of usage of radiation protection

devices

18 Reject analysis programme

19 Patient dose audit programme

20 Availability of Patients’ records

21 Keeping of patients past films    
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4.3.4 Questionnaire development

The questionnaire (Appendix B) used for this study was self-developed from reviewed

literature and experience of the Ghanaian situation. Literature searches both manually

and electronically did not yield any instrument based in Ghana or elsewhere of proven

validity and reliability for the situation being studied, which was aimed at diagnostic

imaging professionals. In developing the questionnaire both quantitative and

qualitative methods were considered. The qualitative approach provides detailed

understanding of respondents’ views, opinions, feelings and beliefs in their natural

environment. As this study intends to describe the current state of quality assurance

and radiation protection in imaging departments, this approach was deemedsuitable

and appropriate to achieve the study objectives.

The questionnaire commenced with general information on the interviewee (name;

hospital; years of professional experience; date of interview) so that the impact of

demographic attributes on responses could be investigated. The main body of the

questionnaire gathered respondents’ views on how the services their departments

were providing were meeting public expectation in terms of quality and major

challenges confronting them in meeting the public expectation of quality service

delivery. Other questions related to how quality standards and radiation protection are

monitored and enhanced in the department, the immediate areas that needed

attention in order to maintain and improve quality services delivery to the public and

promoteprofessionalism. In addition, the questionnaire was designed to determine

whether policies, protocols, standards and other important aspects in quality

assurance are in place and are effective for radiation protection and any other

important factors in X-ray practice which impact on radiation protection. It concluded

with an open option for the interviewees to either contribute or make comments

about the study. This was used to gain additional insight from the professional

experience of the interviewees in diagnostic imaging in Ghana, to elicit useful

comments or views that could expand on their response and enrich the study to

facilitate future implementation of the recommendationsof the study.
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4.3.5 Validity of the questionnaire

The interview questionnaire was initially approved for validity by the Diagnostic

Imaging department of the School of Health Sciences, City University, London (where

this work originally commenced), to ensure that the questions actually reflected the

situation being investigated. The suggestions from the department led to changes and

improvements in the content of the questionnaire. Two issues were important in

influencing the validity of the interview questions before the study was carried out.

These were:

(i) The importance of the topic to the radiological staff in Ghana as the investigation

was about their day to day professional practice relating to radiation protection and

quality assurance. This is because valid responses can only be achieved when

respondentshaveinterest and are also informed about what the investigation is about

for them to assess its importance. Validity is enhanced whenthese conditions are met

(Burns, 2000).

(ii) The anonymity and confidentiality of the participants. Ensuring anonymity

enhancesthevalidity of a survey, as respondents cannot beidentified and therefore

tend to respond to questions on sensitive issues more truthfully. Genuine answers

were needed even to sensitive issues and this could have been impaired if

respondents’ anonymity was not protected in this current study. Therefore the

interviewees wereassured of their anonymity and confidentiality.

4.3.6 Rigor and trustworthiness of the study findings

There is a need to evaluate qualitative research methods against different and

appropriate criteria in order to prevent error. The four aspects of trustworthiness that

are relevant to qualitative studies are truth value (credibility), applicability

(transferability), consistency (dependability), and neutrality (confirmability) (Hek &

Moule, 2006; Bryman, 2008, pg.376-377).

Truth value

Truth value is subject oriented and not defined ahead of time by the investigator. The

investigator’s job becomesoneof reporting the participants’ perspectivesasclearly as

possible. The credibility of data is improved through long engagement with the

respondents or triangulation of data collection (Hek & Moule, 2006). Therefore in this
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study, sufficient time was allowed to encourage the radiographersto tell their stories.

Creating an unstructured interview processallowed for depth and breadthof the study

data. Each interview took one to two hours to complete. The interviews were

terminated only after the investigator was assured that each interviewee wasfinished

sharing his/her experiences on their practice setting.

Applicability

Applicability refers to whether or not the findings can be applied in other settings or

contexts, or with other groups (Robson, 2002, pgs. 93, 100; Bryman, 2008, pg. 378).

The goal in qualitative studies is to obtain a rich account of the experiences of the

study participants, not to generalise findings to a broader population. The concept of

applicability is not intended to invalidate the experiences of those who maydescribe

different experiences given similar situations. The interviewees were occasionally

asked to comment on anonymised statements made by other participants. Reponses

that were similar lead to the development of the themes and categories that emerged

during the analysis process whilst those that were different helped to identify unique

aspects of each interviewee’s experience.

Consistency

Consistency is another criterion used in qualitative research to evaluate

trustworthiness of study findings. According to Hek & Moule (2006), “the emphasisis

on whetherthe findings would be consistent if the inquiry were replicated with the

same subjects or in a similar context”. This study emphasised the uniqueness of the

individual participants’ experience with QA and radiation protection and was not

concerned with identical repetition. However there was consistency in findings as the

interviewee’s stories on QA and radiation protection unfolded and ongoing data

analysis revealed similarities across participants’ experiences. Consistencyin this study

was also ensured through a consensus discussion between the researcher and an

independent expert to identify themes and categories.

Neutrality

Neutrality is important and the investigator must attend to issues of personal bias

during the course of the study. It is important for the investigator to ensure
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trustworthiness of the data by identifying his/her own biases during the research

process. Neutrality was confirmed as the investigator examined methodologic and

analytic decisions throughout the course of the study process. The investigator

maintained a reflective journal to record thoughts and observationsthat lead to study

decisions in order to ensure trustworthiness of study findings. The investigator’s

supervisors were routinely consulted during methodological and analytic decision-

making to ensure neutrality.

4.3.7 Ethical considerations

Ethical approval was obtained from the Ethics committee of the Schoolof Allied Health

Sciences, University of Ghana. Subjects were adults, over the age of 18, who

voluntarily participated. No covert efforts to pressure or persuade any individual were

used. The investigator informed participants that they may refuse to answer any

questions and that they could withdraw from the study at any time without prejudice.

Participants received an Informed Consentletter explaining the purpose of the study,

information about the investigator, an assurance of anonymity, and a statement

regarding participation in the study as being voluntary (see Appendix A-2 for informed

consent forms). In addition participants in the study received a letter inviting their

participation. Participants documentedtheir willingness to participate through signing

a written informed consentin the presence of the investigator.

Written permission to audiotape the interviews was also requested and obtained from

all participants at the time of the interview. At no time did any of the participants

refuse to be audiotaped. All raw data were stored in a locked file accessible only to

the investigator. Confidentiality of the data was maintained at all times. Interview

audiotapes were destroyed upon completion of the study; anonymised transcriptions

will be stored indefinitely. All findings were reported in aggregate form and particular

attention wasgiven to using only participants quotations that cannotbelinked to an

individual. Raw data will be retained in the lockedfile for a maximum offive years.In

addition to the informed consent procedures and assurances of confidentiality the

investigator stressed that there are no anticipated benefits associated with

participation in the study nor are thererisks to the participants as the data that were

collected were notsensitive in nature.
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4.3.8 Data analysis

The qualitative data were analysed utilising the process of thematic analysis in an

attempt to construct a meaningful conceptual pattern across subjects’ responses. The

interview audio tapes were transcribed with the help of a supervisor experiencedin

confidential handling of qualitative research data. The accuracy of transcription was

verified by listening to the tape while simultaneously reading the transcript.

Corrections or additions to the transcripts were made as necessary. Wide margins

were used in the transcriptions to permit ease of coding and note taking. The

transcripts wereinitially read several times for the purposes of gaining familiarity of

transcription content. The process of coding the data occurred by reviewing the

transcripts line by line. Writing keywords, using subject’s own words whenever

possible, in the right margin helped to identify the substance of the data. Attention

wasfocussed on recognising constantly repeated words, phrases, or themes within the

data for later retrieval and sorting. Coding, comparison, and recording occurred until

patterns or categories began to emerge.

During the initial phases of data analysis categories were kept as broad as possible

without overlapping. Subsequently it became possible to refine the data into smaller

categories. In addition, the investigator's thought and ideas that were stimulated by

reading the transcripts during the coding processing were noted in the investigator’s

reflective journal as a means of promoting neutrality and researcher’s self-awareness

since thoughts, feelings, and biases that surface may negatively affect the data analysis

process. Field notes regarding the interview setting, participant non-verbal behaviours,

were also documented during the interview process. Demographic data were analysed

using descriptive statistics. Findings were synthesised and reported using actual

examples from the data to demonstrate that the results were groundedin the data

rather than in the perceptionsof the investigator.

4.4 Results

4.4.1 Demographicprofile

The purpose of this study was to explore the current situation regarding radiation

protection and quality assurance within diagnostic imaging departments in Ghana.

Twenty-eight radiographic staff from twenty-three hospitals participated in the study.
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Five of them who were departmental heads participated in the interview session of

this study. The remaining twenty-three radiographic staff comprising of six

radiographers and seventeen radiologic technicians were in charge of the imaging

rooms observed during the study. In this section, a demographic profile, results of the

observation study, an account of the interview experience, and the results of the

analysis of the interview data are presented. Verbatim quotations are usedtoillustrate

the themesthat emerged during the analysis.

The age distribution of the sample of radiographers who participated in this studyis

shownin Table 4.4.1a.All staff were on full time employment.

Table 4.4.1a: Gender and age of participants (n=28)
 

 

 

 

 

Age in years

21-30 31-40 41-50 51 and above Total

Male 2 11 8 3 24

Female 0 2 1 1 4      
 

Years of professional experience

The participants’ years of experience in imaging varied amongthe hospitals surveyed

and are shown in Figure 4.4.1. Most of the participants had been qualified for 6-10

years with only 2 qualified within the last year. In general over 75% ofthe participants

had beingpractising for less than 16 years.

Figure 4.4.1: Years of professional experience for the participants
 

N
u
m
b
e
r
o
f
pa
rt
ic
ip
an
ts

 

12

10

8

 

 

 

 

 

  
<1 1-5 6-10

Years qualified

11-15 16 +  
 

111



Professional qualifications and grade of participants

There are two categoriesofstaff in diagnostic imaging in Ghana namely, radiographers

and radiological technicians. Radiological technicians have completed a 3-year

certificate programme in radiography accredited by the Ghana Health Service. The

radiographersin this study had varying levels of radiography education. Seventeen of

the participants were technicians, 9 had a Bachelor’s degree and 2 had Master’s

degree in radiography. Seventeen of the twenty-eight participating hospitals had

radiological technicians staffing their imaging departments. The highest grade in the

radiographers’ category is Chief Radiographer and at the time of the study, there were

only 2 in the country. One of the female participants was a departmental head with a

Chief Radiographer status. There was only oneparticipant at the Principal Technical

Officer grade (the highest in the technicians rank) at the time of the study. Table 4.4.1b

indicates the study participants’ grade.

Table 4.4.1b: Participants’ grade (n=28)
 

Radiographers (n) Radiological Technicians (n)
 

 

Chief radiographer 2 Senior technicalofficer 1

Assistant chief radiographer 2 Technical officer grade 1 9

    
Principal radiographer 1 Principal technical officer 7

Senior radiographer 3

Basic radiographer a
 

4.4.2 Overview of the observational study

Twenty-oneitems on QA and radiation protection in diagnostic imaging were observed

in all the twenty-three practice settings. In most cases the investigator went through

the checklist of questions relating to the department with the radiographer or

technician in charge and where possible documentary evidence was requested. The

results of the observation were summarised below.

Of the 28 X-rayfacilities surveyed, 26 were single room departments but the 2 main

teaching hospitals, KBU and KATH had 3 and 4 respectively. Only 4 departments had

resident radiologists and the numbersof staff ranged from 1-5. Noneofthe hospitals

surveyed had a QA programme, QA Committee or QCtest protocols and only 1 had QC
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test equipment which was never used. Routine QC testing was not performed on the

X-ray machines. The Radiation Protection Board of the GAEC occasionally carries out

some QCtests as part of their regulatory duties but no QC test results were availablein

any of the departments. Equipment suppliers were only called in for repair works

rather than routine maintenance and noneof the radiographic staff were involved in

carrying out either QC testing or equipment maintenance. QCtest on film processors

were occasionally carried out by the equipment suppliers but no records were

available to support the claim. Records were not available in any of the settings

surveyed on equipment maintenance or performance. Noneof the settings surveyed

had training programmes for their staff or continuing professional development

opportunities.

Radiographic positioning manuals were not available in any of the settings and only

ten hospitals had informal radiographic exposure charts for staff to refer to. None of

the settings had any documented acceptable criteria for diagnostic radiographs.

Radiographs were judged subjectively by the radiographer or the technician who

produced them and in most cases radiologists were not available to report on the

films. Radiation protection devices such as lead aprons were available in all the

departments but were often not used when appropriate by either radiographers or

radiologists.

None of the setting had either reject analysis or patient dose audit programmesin

place and the majority of staff had no knowledge or experience of these tools. It was

difficult getting updated patient records - patient attendance registers and film

dispatch notebooks wereavailable in all the settings but most were lacking vital

information such as age and sex of the patient, date of last examination and other

relevant information. Available records were hand written and noneof the settings

had computerised records nor previouspatient films available because patients pay for

their examinations and therefore take their films away with them.

4.4.3 Overview of the interview experience

Each of the five departmental heads interviewed in this study was able to clearly

articulate his/her views in QA andradiation protection in their practice setting. In each
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interview, as the participants shared their views on the subject matter, they became

bright and expressive as they spoke of their experiences in their profession regarding

QA and radiation protection. The demeanour of the interviewees was relaxed and

comfortable and they shared their experiences in their practice setting with passion.

All were pleased to be offered such an opportunity to share their thoughts and feelings

and were optimistic regarding potential future improvements as a result of the study.

Participants responded comfortably and spontaneously to the questions. Some

participants provided quick answers to the interviewer’s questions and developed

their responses with little or no probing. Others gave short answers and required

probing in order to have them articulate their experiences. One participant was

concerned about sharing names of people on audio tape but whentheinvestigator

assured him that it was all completely confidential they readily shared perceptions

regarding attitudes towards ensuring quality standards in the practice setting. All the

participants thanked the investigator at the conclusion of the interview for the

opportunity to share their experiences regarding QA and radiation protection in their

practice setting and wishedthe study well. As one participant completed the interview

and wasaskedif there was anything else she wouldlike to say, she replied, “ Well, I’d

like to thank you and | am sure that whatever you are doing in the endwill also help in

improving the quality of service we are offering to the public and the government”.

4.5 Analysis of the interview data

Thematic analysis was used to analyse the qualitative interview data. The predominant

themes that emerged were; the contextual concerns (infrastructure) which addressed

policies, protocols, procedure manuals, management structure, resourcing, staffing

and training; institutional practice reflecting production of radiographs, equipment

selection and judging grants, equipment testing and maintenance, quality control and

under utilisation of some radiographic equipment, technological capacity of some

radiographic equipment, reject analysis and dose audit; perception of patient

satisfaction and expectation, patient-staff relationship, delays in examinations, lack of

information and records and the environmentor patient waiting areas; experience of

radiographers including lack of motivation, low remuneration, lack of avenues for CPD

and job progression; implications including impact on patient treatment, cost,

professionalism and responsibility; and solutions put forward which included
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institutionalisation of quality assurance, establishment of QA committee and review of

staff training curriculum. Each of the themes contained within the categories will be

described in detail, along with supporting quotations from the interview data. It is

worth noting that despite the differences in perceptive across the different practice

setting, there were similarities in the themes that emerged within the narratives. Table

4.5.1 illustrates the study categories and main themes contained within each category.

Table 4.5.1 Categories and themes of radiographers experience on the status of QA

and radiation protection in their practice setting
 

 

Category Themes

Contextual concerns / Policies

Infrastructure Protocols

Procedures manuals

Managementstructure

Resourcing

Staffing and training

Institutional practices Production of radiographs

Equipmentselection

Judging of grants

Equipmenttesting and maintenance

Equipment Quality control

Underutilisation of some radiographic

equipment

Technological capacity of some

radiographic equipments

Reject analysis and dose audit

Perception of patient Patient satisfaction and expectation

Patient-staff relations

Delays in examinations

Lack of information/records

Environment/waiting areas
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Experience of radiographers Lack of motivation

Low remuneration

Lack of avenues for CPD

Lack of career progression

Implications Impact of patient treatment

Financial implication

Professionalism and Responsibilities

Solution and the way forward Institutionalisation of QA

Establishment of QA committee

Reviewofstaff training curriculum

4.5.1 Contextual concerns/ Infrastructure

The context for infrastructure on QA and radiation protection in this study represents a

combination of organisational and operational elements that from the radiographers

perspective, significantly affect the quality of the imaging service delivery in their

setting. All the interviewees stated the absences of documented policies, protocols

and procedure manuals in their setting which in no mean way have adverse effect on

the quality of imaging service delivery in their setting. One interviewee described the

situation as,

“Government has nopolicies, no structure concerning the radiological services

and therefore no such quality standard.....Government does not have a body to advice

on radiological services”.

Anotherparticipant corroborated this view by stating that

“There is no such standardfor radiographic quality in my department”.

The absence of position manuals and exposure charts were also reiterated by all the

interviewees. In answering a question on the issue, a participant argued that;

“.. we don’t have anything available. We don’t have protocols for the

department. We don’t have information cards even for the patients. We don’t have
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manuals for anything that we do in the department” and suggestedthat “.... maybe,it’s

time we got organised ”’.

Another theme that developed under context was lack of organised quality

management structure in all the practice settings. A participant attributed her

department’sinability to provide quality service to the public by asserting that

“Because we don’t have any organised structure, it makes it difficult to carry

out some of these things that to my mind need to be done”.

Another interviewee regarded the lack of organised structure as his department’s

weaknessby saying:

“...The fact that we don’t have established quality standards and quality

control for the departmentis also a weakness”.... there is no organised committee that

you can refer things to and you can imagine what happensin this our set-up”.

Staff developmentwasalso strongly raised with a participant putting it in the following

way:

“.. Continuing professional development isn’t an organised thing we do here,it

is an ad hoc sort” ...but | believe that when people qualify there should be continuing

professional development”.

4.5.2 Institutional practice

Issues concerning institutional practices were raised forcefully. Areas such as

establishment of quality standard for the production of quality radiographs, standards

for equipmentselection, testing and maintenancewereraised byall interviewees. The

following statements are representative:

“..governmentdoes not have a technical team advising on the procurement of

equipmentand accessories”,

“After installation, most of the equipmentis not accepted; | mean acceptance

testing is not carried out on most of the equipment. Whatwefind is that a useris just

trained on the equipmentandthenis left to his fate”,

“..And because the equipment are bought without a maintenance agreement,

when an equipment breaks down, you know, there is no check-up, there is no quality

control test carried”

“some contracts often come without after-sales maintenance contract...” and

“..There is no organised committee that you can refer these things to and you can
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imagine what happensin this our set-up. It could take months before something is

doneto this breakdown equipmentand so the public is then deprived of the service not

to talk about quality” were used by the participants to support their points.

Equipment quality control was raised as a problem in almostall the practice settings.

One participant complained about underutilisation of some radiographic equipments

and absenceofreject analysis and dose audit by asserting that:

“In the area of orthopaedics for example because the equipment wehaveis not

orthopaedic friendly, it becomes difficult for us to produce certain projections, so to

them weare not offering quality services but it is not because you the radiographer do

not know whatto do but because the equipment you are using does not allow you to

produce that particular radiograph”.

It also cameto light that regular audit in terms of reject analysis and patient dose were

not part of the institutional practice of the settings in the study. A participant

respondedthat

“...We don’t carry out reject analysis “ “... We don’t evaluate the film we

reject and there are no plans for quality control measures since there is no structure”

and suggested that

“So quality is not consistent in the department”. In a probe to a question on the

possible effect of lack of quality operational standards, a participant responded “...we

are compromising quality in order to produce something with what we have”....“We

are compromising radiation protection”.

Anotherkey issue underinstitutional practice was acquisition of processing chemicals.

This was expressed in the following ways:

“And also government has central medical stores where all government

hospitals are supposedto buy their films, chemicals and other consumables “....There

are no organised bodyto dothe testing of the consumables, the films and chemicals

when they get to the store”’”.... The issues of chemicals and films are the major

challenges facing not only the department alone but also the service as a whole in the

country”.
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4.5.3 Perception of patients

Issues on the public perception on the quality of imaging services were highlighted by

most of the interviewees. Themes under this category includes; patient satisfaction

and expectation, patient-staff relationship, concern about delays in examinations, lack

of information and record keeping and uncomfortable clinical environment especially

the patient waiting areas in the settings. The following responsesareindicative;

“..And | also think that sometimes the patients are worried about the time

spent in the departmentandour waiting rooms...”

...”Our waiting rooms lack decentsitting chairs and there are no television set

or literatures for the patients to entertain themselves whilst waiting for their

examinations”.

A respondentwasof the view that her department was not meeting public expectation

in terms of quality diagnostic service delivery due to frequent breakdown of the

equipmentin her setting by emphasising that

“..due to the frequent breakdown of our equipment we are not able to meet

their expectation since some examinations have to be deferred a couple of

times or reappointed.”

4.5.4 Experience of radiographers

Lack of motivation, low remuneration, and lack of avenues of CPD and career

progression were the key themes highlighted under this category. Participants

supportedtheir claims with statements such as:

“..We are not well motivated in terms of reward that we getfrom ourservices, we are

not even praised, and we are not even acknowledged”

“.. Until recently, there were no local avenues for career development or self -

improvementin radiography...”and “... We don’t have libraries where we can access

books and knowledge, no journals, no periodicals and so it’s difficult for staff to

advancein the profession...”

4.5.5 Implications

The implications of the lack of adequate quality standards in the practice settings

under the study were under the themes impact on patient treatment, financial

implication and professionalism and responsibilities. Participants used statementslike,
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“..we are compromising quality in order to produce something with what we have”

....'We are compromising radiation protection and risking the patients’ life”, and

“....the department may be losing money through ourinability to carry out audits like

reject analysis” to support the claims.

4.5.6 Solutions

The participants also put forward some immediate solutions which in their view could

help improve the quality of the service delivery in their settings. Most of the

interviewees agreed that implementation of QA programmes would be useful to their

settings. A participant suggested the following;

“....1 will say immediately, we need quality assurance programmesrunning”.

Another participant proposed that

“we should be thinking of coming out with committees to look at policies,

structures and standards for the radiological services but the major one is the QA

one...and then we should look at staff development”.

The majority of the interviewees were of the view that basic radiographic quality

control should be introduced into the curriculum run by the School of Allied Health

Sciences (the only institution currently training radiographers in Ghana) in Ghana. A

statementto this effect was used to support the claim;

“...we will have to do some basic quality control tests as part of post-

qualification professional development so that the people will be up to the standard

that if they had equipment, accessories, films and chemicals, wherever they are, they

would be able to carry out quality control test to enhance the quality of the work that

they are doing, as far as radiographs are concerned and| believe that will even prolong

the life of the equipmentthat we are using” and

“it is very important that we have an organised continuing professional

developmentas part of post qualification training and basis for promotion.”

4.6 Discussion and conclusions

Most of the findings from the observational study were confirmed by the

departmental heads’ interviews. The absences of operational tools like protocols,

procedure manuals and exposure charts could have severe consequence on the
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radiation protection status of the practice settings involved in the study. The absence

of formal organisational structure for diagnostic imaging in the country does not

promote quality service delivery due to lack of supervision and monitoring of quality.

Lack of basic audit process such as reject analysis has financial implications as there

wasClear evidence of wastedfilms. The adoption of proper protection of the patientin

particular and staff in general against unnecessary radiation is vital. Radiation

protection devices wereavailable in all the departments yet they were not always used

when required. Appropriate training in the use of protective devices is essential and

needs to be made a training priority. However, without proper organised management

structure in most of the departments, compliance by staff would be difficult to

enforce.

The high levelofilliteracy among the population in Ghana and the subsequentlack of

awareness of the dangers of radiation probably exacerbate the situation and

contribute to the lack of staff incentive to use radiation protection devices. If there is

no legal obligation to apply radiation protection, and the public are generally unaware

of the hazards and do not complain, then the situation continues. With the absence of

radiologists in most of the departments, the establishment of quality criteria is difficult

as their role in the developmentof quality standardcriteria is important. However,this

is still entirely possible with radiographers taking the lead and initiative to develop and

apply imagecriteria.

The aim of this study was to investigate the current status of radiation protection and

quality assurance within diagnostic imaging departments in Ghana. The study

identified lack of quality assurance systemsin all the practice settings as a major

obstacle in the provision and improvementof quality diagnostic imaging services in the

hospitals involved in the study. The keyissues raised; lack of records on patient dose,

the quality of images produced in the departments and film reject analysis are

investigated quantitatively and reported separately in the next three chapters.

4.7 Challenges

In the developing world, seeking information for scientific investigations is not

straightforward (Quainoo, 2003). The limitations of the study are largely related to the
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sampleas only five out of ten departmental heads respondedto theletter of invitation

to participate in the interview session of the study. Ideally, more of the identified

heads of departments would have been included but logistics and lack of resources

precluded additional coverage. Additionally, due to the intensive work schedule of

some of the departmental heads, especially those in the teaching hospitals, some

appointments has to be cancelled at short/no notice and rescheduled to enable them

respondto clinical demands. This meant that time and resources were often wasted.

Logistics such as effective transport and funds weredifficult to secure which brought

about the decision to limit the numberof the interviews to the five most experienced

staff in the profession in Ghana.
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CHAPTER 5

Study 2: Optimisation of patient radiation protection -

patient dose audit

5.1 Introduction

The concept of optimisation wasoriginally advocated by the International Commission on

Radiological Protection (ICRP), and by 1956, the optimisation principle was articulated as

“keeping doses as low as practicable” (ICRP Publication 101, 2006), which laid down the

precept that the maximum margin of good over harm should be achieved from any

exposure. In the ICRP Publication 60, optimisation is explained in the context that: “.... for

any source (of medical irradiation), doses or the likelihood of being exposed should be as

low as reasonably achievable and constrained by doses to individuals and risks to

individuals from potential exposures”(ICRP Publication 60, 1991). The optimisation

principle was implicitly embraced by the Commission of European Union and enshrined in

the Council Directive for Medical Exposures that “all doses to medical exposures for

radiological purposes ....shall be kept as low as reasonably achievable consistent with

obtaining the required diagnostic information and taking into account economic andsocial

factors” (CEU, Council Directive 97/43, 1997). Furthermore, the Directive expressed

various considerations necessary to attained optimisation, which includes the selection of

equipment, consistent production of adequate diagnostic information, practical procedure

aspects, quality assurance and the evaluation of patient doses (Matthews and Brennan,

2008).

This chapter presents the process and results of a large patient dose auditas a first step of

the optimisation of patient radiation protection study and quality assurance model

development for diagnostic imaging departments in Ghana. The study was conducted in

ten diagnostic imaging rooms at seventertiary level hospitals in Ghana. Following the

introduction of Diagnostic Reference Levels (DRLs) by International Commission on

Radiological Protection (ICRP) in 1996, the process of patient exposure optimization has

been enhanced in many countries especially in Europe. Optimisation is a major
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component in quality assurance in diagnostic imaging and it involves achieving an

acceptable balance between image quality and patient dose, taking social and economic

issues into consideration. It was in line with this that this study was carried out to assess

the level of optimization of patient radiation protection in simple radiographic

examinations in diagnostic imaging departments in Ghana.

The EC DRLs concept, which was established in the UK in 1990, is now recognised

internationally as a useful and practical tool for facilitating optimisation of patient

protection (Kron, 2002). Although it is known that many aspects of radiodiagnostic

practice differ between countries, and that these differences may affect the patient dose

distribution within each country, it is however acceptable to use the levels published by

the IAEA or the European Commission when national DRLs are not available. The

expectation is that DRLs are not to be exceeded in standard X-ray procedures, when

normal practice, regarding diagnostic and technical performance, is applied. DRLs

essentially act as theinitial alert in a local radiology audit process for identifying situations

where patient doses are unusually high. Local reviews should be undertaken whenever

relevant DRLs are consistently exceeded and appropriate corrective actions should be

taken in order to improve practice and avoid unnecessary risk due to radiation effects.

DRLs values are expressed in terms of the directly measurably dose quantity, ESD (with

backscatter) per radiograph, which is the dosimetric quantity employed for this study

because it is the dose quantity most commonly usedin simple radiographic examinations.

The ESD was determined from the radiographic examinations of adequate image quality,

of patients who underwent the selected examinations during the study. ESDs were

calculated from the patient’s anatomical data and exposure parameters utilised for the

specific examination.

The estimated mean ESD values were compared with the International Atomic Energy

Agency (IAEA-TECDOC, 2004), the European Commission guidance on diagnostic reference

levels for medical exposures, EC (1999) and the 2005 United Kingdom review reference

levels (Hart et al, 2007). This comparison wasfelt to be appropriate because at the time of

the study there were no acceptedlocal or national diagnostic level values in Ghana for

124



comparison. The idea of having dose referencelevels for diagnostic imaging departments

in Ghanais yet to be conceived and this study would serve as a baseline to establish such

reference levels in the future. The examination roomsincluded in the study were chosen

for practical and logistical reasons and are representative of the regional and district

hospitals that generate the majority of the work. They are representedas follows:

KATH3 Komfo Anokye Teaching Hospital Room 3

KATH2 Komfo Anokye Teaching Hospital Room 2

KBPOLY Korle-Bu Teaching Hospital Polyclinic

RIDGE Ridge Regional Hospital

KBMR3 Korle-Bu Teaching Hospital Room 3

KBACC Korle-Bu Accident Centre

SUNT Suntreso Government Hospital

KNUST Kwame Nkrumah University of Science and Technology

37MILT 37 Military hospital

TRUST Trust Hospital

5.2 Purposeand objectives

The aim of the study wasto estimate patient dose in selected radiographic examinations

from 7 hospitals (10 rooms) as an indicator of the status of patient radiation protection

and to compare the dose with the UK, EU and IAEA internationally recommended dose

reference levels. The specific study objectives wereto:

e carry out quality control test on the X ray equipments in the selected examination

rooms

e measure the X ray tube outputs in mGy (mAs)* for the radiographic equipment in the

selected examination rooms

e estimate air kerma at different settings from the radiographic equipment in the

selected examination rooms

e measure and record patient’s anatomical data and exposure parameters used for the

specific examination selected for the study
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e estimate the patient dose (ESD) using the Quality Assurance Dose Data Software

(QADDS) developedbyIRS Ltd, Liverpool, UK.

e compare the data with internationally recommendedreference values

5.3 Materials and methods

The basic methodology adopted and adapted for the quantitative study was that used in

the Coordinated Research Project (CRP) by the International Atomic Energy Commission

(IAEA) on optimisation of the radiological protection of patients undergoing radiography,

fluoroscopy, and computed tomography examinations in some countries in Africa, Asia

and Eastern Europe (IAEA-TECDOC-1423, 2004). The IAEA (2004) study measured the

entrance surface dose (ESD) using thermo-luminescent dosimeters (TLDs) on the patient’s

skin in the centre of the X-ray beam. However, in this current study, the ESD was

determined from the generator output after air kerma readings were taken using a

calibrated solid state detector Unfors Xi Platinum (SN: 127871, manufactured by Unfors

Inc., Billdal, Sweden), placed at one-meter focus-detector-distance on top of the table at

different kVp settings. This option of dosimetry was chosen because of the difficulties

involved in obtaining and using the TLD dosimeters in Ghana. It was also easy to access

the solid state detector, which was also used for other quality control tests. Prior to the

main dosimetry study, a two-week pilot study was conducted to test the validity and

reliability of the methodology. The first phase of the study which involved five roomsin

two teaching hospitals was conducted from January-April, 2007. The second phase

covering one room each from an additional five hospitals was carried out from April-July,

2008.

5.3.1 Subjects

Patient radiation dose assessment was conducted on patients over 18 years who

underwent any one of the 5 most commonradiographic examinations (chest, lumbar

spine, pelvis, abdomen and skull) in selected hospitals during the study period. The

selection of the above examinations was based on their frequencies and contribution to

the collective dose to the population after reviewing the records of annual examinations

in the various hospitals. In particular, chest PA was included because it is the most
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frequent X-ray examination among the hospitals; pelvis AP because during this

examination critical organs that contribute to effective dose are irradiated; lumbar spine,

particularly the lateral projection, becauseit is associated with higher ESD values thanall

other X-ray plain film examinations (EC-EUR 16260EN, 1996). The study wascarried outin

two phases over 16 weeks. Thefirst phase included dose assessmentin four radiographic

roomsin two teaching hospitals and then phase 2 covered an additional room from each

of 6 further hospitals. Data was collected on 1968 patients who underwenta total of 2838

radiographic projections from the 5 selected examinations. The possible projections were

PA and LATfor chest and skull examinations, AP and LAT for lumbar spine examination

and APfor pelvis and abdomen examinations. Ten radiographers and ten radiographic

technicians were involved in the study. The radiographers completed the datasheets

required for the study after each examination, an example of which is shown in (Appendix

C1).

5.3.2 X-ray equipment

Ten X-ray machines, at 7 hospitals were included in the study. All the machines were

anatomically programmed and had manualas well as automatic exposure control settings

and anti-scatter grids. There were no additional filtrations other than those inherent in

the equipment. All the radiographers used manual (kVp and mAs) setting for exposure

with the exception of one room at Suntreso (R1), where automatic exposure control was

employed. Table 5.3.2 shows the characteristics of the X-ray machines in the ten rooms

used for the study, all of which were constant potential generators with 2.5mm Al/80kVp

filtration. Figures 5.3.2a and 5.3.2b also show X-ray machinesin two hospitals involved in

the study.
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Table 5.3.2: Features of X-ray machines in the ten examination roomsusedfor the study
 

 

 

 

 

 

 

 

 

 

 

  

X-ray room Characteristics of the X-ray generator

Type Manufacture Powerrating ExposureSetting

date (kVp)

KATHR3 Siemens 2002 30-150 AEC and Manual

KATHR2 Siemens 2002 30-150 AEC and Manual

KBUPOLY Philips 1997 40-150 AEC and Manual

Ridge-R1 Philips 1998 40-150 AEC and Manual

KBMR3 Shimadzu 1992 40-125 Manual

KBACC Siemens 2002 30-150 AEC and Manual

Suntreso-R1 Philips 1997 40-150 AEC and Manual

KNUST-R1 Philips 1996 40-150 AEC and Manual

Trust-R1 Philips 2005 40-150 AEC and Manual

37 Military Siemens 1999 30-150 AEC and Manual       
Figure 5.3.2a X-ray machine in room KBACCof Korle-Bu teaching hospital
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Figure 5.3.2b X-ray machine in room KATHR3 of Komfo Anokye Teaching Hospital.

 

5.3.3 Intensifying screen andfilm specifications

Two manufacturers’ cassettes were in use during the study, namely Agfa and Kodak.

During phase one of the study, the two roomsin Korle-Bu Teaching Hospital used Agfa

cassette/screens with screen-film combination speed of 400 forall the examinations. The

rooms in Komfo Anokye Teaching Hospital however used twotypesof cassette; Agfa and

Kodak with different screen-film combination speed of 200 and 400.

5.3.4 Patient physical measurements

Information recorded for the study included thickness of the anatomical part under

examination (cm), weight (kg), height (m), gender and radiographic exposure factors (kV

and mAs). Each patient who met the inclusion criteria and presented for any of the

selected examinations was weighed, bare-footed and in an upright position. A specially

designed calliper of least count of 0.1 cm was used to measure the anatomical thickness

for the body part under examination, which in turn was used to estimate the focus-skin

distances for the examination. The pilot study revealed that different reference levels

were being used for the measurement of the anatomical thickness of the various body

parts. It was therefore agreed among the radiographers in consultation with the

participating radiologists that, for consistency in measurements, the anatomical thickness

of the patient for each projection was to be measuredat the following anatomicallevels:
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(1) Chest PA projection: at the level of inferior angle of scapula from the back to

the samelevelin front of the body.

(ii) Chestlateral projection: chest width at the level of inferior angle of scapula.

(iii) AbdomenAPprojection: at the level of the navel from the front to the back of

the patient.

(iv) Lumbarspine AP projection: at the level of lower costal margin.

(v) Lumbarspine lateral projection: at the level of the lower costal margin from

side to side of the patient.

(vi) Pelvis AP projection: at the level of the anterior superioriliac spines.

(vii) Skull PA projection: at the level of the glabella and the occipital protuberance.

(viii) Skull lateral projection: head width at the levels of parietal bones.

A tape measureof least count 0.1cm was used to measurethe focus-film-distances (FFD).

All FFD measurements were from the centre of the tube to the film or the table top. The

datasheets were placed near the console of the X-ray room and were completed when a

patient entered requiring one of the specified examinations.

5.3.5 Quality control tests

All QC and dose measurements in this study were undertaken by the researcher and a

medical physicist from IRS Ltd, UK who was experiencedin all aspects of QC and QA. The

following quality control (QC) tests were performed concurrently on the x-ray equipment

located in the selected rooms in accordance with the standard procedures/protocols in

AAPM Report 74 (2002) / IPEM Report 91 (2005):

e Accuracy and reproducibility of kVp

e Accuracy and reproducibility of timer

e Linearity of X-ray output

e Reproducibility of X-ray output

e Half value layer determination

e Light/radiation beam alignment

e The spectral emission of the intensifying screen
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Tube output andfiltration were assessed with a calibrated solid state detector Unfors Xi

Platinum (SN: 127871) and high purity aluminium HVL attenuator set (model GAMMEX

RMI 115A, S/N 9511). The accuracy, reproducibility of kVp (i.e. kVp calibration) and timer

were also measured with the calibrated solid state detector Unfors Xi Platinum (SN:

127871). For the light/radiation beam alignment test, two test tools were used; the RMI

Collimator Test Tool (model 161B, S/N 800422-10388) designed to evaluate the collimator

according to National Centre for Devices and Radiological Health (NCDRH) specifications

and, the Beam Alignment Test Tool (model 162A, S/N 800423-8791), which was used with

the Collimator Test Tool to provide a simple test for beam alignment. The spectral

emission of the intensifying screen was determined by exposing an open cassette under

subdued light condition and the emission from the screen was then observed.

5.3.6 Patient radiation dose assessment

The entrance surface dose (ESD) for patients was assessed by indirect method, using data

of radiation output of the X-ray tubes and exposure factors (kVp and mAs). In order to

determine the ESD from the generator output, air kermaat different kVp settings wasfirst

measured using a calibrated solid state detector Unfors Xi Platinum (SN: 127871), taken

out from UK specifically for this study. It was placed at one-meter focus-detector-distance

on top of the table at different kVp settings as shownin figure 5.3.6a. The focus-patient

surface distance (FSD) and radiographic exposure factors (kVp and mAs) usedfor selected

examinations were recorded on self designed Excel sheet. Data sheets were collected on

a weekly basis and the exposure factors recorded were cross-checked against actual

practice with the radiographers who recorded them,in orderto validate the figures.

The information on the data sheets were prepared in an Excel format which were

transferred into a Quality Assurance Dose Database software (QADDs) developed by

Integrated Radiological Services (IRS) Ltd (Liverpool, UK) for the computation of the ESD.

The accuracy of a given TLD measurement(i.e. the difference between the indicated and

true dose values) depends on the non-random or systematic uncertainties in the method

for converting the TLD response (count) to dose. NRPB (1992) suggests that when account

is taken of all influence quantities and all available correction factors used, the overall
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uncertainty of the readings should be < +25% at the 95% confidence level. Several studies

(Georgeet al, 2004; Tsapaki et al, 2007) have shownthat ESDs calculated using QADDsare

within + 20% of ESDs measured using thermo-luminescent dosimeters (TLDs). QADDs has

been developed for use by the diagnostic imaging department as a meansof routinely

monitoring patient dose levels as part of a quality assurance programme. It has the

functionality of enabling doses to be calculated either before or after an examination and

is therefore a useful tool in optimising the departmental quality assurance programme by

enabling the forward planning of dose reduction strategies. The software used was

Microsoft Excel for Windows.

Figure 5.3.6a Measurementsof radiation output

X Ray tube
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Solid state detector 
 

 

Lead slab

 

Table top
  

QADDsis routinely used at IRS Ltd and includes published backscatter factors in the

calculation of ESD and organ dosecorrection factorssinceit is also used to estimate organ

doses. The inclusion of the back scatter factor readily facilitates a direct comparison

between the calculated method and the TLD method. Backscatter factor depends on the

X-ray spectrum, the field geometry, the dimension of the phantom andits material or the

body part and aresignificant, usually ranging from 1.2 to 1.4 for the X-ray spectra and

beam sizes used in diagnostic radiology (Petoussi-Henss et al, 1998; Skrk et al., 2006). In

order to perform calculations of ESD, several items of information such as kV selected,
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mAs delivered and the focus to skin distance need to be entered into a front page data

sheet of the programme. Having entered the required information on to the front page

the programmeperformsa calculation of ESD using the formula:

ESD = BSF x Tube Output (1Gy/mAs)x (100/FSD) 7X mAs

where: BSF is the backscatter factor = (1 + backscatter fraction)

FSDis the focusto skin distance used.

An Excel output data file was then generated from the QAADs which wasconverted into

an SPPSversion 16file to facilitate descriptive and inferential analysis. Figure 5.3.6b shows

the data view of QADDswith input for lumbar spine AP examination.

Figure 5.3.6bScreenshot of QADDs data input screen
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The use of TLD chips in measuring ESD in this study would have been difficult and time

consuming, due to the problems associated with calibration and measurements. In

addition, there were also the challenges of handling, reading and dose evaluationin using

the TLD chips. In view of these challenges, discussions with IRS Ltd. experts and the
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practicalities involved, the use of TLD chips was considered inappropriate for this current

study.

5.4. Results

Dose measurements were calculated on 1968 patients for a total of 2383 individual

projections of which 1313 (46%) were on males and 1535 (54%) were on females. These

data were collected on the five most common radiographic examinations. The results are

presented according to the projection type.

5.4.1 Descriptive statistics of examinations and patient data

The frequency of radiographic examinations and projections recorded from the ten

examination rooms included in the study are shownin Table 5.4.1a. Figure 5.4.1a shows

the percentagedistribution of total examinations recorded in the individual hospitals.

Table 5.4.1a: Summary of examinations and projections included in the study

 

 

 

 

 

 

 

 

    

Examination Projections Frequency Percentage

PA 530 18.7

chest Lat 75 2.6
abdomen AP 320 11.3

pelvis AP 323 11.4

. AP 430 15.1

lumbarspine iat 430 154

AP 365 12.9

skull Lat 365 12.9

Total 2838 100.0    
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Figure 5.4.1a: Distribution of total examinations by hospital

 

@ KATHR3 @ KATHR2 @ KBPOLY & KBMR3 & KBACC

@ RIDGE SUNT @®KNUST ©37 MILT & TRUST

 

  
 

Descriptive statistics on patients’ age, weight, body mass index and the body part

thickness for specific projections are shownin Tables 5.4.1b and 5.4.1c, presented by

projection. The age range of patients across all examinations was 18-85 years with mean

and standard deviation values as 39.6yrs, 10.3.

The EC criteria for ESD calculations assume a 20cm APtrunk thickness and average weight

of 70 kg for a standard adult patient. However, in this sample of Ghanaian patients, range

for AP trunk thickness for abdomen, pelvis and lumbar spine was 24cm-29cm andthis

influences focus to skin distance which is used to calculate ESD.
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Table 5.4.1b Descriptive statistics for age and weight of the participants by projection

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

Examination Gender; N Age(years) Weight(kg)

Min Max Mean SD Min Max Mean SD

Chest PA Male 258 19.0 82.0 38.9 10.0 58.0| 110.0} 81.1 9.8

Female 272 22.0 85.0 40.9 11.0 55.0) 110.0} 75.0 10.5

Chest LAT Male 33 19.0 65.0 37.7 10.6 58.0} 95.0 74.9 9.8

Female 42 26.0 85.0 46.2 14.1 60.0} 96.0 78.3 10.5

Abdomen AP Male 151 20.0 72.0 39.3 9.6 51.0} 106.0} 82.1 11.3

Female 169 22.0 63.0 39.7 8.3 46.0 127.0} 77.3 13.1

Pelvis AP Male 137 25.0 68.0 38.7 8.9 58.0 113.0} 84.6 11.5

Female 186 20.0 68.0 38.5 9.1 55.0 116.0} 77.9 13.3

Lumbar spine AP Male 205 20.0 75.0 39.7 9.9 53.0} 110.0; 81.0 11.9

Female 225 23.0 78.0 41.5 11.6 49.0} 121.0) 74.3 11.5

Lumbarspine Male 205 20.0 75.0 39.5 10.2 49.0) 110.0] 78.9 13.0

LAT Female 225 24.0 78.0 41.8 11.4 49.0 121.0} 76.2 12.8

Skull PA Male 164 18.0 73.0 38.7 9.7 |57.0| 96.0 79.9 9.9

Female 201 23.0 73.0 38.2 10.1 51.0) 114.0} 75.5 11.0

Skull LAT Male 164 18.0 73.0 38.7 9.7. 57.0 100.0} 79.2 9.9

Female 201 23.0 73.0} 38.2 10.1 51.0} 114.0} 75.6 11.0          
 

Table 5.4.1c Descriptive statistics for body mass index and anatomicalpart thickness of

the participants by projection

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

Examination Gender| N Body MassIndex (kgm) Patient thickness (m)

Min Max Mean SD Min Max Mean SD

Chest PA Male 258 18.5 38.6 28.1 3.7 0.19 0.30 0.25 0.02

Female 272} 19.3 41.9 29.4 4.4 0.17 0.34 0.27 0.03

Chest LAT Male 33 20.5 346 26.4 4.2 0.28 0.36 0.31 0.03

Female 42 19.5 36.2 29.2 4.6 0.25 0.34 0.31 0.02

Abdomen AP Male 151} 19.0 38.7 28.2 3.8 0.18 0.33 0.24 0.03

Female 169 17.7 45.0 30.1 4.7 0.17 0.34 0.27 0.04

Pelvis AP Male 137 20.0 39.8 29.1 3.9 0.20 0.31 0.26 0.02

Female 186 19.3 44.2 30.6 48 0.19 0.36 0.29 0.03

Lumbar spine Male 205 18.3 42.4 28.0 4.4 0.17 0.34 0.25 0.04

AP Female 225 16.6 46.7 29.2 4.9 0.16 0.35 0.27 0.05

Lumbar spine Male 205 16.6 42.4 27.3 4.7 0.19 0.39 0.29 0.03

Lat Female 225 17.7 46.7 29.4 5.1 0.17 0.40 0.32 0.05

Skull PA Male 164 17.2 36.2 27.5 3.6 0.11 0.20 0.19 0.01

Female 201 17.7 42.4 29.6 4.3 0.18 0.30 0.21 0.01

Skull LAT Male 164

|

17.2

|

38.6

|

27.3 3.7

|

0.15

|

0.17 0.16

|

0.01

Female

|

201} 17.7

|

42.4 29.5 4.3

|

0.15 0.19 0.17

|

0.01          
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5.4.2 Analysis of radiographic /exposure data

In this section, consideration is given to the radiographic factors selected for the various

examinations in the individual hospitals. The European Commission recommended

exposure factor values (EC-EUR16260EN, 1996) for good radiographic techniques are

shown in Table 5.4.2a. Data were recorded on the peak tube voltage (kVp), the tube

current (mAs) and the focus to film distance (FFD in cm). The mean and range values(in

brackets) for the peak tube voltage and tube current are recorded. The results for each of

the five examinations (chest, abdomen, pelvis, lumbar spine and skull) for the individual

hospitals have been presented separately for ease of comparison. Tables, 5.4.2b to 5.4.2f

show the mean andthe range of the exposure factors (the tube voltage (kVp), the tube

current (mAs) and the focus-film distance (FFD) in centimetres) selected for the specific

examinations in the individual hospitals. The results revealed variations in the choice of

exposurefactorsin all examinations among the hospitals.

Table 5.4.2a Recommendedrange valuesfor good radiographic techniques in EUR16260

 

 

 

 

 

 

 

 

   

Examination Pro Good Radiographic Techniquefactors

Tube Exposure FFD (cm) Screenfilm

voltage time (ms) system

(kV) (nominal

speed class)

Chest PA 125 < 20 180(140-200) 400

LAT 125 < 40 180(140-200) 400

Abdomen — AP 75-90 < 400 115(100-150) 400
Pelvis AP AP 75-90 < 400 115(100-150) 400

lumbarspine AP 75-90 < 400 115(100-150) 400

LAT 80-95 < 1000 115(100-150) 400

Skull PA 70-85 < 100 115(100-150) 400

LAT 70-85 < 100 115(100-150) 400     
 

 
(Abdomen™ is not given in the EC-EUR16260EN,1996 butit is assumed in practice as same

for pelvis AP. Pro: projection)
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Table 5.4.2b Mean (Range) exposurefactor values for chest examinations

 

 

 

 

 

 

 

 

 

 

 

 

 

    

EXAMINATION HOSPITAL RADIOGRAPHIC DATA

Tube voltage (kVp) Tube current (mAs) FFD (cm)

Chest PA KATH-R3_ 94.3 (81-121) 2.88 (2.0-4.5) 150

KATH-R2 112.76 (105-117) 3.62 (2.0 -8.0) 180

KBPOLY 107.6 (102-117) 3.9158 (2.27- 6.67) 180

RIDGE 117.94 (60-133 ) 10.12 (2.5- 50.0) 180

KBMR3 71.98 (62-77) 29.65 (20-80) 150

KBACC 71.7 (65-81) 21.18 (12.5-36.0) 180

SUNT 108.86 (102- 109) 3.86 (2.14-12.5) 180

KNUST 89.84 (80-109) 19.33 (12.5-40) 150

37 MILT 87.72 (81-93.0) 7.25 (5.0-18.0) 180

TRUST 71.34 (66-73) 33.78 (20-40) 100

Chest LAT KATH-R3 120.6 (102.0-125.0) 5.50 (3.2-6.33) 150

KBPOLY 113.0 (109.0-117.0) 4.36 (2.5-6.67) 180

RIDGE 75.2 (72.0-77.0) 45.2 (32.0-50.0) 180

KBMR3 75.83 (72.0-77.0) 46.2 (32.0-50.0) 150     
 

Table 5.4.2c Mean (Range) exposure factor values for abdomen AP examination

 

 

 

 

 

 

 

 

 

 

 

 

 

EXAMINATION HOSPITAL RADIOGRAPHIC DATA

Tube voltage (kVp) Tube current (mAs) FFD (cm)

Abdomen AP KATH-R3_ 79.2(70.0-81.0) 36.32(18.0-40.0) 100

KATH-R2_ 86.33(79.0-93.0) 21.3 (11.0-36.0) 100

KBPOLY 57.5(52.0-63.0) 22.92 (16.0-32.0) 100

RIDGE 77.75(73.0 -80.0) 35.3 (25.0-40.0) 100

KBMR3 57.85(52.0-63.0) 26.85 (16.0-32.0) 100

KBACC 84.4(81.0-93.0) 35.0 (16.0-50.0) 100

SUNT 63.0(50.0-77.0) 424.36(93.50-579.0) 100

KNUST 83.55(81.0-93.0) 39.2(20.0-50.0) 100

37 MILT 86.53(79.0-93.0) 21.47(11.0-36.0) 95

TRUST 56.57(50.0-63.0) 151.0(80.0-250.0) 120     
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Table 5.4.2d Mean (Range) exposurefactor values for pelvis AP examination

 

 

 

 

 

 

 

 

 

 

 

 

 

EXAMINATION HOSPITAL RADIOGRAPHIC DATA

Tube voltage (kVp) Tube current (mAs) FFD (cm)

Pelvis AP KATH-R3_ 72.29(70.0-75.0) 19.11(16.0-25.0) 100

KATH-R2_ 79.80(75.0-83.0) 15.4(10.0-22.0) 100

KBPOLY 59.02(52.0-66.0) 33.42(13.6-58.0) 100

RIDGE 75.3(68.0-90.0) 37.2(20.0-50.0) 100

KBMR3 67.25(56.0-73.0) 33.2(20.0-40.0) 100

KBACC 75.2(60.0- 83.0) 22.7(10.0-25.0) 100

SUNT 58.56(50.0-63.0) 578.08(578.0-579.0) 100

KNUST 82.93(75.0-90.0) 31.9(22.0-50.0) 100

37 MILT 75.8(65.0-83.0) 17.38(10.0-32.0) 95

TRUST 56.57(50.0-63.0) 149.67(80.0-250.0) 100     
 

Table 5.4.2e Mean (Range) exposurefactor values for lumbar spine examinations

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

EXAMINATION HOSPITAL RADIOGRAPHIC DATA

Tube voltage (kVp) Tube current (mAs) FFD (cm)

Lumbar spine KATH-R3 76.0 (73.0-81.0) 23.98 (22.0-28.0) 100

AP KATH-R2_ 82.98 (75.0-90.0) 27.79 (12.5-50.0) 100

KBPOLY 56.76 (52.0-73.0 ) 49.70 (21.8-58.2) 100

RIDGE 81.0 (57.0-90.0) 39.08 (11.3-70.0) 100

KBMR3__| 70.66 (65.0-76.0) 39.55 (24.0-64.0) 100

KBACC 80.7 (64.0-90.0 ) 50.23 (16.0-63.0) 100

SUNT 62.8 (60.0-66.0) 572.8 (540.0-578.0) 100

KNUST 86.13 (81.0-90.0) 37.6 (30.0-50.0) 100

37 MILT 83.85 (77.0-88.0) 23.35 (16.0-28.0) 90

TRUST 66.27 (63.0-70.0) 91.33 (80.0-100.0) 120

Lumbar spine KATH-R3_ 84.12 (78.0-88.0) 33.28 (28.0-40.0) 100

LAT KATH-R2_ 87.73 (81.0-90.0) 57.45 (45.0-80.0) 100

KBPOLY 69.8 (60.0-77.0) 39.82 (32.0-64.0) 100

RIDGE 85.20 (83.0-88.0) 35.1 (30.0-40.0) 100

KBMR3 75.05 (68.0-80.0) 72.25 (32.0-126.0) 100

KBACC 95.73 (83.0-105.0) 81.4 (63.0-96.0) 100

SUNT 69.0 (66.0-73.0 ) 574.7 (495.0 -579.0) 100

KNUST 94.65 (80.0-105.0) 77.3 (50.0-96.0) 100

37 MILT 87.85 (85.0-88.0) 56.78 (36.0-71.0) 90

TRUST 70.2 (68.0-72.0) 198.0 (160.0-240.0) 120     
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Table 5.4.2f Mean (Range) exposurefactor values for skull examinations

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXAMINATION HOSPITAL RADIOGRAPHIC DATA

Tube voltage (kVp) Tube current (mAs) FFD (cm)

Skull PA KATH-R3_ 73.36 (66.0-77.0 ) 12.9 (8.0-18.0) 100

KATH-R2_ 78.2 (75.0-83.0) 15.08 (10.0-20.0 ) 100

KBPOLY 71.8 (66.0-77.0 ) 39.78 (28.0-52.0) 100

RIDGE 72.7 (68.0-75.0) 13.92 (10.0-18.0) 100

KBMR3 67.8 (59.0-72.0) 29.92 (20.0-32.0) 100

KBACC 77.47 (75.0-83.0) 20.53 (12.5-25.0) 100

SUNT 59.4 (57.0-63.0) 47.05 (35.0-62.80) 100

KNUST 84.33 (75.0-90.0) 37.3 (20.0-63.0) 100

37 MILT 81.93 (75.0-88.0) 17.75 (12.5-20.0) 95

TRUST 70.17 (60.0-77.0) 27.23(16.0-35.0) 120

Skull LAT KATH-R3 63.2 (60.0-72.0) 11.66 (10.0-16.0) 100

KATH-R2_ 83.23 (75.0-93.0) 18.14 (6.3- 25.0) 100

KBPOLY 67.38 (66.0-73.0) 34.3 (32.0-40.0) 100

RIDGE 63.8 (60.0-72.0) 12.13 (10.0-16.0) 100

KBMR3 67.58 (60.0-74.0) 26.72 (24.0-32.0) 100

KBACC 75.97 (66.0-93.0) 22.1 (14.0-32.0) 100

SUNT 54.83 (52.0-57.0) 227.87 (175.0-297.0) 100

KNUST 87.08 (81.0-93.0) 27.45 (22.0-36.0) 100

37 MILT 76.6 (75.0-79.0) 13.53 (9.0-16.0) 95

TRUST 67.93 (57.0-73.0) 30.93 (16.0-59.0) 120      
 

5.4.3 Section C- Analysis of entrance surface dose (ESD)

The entrance surface dose (ESD) estimated for the individual examinations for all the ten

rooms have been presented according to the examination and projection type. The

section begins with error bar plots showing the mean and the confidence interval (Cl)

values of ESD for each of the reported examinationin all the rooms. Each plot includes the

reference lines for UK (2005), EC-EUR16260EN (1996), and IAEA (1996) DRLs for

comparison. This is followed by the mean and the SD of the ESD for the individual

examinations and rooms.In addition, the range factor which is defined as the ratio of

maximum to minimum dose for the same type of examination was calculated and

presented. The range factor highlights the spread/variation in the ESD values for the same

type of examination either within or between the rooms. Figures 5.4.3a to 5.4.3h
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illustrate the error bar plots with 95% confidenceinterval (Cl) for chest PA, chest LAT,

abdomenAP,pelvis AP, lumbar spine (AP and LAT) and skull (PA and LAT) projections for

all the 10 examination rooms. ANOVA wasundertaken on the ESDs for each examination,

showing significant differences for each examination between hospitals. The results

confirmed the appearances demonstrated in the error bar plots. ANOVA results are

presented as an example for chest PA (F = 90.893, p=0.0001). The post-hoc tests to

demonstrate wherethe differences lay (Bonferroni post-hoc tests) are shown in Appendix

C2.

Figure 5.4.3a Error bar plot with 95% Cl for ESD of chest PA examinationsby hospitals.
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A considerable number of ESDs for all examinations fell within acceptable reference

ranges, as shownin figures 5.4.3a to 5.4.3h. These results were encouraging, but this one

parameter alone is not indicative of optimisation. In practice, optimisation is the

combined outcome of the lowest dose necessary to achieve the best quality image.

Reference dose values for diagnostic medical exposure have the function of investigation

levels to help identify hospitals where the dosimetric performance is potentially

unacceptable. There was considerable variation in ESDs for chest examinations with 5 of

the rooms having values above IAEA recommendations and 1 generating ESDs ten times

the UK value. There were significant differences between these 2 groups and also

between all 5 hospitals with the higher ESDs. Only 4 hospitals performed lateral chest

examinations during this study period, with 1 exceeding the IAEA value.

Figure 5.4.3b Error bar plot with 95% Cl for ESD of chest lat examinationsby hospitals.

2.005 il

 

 

1.0074

9
5
%

Cl
e
s
d

pannacnnspoccncseeceeececeeceseceeeteeeeneceeeesesees

ees

0.5075

0.004   
 

KATH-RS Korle-Bu Polyclinic Ridge-Rt Korle-Bu-MR3

hospital

The ESDs for abdominal radiographs were within acceptable limits (< IAEA values) with 1

exception that was alarmingly high. Two of the departments recorded values below the

UK parameter. There was a similar pattern for pelvis radiographs but 6 departments had

lower ESDs than the UK recommendedlevel. From the radiation dose aspect, this would
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appearto be advantageous — however, such low doselevels are often at the expense of

image quality and this trade off will be discussed later.

Figure 5.4.3c Error bar plot with 95% Cl for ESD of abdomen AP examinations by hospital
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Figure 5.4.3d Error bar plot with 95% Cl for ESD of pelvis AP examinationsby hospitals.
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Figure 5.4.3e Error bar plot with 95% Cl for ESD of lumbar spine AP examinations by
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Figure 5.4.3f Error bar plot with 95% Cl for ESD of lumbar spine LAT examinations by
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Lumbar spine AP and lateral projections were generally within acceptable limits although

the same hospital that generated very high values for the previous projections repeated

this for the lumbar spine. This is obviously problematic and particularly so for the lumbar

spine area due to the high dose delivered to the gonads. The practices in this particular

hospital warrant further exploration.

For skull radiograph ESDs, there was a large variation between hospitals and again, some

outliers at both high and low levels. The variation was greater for PA skull than lateral and

the reasonsfor this were not immediately apparent.

Figure 5.4.3g Error bar plot with 95% Cl for ESD of skull PA examinations by hospitals.
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Figure 5.4.3h Error bar plot with 95% Cl for ESD of skull LAT examinations by hospitals.
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Table 5.4.3a shows the mean ESDs(SD) for all examinations across all 10 rooms. These

figures confirm the findings from the individual examination error bar plots and

demonstrate substantial variation in dose for the same examination. Table 5.4.3b

represents the minimum, maximum and the range factor (RF) of ESD values for the same

type of examination in the same room (intra-room variation). It is of interest when

examinedin this way as it indicates the factor by which a doseof radiation can vary for the

same examination in the same room whenthe highest dose for an examination is divided

by the lowest dose. Some of the examinations generated range factors of >10 whichis

exceptionally high. Table 5.4.3.c shows the range factor (RF) for the same type of

examination between the rooms (inter-room variation) based on the mean and the

maximum and minimum values of the ESD. For the latter, the range factor wasas high as

67 for AP abdomenradiographs — in real terms this means that the highest radiation dose

was 67 times greater than the lowest dose, obviously an undesirable and alarming result.
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Table 5.4.3a Mean and standard deviation (SD) values for ESD for all examinations

across hospitals

 

 

 

 

 

 

 

 

 

 

 

  

Hospita Mean (SD)values of ESD for individual examinationsin all rooms

Is
Chest Chest Abdomen| Pelvis Lumbar Lumbar Skull Skull

PA LAT AP AP spine AP spine LAT PA LAT

KATH- 0.19 0.61 5.04 2.25 3.16 5.98 1.25 0.81

R3 (0.07) (0.18) (1.34) (0.59) (0.71) (1.38) (0.20) (0.29)

KATH- 0.23 4.17 2.71 4.85 12.09 1.96 2.47

R2 (0.07) N/A (2.01) (1.16) (3.71) (2.95) (0.75) (1.02)

KBPOLY 0.19 0.24 1.3 (0.37) 2.32 2.88 4.07 3.12 2.16

(0.07) (0.06) (1.35) (0.66) (1.76) (0.86) (0.34)

RIDGE 0.45 1.33 4.48 4.86 5.34 6.14 1.29 0.83

(0.36) (0.28) (0.99) (1.90) (1.93) (0.92) (0.18) (0.29)

KBMR3 0.98 1.85 1.52 2.90 3.77 7.76 2.07 1.68

(0.35) (0.35) (0.39) (0.85) (1.31) (2.39) (0.38) (0.22)

KBACC 0.68 6.15 3.32 9.71 23.16 2.69 2.6

(0.28) N/A (1.54) (0.67) (4.25) (7.07) (0.44) (0.79)

SUNT 0.17 25.27 32.54 35.14 50.91 2.37 8.54

(0.08) N/A (10.04) (4.78) (4.60) (7.14) (0.97) (1.48)

KNUST 1.16 5.4 4.72 5.87 17.4 4.62 3.25

(0.69) N/A (1.28) (2.15) (1.88) (6.40) (1.74) (0.46)

37 MILT 0.24 3.81 2.22 4.24 13.23 2.24 1.34

(0.05) N/A (1.80) (0.99) (1.30) (3.47) (0.68) (0.29)

TRUST 0.88 6.64 10.72 5.09 13.55 1.62 1.62

(0.20) N/A (4.07) (6.39) (0.97) (2.09) (0.46) (0.68)         
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Table 5.4.3c Range factor of ESD Values for the sametype of examination between the rooms
 

 

 

 

 

 

 

 

 

 

Examinations Range Factor between rooms

Based on mean Based on

ESD values Max/Min ESD

values

Chest PA 6.8 38.4

Chest LAT i 14.6

Abdomen AP 19.4 67.0

Pelvis AP 14.7 65.5

Lumbarspine AP 12.2 46.4

Lumbarspine LAT 12.5 32.0

Skull PA 3.7 14.6

Skull LAT 10.5 18.1     
 

5.4.4 Summary of the analysis of quality control tests on radiographic equipment

The summaryresults of quality control (QC) checks done on X-ray equipmentare given in tables 5.4.4

By comparing these results with the recommendedtolerances in IPEM Report 91 (2005), it can be

seen thatall the X-ray machines used in the study, passed all QC tests performed. There wasverylittle

variation in tube performance but each tube is used with a wider range of speed cassettes andfilters

than would normally be expected. An example of the results for X-ray equipment (KATH R3) is

presentedin figures 5.4.4a to 5.4.4d. The detailed results of the other nine X-ray machines, that will

be useful for future reference, are found in the Appendix C3.

149



T
a
b
l
e
5.

4.
4
S
u
m
m
a
r
y

re
su
lt
s
o
f
Q
C

te
st

o
n
X
-
r
a
y
e
q
u
i
p
m
e
n
t
s
i
n

al
l
r
o
o
m
s

 

R
e
f
e
r
e
n
c
e
&

t
o
l
e
r
a
n
c
e

v
a
l
u
e
s

P
a
r
a
m
e
t
e
r
s

X
R
a
y

t
u
b
e
R
o
o
m
s

 

P
e
r
c
e
n
t
a
g
e
D
e
v
i
a
t
i
o
n
(
%
)

 

K
A
T
H
-

R
3

K
A
T
H
-
R
2

K
B
P
O
L
Y

R
I
D
G
E

K
B
M
R
3

K
B
A
C
C

S
U
N
T

K
N
U
S
T

3
7
M
I
L
T

T
R
U
S
T

 

I
P
E
M
9
1

R
A
D
1
2

k
V
ac

cu
ra

cy
(1
0%
)

2.
10

2
.
4
0

2.
30

1.
50

2.
30

3.
10

4.
20

3.
10

4.
20

0
.
7
0

 

T
G
R
3
2

H
V
L
,
m
m
A
l

(a
t

8
0
k
V
p
)

3.
22

2.
81

3.
39

3
.
1
3

3.
39

3.
12

3.
38

3
.
2
2

3.
52

3
.
1
6

 

T
G
R
3
2

To
ta
l
Fi
lt
ra
ti
on

3.
12

2.
42

3.
40

2.
93

3
.
4
0

2.
93

3.
40

3.
12

3
.
7
0

3.
03

 

I
P
E
M
R
A
D
1
1

T
i
m
e
r
a
c
c
u
r
a
c
y

(
1
0
%
)
(1

00
-

1
0
0
0
m
s
)

N
/
A

(
m
A
s
)

9.
00

0
.
3
0

0.
30

0.
30

N
/
A

(
m
A
s
)

0.
10

0
.
3
0

1.
80

0
.
3
0

  T
G
R
3
2

T
i
m
e
r

re
pr
od
uc
ib
il
it
y
(5
%)

(
1
0
0
-
1
0
0
0
m
s
)

N
/
A

(
m
A
s
)

9.
00

0.
30

0.
30

0.
30

N
/
A

(m
As
)

0
.
1
0

0
.
3
0

1.
80

0.
30

 

T
G
R
3
2

Ou
tp
ut

l
i
n
e
a
r
i
t
y

(
m
G
y
/
m
A
s
)
(
5
%
)

1.
80

1.
80

2.
00

1
.
9
0

2.
00

1.
80

2.
00

1.
90

1.
90

1.
90

 

I
P
E
M
9
1

R
A
D
O
9

R
a
d
i
a
t
i
o
n
O
u
t
p
u
t

re
pe
at
ab
il
it
y
(1
0%
)

0.
30

0.
10

0.
70

3.
10

0.
70

0.
60

0
.
1
0

0.
10

0.
30

0.
05

 

I
P
E
M
9
1

R
A
D
1
0

 R
a
d
i
a
t
i
o
n
O
u
t
p
u
t

re
pr
od
uc
ib
il
it
y

(
r
e
m
2
0
%
)

 0
.
7
6

 6.
55

 -1
.1
3

 0
.
5
1

 -1
.1
3

 -1
.5
0

 -1
.0
3

-0
.5
2

4
.
9
8

1.
06

 
   

 15
0



Figure 5.4.4a Output variation with kV for X-ray machine in KATH-R3
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Figure 5.4.4c Output reproducibility for X-ray machine in KATH-R3
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5.5 Discussion

5.5.1 Overall examinations and patient data

A total of 2838 dose measurements on radiographic projections were recorded during the

study. Female patients constituted 53.7% ofall the examinations whiles male examination

was 46.7%. These figures reflect the true picture of the demography in Ghana where

female constitute about 55 % of the population. The busiest room was KBMR3 with a

percentage of 15.9% of the overall examinations. KBACC and SUNT recorded theleast

cases of 7.8%. KBMR3 probably appears the busiest because at the time of the studyit

was the only functional room for general radiographic examinations in the main

departmentof Korle-Bu Teaching Hospital whichis also the largest hospital in the country.

KBCC is an accident and emergency centre and most of the cases reported there are often

trauma cases and patients may not be able to cooperate easily with the required

measurementsfor the study.It is therefore anticipated that many of the cases would be

excluded from the study. The most common performed examination across the hospitals

was chest PA (18.7%) and the least performed examination is chest lateral which

constituted only 2.5% of the total cases.

The widevariety of screen-film combinations was identified as commonplace among the

hospitals involved in the study. For example, at the time of the second phaseofthe study,

one hospital visited was using 5 manufacturers’ films, 2 different types of intensifying

screens and processing chemicals from 3 different suppliers. This was the result of

centralised purchasing of supplies based on cost alone, with no referenceto staff involved

in imaging and no appreciation of the effect on image quality and service delivery. A

typical example is the case of the two rooms in Komfo Anokye teaching hospital, where

both Kodak (green spectral emission) and Agfa (blue spectral emission) screens were used

interchangeably for the same examination type with a combinationoffilms from different

manufacturers with blue and green spectral sensitivity.

In the EC quality criteria and the IPEM Report 91 (2005), it is recommended that the ESD

measurements be made on statistically significant sample of patients (minimum 10)

whose weights are near the standard adult patient of average weight 70kg + 10. This study
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complied with this recommendation and therefore the estimate of ESD’s for the various

examinations could be considered as representative value for the specific rooms.

This study has provided someinitial base line data on the size of the average adult patient

in Ghana and the corresponding dose for the individual examinations studied. The mean

weight recorded for all examinations ranges from 74.3 to 84.6 kg. This is comparable with

the mean weight recorded in the IAEA study in 2004 (IAEA-TECDOC, 2004) on patients

undergoing radiographic examinations in some European and Asian countries. In the IAEA

study, an average weight of 70 + 10kg was considered appropriate for the European

participating countries, whiles 65 + 10kg was used for the Asian countries. This

compromise wasto enable a comparison of the measured doses with reference doses.It is

therefore relevant to compare the estimated dose recorded from this study with the

reference values based on the average weight in the Ghanaian context.

5.5.2 Radiographic techniquefactors

The radiographic technique parameters recorded show that for all the 5 types of

examinations assessed, there were variations in the technique factors when compared

with the recommendations in the EC quality criteria (EUR16260EN, 1996). Varying

radiographic voltages and reduced focus-film distances were used with inconsistent

screen-film combinations. All these factors have adverse influence in the outcome on the

dose to patient. Fung et al (2001) studied the effect of beam tube potential variation on

gonad doseto patients during chest radiography and suggested that the optimisation of X-

ray beam energyin radiological examinations can minimise dose. However, the process of

optimisation is not a simple one due to the interdependenceofall radiological factors.

According to McEntee (2004), in chest PA examination, the choice can be categorised as

high tube potential (> 100kVp) versus low tube potential (< 100 kVp). However, in this

study it was observed that there were three variations in the choice of the radiographic

technique for the chest PA in particular among the 10 hospitals. Four of the hospitals,

employed the low kVp technique whilst three used high kVp technique approach. The

remaining 3 hospitals used both techniques, interchangeably and apparently randomly.

The effect of this variation in technique for the same examination, even within one X-ray
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departmentproducesa significant variation in the ESD recorded. However,this situationis

not peculiar to Ghana alone. The NRPB review (2002) discussed the influence of imaging

technique on patient dose for PA chest radiographs, showing that one of the factors which

most contributed to dose variation was the tube potential applied. Moreover, a survey by

Johnson and Brennan (2000) also suggested that a significant amount of variation in

patient ESD is due to variations of x-ray tube potential.

Currently, there is no consensus among radiologists regarding the appropriate tube

potential to be used for chest radiography in particular (McEntee et al, 2004). The

Commission of the European Communities (CEC) (EC-EUR 16260, 1996) recommends an

applied voltage in the range of 125kVp tube potential for chest PA examination.

Nonetheless four hospitals in the study were using lower tube potentials of range 60kVp-

90kVp similar to many hospitals in the 2000 NRPBstudy in UK (NRPB, 2002). The results in

this study showedthat the lower kV contributed partly to the high values of ESD recorded

from those rooms employing the technique. Those departments using low kV techniques

for chest radiographs produced approximately 5 times the patient dose compared to

those using high kV and those that used both high and low kV techniques interchangeably

all generated values higher than the UK, EC and IAEA reference values by 1-3 times.

However, hospitals that employed high kVp technique recorded acceptable ESD values

compared with the reference values.

High tube potential is generally reported as being a method for reduction of ESD to the

patient, however, when a secondaryradiation grid is used it could contribute to the higher

dose. The lack of consensus on the optimal beam energy for PA chest radiograph stems

from the fact that there are advantages and disadvantages with both techniques. High

tube potential produces a low contrast image, butit also results in increased visualisation

of superimposed tissues within the image because of better penetration of over lying

structures (IAEA-TECDOC 1423, 2004). The use of higher tube potential will result in x-ray

photons having more penetrating power, enabling more photons to reach the film or

image acquisition device, thus causing an increase in overall film density. To addressthis,

the X-ray tube current (mAs) needs to be reduced to maintain overall film density. This
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reduction in mAsresults in lower ESD for the patient. It is normally suggested therefore to

select the highest tube potential consistent with acceptable image quality (Engel-Hills,

2006). In contrast, for chest radiography, low tube potential exposure produces a high

contrast film image, with soft tissue, pathological condition and calcification being more

clearly seen than on a high tube potential image. On the other hand,it results in poor

visualisation of the retro-cardiac lung and mediastinum.

It is suggested that when low beam energyis used (no grid), tube potential factors of 70 -

90 kVp should be selected and when high beam energy technique is being used (100 kVp-

150 kVp, anti scatter grid), this will deliver lower energy and ESD (Fung and Gilboy, 2001;

Lanhede et al, 2002). This will however have different effect on the image quality.

Contrary to this suggestion, it was observedin this study that anti scatter grids were being

usedin all hospitals for chest radiography irrespective of the choice of the technique(i.e.

high or low kVp). In fact, grids were employedforall the examinations(e.g. lateral cervical

spine). There was obviously a lack of awareness of the function of anti-scatter grids and

indications for their use. Whilst radiographic grids, when appropriately used, reduce

scatter and improve image quality, their use demands increased exposure factors and

dose to obtain the same optical density on the film. Although the image quality is

improved by the reduction of scatter, the dose trade off must also be considered when a

grid techniqueis utilized.

This study also revealed that there were inconsistencies in the use of the focus-film

distances as recommended in the EC quality criteria. The EC criteria recommend an

average FFD of 180cm and a range of 140-200cm for chest examinations. For chest

examinations, with the exception of TRUST which used 100 cm,all the other hospitals

were in compliance with the criteria. The 100cm FFD used in TRUSTis far below the

recommended minimum value in the EU EU16260 (1996) and will result in increased

radiation dose to the patient. In abdomen, pelvis, lumbar spine and skull examinations

most hospitals used FFD values below the average values (115cm) but equal to the

minimum recommended value (100cm). One was using an FFD of 95cm, which is below

the minimum recommendedlevel. Since ESDis inversely proportional to the square of the
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FFD, for the same kV and mAsthe dose reaching the patient is expected to be high. The

results of the use of such low FFDis seen in the high ESD value recordedin that particular

department. It is therefore essential that policies on quality control and assurance

monitoring programmes be enforced in the hospitals to protect the patient against

unnecessary exposures through repeat examinations.

5.5.3 Variations in ESD values

Generally, ESD values for the same type of examination in the same room will vary due to

the differences in patient size and in the radiographic technique used by different

radiographers. Variations in the ESD values between different X-ray rooms will

additionally be due to differences in radiographic equipment, film type, processing,

chemicals and processing conditions. The mean ESD valuesfor the individual examinations

varied considerably across all hospitals and within hospitals, with 1 particular hospital,

Suntreso, having consistently higher ESDs than the other departments. On closer

investigation the automatic exposure control was consistently being used incorrectly or

overridden by the radiographer for no apparent reason. Automatic exposure devices are

intended to take some of the humanerror out of exposure factor selection but overriding

them has a detrimental effect on patient dose. This particular issue of not using AEC

wherethey were available was not confined to this hospital — some hospitals had AECs but

had disconnected them but the reasonsfor this were notclear.It is likely that staff had

not been trained in the use of automatic exposure devices, lacked confidence and

therefore defected to the original methods of manual selection of exposurefactors.

The above results suggest that hospitals with lower ESD values than the reference dose

values provided by UK, EC and IAEA are acceptable in terms of dose to the patient.

However optimisation has to be interpreted in the light of the number of the acceptable

radiographs produced with adequate image quality. Dose alone could well be acceptable

but at the expense of image quality and there is always a trade off between the two. The

following chapter explores the image quality assessment aspects of this overall work and

sets the dose measurementsin the context of lowest dose for maximum image quality.
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There was a considerable variation in the range factor for ESD for the same type of

examination in the same room.This implies that in the same X-ray room there were

variations in radiographic technique between radiographers (usually differences in

exposure time) which could bein part related to differences in patient size but could not

be accounted for by this parameter alone. Skull PA recorded the least variation, whilst

abdomenAPrecorded the highest variations with a range factor based on mean ESD of

19.4. This is probably predictable as the skull varieslittle in size between adults and does

not usually have much variation in adipose and other overlying tissues. The abdomen,

however, varies substantially and although some of the variation in dose is due to

variation in size, the selection of exposure factors is more subject to error in an area with

greater size and density variation. Variations in dose between rooms, based on the

maximum and minimum ESD values, were extremely high up to a factor of 67 for AP

abdomenfilms. These variations in the ESD for the sametype of examination between the

rooms may be due in part to the different technical characteristics of radiographic

equipment but are mainly due to the techniques employed, and particularly technique

inconsistency. These inter and intra hospitals dose variations for the same type of

examination suggest that operational conditions within and among thehospitals were not

fully optimised.

5.5.4 Quality control

The results of quality control (QC) checks done on X-ray equipment compared with the

recommendedtolerances revealed that all the X-ray machines used in the study passed

the entire range of QC test undertaken. However, in clinical situations where diagnostic

conditions for which equipment, human and technique related factors are variable, the

use of these X-ray machines may still lead to un-optimised diagnostic procedures.

Therefore the QC results provide guidance on the choice of exposure techniques and

hence suggest the need for optimised dose reduction methods. The lowering of mAs has

been found to be effective for X-ray equipment with better timer reproducibility than

lower timer reproducibility. Increased filtration has also been foundto be effective for an

X-ray machineof lowerhalf value layer. Likewise, the increasing of tube potential reduced
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the patient dose more efficiently for X-ray machines that possessed better tube voltage

consistency and higher accuracy.

5.5.5 Otherrelated factors

Exposure charts and documentedprotocols werelacking in all the roomsin the study. This

obviously contributes to inappropriate and inconsistent kVp settings employed in the

hospitals, relative to the recommended values in the EC quality criteria used in the

hospitals. The absence of all these have obvious consequence in the unnecessary

exposure to the patient. There was a general lack of awareness of the importance and

significance of radiation protection issues prevalent at all stages of the study andthis is a

direct consequence of inadequate training on such matters at all levels. The previous

anecdotal evidence for this is now supported by quantitative evidence and as such

provides an excellent baseline from which to develop systems to overcome these

inconsistencies in technique and radiation protection.

5.6 Conclusion

Radiation doses to patients undergoing common X-ray examinations in 7 hospitals (10 X-

ray rooms) in Ghana were assessed along with the radiographic technique factors and

compared with the IAEA, EC and UK criteria to ensure the quality of each radiograph. The

study showed variations in technique, exposure factors, film-screen combinations and

radiation dose for the same type of examination, both within and between rooms, which

strongly supports the idea that further optimisation is possible. The introduction and use

of diagnostic reference levels as proposed by ICRP (1991) based on patient dose datais

imperative to the current Ghanaian situation and will lead to a further reduction of the

radiation dose.

Radiographic practices in Ghana are notfully optimized and this therefore calls for robust

implementation of an appropriate and realistic QA programme.Thevariations in the data

obtained also demonstrate the importance of creating awareness for the radiographic

staff on regular quality control testing of the equipment, the urgent needfor intervention

and appropriate corrective actions in order to improve and standardise practice, enhance
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quality of the radiographs, and avoid unnecessary risks of increased radiation dose to

patients and staff. Also these variations, which are expected to be present in most of the

X-ray departments operating in the country, point to the need for the introduction of a

national protocol and QA system and frequent dose audits. A continuing needfor bringing

radiological procedures in Ghanain line with European Guidelines on Quality Criteria for

Diagnostic Radiological Images is worth emphasizing, in order to protect patients and staff

from unnecessary radiation dose. The results presented in this chapter are probably a

conservative estimate of the nature and scale of the problem as the morerural, single-

handed departments were not included for logistical reasons. The problems associated

with dissemination of information, peer support and standardisation becomeincreasingly

difficult in isolated working environments. Any suggestions for improvements from this

thesis take into account such issues and are mindful of the fact that information and

training materials suggested for future must be translatable into the range of working

environmentsin existence in the current system in Ghana.
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CHAPTER 6

Study 3: Optimisation of patient radiation protection-

radiographic image quality assessment

6.1 Introduction

This chapter presents study 3, the second part of the optimisation of patient radiation

protection study and quality assurance model development for diagnostic imaging

departments in Ghana. The study was conducted at twotertiary level hospitals in Ghana.

The main goal of radiographic imaging is to demonstrate patient anatomy and pathology

well enough to enable reliable, accurate diagnosis or intervention. Good diagnostic

radiological practice should produce an image containing all the necessary diagnostic

information needed for accurate diagnosis with minimum dose to the patient (ICRU

Report 54, 1996; ICRU Report 70, 2003). Optimisation is a balance between image quality

and dose taking social and economic issues into account and it is suggested that dose

assessment should be carried out in tandem with image quality assessment (IAEA-TEC

DOC 1423, 2004) hence the current study wasfelt to be appropriate. In performing QA,

the optimisation of the imaging system is tested in terms of radiographic image quality

parameters notably, contrast, noise and unsharpness. The exposure of patients needs to

be the minimum necessary to achieve the required diagnostic objective taking into

account the normsof acceptable image quality for the clinical purpose, as established by

appropriate professional bodies and relevant guidance levels for the examination

considered. In this study the Commission of the European Communities (CEC) guidelines

on quality criteria for radiographic images (EC-EUR16260EN, 1996) were used for image

evaluation.

The CEC ‘Quality Criteria for Diagnostic Radiographic Images’ were the results of a

coordinated initiative in Europe by radiologists , radiographers, physicists, radiological

protection experts, health authorities and professionals, national and international

organisations. The stated objectives of the guidelines were to achieve:

e adequate image quality, comparable throughout Europe;
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e areasonably low radiation dose per radiograph.

It is the aim of the Quality Criteria to characterise a level of acceptability for normal

radiographs that would satisfy all clinical needs. They also provide the basis for accurate

radiological interpretations of the images. The applicability of the quality criteria for adult

radiology has beenverified in European-widetrials involving some hundredradiological

departments and about 3000 radiographic images and dose measurements (EC-

EUR16260EN, 1996, and IAEA TEC-DOC 1423, 2004). No attempt has been madeto define

acceptability for particular clinical indications. These are often a matter of personal

preference for a radiologist and will be determined by local conditions and particular

clinical situations. The image criteria in most cases specify important anatomical

structures that should be visible on a radiograph to aid accurate diagnosis. Some of these

criteria depend fundamentally on correct positioning and cooperation of the patient,

whereasothersreflect technical performance of the imaging system. The establishment of

international acceptable criteria for diagnostic image quality is essential because of the

costs and risks benefits associated with medical X-rays and should therefore form the

basis for quality management and quality control mechanisms for management and

operating staff of X-ray diagnostic departments. Image quality assessment and the

relevant influential factors have been reviewed in detailed in Chapter 2 (section 2.7). The

imaging departments involved in the study were;

KBPOLY Polyclinic of Korle-Bu Teaching Hospital

KBM-R3 Room 3 of Korle-Bu Teaching Hospital

KATH-R2 Room 2 of Komfo Anokye Teaching Hospital

KATH-R3 Room 3 of Komfo Anokye Teaching Hospital

6.2 Purposeand objectives

The aim of the study wasto evaluate the radiographic image quality as an indicator of the

level of dose optimisation and quality assurance in the hospitals in Ghana. The specific

study objectives were:

e evaluation of radiographic film quality by Ghanaian radiologists using the CEC quality

criteria

e identification of the causes of poor image quality
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e recommendation of appropriate measures to improve the image quality and enhance

optimisation in the hospitals

6.3 Study design and methodology

The practical aspects of the study and the limited number of staff (radiologists and

radiographers) in the country necessitated the selection of only two rooms in each

diagnostic departmentof the two teaching hospitals that had resident radiologists. A total

of 750 radiographs of 423 patients aged 18 and above wereincludedin the image quality

assessment. These radiographs encompassed five different radiographic examinations

producedin the four imaging rooms. The study wasalso limited to the 5 most common

radiographic examinations carried out in the two hospitals (chest, lumbar spine, pelvis,

abdomenandskull) after reviewing the departmental records of the annual examinations.

Four radiographers, four radiographic technicians and four consultant radiologists (two for

each hospital) were recruited for the study. In each hospital, one radiologist assessed the

radiographs from the two rooms andthe secondradiologist independently assessed the

images to establish the level of inter-rater agreement. A radiographer from each of the

four X-ray rooms producedthe radiographs and completed the necessary data sheets with

the help of a technician and then forwarded the radiograph and data sheet to the

radiologist for assessment.

The radiologists and radiographers were informed about the study through a series of

presentations with an opportunity for discussions in order to encourage participation. The

comments received were incorporated where possible. The non-punitive nature of the

study was also emphasized. The CEC guidelines on quality criteria for radiographic images

(EC-EUR16260EN, 1996) were used by the consultant radiologists to evaluate the image

quality. These criteria, as well as the designed data collection sheets, were madeavailable

to both the radiographers and the consultant radiologists two weeks ahead of the study

for familiarisation.
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6.3.1 Methodology

The methodology adapted and extended for this study was that used in the 2004

Coordinated Research Project (CRP) by the International Atomic Energy Commission

(IAEA) on optimisation of the radiological protection of patients undergoing radiography,

fluoroscopy, and computed tomography examinations in some countries in Africa, Asia

and Eastern Europe (IAEA-TECDOC-1423, 2004). In the CRP study, the CEC image quality

criteria were used to assess the quality of the radiographs but the reasons for films

achieving less than optimum grades were not investigated. The methodologyin this

current study extended the CRP workto include the radiologists’ reasons for awarding less

than optimal film grading.

The data collection sheet used for the study was in two parts (Appendix D1). Part A,

completed by the radiographer, included demographic details of each patient as well as

the examination and projection type. Part B, completed by the consultant radiologists,

required them to grade the radiograph as A, B or C (see Table 6.3.1). Space was also

provided for the radiologists to indicate the reasons for grading each radiographeither as

‘B’ or ‘C’ based on the criteria not met for each projection.

Table 6.3.1 Grading of radiographsin the CEC image quality assessment

 

 

 

Grade Interpretation

A Radiograph clearly accepted without any

remarks

B Radiograph accepted with some remarks

based on the criteria

 

 C Radiographfailed to meet all the criteria and

therefore should be rejected.   
 

The data sheets were located at the console in each room and were completed for each

patient over 18 years of age referred for any of the examinations included in the study.

Opportunistic sampling was used. The initial quality assessment of all the radiographs
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produced wascarried out, as it would bein clinical practice, by the radiographers. This

assessment was subjectively based on their knowledge of the criteria before being

forwardedto the radiologist for assessment. Radiographs presented to the radiologist for

assessment were only those deemed as diagnostically acceptable by the radiographers.

These were from the same cohort of patients included in the dose assessment study and

reported in Chapter5. The resident radiologist assessed and graded each radiograph using

the image CEC quality criteria (EC-EUR16260EN, 1996) as per Appendix D2. Thetotal

number and percentage of the graded films were recorded on the designed form as per

Appendix D3. The data werecollatedforall films and analysed using Excel and SPSSv. 16.

6.3.2 Inter-rater agreement

Inter-rater agreement was calculated using kappa (Meltzoff, 1998; Bryman, 2008, pg.

265). Kappa values can range from 0 to 1 with 0 demonstrating no agreement and 1

demonstrating total agreement. To measure the inter-rater agreement, a random

selection of 50 of the radiographs which had beenassessed bythe consultant radiologist

from Korle-Bu teaching hospital and similarly 40 from Komfo Anokye hospital were graded

blind by a 2nd independent consultant radiologist from each hospital, using the same

criteria. The results were then compared and kappa wascalculated using SPSS version 16

to determine the level of inter-rater agreement.

6.3.3 Challenges

A total of 1000 radiographs of patients aged 18 and above were sent for assessment by

the radiographers. However, due to practical difficulties, only seven hundred andfifty

(750) radiographs were assessed for image quality by the consultant radiologists. These

difficulties encountered were;

e Some cases were for accident and emergencies and therefore could not be

retained for radiologist’s assessment.

e Someof the cases were referred from different hospitals so the patients took their

films back to the referring clinicians.

e Patients pay for their films so take them away with them after the examination,

especially if the radiologist was not immediately available.
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These difficulties accounted for the reduced number of radiographs submitted to the

radiologists for image quality grading.

6.4 Results

A total of 750 radiographs from 423 patients aged 18 and above wereevaluated by two

consultant radiologists. The radiographs were a selection from the five most common

examinations presented in the two hospitals. For each hospital kappa was calculated to

determine the level of agreement betweenthe 2 radiologists. At Korle-Bu Hospital, kappa

was 0.884 (88.4%), and at KATH it was 0.844 (84.4%), both indicating very good

agreement, interpreted from Altman (1999). On this basis, it was entirely appropriate to

undertake a combinedanalysis on the films from both hospitals.

Table 6.4 Interpretation on kappa given by Altman (1999)

 

 

 

 

 

  

Value of K Strength of agreement

< 0.20 Poor

0.21-0.40 Fair

0.41-0.60 Moderate

0.61-0.80 Good

0.81-1.00 Very Good   
 

(Source: Altman (1999) Practical Statistics for Medical Research)

6.4.1 Image quality grading

A total of 750 individual radiographs were assessed for diagnostic quality, using the CEC

criteria. The total number of radiographs comprised one radiograph per examination for

chest, abdomen and pelvis and 2 radiographs per examination for lumbar spine and skull.

The frequency of grades A-C for all 5 examinations across all rooms is shown in Table

6.4.1a. Grade A films were those accepted as being of diagnostic quality with no additional

remarks. Grade B films were accepted with some additional remarks based onthecriteria,
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where there was room for improvement. Grade C films were those deemed not to meet

the criteria and therefore considered diagnostically unacceptable.

Table 6.4.1a Distribution of grades A-C acrossall films and examination type in cross

 

 

 

 

 

 

 

 

 

 

tabulation

Exam

chest lumbar pelvis abdomen skull Total

spine

Count 221 161 48 38 102 570

A % 70.8% 71.2% 88.8% 95.0% 86.4%! 76.0%

within

exam

Count 82 59 2 2 12 158

B % 26.3% 26.1% 5.6% 5.0% 10.2% 21.1%

Grade within
exam

Count 9 6 3 0 4 22

C % 2.9% 2.7% 5.6% .0% 3.4% 2.9%

within

exam

Total Count 312 226 54 40 118 750

% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

within

exam          
 

The distribution of films graded B and C acrossall examinations are shownin table 6.4.1b.

The majority of films graded B (141/158) and C (15/22) were chest and lumbar spine

examinations.
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Table 6.4.1b Distribution of grades B and C acrossall films

 

 

 

 

 

 

 

 

 
 

 

 

 

Grade Exam Frequency Percent

chest 82 51.9

lumbar spine 59 37.3

B pelvis 3 1.9

abdomen 2 1.3

skull 1? 7.6

Total 158 100.0

chest 9 40.9

lumbar spine 6 27.3

C pelvis 3 13.6

skull 4 18.2

Total 22 100.0    
 

6.4.2 Analysis of CEC criteria Grade B films

There were 158 Grade B films, comprising 21% of the total 750 assessed. The majority of

these (141) consisted of chest (82) and lumbar spine (59) films. The CEC criteria for these

projections are shownin Tables 6.4.2a-c. The corresponding numbersoffilms not meeting

each individual criterion for these projections, across both hospitals, are shown in Figures

6.4.2a-c. The remainder (abdomen,pelvis and skull, n = 17) are detailed in Appendix D4.

The 2 criteria for chest PA that were most commonly unfulfilled both relate to positioning

of the patient. This would indicate that technique is inconsistent, with insufficient detail

being paid to ensuring the patient is not rotated and that the elbowsare sufficiently

anteverted to prevent the scapulae from overlying the lungfields. The lumbar spine

problems were also mainly focussed around positioning errors for both AP andlateral

projections.
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Table 6.4.2a CEC imagequality criteria for chest PA examination

 

 

 

 

 

 

 

 

 

 

   

No. Criteria

1.1 Performedatfull inspiration and with suspendedrespiration

1.2. Symmetrical reproduction of the thorax as shownbycentral position of the spinous

process between the medial endsof the clavicles

1.3. Medial border of the scapulae to be outside the lungfields

1.4 Reproduction of the whole rib cage above the diaphragm

1.5 Visually sharp reproduction of the vascular pattern in the whole lung, particularly

the peripheral vessels

1.6 Visually sharp reproduction of the trachea and proximal bronchi

1.7 Visually sharp reproduction of the borders of the heart and aorta

1.8 visually sharp reproduction of the diaphragm and lateral costo-phrenic angles

1.9 Visualisation of the retrocardiac lung and the mediastinum

2.0 Visualisation of the spine through the heart shadow
 

Figure 6.4.2a Grade B ChestPA:distribution of unmet CECcriteria
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Table 6.4.2b CEC image quality criteria for lumbar spine AP examination
 

No. Criteria
 

1.1 Visually sharp reproduction, as a single line , of the upper and lower-plate surfaces

in the centred beam area
 

1.2 Visually sharp reproduction of the pedicles
 

1.3 Reproduction of the intervertebral joints
 

1.4 Reproduction of the spinous and transverse processes
 

1.5 Visually sharp reproduction of the cortex and trabecular structures
 

1.6 Reproduction of the adjacent soft tissues , particularly the psoas shadows
   1.7 Reproduction of the sacro-iliac joints
 

Figure 6.4.2b Grade B Lumbarspine AP: distribution of unmet CECcriteria
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Table 6.4.2c CEC image quality criteria for lumbar Lat examination

 

No. Criteria
 

1.1 Visually sharp reproduction, as a single line , of the upper and lower-plate surfaces

with the resultant visualization of the intervertebral spaces
 

1.2 Full superimposition of the posterior vertebral edges
 

1.3. Reproduction of the pedicles and the intervertebral foramina
 

1.4 Visualization of the spinous processes
   1.5 Visually sharp reproduction of the cortex and trabecular structures
 

Figure 6.4.2c Grade B lumbarspinelateral: distribution of unmet CECcriteria
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6.4.3. Reason(s) for CEC grade B andC films

The reasonsthat films were assigned to category ‘B’ by the consultant radiologists were

poor positioning, exposure errors (under- and over-exposure), processing errors and

pathological appearancesaffecting the quality of the radiograph. However the majority

(95%) were due to exposure and positioning errors (Figure 6.4.3) Detailed results on the

causes and reasonsof grade B radiographs are found in Appendix D5.

Figure 6.4.3 Reason(s) for grading radiographs as B
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Twenty twofilms from the 750 total were graded C, consisting of projections from chest,

lumbar spine, pelvis and skull examinations. The reason(s) for grade C films were again

mainly exposureerror (11) and poorpositioning(8).

6.5 Discussion

Quality and safety have becomeestablished hallmarks for efficient and successful medical

intervention. A comprehensive quality and safety culture has been progressively

developed throughout the European Union with regard to the medical use of ionizing

radiation, and has been integrated into the various branchesof diagnosis and treatment.

The Commission of the European Communities has contributed to this evolution by the

establishmentof legal requirements for the radiation protection of persons undergoing
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medical examination or treatment. The purpose of this chapter was to establish a current

baseline for image quality criteria in Ghana, to be assessed alongside both the dose

assessment (Chapter 5) and reject analysis (Chapter 7) elements of this thesis. In the first

instance, this has been undertaken for conventional radiography, concentrating on

examinations of high frequency or with relatively high doses to the patient, in line with

the original specification of the EU exercise. It is the aim of the Quality Criteria to

characterize a level of acceptability for normal basic radiographs which could answer to

any clinical indication — currently there are no such protocols in place in Ghana. The

optimal use of ionising radiation involves the relationship between 3 important aspects of

imaging:

e the diagnostic quality of the image

e the radiation doseto the patient, and

e the choice of radiographic technique

Despite the fact that this was the first exercise of its kind in Ghana, there was extremely

good agreement between radiologists in their grading of radiographs. The logistical

problem of limited numbersof resident radiologists to undertake such an exercise created

difficulties in completion but it was rewarding for the effort involved that 750 radiographs

were ultimately scrutinised for compliance with the Quality Criteria. Unavoidably there is

a subjective element in the image quality evaluation. The percentage of the radiographs

graded A — i.e. deemedto befulfilling all the criteria - across all examination was 76%

which was lower than previous studies the UK (Cooket al, 2001, Offiah and Hall, 2003,

Moranet al, 2004) which have shownthat over 90% offilms fulfilled the CEC criteria, and

advise their stricter application. IAEA CRP study in 2004 also showed that the average

percentages of the image quality criteria met for four countries (Czech Republic,

Indonesia, Malaysia and Thailand) before and after QC intervention for 10 chest projection

films each reviewed by local radiologists were 77.5% and 82.8% (IAEA-TECDOC 1423,

2004, pg 45-46) which wereboth less than the value of 85.8% for chest projection for field

radiologist given in EC trial (Maccia et al, 1995). X-ray image quality is dependent on the

site of investigation and adherence to published recommendations on equipment and

technique can reduce variations often associated with image quality evaluation. Rainford

et al (2007) observed variationsin image quality for all examinations type across hospitals,
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with the lumbar spine lateral projection recording the greatest degree of variation. The

above observation is similar to the current study which shows lumbarspine (LAT and AP)

and chest PA examinations as the main problem areas in the CECcriteria fulfilment.

Abdomenandpelvis AP projections were the least problematic but this is not surprising,

there being less room for positioning error as the patient is simply lying supine on the X-

ray table.It is quite straightforward to ensure that the patient is not rotated — in fact, the

natural ‘pose’ whenlying supine for most patients is to lie straight and flat, thus naturally

aiding the process. Positioning for chest and lumbar spine examinations (especially the

lateral) however is more subject to variation, with small changes in positioning having a

large impact on the resultant image.

Exposure factors for AP pelvis and AP abdomen examinations are relatively similar and

there is probably a greater range of ‘perceived acceptability’ in exposure factors for these

examinations than for the chest and lumbar spine (particularly the lateral). Exposure

factor errors for chest radiography, where the ideal image demonstrates a wide range of

tissue densities (lung fields to mediastinum) are more commonuniversally. Lateral lumbar

spine examinations producesignificant scattered radiation due to the kVp required to

penetrate the width of the patient and therefore the exposure factors need careful

consideration and an appreciation by the operator of the detrimental effect of scatter on

the resultant image.

The radiologists using the image quality criteria in this study had no previous experience

with the use of the image quality criteria therefore it was expected that the

implementation of the criteria in the Ghanaian context would be subject to the individual

approachesandinterpretations of the radiologists. In addition to the problem of different

interpretations by the local radiologists of the quality criteria, local attitudes towards the

image quality in the departments mayalso influenced the results of the study. Economic

considerations such as cost of the films and availability of films as well as high work load

on the limited radiologists no doubt influence whatis locally acceptable in terms of image

quality. Despite the initial discussion and familiarisation of the radiologists with the

exercise prior to the study, it was observed and reported that theystill found some
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aspects of the CEC image quality criteria hard to interpret in practice. Although the

criteria were defined for examinations of anatomical areas or specific organs and for

certain clinical indications, the radiologists felt that lower subjective image quality could

be acceptable if a diagnostic decision was possible.

It is acknowledged that due to logistical difficulties and limited availability of radiologists

to undertake the assessmentof the films, it would be difficult to generalise the results of

the image quality exercise in Ghana to other hospitals in and outside the country.Ideally,

a means of standardising the assessment (e.g. a blinded comparison of gradings of a

standard setof films between European/UK and Ghanaian radiologists) would have been

useful for validation of the method. However, this was the first exercise of its kind in

Ghana andas such hasestablished the methodology for future implementation as part of

a QA programme.

The study showed that chest PA and lumbar AP examinations in particular were

problematic in terms of quality and therefore constituted a large proportion of grade B

and C radiographs. This was also reflected in the entrance surface doses (ESD) registered

for those examinations (reported in chapter 5). They are the 2 most common

investigations undertaken in Ghana and therefore overall it would be expected that they

might generate the majority of problems. However, chests in particular are highly

sensitive to variations in technique and as thereis little/no technique standardisation in

practice in Ghana, this no doubt contributed to this outcome. For example for chest PA

examinations, it was observed that three technique approaches (low kVp, high kVp and

both) were being used in the departments. It was also observed thatgrids are usedforall

examinations, irrespective of the exposure factors employed, which would obviously have

an impact on the resultant image quality and dose delivered. It seemed that some

radiographers were unaware of the existence and functions of grids inherent in the

existing equipment and subsequently did not know whenthey should be used to improve

image quality.
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It is important that for justification and optimisation principles to work well, diagnostic

images produces in X-ray departments must be of high quality, so patients and referring

clinicians can be assured that each medical exposureis providing the necessary diagnostic

information. Lack of standardisation reduces diagnostic efficacy and is not in the best

interest of patients. To optimise image quality and to ensure that the diagnostic efficacyis

maximised, the impact of radiographic technique must be recognised. Positioning and

exposure errors can easily be overcome with proper and consistent training in

radiographic technique, standardisation of protocols, exposure charts as well as prudent

quality control and assurance measuresin the hospitals.

6.6 Conclusion

This image quality assessment exercise was logistically difficult to execute due to the

limited radiologists available in country. Those available had no previous experience with

the use of the CEC image criteria as a quality assessment tool. Time constraints and

logistical difficulties prevented a standardisation exercise whereby a set of films graded

for the CEC exercise could have been used as a benchmarkfor radiologists in Ghana. From

the total radiographs evaluated in the two hospitals, their interpretation was that 76.0%

fully met the CEC quality criteria, 21.1% partially met the criteria and 2.9% were

diagnostically unacceptable.It is worth recalling here that all these radiographs had been

judged to be entirely diagnostically and technically acceptable by the radiographic staff

who had produced them.

This phase of the study highlighted and confirmed the examination areas in local

radiological practice where the technical quality is most variable and that are probably the

key starting areas for intervention and corrective action. Positioning and exposureerrors,

both technically straight forward to correct with protocols and proper training in

radiographic technique, constitute the majority of both category B and C radiographs.

However, there are cultural and organisational issues that need to be handled

appropriately in order for such interventions to be effective and maintained. To enhance

the quality of the radiographs produced,training and corrective measures are needed to

improvethe local radiological practices.

176



CHAPTER7

Study 4: X-ray film reject analysis as a quality indicator

7.1 Introduction and study rationale

This chapter presents the procedure and results of X-ray film reject analyses conductedin

10 tertiary hospitals in Ghana as phase 4 of the optimisation of patient radiation

protection study and quality assurance model development for diagnostic imaging

departments in Ghana. The study cametofruition as a result of a stakeholder’s workshop

on Quality Assurance in imaging for all levels of staff involved in diagnostic imaging

services in Ghana in June, 2008. The workshop wasinitiated by the researcher and hosted

by the School of Allied Health Sciences, University of Ghana in collaboration with the

University of Liverpool and Integrated Radiological Services Limited (IRS Ltd) in Liverpool.

The purpose of the workshop wasto inform and update stakeholders on the nature and

purpose of the work andto give them the opportunity to contribute to and comment on

the appropriate components of a QA model for implementation in diagnostic imaging

departments in Ghana. The workshop was advertised in advanceto all staff across the

country by the School of Allied Health Sciences in Ghana and the University of Liverpool

certificated the course so that participants could gain CPD credit.

Participants included radiologists, radiographers and technicians, X-ray engineers, staff

from the Radiation Protection Board of the Ghana Atomic Energy Commission (including

the Head of this organisation and medical physicists), X-ray equipment suppliers (Philips),

administrators from the Quality Assurance and Institutional Care unit of the Ghana Health

Service, academic staff of the School of Allied Health Sciences, University of Ghana and

the current cohort of undergraduate student radiographers.

One of the key objectives of the workshop was the nomination of one representative

radiographer from each of the ten administrative regions in Ghana to form a National

Quality Assurance Taskforce (NQAT). This was accomplished and the decision was taken at
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the workshop that each memberofthis taskforce would undertakea rejectfilm analysis in

their own hospital, the results of which would contribute to development of the QA

model. Ten hospitals from seven out of the ten administrative regions were able to take

part in the exercise. The other three regions could not carry out the task dueto logistical

and staff problems. However, assurance wasgiven that they would beable to participate

in future exercises. Reject analysis is established as a primary tool for assessing the cost—

effectiveness of diagnostic imaging departments and is a useful and well-established

method for quality control in diagnostic radiology (Lau et al, 2004). It has also been used

as a quality indicator in radiology services andis a straightforward exercise that measures

both the reject rate and its economic impact in terms of wasted resources (consumables,

staff time, and radiation burden). The analysis of rejected radiographs could provide

valuable information about the efficacy of a department and can highlight areas for

improvement.

X-ray film reject analysis is simply an analysis of the numberoffilms that are rejected in a

department as being inadequate quality and which have to be repeated. The number of

rejects is expressed as a percentage of the total numberoffilms used in a given period of

time. Reject analysis has been used as a quality indicator of radiological services,

recommended for purchasers of the service (Dunn and Roger, 1998). A department’s

overall reject rate is often used to represent the quality of images produced by a

radiography department - howeverover-reliance upon the overall reject rate may mask

problemsin individual examinations. The use of reject analysis is nonetheless supported in

local examination specific audit for quality but it should not be directly used to compare

departments due to variations in the local practices and environment (Clark and Hogg,

2003).

There are obvious financial implications associated with repeating x-ray examinations.In

the UK, Hill (1996) observed that the total expenditure on X-ray film alone in 1996 was

approximately £28 million per annum (Hill, 1996) and with the acceptanceof a film reject

rate between 10%-15% the costoffilm rejects to the NHS excluding the cost of processing

chemicals or the cost of disposal of used chemicals and films was between £2.8 million
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and £4.2 million. According to the Audit Commission in UK the demand for imaging

examinations in UK between 1970-1995 increased by approximately 5% per annum (Audit

Commission UK, 1995) and with this trend, without action to reduce the numberoffilms

rejected, the cost of film wastage to the NHS in 1999 was approximated to between £3.24

million and £ 3.42 million (Hardy and Persaud 2001).

Repeated radiographs are responsible for the majority of the unnecessary patient

radiation dose (Mooreset al, 1991) and repeating films for avoidable reasons should be

minimised to encourage good radiographic practice (IR (ME) R, 2000). Reject analysis can

be an invaluable tool whentrying to improve radiology service and it was in line with this

that the current study wascarried out in ten leading tertiary hospitals in Ghana from 1°-

31* July, 2008. The imaging departments involved in the study are representedin this

study as follows:

KBPOLY Polyclinic of Korle-Bu Teaching Hospital- Greater Accra Region

KBMR3 Room 3 of Korle-Bu Teaching Hospital- Greater Accra Region

Ridge Ridge Regional Hospitals- Greater Accra Region

KATHR3 Room 3 of Komfo Anokye Teaching Hospital- Ashanti Region

KNUST Kwame Nkrumah University of Science and Technology- Ashanti Region

Effia Effia Nkwanta Regional Hospital- Western Region

Sunyani Sunyani Regional Hospital- Brong Ahafo Region

Sogakope SogakopeDistrict Hospital- Volta Region

Bolga Bolga Regional Hospital- Upper East Region

Wa Wa Regional Hospital- Upper West Region

The literature relevant to radiographic reject analysis has been reviewed in detail in

Chapter2.

7.2 Purpose and objectives

The aim of this study was to undertake a reject analysis of radiographs in the imaging

departments of 10 hospitals, representative of the imaging service in Ghana,to assessits

179



value as a quality indicator and to give a baseline for improvement in radiographic

technique. The specific objectives wereto:

e quantify the amountoffilm wastage as a percentageof thetotal film used

(Film Reject Rate) in the imaging departments of 10 tertiary level hospitals

e establish the baseline for a QA programme and thereafter, monitor the

effectiveness of that programme

e identify examinations with high reject rates and possible causes

e identify training requirements for staff

A film is a reject whenit is of poor diagnostic quality. This may be due to poorpositioning,

selection of wrong exposure factors, processing fault or equipmentfault. The latter is

uncommonand mostfilms are rejected due to human error.

7.3 Methods

After reviewing the relevant literature and methodologies and discussions with the

imaging departments, a proforma for film reject analysis was compiled based upon

previous studies (Dunn and Rogers, 1998; Wilson, 2000, pg 394-5; Clark and Hogg, 2003)

The form was completed by the radiographers each time a film was rejected, and the

general information recordedis detailed in Table 7.3.

Table 7.3 Datasheetfor film reject analysis

 

Date of reject

 

Radiographer ID code (knownonlyby the individual radiographer)N

 

Hospital and X-ray room

 

Examination type/projection

 

Were automatic exposure controllers used?

 

Age and sex of patient

 

Type of processor used (automatic or manual)

  C
]
n
!

DD
]

W
Y

B
I

W
w

Reasonfor reject (A-G) 
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The reasonsfor the rejects were coded A-G for ease of analysis and were over-exposure;

under-exposure, positioning error, patient movement, equipmentfault, processorfault

and ‘others’. If ‘others’ was recorded then the radiographer was asked to provide

additional information in the comments box. All 10 radiographers routinely performing

plain X-rays completed forms during a two week study period in July 2008 for every film

rejected. During the study, a total of 2245 radiographs were taken in the ten X-ray rooms.

The practical aspects of the study and the limited numberofstaff, particularly radiologists,

available necessitated the selection of only one room in each diagnostic department and

inclusion of only the most commongeneral radiography examinations carried out in the

ten hospitals. These were chest (PA and lateral); lumbar spine (AP and lateral); pelvis-AP;

abdomen-AP andskull (PA and lateral). Morrel and Harvey (1999) suggest that, in order

for a reject analysis to run smoothly and accurately, there needs to be compliance ofall

radiographic staff, an environment which is conducive and a willingness to change current

practice. The initial idea had been suggested and accepted at the QA Workshopin June

2008 and prior to the start of the data collection, the radiographers were further informed

about the methodology through a series of presentations with an opportunity for their

individual input and discussion to encourage participation. The comments received were

incorporated wherefeasible. The non-punitive nature of the study was also emphasized.

In conventional imaging, reject analysis can be described as the critical evaluation of

radiographs that have been rejected as being of insufficient quality to enable a diagnostic

radiological opinion to be given (Wilson, 2000). A reject rate is defined as the numberof

films rejected in the department expressed as a percentage ofthe total films used. This

includes radiographs that are repeated as well as films wasted due to equipmenterror

and other factors. Retake or repeat rate refers to the percentageof clinical radiographs

that have to be retaken owing to an error resulting in an image of unacceptable quality

(Finch et al, 2001). Thus;

Reject Rate (%) = [(Numberof Rejected Films) / (Overall numberof films used)] x 100
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Daily records of total number of films used and films rejected by the radiographerin a

particular room were taken and details of each rejected film were recorded on a form

designed for the study as per Appendix E1. The radiographer in-charge of the room also

recorded the causeofthe reject film from the codedlist on the data sheet.

7.4 Limitations

Limitations of the reject analysis methodology include the length of time covered,

participation and motivation of radiographic staff and the sample size achieved. The study

ideally should have been conducted over a longer period of time in order to gain a more

accurate reflection of the departments repeat rate. There is however no definitive time

period for carrying out a reject analysis. Previous studies have used periods ranging from 4

weeks to 3 months(Arvanitis et al, 1991; Peer et al, 1999; Clark and Hogg, 2003). Wilson

(2000) however suggests that it is necessary to have an ongoing reject analysis

programme and recommendthatit be performed every 3 monthssince using a relatively

large sample will help see trendsin the type of studies being repeated and the reasonfor

the errors. The data could be used to determine what additional training or equipment

service might be required. It is also advised that reject analysis must be done judiciously

and in such a manneras to minimise interference with the normal X-ray taking activities

(Wilson, 2000, pg. 393). According to Clark and Hogg (2003) it was evident during their 3

monthstudy that staff participation wasat its greatest during the first couple of months of

the study, but by the final month the staff enthusiasm had tailed off reflected in the

sample size gained. Due to the time constraints imposed on this study, the limited number

of staff and the tight schedules of the staff involved in the study, the audit period was

limited to two weeks. The study however could serve well as a baseline for improvement.

7.5 Results

The results of this study are presented in 2 parts; analysis of the overall workload and

reject rates, and the analysis of causes offilm rejects. A total of 2245 radiographs from

1685 patients presenting for chest, lumbar spine, pelvis, abdomenorskull examinationsin

ten hospitals were subjectively assessed by the ten radiographers (one in each hospital)
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who produced them. The results are presented according to the examination, hospital and

projection types.

7.5.1 Analysis of the workload andreject rates

A total of 1685 patients attending for 1634 examinations were included in the study.

Patients presenting for chest, pelvis and abdomen examinations had a single projection

whilst those for lumbar spine and skull examinations had two projections (AP and LATfor

lumbar spine and PA and LAT for skull). 51 patients presented for lateral chest

examination having already had a chest PA on a previous occasion, which accountsfor the

difference between patient and examination numbers above. Table 7.5.1a shows the

distribution of examinations, used films, rejected films as well as overall reject rate for the

examinations.

Table 7.5.1a Distribution of patients and films across all examinations

 

 

 

 

 

 

  

Examination type Total Total Used films Total Reject rate (%) =

Examinations (including rejected Rejected (Total reject /

films) Films Total films)*100

Chest 812 950 138 14.5

Lumbar Spine 364 866 138 15.9

Pelvis 175 206 31 15.0

Abdomen 138 164 26 15.9

Skull 196 449 57 12.7

Total 1685 2635 390 14.8    
 

Experienced X-ray personneltypically do not repeat more than 2% of the examinations

while inexperienced or careless X-ray personnel repeat 10% or even more of all

examinations taken. Wilson (2000) also suggests the following are mean rejects rates

values for individual examinations in the USA; 5% for chest, 8% for lumbar spine and

pelvis; 12% for abdomen and 5% forskull. Table 7.5.1b details the overall reject rate per

individual hospitals whilst Table 7.5.1c illustrates the reject rates in the individual

examinations in the hospitals. Table 7.5.1d shows the reject rates in the individual

projections in the hospitals. The results show that the overall reject rates as well as that

183

 



for individual examinations and projections across the hospitals wereall higher than levels

recommended above.

Table 7.5.1b Overall reject rates per individual hospital

 

 

 

 

 

 

 

 

 

 

 

       

Hospitals Total No. of Total Total Films Total Reject rate (%) =

Cases Projections used Reject (Total reject / Total

films)*100

KBPOLY 176 234 274 40 14.6

KBMR3 358 477 561 84 15.0

KATHR3 329 442 519 77 14.8

RIDGE 165 211 248 37 14.9

KNUST 116 154 180 26 14.4

EFFIA 131 175 207 32 15.5

SUNYANI 145 194 228 34 14.9

SOGAKOPE 72 95 111 16 14.4

BOLGA 102 140 164 24 14.6

WA 91 123 143 20 14.0

Total 1685 2245 2635 390 14.8  
 

Table 7.5.1c Reject rates per examination for the individual hospitals
 

Overall reject rate (%) per examinations
 

 

 

 

 

 

 

 

 

 

       

Hospitals Chest Lumbar spine Pelvis Abdomen Skull

KBPOLY 12.4 16.9 16.7 14.3 14.3

KBMR3 14.4 15.7 14.3 17.2 13.8

KATHR3 14.9 16.5 14.6 16.0 12.1

RIDGE 14.7 15.5 14.3 17.6 13.5

KNUST 12.5 15.8 14.3 16.7 15.2

EFFIA 15.9 15.8 16.7 12.5 14.3

SUNYANI 16.3 15.5 12.5 16.7 11.6

SOGAKOPE 15.2 15.2 16.7 15.4 10.0

BOLGA 15.1 15.4 15.4 11.1 13.5

WA 14.3 16.3 16.7 20.0 6.7  
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7.5.1d. Reject rates for individual projections in the hospitals
 

 

  

 

 

 

 

 

 

 

 

 

 

         

Reject rate (%) in individual projections in the hospitals

Chest LumbarSpine Pelvis Abdomen Skull

Hospital PA LAT AP LAT AP AP PA LAT

KBPOLY 11.6 18.2 15.9 17.8 16.7 14.3 16.0} 12.5

KBMR3 13.8 19.0 15.0 16.5 14.3 17.2} 15.2} 12.5

KATHR3 14.8 16.7 15 15.4 14.6 16.0} 13.0} 11.3

RIDGE 14.0 18.8 14.3 16.7 14.3 17.6 11.1} 15.8

KNUST 12.9 N/A 17.2 14.3 14.3 16.7} 12.5 17.6

EFFIA 15.9 N/A 17.9 13.5 16.7 12.5; 14.3 14.3

SUNYANI 16.3 N/A 16.7 14.3 12.5 16.7 13.6 9.5

SOGAKOPE 15.2 N/A 17.6 12.5 16.7 15.4} 10.0} 10.0

BOLGA 15.1 N/A 15.4 15.4 15.4 11.1] 15.8} 11.1

WA 14.3 N/A 14.3 18.2 16.7 20.0; 6.7] 6.7

Mean Reject

Rate 14.4 14.5 16.2 15.4 15.2 15.8} 12.8 12.1  
 

7.5.2 Analysis of the causesoffilm rejects

The major reasons assigned to the rejected films reported in the ten hospitals were

analysed and reported under this section. Studies regarding reject analysis show that

approximately 50% of repeats are due to error in exposure factors (resulting in films or

radiographs that are either too dark ortoolight; the film has incorrect density or shows

poor contrast). Positioning error accounts for approximately 25% of all repeated films

(Wilson, 2000, pg 391). In this study, exposure error and poor patient positioning

constituted 47% and 36% respectively and were evenly distributed across the hospitals.

Chest and lumbar spine examinations recorded 66.8 % (123/184) of the exposure error

and 75.9% (107/141) of the poor positioning error. Figure 7.5.2 shows the percentages of

the main causesin the overall rejected films whiles Table 7.5.2 gives the breakdownof the

causesof reject per the individual projections.
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Figure 7.5.2 Percentagesof the causes in the overall numberoffilms rejected.

 

4%

47%

 

 
 

 

B Exposure

B Patient positioning

O Processing error

O Fogging

B Respiratory motion

B Artefacts   

 
 

Table 7.5.2 Projection type and causesof rejects in cross tabulation
 

 

 

 

 

 

 

 

 

 

         

Cause

Exposure

(over and Positioning Processing Respiratory

Exams under) error error Fogging motion Artefact Total

Chest PA 53 46 4 4 15 5 127

Chest LAT 7 3 0 0 1 0 11

Lumbar

Spine AP 33 30 4 1 0 2 70

Lumbar

Spine LAT 30 28 5 2 0 3 68

Pelvis AP 17 6 5 1 0 2 31

Abdomen

AP 14 6 4 1 0 1 26

Skull PA 16 12 0 0 0 30

Skull LAT 14 10 0 0 27

Total 184 141 24 11 16 14 390
 

7.6 Discussion and conclusions

The results show that the overall reject rates as well as that for individual examinations

across the hospitals were all higher than recommended levels. From the total of 1685
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patients, 390 repeat radiographs were performed; therefore 23% of the patients

attending for X-ray examination had an unnecessary radiograph taken with the inherent

increased radiation dose associated. According to Clark and Hogg (2003) the average time

taken to perform a repeat radiograph was approximately 15 minutes therefore the

minimum time wasted by the radiographic staff producing the repeat radiographs during

the two weeks study in the ten hospitals was calculated to be approximately 97.5 hrs

[(390 X 15)/ 60)] in 2 weeks . This obviously results in increased waiting times for patients

and an additional 390 could have been X-rayed in the time spent on repeating

examinations.

Imaging departments spend heavily on both capital and revenue and must therefore

aimed at reducing waste due to repeat examinations. In Ghana patients pay

approximately £2 per plain film and therefore a repeat of 390 within two weeksis

equivalent to £780 loss of moneyto the hospitals. This equates to approximately £20,000

p.a. for only 10 diagnostic imaging departments, which is a substantial amount of money

particularly in developing countries where resources are so limited. Films rejected not

only unnecessarily contribute to patient radiation dose but also add to the expense of

films, X-ray personnel time, wear and tear on the equipment and accessories, as well as

inconvenience to the patient. Therefore, minimising the number of repeat films will not

only reduces unnecessary exposureto the patient but can also havea significant effect on

the department’s running cost and time.If for no other reason, then the possible financial

savings due to reduced film rejects should persuade imaging departments of the value of

correctly performing film reject analysis and acting on the outcome. Ovretveit (1999)

suggests that radiology managers could use the evaluation of reject films to inform their

thinking, practice and decision making. The cost of not doing so is high in terms of wasted

resources.

The study found that the overall reject rate for the individual hospitals ranged from 14.0%

to 15.5% whichis significantly higher than the 7.6% reported by Arvanitis et al (1991) in

Belgium; 8% by Dunn and Rogers (1998) in UK and 2.1% for conventional radiography

reported by Sheunget al (2004) in China. The results also indicated that the reject rate for
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the individual projections were high compared with the figures reported by Dunn and

Rogers (1998) in UK, namely 6.5% for chest, 4% for abdomen and 14.3% for abdomen.

Chest PA and lumbar spine (AP & LAT) examinations recorded high proportion of rejects in

all the hospitals. This result may be partly due to the fact that the two examinations

constituted almost 69% of the total examinations reported in all the hospitals and also

partly due to the high level of technique skills required for such examinations compared to

the rest in this study. Exposure factors are a critical factor in producing diagnostic chest

radiographs, as the area under examination has a wide density range from low density air-

filled lung tissue to the high density heart and mediastinum. The technical challenge is to

demonstrate this wide density range on onefilm withoutloss of detail. Using high kVp will

achieve this at the expense of reducing contrast on the film — as kVp increases, contrast

decreases — butthis is acceptable as the detail of the lungfields is still visible whilst the x-

ray beam has sufficient penetration to delineate structures in the denser mediastinum.

High kVp technique has the added advantageof delivering a lower entrance surface dose

of radiation to the patient. Positioning for chest radiography is also critical to the end

result and because the patient stands for this examination, there is a greater chance that

they may not be able to maintain the position and there is more room for positioning

error by the radiographer. In addition, it is those procedures most commonly performed

in any work process, without audit or feedback that are mostlikely to deteriorate.

Lumbar spine AP radiographs are usually quite straightforward to produce. The patient

lies supine on the x-ray table and the only positioning error possible is that the patient

mayberotatedto left or right. However, wrongpositioning of the film under the patientis

more likely and the appropriate areas may therefore be missed off the resultant

radiograph. Positioning for the lateral projection is more subject to variation as the patient

has to be maintained with their saggital plane parallel to the x-ray table. The exposureis

relatively high compared to mostplain film examinations as it has to penetrate the widest

aspect of the patient for the lower lumbar area but still demonstrate bony detail in the

narrowerupperregionsof the lumbarspine. In addition, a significant amountof scattered

radiation is produced within the patient during this examination and this can degrade the
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image unless the beam is correctly collimated specifically to include just the area of

interest. The technical issues involved in these examinations can be overcome with proper

and consistent training in radiographic technique, standardisation of protocols, exposure

charts and prudent quality control and assurance measures. The results also show that

KBMR3 and KATHR3 being departments in the two leading and biggest teaching hospitals

in the country registered higher numbers of examinations and consequent high numberof

rejects within the two week study period. The high volume of work coupled with lack of

standardised protocols in the departments might have contributed to this. Nonetheless,

their overall percentage reject rates are comparable to the other hospitals and Sogakope

and Wahad the highest reject rates. This is likely to be because they are least busy and

therefore getless clinical practice and also no supervision, audit or feedback.

In this study the main reasons for rejection of radiographs among the hospitals were due

to exposure error and poor patient positioning. This result is consistent with previous

studies (Peer et al, 1999, Clark and Hogg, 2003, and Sheunget al, 2004). This reject rate

falls considerably when a patient’s previous films are available for viewing by the

radiographer before the examination is undertaken. This never happens in Ghana as

patients take their films away with them, whichis likely to be a contributory factor to the

high reject rates encountered.

It has been suggested that lower repeat rates may be achieved in departments with staff

of high level of specialisation (Peer et al, 1999). The higher reject rates in this present

study is probably related to the fact that the hospitals involved in the study have high

workloads and carry out wide range of examinations. Nixon et al (1995) suggested that

the experience of the radiographer is a key factor but the current results do not support

such assertion since the radiographers involved in this study had been practising for at

least six years.

This study has provided a valuable insight into the examinations which have the highest

reject rate locally among the hospitals involved in the study and the main causesof the

film rejects. Exposure error and poorpatient positioning can be overcome with proper and
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consistent training in radiographic technique, standardisation of protocols, exposure

charts as well as prudent quality control and assurance measuresin the hospitals. Chest

and lumbar spine examinations constituted 69% of all examinations in the hospitals and

resulted in high numbers of rejects. These examinations would obviously be the most

useful areas at which to target interventions for improvement and present an ideal

opportunity for implementation of protocols in order to protect the patients and staff

from unnecessary exposure due to repeat examinations. The results of this study have

indicated that reject analysis is a useful tool in monitoring and improving diagnostic

imaging services and could be used to evaluate and monitor prospectively the cost—

effectiveness of diagnostic imaging departments. Financial benefits are major drivers to

healthcare providers and there are no doubt savings to be made with an improvementin

reject rates. There are currently approximately 300 imaging facilities in Ghana and this

translates nationally into an approximate saving of almost £600,000 p.a. on reducedreject

film rates alone. This resource could employ or train a sizeable numberof radiographers

per annum and mayserveto convince policymakers that with a small investmentforstaff

training, there are large savings to be made.
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CHAPTER EIGHT

General Discussion

8.1 Introduction

The aimsof this study were to undertake a baseline assessment of the current status

of radiation protection and quality assurance within diagnostic imaging departmentsin

Ghana and to addresstheissues raised by proposing a sustainable quality assurance

framework for implementation in the practice setting. The work employed both

qualitative and quantitative research approaches to gather appropriate data over a

period of three-years. This comprised four discrete but inter-related studies during

three study trips to Ghana. The study included data from twenty-three representative

imaging departments from the ten administrative regions in Ghana and involved

twenty eight radiographic staff (radiographers and radiologic technicians) and four

local radiologists. Consultations were also held with key stakeholders in diagnostic

imaging (administrators, X-ray equipment suppliers, physicists, X-ray engineers,

academics and diagnostic imaging students) in Ghanato solicit their views, to launch

the work and to inform the developmentof a suitable and sustainable QA framework

for diagnostic imaging. The purpose of this chapter is to summarise the research

described in the thesis, identify the key issues, and prioritise those which are in need

of the most urgent attention and in the final chapter, to make recommendations for

short, medium and longer term implementation of a QA programme.

8.2. Infrastructural issues and quality assurance

This work has provided the first evidence of the current status of radiation usage, dose

and quality of imaging at a representative cross-section of imaging departments in

hospitals in Ghana.It has confirmed the previously unsubstantiated position that there

are no standardised ways of working, nor the necessary policies, protocols and QA

systems in place to support quality delivery of the diagnostic imaging service. It has

also identified the most problematic imaging examinations that deliver the highest

radiation doses to patients and produce the highest number of repeated examinations.

The staff working in diagnostic imaging departments are operating underdifficult

conditions as there is no apparent definitive management structure to support them in
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their day to day work. There was a great deal of enthusiasm evident for changing the

system and radiographers, technicians and radiologists felt powerless and frustrated

by the current system. The most valuable and important resource available in any

organisation is the people working within it and if they are unhappy, demotivated and

frustrated then there is no doubt that standardswill fall.

Staff had no access to professional development of any sort, in house training and

update was absent, and pay was poor and career progression very limited. However,

their commitment to the development of quality assurance was evident andall staff

interviewed, both formally and informally were highly motivated to improve the

current situation and hence patient care and their own development. All these

personnel issues have severe consequences onthe quality of service delivery and the

protection of the patient against unnecessary radiation dose.

Issues identified during this work which impact negatively on patient (and staff)

radiation protection could be attributed mainly to inadequacies in training, limited

supervision and the absenceof peer feedback on images produced — there are limited

opportunities for staff to engage in professional development to update and refresh

their existing skills. Training of radiographers in the country has been problematic for

decades due to lack of teachers and quality clinical placements. The majority of the

radiographic staff were technician category and in most places werein sole charge of

their workplace without supervision or support. Usually there were no radiologists to

report on the films produced therefore they were not accountable to anyone and the

quality of the radiographs produced was judged subjectively by the technician alone.

Thisis a difficult situation for anyone andif there is no advice available then one has to

act independently, often resulting (as evidenced in this study) with an inability to

recognise problems and with that, an inability to correct them. Films produced were

taken away by the patients to the referring clinicians with no feedback on the quality

of the radiographs to the radiographer or the technician. The absence of acceptable

standards or accountability for images in a practice setting leads to the development

of poor working habits — usually created by lack of training opportunities and support

rather than lack of care; a culture which will require great effort to change working

practices.
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8.3 Radiographic equipment, patient radiation dose and image quality

Quality control tests on the X-ray equipmentat the time of the study showed that the

machines that were operational were performing well. However it was evident that

there were major problems regarding equipment service and maintenance - most

imaging departments were working at less than capacity due to inoperative

equipment. Frequent breakdownof the X-ray machines and processing equipment was

common among the facilities surveyed. This was consistent with the findings of

previous studies (Schandorf and Tetteh, 1998; Quainoo, 2003) which attributed most

of the breakdowns to unstable electrical and water supplies and lack of routine QC

testing on X-ray and processing equipment. This problem was reiterated by most

participants in Study 1 (chapter 4). Some simple, basic maintenance and cleaning on x-

ray processing equipment would makea significant difference to the quality and shelf-

life of radiographs produced. Daily cleaning of rollers, regular replenishment of film

processing chemistry and regular temperature checks on both developer and fixer

solutions are easy tasks to implement but would help to standardise the performance

of automatic film processors and ensure that images werelesslikely to deteriorate.

The working conditions in some of the darkroomsvisited were poor with limited (if

any) ventilation or air-conditioning, no safe-lighting and poor standardsof cleanliness

with chemicals spilt on surfaces and storage containers unlabelled. The automatic

processor in one of the busiest departments visited had been out of operation for

almost 6 months and manual developing in open tanks was being used. The lack of

ventilation in such circumstances was a real health risk.

The above technical issues have major financial and radiation dose implications and

often led to unnecessary delays in diagnosis due to frequent cancellation and

rescheduling of examinations. Personal interactions with someofthe patients revealed

that many of them had to travel long distances and from one imaging facility to

another to have a simple chest examination. The financial savings arising from less

frequent equipment down time and a reduction in the numbers of repeated films

could be moreeffectively utilised in procuring new equipment, improving training or

by motivating the existing staff by improving incentives (promotion / pay increases) to

promote and reward quality service.
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This work has demonstrated large variations in radiation dose for the same

radiographic examinations both within and between departments, with chest and

lumbar spine examinations being the most problematic areas. The meanentranceskin

dose (ESD) for chest and lumbarspine in particular were significantly higher than the

recommended diagnostic reference values (IAEA, EU & UK). These variations could

partly be resolved by having in place a well documented protocols and ensuring their

stringent application. This should be the responsibility of individuals in departments

reporting to a regional quality assurance committee or taskforce which would

ultimately feed in to a national structure. The lack of awareness of dose levels by

radiographic staff and the non-existence of local or national diagnostic reference levels

compromises radiation protection and increasesthe risk to the patient and staff.

Most of the commoncausesof the high patient doses and large dose variations could

be attributed to the lack of practical training of the radiographic staff, both in

undergraduate and qualified environments. For example, anti scatter grids were being

used inappropriately, often when not required. The appropriate use of grids reduced

scattered radiation, thereby improving image quality, but when inappropriately used

could contribute to unnecessary radiation exposureto the patient and increased load

on the X-ray machineleading to the shortening ofits useful life. If procedure manuals

which were absentin all the facilities were in place; radiographic staff are well trained

practically; and adheredstrictly to protocols ,then certainly the dose levels could have

been optimised and dosevariations minimised.

The radiologists who participated in the study had no previous experience of the CEC

image quality criteria, but there was very good agreement between them with kappa

values ranging from 80-90%. The majority of radiographs in the Ghanaian image

quality assessment study satisfied the criteria but there were many which were

diagnostically useful but failed to meet one or more of the EU criteria. Most of the

problems were around chest and lumbar spine examinations, as with the dose audit.

The main issues related to patient positioning and inappropriate selection of exposure

factors — this in itself is not unusual and probably would be the case for mostbasic x-

ray examinations in any country. However, the scale of the problem is magnified andis

costing the Ghana Health Service and the individual hospitals a great deal of money.
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Priority needs to be given to the practical training of radiographic staff, both

undergraduate and post-qualification. The current curriculum for the School of Allied

Health Sciences, in Ghana needs urgent review, to place more emphasis on the

teaching of practical radiographic techniques and to develop and expand the system

for the students’ clinical placement and education. CPD opportunities need to be

developed and madeavailable to qualified staff, as intimated by those interviewed:

“the participation of CPD activities could be used as a motivation and a basis for

promotion for the practising radiographers in the Ghana Health Service”, a view

strongly shared by the author. There are very few radiologists in Ghana andtraining in

radiographic reporting would be a really useful opportunity not only for the

radiographic staff but also for practising clinicians who often interpret the films they

requested. If regular assessments of radiographs are done and feedbackgiven to the

radiographers who produced them,an increasing awareness of quality issues and their

benefits would be developed amongthestaff which would promote a responsibility for

quality service delivery and radiation protection. QA structures would provide the

mechanism for peer-review as a quality enhancer.

Auditing is a key exercise for effective management of any organisation including

diagnostic image. X-ray film reject analysis is one such auditing tool which could be

used to assess the efficacy of diagnostic imaging departments. X-ray reject analysis in

ten diagnostic imaging roomsin nine regions was carried out as a quality indicator to

assess the rate at which films were rejected in the departments and identified the

causes for the rejects. The reject rates were generally higher than the recommended

values of less than 10 % for all the examinations in the departments involved. High

reject rates not only have cost implications but also radiation dose implications to the

patient and could serve as a reflection on the professional competenceofthestaff.It

has a negative impact on diagnosis and patient satisfaction. The reject analysis studyin

this thesis again confirmed the three preceding studies that chest and lumbarspine

examinations were problematicin all the imaging departments surveyed. The findings

are consistent with previous studies conducted elsewhere in UK, USA and other

developing countries which suggest that reject rates were often higher for these

examinations, partly due to the rather more complex positioning required. The high

numberof rejected films recorded indicated the potential benefits of implementation
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of reject analysis as part of the routine QA programme for the departments. The

majority of the departments had nevercarried outfilm reject analysis and the few who

have experience in it only carried it at the request of an external investigator for

academic purpose and therefore had no available data in the departments.

Poor patient positioning and inappropriate exposure factor selection were again the

major cause offilms rejected in the departments surveyed, consistent with other

studies carried out in Europe, Asia and other parts of the world which apportioned

more than 50% of the causes of film rejects to operator error. This is no surprise

considering the absence in Ghana of documented protocols, procedure manuals and

exposurecharts observedin all the rooms surveyed. Adequatetraining of the staff and

a well organised quality monitoring structure would minimise these errors. Most

departments were single-handed, usually by a radiologic technician with no

supervision and no radiologist available to report on the films. Therefore, having a set

of ‘gold standard’ radiographs for the key examinations, quality criteria, exposure

charts and protocols available for reference in such departments would be extremely

beneficial.

Previous films and imaging history were never available which no doubt adversely

affected the quality of the current examination and diagnosis. The introduction of the

national health insurance scheme in Ghana, which commencedin 2003, may in future

influence the practise of patients taking their films away after x-ray examination as

they will not be paying at the point of examination. However, if there is no resident

radiologist at the hospital and the patient has to take their films back to the requesting

physician, this practiceis likely to continue for the foreseeable future.

8.4 Other quality assurancerelated issues

Access to consumables such as x-ray films and chemicals were generally problematic.

The Central Medical Stores at Tema, which is the main source of medical supplies in

the country, did not always havesufficient stock with consequently a similar situation

in most of the regional medical stores. Practitioners often had to travel long distances,

some over a hundred kilometres, to collect their supplies which is obviously extremely

inefficient, detrimental to quality practice and an inappropriate use of the radiographic
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workforces’ time. There was evidence in many departments of the used of mis-

matched film-screen combinations and inappropriate processing chemicals which

adversely affect the quality and longevity of radiographs produced and increase

radiation exposureto the patient due to repeated examinations.

Communication was a major problem within the imaging departments. Departmental

heads were often unaware of the programmes and health care policies of the

government (Ghana Health Service). Implementation of government policies was

seemed as problematic within the departments as individuals often did not see

themselves as part of the processor vehicles for implementation. Personal information

obtained from the study also showed that there were no professional lines of

communication between directorate heads at the Ghana Health Service and the

regions or the districts. This setback created majordifficulties with the supervision of

newandjuniorstaff.

Resourcing healthcare is a major financial burden for any government, particularly in

developing countries, and it is apparent that considerable money is being wasted in

diagnostic imaging departments in Ghana dueto highfilm reject rates; centralised but

inappropriate purchasing of film and processing chemistry; mis-matched film-screen-

chemistry combinations resulting in poor quality images that had to be repeated and

that deteriorated rapidly after production; equipment that was non-functional for long

periods of time leading to majorinefficiencies in service delivery and an absence of

records of any description making audit and subsequent monitoring impossible.

Although many of the conditions encountered were of no great surprise per se, the

scale of the problems wasgreater than anticipated.

8.5 Summary

The results of the preceding study chapters confirmed the previous anecdotal evidence

regarding the lack of quality standards in imaging in Ghana and have quantified the

scale of the problem. The problems are widespread and the current work presents

probably conservative estimates of the nature and scale of the problems. Mostof the

issues highlighted are attributable to inadequate training, particularly practical and

clinically based education. Healthcare systems in developing countries are
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underfinanced and poorly resourced in many areas. It was apparent that there was a

lack of awarenessonthe part of most staff involved in the study regarding the purpose

and advantages of quality assurance systems. Bates et al (2004) however,

demonstrated that the lack of professional qualifications and the inequitable

distribution of equipment in laboratory settings are not obstacles to establishing a

simple and far-reaching quality assurance process.

Although the X-ray machines that were used in this study were all functional and

operating to satisfactory standards, equipment breakdownis a frequent occurrence

leading to cancellation and rescheduling of patient examinations which sometimes

took months, thereby delaying diagnosis. There were major variations in radiographic

technique between practice settings and in chemistry, films and the type of image

processing used. These problems were compounded byindiscriminate use of anti

scatter grids leading to unnecessary radiation dose to the patient and strain on thelife

span of the equipment. Film reject analysis also revealed major problems especially in

chest and lumbar spine examinations with poor patient positioning and wrong

exposurefactor selection being predominant causesoffilm rejects. Lack of awareness

of importance of radiation protection and the need for collimation were highlighted.

Reject analysis will be a useful tool to monitor changes in Ghana, hopefully for the

better. A small improvementin reject rates will lead to large financial savings and

radiation dose reduction. The research began with the identification of problem

affecting radiation protection and the delivery of quality diagnostic imaging servicesin

some hospitals in Ghana, followed by the quantification of the problem in three stages

(dose assessment, image quality assessment and film reject analysis) and a search for

solution through workshops and a series of consultations and follow ups. Thefinal

chapter presents suggestions for change, both immediate and longer term - the

development of quality assurance framework and the strategies for the

implementation of the framework in the diagnostic imaging departments in Ghana to

promote quality service delivery, professionalism and the protection of the patient

from unnecessary radiation and its associatedrisk.
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CHAPTER 9

Quality Assurance Frameworkfor Diagnostic Imaging

Departments in Ghana

9.1 Background to the proposed framework

The problems inherent in diagnostic imaging in Ghana have for the first time been

quantified. Diagnostic imaging departments in most developed countries, in particular the

UK and USA, have established QA manuals as an aid to their day to day operations in

ensuring quality. During the course of this work, many such manuals and policy

documents have been reviewed, each with their own advantages for the specific

situations for which they were developed. However, the manuals which seemedto best

suit the Ghanaian situation were:

e WHO Quality Assurance Workbook for Radiographers and Radiological

Technologists (Lloyd, 2001) which provides a guide for implementing imaging QA

and

e Handbook for District Hospitals in Resource Constrained Settings on Quality

Assurance of Chest Radiography developed by the Tuberculosis Coalition for

Technical Assistance (TBCTA) (Chen-Yuanet al, 2008) which provides an excellent

basis for practical training for radiographers and radiological technologists,

especially in resource constrained countries like Ghana.

The latter publication was originally accessed via the ISRRT website and discussed with

their Director of Education and the Regional Representative for Africa. It is primarily aimed

at assisting radiographers working in small/medium sized hospitals, where resources are

often limited, to optimize and improve diagnostic imaging and to ensure the best possible

use of resources according to local needs. There is no doubt that changes would need to

be made for implementation in the Ghanaian context to suit local needs but it is a

straightforward and logical approach that will standardise the start point. The issue of

training staff in radiographic techniques and making QA an integral part of service delivery

and the undergraduatecurriculum is the challenge that remains.
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It would be unrealistic to expect that such a system could be introduced in its entirety

overnight, as the problems associated with implementation have been highlighted in this

thesis — they are political, cultural, social and educational and require the good-will of staff

working in the field to become a reality. However short, medium and long term plansfor

change and implementation are suggested in this chapter to support the

institutionalization of quality assurance (QA) in diagnostic imaging departments in Ghana.

This will promote a quality diagnostic imaging service delivery, reinforce professionalism

in imaging staff and protect patients against unnecessary radiation and its associatedrisk.

The suggestions consist of practical information for diagnostic imaging departments in

Ghanaand a plan for how the development of QA should be advanced. The suggestions

take heed of the results evident in this thesis and are informed by the author’s practical

experiencein the diagnostic imaging setting in Ghana.

9.2 Establishment of National Quality Assurance Taskforce (NQAT)

As the first evidence now exists on the precise nature and scale of the problems within

diagnostic imaging in Ghana, methods need to be suggested and implemented to sow the

seed of quality in the system and from this, in an incremental fashion, a robust quality

assurance system can be developedby radiographic staff in Ghana to suit local needs but

also to ultimately address national requirements. The National Quality Assurance

Taskforce (NQAT) for Diagnostic Imaging was constituted at the June 2008 workshops run

as part of this work. This currently comprises qualified radiographer representatives from

each of the 10 regions in Ghana plus the author and a representative from the Radiation

Protection Board of the Ghana Atomic Energy Authority, but the intention is that it will

expandits constitution appropriately. Bates et al (2004) successfully established a network

of regional laboratory ‘supervisors’ across the 10 administrative regions of Ghana who

could implement a training programmefor laboratory staff to improve the accuracy of

diagnostic tests.

The outcomes from this thesis will be disseminated at a second series of workshops

planned for Easter 2010 in Ghana with similar attendance to the 2008 workshops by the
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key stakeholders in imaging and student radiographers. The establishment of NQAT, which

will be based at the Schoolof Allied Health, University of Ghana, was considered essential

for the successful implementation of the proposals so that imaging staff are involved in

and have ownership of the development of future plans for QA in diagnostic imaging.

Bates (2007) found in Ghanathat if workers in resource constrained settings are involved

in the design and delivery of programmes and understand the rationale and requirements

of quality frameworks then effectiveness is increased. Suggestions for both the order and

timescale for these plans are outlined in this chapter. It is anticipated that NQATwill be

instrumental in agreeing on the most appropriate way forward and the suggestions from

here onwardswill be discussed, approved and disseminated throughthis group. However,

every journey starts with a first step and an important aspect of this work is that the

problem has been defined and quantified and that the process of improvement can now

start with the help and motivation of imaging staff in Ghana and support from the

University of Liverpool and IRS Ltd UK.

The most useful starting point in the circumstances highlighted would be to suggest some

basic and easy to implement changes that would have immediate impact on imaging

quality. Logically this would be to address the most commonradiographic examination

that also generates highly variable radiation doses and a high reject rate — chest

radiography. It would also be sensible in thefirst instance to trial the following suggestion

in the 10 imaging departments involved in the initial reject analysis study so that a

controlled situation exists, amendments can be made wherenecessary and theresults can

be used by NQATto inform future developments. A similar approach was employedin the

medical laboratory setting in Ghana by Bateset al (2004) with encouraging results.

The first recommendation that will be put to NQATfor consideration would be to adopt a

suitable training and information source for chest radiography that should be

disseminated across these 10 departments in order to provide staff with a standardised

way of working when undertaking chest radiography. The HandbookforDistrict Hospitals

in Resource Constrained Settings on Quality Assurance of Chest Radiography (Chen-Yuan
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et al, 2008) developed by The Tuberculosis Coalition for Technical Assistance (TBCTA), has

been specifically developed for use in training in developing country settings and is an

ideal tool for quality improvement in such circumstances.It wasinitially devised for use in

TB control and health system strengthening but is a comprehensive guide to producing

and maintaining high quality chest radiographs in situations where resourcesare limited

and access to information, support and expert guidanceforstaff is difficult. This mirrors

the Ghanaian situation where many X-ray departments are single-handed with no

radiological input and subsequently no feedback for staff. Most radiographers or

technicians will be working to the best of their ability but in the absence of peer reviewit

is difficult to determine whether standards are being met and maintained.

In order to monitor effectiveness when adopting standardised information where it was

previously absent, it would be essential to repeat the reject analysis (as described in

Chapter 7) for 1 month prior to introducing this training material. Using the results as

baseline for measuring improvement, the departments involved should implement the

protocol detailed in the above documentfor chest radiography for 3 months and then

repeat the reject analysis. It is anticipated that the reject rate will have fallen significantly

and this would be highly motivating for those staff involved, with obvious benefits on

quality of service.

Based on the evidencefrom this thesis, standardisation and appropriate training is the key

to future improvement in quality standards and service delivery in diagnostic imaging in

Ghana. Combining both ‘top-down’ and ‘bottom-up’ approaches will encourage successful

implementation, especially in the Ghanaian context. The suggestions within this chapter

could be applied in diagnostic imaging facilities of any developing country with health care

status IV similar to Ghana according to WHO classification.

9.3 Core quality assuranceactivities

Core quality assurance improvementactivities consist of defining quality, measuring

quality and improving quality. Considerations on each of these aspects will fall under the
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remit of NQAT, who,having the local knowledge andin country experience, must provide

support, guidance, and reinforcement for medium and long term QA implementation.

Defining quality will involve developing expectations or standards of quality as well as

designing systems for quality and some of the aspects for the medium term that need to

be considered by the NQATwill include definition of acceptable DRLs and reject rates,

developing acceptancecriteria for newly installed X-ray equipment; and realistic standards

to be adopted for radiation protection of patients and staff.

Measuring quality will consist of quantifying the current levels of performance or

compliance with expected standards. In order to verify whether or not the relevant

parameters are in agreement with thecriteria, test measurements must becarried out.

The measurement techniques should be simple to perform and_ reproducible.

Consideration must be given to issues such as equipment, personnel and protocols, for

data collection and recording.

Improving quality refers to closing the gap between the current and attainable levels of

quality by understanding and addressing weaknesses and strengths in the system to

improve the diagnostic imaging processes. The analysis of test results should be a

continuous process so that in case of discrepancy between the results and the

requirements, appropriate action can be taken to bring performance characteristics back

to the required levels. This can be achieved through relevant feedback and record-

keeping of all results, analyses and corrective actions since they will highlight latent

problems. The following are suggested short-medium term quality improvement

objectives;

e Definition of the aims, objectives and terms of reference for NQAT and frequency

of meetings and activities to be agreed.

e Implementation of the chest protocol described with the aim of reducing reject

rates to 5% within 6 months
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e Reduction and maintenanceof ESD values for chest examinations to within EU and

IAEA DRL rangesince currently there are no local or national DRLs in Ghana

e Establishing a feedback mechanism on a monthly basis on the quality of chest

radiographs and reject rates from both peer review and radiologists to the

radiographers

9.4 Essential elementsfor institutionalising QA

Institutionalisation of QA requires provision of effective leadership; development of

appropriate and relevant policies; establishing departmental core values and provision of

adequate resources to support QA activities. Leadership is critical to help the imaging

departmentto define its vision, and to provide strategies for transforming from ‘the way

we work now ‘to ‘the way we want to work in the future’, to promote a learning

environment, and to model the desired core values that may play a special role in

organisational readiness to sustain quality. For QA to run smoothly in imaging

departments, a suitable organisational structure is required to ensure that appropriate

benefits are derived. QA requires co-operation, team work and the skills of all the

radiographic staff in the imaging department. The X-ray departments in the largest

hospitals may ultimately establish their own multidisciplinary QA team with radiologist,

radiographers/ technicians, darkroom assistants, medical physicist, imaging department

administrators having input. A representative from the central stores department would

be a useful addition to this team to address issues relating to film and chemistry

purchasing. Radiographers must be accountable and responsible for the quality of their

work and should be given the opportunity and encouragementto assess their own work.

Such a departmental QA team,albeit a smaller cohort initially in Ghana, will provide the

structure required to plan and evaluate the programmeand to resolve quality assurance

issues and problems.

The QA teams, working with NQAT, should develop and be responsible for

implementation of an overall documented strategy with clearly defined work plans to

achieve the goals and objectives of the imaging department. The QA team should develop
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and recommend programme policies to management and define the duties and

responsibilities of the staff involved. In addition, it should formulate the standards for

image quality and regularly review the effectiveness of the programme.A formal QA team

will promote the importance of and encourage participation in the department’s QA

programme.All staff in the imaging department should be involved in quality control.

However, specific tests are usually performed more effectively by specially trained

technologists. NQAT must establish departmental core values which emphasise respect

for quality and continued improvement. Management and the entire staff must show

concern for and commitment to quality which will foster professionalism and patient

satisfaction.

9.4.1 Resources

NQAT,involving managers of diagnostic imaging departments and working with the Ghana

Health Service must therefore investigate the provision of adequate resources including

staff time, resources for capacity building including training materials such as literature,

visual and audio teaching aids. The departments must be supported with suitable

processing chemistry as well as appropriate film-screen combinations. Effective

communicationlinks and other key support function are also vital to promote quality in

the departments. It should be re-emphasised here that there are huge potential financial

savings as a result of having a QA system in place in diagnostic imaging.

9.4.2 Organising for quality

QA requires allocation of responsibilities and accountability systems for overseeing,

coordination, and implementation of QA in the departments. The Ghanaian imaging sector

consists of governmental hospitals under the Ghana Health Service; quasi-governmental,

the teaching and private hospitals. The teaching and private hospitals are autonomous,

whiles the Ghana Health Service is responsible for staffing and equipping the regional and

district hospitals. Currently there are no local or national quality assurance systems and no

functional supervisory structure for diagnostic imaging services in Ghana.For effective QA

institutionalization nationwide, the framework presents a QA monitoring structure
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comprising representatives from all sectors of the imaging departments. The basic

structure of NQATis already established butit will be the remit of the group to decide on

the most appropriate terms of reference and operational system to achieveits aims.

9.4.3 Support functions

The radiographer plays a central role in assuring quality in the imaging department.

Support functions required for effective QA sustenance in imaging departments include

provision for capacity building, communication and information, and rewarding quality.

Capacity must be built within imaging departments and must be an ongoing process to

ensure that staff have the necessary technical , managerial, and leadership knowledge

and skills to carry out their QA responsibilities, and that they know when and howto use

these skills best. Capacity building encompasses formal QA training, coaching, and

mentoring, self and peer appraisals, performance improvement, and supervisory

activities. Train-the trainers courses should be organised for the regional radiographers

who will then have the responsibility to train the staff in the districts. This has been

discussed at length with IRS Ltd UK whoare specialists in delivering such training in QA

and Radiation Protection. Educational support is also available from the Educational

DevelopmentUnit at the University of Liverpool who have extensive experiencein training

trainers in developing countries and staff from the Directorate of Medical Imaging would

be happyto provide input from the professional aspect.

Avenues for communication and information sharing, learning and advocating QA must be

established between the imaging departmental staff, patients and other stakeholders

(equipment suppliers, X-ray equipment QC team, consumable stores purchasers and

administrators in the Ghana Health Service responsible for diagnostic services). Regular

interaction among them will help eradicate issues affecting quality in the department and

it will be suggested that NQAT should consider having such representation in its

constitution.

Rewarding quality and motivating the imaging staff could have great impact on the quality

of service delivery in the departments by promoting staff commitment to quality and
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motivating them to strive for excellence. Providing individual, groups, or departments’

recognition or rewards will reinforce interest in QA endeavours and facilitates alignment

of staff with the departmental values. This involves removing disincentives or barriers to

quality that currently exists, as well as developing mechanisms to recognise and reward

appropriate behaviours, efforts and achievements. For example the Ghana Health Service

and the individual hospitals could provide funding for their staff to travel to participants

QA meetings and CPDactivities. The Ghana Health Service could also use the participants’

involvement in CPD activities as a basis for promotion. There is also the possibility of

developing an accredited course with the University of Liverpool, in conjunction with IRS

Ltd for QA training which could be undertaken in Ghana. This would provide attendees

with CPD credits and would provide the mechanism fortraining the trainers. An annual

sponsored award has already been agreed with the Ghanaian Student Radiographers

Society for the best clinical performance bya final year student.

9.5 Action plan for implementation of QA in imaging departments in Ghana

Theinstitutionalisation of QA in diagnostic imaging departmentsis a process, in which the

department continues to evolve until QA is integrated into the structure and culture of the

department. This would be achieved in four stages namely; awareness creation,

experiential, expansion and consolidation of QA (Silimperi et al, 2002). The action plan

drawn underthis section is recommendedfor implementation in ten imaging departments

in Ghana which participated in the research presentedin this thesis. The rationale is that

chest examinations were found to be problematic in the departments and recorded high

reject rates, patient dose and showed wide inter and intra-room variation. The strategy

begins with an action plan for each of the four stages, followed by a proposed protocol

and imagecriteria for chest examinations. Other quality related factors such aslogistics,

funding and a QA manual havealso been discussed.

The action plan presented underthis section (Table 9.5) describes key activities to be

carried under each stage and also outlines the process of assessment of quality at each

stage.
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Table 9.5 Action plan for implementation of QA in diagnostic imaging in Ghana

 

 

 

  

Stage Activity Output

Awareness e Consultation and discussion of the project Agreement

Creation with all key stakeholders (heads of betweenall

(Short term) departments, administrators (GHS), stakeholders on

equipmentsuppliers, radiation protection the protocol to be

advisors, academics) implemented for

e Sensitization workshopfor (radiographers, chest radiography

technicians, radiologists and students) on

implementation of QA, with key stakeholders

e Organisation of a training programmeforstaff

and NQATin practical chest radiography using

audio-visual materials secured from the

University of Liverpool. Resource personswill

be from the University of Liverpool in

collaboration with SOAHS, Ghana.

e Seniorstaff from the Ghana Medical

Laboratory Serviceswill be invited to share

their experience in the establishmentof a

regional networkof supervisors in Ghana

e Discussion and refinement of TBCTA protocol

for chest examinations with the NQAT and

participating staff

e Adoption of the TBCTA chest protocol across

all selected departments

e Agree basic QC tests required on radiographic

equipment and film processors

Experiential e Provide departments with TBCTA chest Evaluate the

(Short term) handbookwhich includes data collection results ofthefilm

sheetsforfilm reject analysis and dose audit reject analysis

e Each ofthe original 10 departmentscarry out and the dose
a one monthreject analysis on chest audit of the

examination to serve as a baseline data prior participating
to the implementation of the protocols rooms and

e Eachof the original 10 departments carry out Compare the

chest examinations based on the developed results with pre-
protocol for 3 months implementation

e Periodic monitoring visits to the departments results.

by NQATrepresentative

e Each departmentrepeats one monthfilm

reject analysis after three monthsof the

implementation of the chest protocol

e Each department submit data for dose

auditing

Review e Organise a review meetingafter six months of

|

Collect feedback

(Medium term)  the implementation of the framework to

share theresults(film reject and dose

assessment) of each departments.  on the challenges

encounteredin

the task from the
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Create forum to share experience

Create central data base to documentthe

results

a phase: carry out a second phaseoffilm

reject and dose assessmentat the end of year

one.

Prepare a comprehensive report for the GHS

and the participating hospitals

participants and

refine where

appropriate.

Submitinitial

report on the

project to

Departmental

Heads and

Director of

Quality Assurance

andInstitutional

Care Division of

Ghana Health

Service.
 

Expansion: After

1 year of

implementation

of the

framework

(Medium-Long

term)

Increase the scope of implementation to

cover all regional and district hospitals

Carry out Train the trainers (TTT) workshop on

the framework for regional radiographers

Organise a workshopforall regional and

district radiographers

Increase the examination protocols to cover

other examinations — lumbar spine, skull,

abdomenandpelvis

Increase the

coverage to cover

onedistrict

hospital in each

of the 10 regions

 

Consolidation

(Medium-Long

term)  
Regular inspection and supervisoryvisit by

NQATrepresentative

Hold annual NOAT meetings and share

information

Develop national DRLs

Develop a programmeof CPD activities in

collaboration with the University of Liverpool

Develop a national QA manualfor diagnostic

imaging in Ghana  
QAto befully

institutionalised

in the imaging

departments

within after 5

years of the

implementation

of the framework   
 

9.6 Other QAinstitutionalisation issues

9.6.1 Logistics

The essential logistics needed for the smooth implementation of the framework are

detailed in Table 9.6.1. The schedule proposed assigns responsibility and designations of

each of the key item.
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Table 9.6.1 Essential logistics for implementation of QA in diagnostic imaging in Ghana

 

 

Item Responsibility Designation

Solicit support from international bodies Head office of the

QC Kits (Qty 1) like IAEA, W.H.O., or the Ghana Health NQAT in Accra

Service based on the recommendation

from expert medical physicists
 

Computer with QADDS The NQAT coordinate in the collation Headoffice of the

 

 

 

software (Qty 1) and analysis of dose data from NQATin Accra

Individual hospital/Trust using the IRS

Ltd, host database

QA team office Individual hospitals/Trust Individual

hospitals

Staffing Staff from individual hospitals Head office of the

NQATin Accra

Staff Training SoAHS/Out sourcing- initial input from National/Regional

University of Liverpool and IRS Ltd, UK / District then subsequently in house    
 

9.6.2 Funding and budgetary considerations

Opportunities for funding are currently being explored with appropriate organisations

such as the IAEA, WHO, USAID, British Council, the Ghana Ministry of Health and

particularly the World Radiography Education Trust Fund via ISRRT. Discussions are

already underway regarding future plans for implementation with the latter organisation

and useful contacts have been established with the Regional Representative of ISRRT for

Africa. The proposed funding would facilitate essential training programmes and

workshopsto take the plan forward, organisation and facilitation of NQAT and associated

QA review meetings, logistics (computer for QADDS administration), consultancy from UK

to cover travel and accommodation and remuneration for participating staff. It may be

that, through collaboration with regional Ministry of Health administrators, regional funds

could be accessed,as in the work by Batesetal (2004).

9.6.3. The proposed QA operational framework

After successful dissemination of the results of this project, and the proper establishment

of terms of reference and mode of operation for NQAT, a quality assurance framework

must be developed for imaging departments in Ghana. This will be the long term aim of
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NQAT and there is much to be accomplished before this will translate into reality. The

framework could be modelled on the W.H.O. format with modifications to suit the

Ghanaian context. Table 9.6.3 illustrates a proposed QA framework for adoption,

development and refinement over time, with suggestions for responsibilities of the key

areas.

Table 9.6.3 Proposed quality assurance operational framework
 

 

 

 

Item Responsibility Details Reference

Legislation for RPB of Ghana e Equipment IR(ME)R, 2000 of

QA Atomic Energy performance UK; GRPB-G9, 2003

Commission / checks and QC

Ghana Ministry of e Optimisation

Health e Safety features
e Patient dose

Written NQATin e Equipment IR(ME)R 2000, ACR

Protocols & collaboration with specification 2002,

Procedure University of writing 1ONYCRR 16.5

manual/ Liverpool and IRS e Acceptance

Exposure charts Ltd, UK. testing

e Patient safety

e Pregnant patients

and employees

handling

e The use of gonad

shielding

e Personnel

radiation

monitoring

e Technique charts

e Releasing and

labelling films

e Film storage &

handling

e Reject analysis      
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Image quality Local radiologists e Radiographic EC-EUR 16260EN

criteria/ quality and chief images & 16261EN

standard radiographer e CT images

Image Quality Local QA Team e Monitoring chain Palmeretal.

Monitoring e Procedure (1999)
Equipment Local QA e Acceptancetest EURATOM

performance team/RPB/ e Routine QC DIRECTIVE 97/43

records Equipment e Corrective actions
suppliers

Image quality Radiographer e Procedure Godwinet al. 1996

assessment e Frequency RCRClinical audit

(Reject Analysis) in radiology: 100+

(Recipes

(12,56,83,89,90,97)

Lloyd, 2001

Wilson, 2000
 

Patient dose

assessment

(LDRL / NDRL

setting)

Radiographer

Physicist

Exposure factors

(kVp, mAs, FSD,

patient’s weight,

height, thickness

etc) Check data

sheet as per

Appendix C1

Performance

calibration data

EC/UK AS A GUIDE

QADDSIRS Ltd, UK

 

QC test- Level A

(Basic test)

Radiographers Tube output test, AEC

test, Basic image quality

IPEM 91 (Level A)

 

 

 

  
QC test-Level A Physicists Sameas above, doserate,

& B (Routine QC consistency test IPEM 91 (Level B)

test)

Program Review Local QA e Yearly

Committee

QA Superintendent Palmeret al.

management radiographer/ QA (1999), Papp J.

expert (2006)

QA training / SoAHS, RPB/ Local e Participation

recording QA Team/IRS Ltd, e Program

UK. e evaluation   
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9.7 Conclusion

The short term suggestions put forward in this chapter should have immediate impact and

provide the impetus for improving and maintaining the quality of the diagnostic imaging

service in Ghana. Theprinciples highlighted could be applied to assuring quality in other

health care sectors. For this to be possible there is a need for local self-regulation in the

imaging departments in the country, which will require the appropriate infrastructure,

education and training and total commitmentofall the radiographic staff and students. A

department that creates a working environment which is open and participative and

where ideas and good practices are developed by the staff and sharedis likely to be one

whereclinical audit and quality thrives. The challenge for Ghanaian radiographers is to

take professional responsibility for their own standards. The means to do this are

expoundedin this work. There was a great deal of enthusiasm evident for changing the

system among the radiographers, technicians, radiologists and administrators of

diagnostic imaging departments in Ghana.

The absence of local and national quality assurance systems and functional supervisory

structure for diagnostic imaging services in Ghana has had adverse effects on quality

service delivery and patient radiation protection in the country for many years. Therefore,

the establishment of National Quality Assurance Taskforce will be vital in the

empowerment of the imaging departments to work towards ensuring quality in their

workplace. There is no doubtthis will be welcomed by imaging staff currently working in

the system. NQAT needsactive long-term support from all stakeholders, combined with

career and promotion packages and health managers need to provide secure funding for

diagnostic imaging quality assurance programmes.

Quality assurance has a lasting positive impact on the culture of an organisation, in the

engagementof diagnostic imaging staff and patients and most importantly on the quality

of patient care provided. QA in diagnostic imaging will need to become part of the

national health agenda through the Quality Assurance and Institutional Care Division of

the Ghana Health Service, and notin isolation, if health systems are to progress beyond
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the awareness and experiential phases. The institutionalisation of QA is a continuous

process requiring sustained commitment from those in leadership roles. One of the

challenges is convincing health decision makers to implement, support, and promote a

culture of quality. To this end, the use of quality indicators and self-monitoring of results

of clinical improvements arecritical. An additional challenge to institutionalisation of QA

in diagnostic imaging is the current lack of appropriately trained staff to carry out QA

activities in addition to their imaging role. Capacity-building strategies are required,

including work-based learning and pre-service education. In addition, sufficient resources

must be allocated to assure thata critical mass of individuals proficient in QA is developed

whocan train, coach, and mentor others, as well as keeping current in the field of QA.

Resources (human and financial) are required to implement QA activities and motivate

staff to strive for quality, together with internal quality control measures and external

validation systemsthat are linked into national quality monitoring schemes.

This thesis is the culmination of the preparatory work necessary to implement change.

The path to excellence is hard to tread but “where there’s a will there’s a way”(Alice B.

Haven, 1868). The challenges ahead are immense,the willingness of staff to engage with

process is obvious and the journeywill be long. However:

‘Difficulties are meantto rouse, not to discourage’ (William Ellery Challing 1780-1842)

and

“The end of everything is better than the beginning”(Ecclesiastes 7:8a KJV)
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Abstract — A review of diagnostic radiological equipment

performance and resultant patient dose values in Ghana has

been undertaken. Equipment survey data was taken from 10

X-ray rooms across 7 individual hospitals in southern and

central Ghana in orderto establish basic equipment perform-

ance levels against [PEM standards. The x-ray kerma output

data for a range of kVp values was transferred to an online

relational database in order that a comprehensive dose audit

could be undertaken using exposure factors emailed back to

the UK using conventional data entry forms. Analysis was

undertaken of the key tube performance parameters. This

established a baseline level of equipment acceptability and

allowed entrance surface dose values to be verified and calcu-

lated using proprietary software.

Data was collected on 1968 patients who underwent a total

of 2838 radiographic projections comprising chest, pelvis,

lumbar spine (AP andlateral), abdomen and skull (PA and

lateral). Entrance surface doses were calculated by operators

and analysts inputting the data into the database containing

basic output data which then corrected for the applied kVp,

mAs, focus-to-skin distance and backscatter variables. The

results have been analyzed and compared with [AEA Basic

Safety, European and UK quality standards in patient do-

simetry. Chest PA and lumbarspine lateral results are pre-

sented.

A narrow range of performance variation between the ra-

diographic equipmentin the sample was found. The tube and

generator performance is acceptable. However, the wide

range of ESD values presented highlights that a prioritized

approach is needed to address areas of investigation and non-

compliance, especially where values exceed basic safety stan-

dards. The Chest PA results serve as an example of how stan-

dardization of technique could contribute to optimization. A

program ofpatient dose monitoring is proposed, provided that

a basic level of practical, cost-effective, ongoing routine

equipmentquality control can be undertaken.

Keywords— quality control, radiation protection, audit.
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I. INTRODUCTION

Assessment of patient doses in diagnostic radiology is

widely accepted as necessary to ensure that doses are

ALARP[1]. Furthermore, in the absence of specific re-

sources for quality control checks of the relevant parts of

the imaging chain (tubes and generators, automatic expo-

sure controls, processors), patient dosimetry offers the po-

tential to provide ongoing quality measures. Remote moni-

toring of entrance surface dose (ESD) values is possible

where the analyst has access to both patient exposure data

for a range of examinations and efficiently acquired base-

line tube output and kVp values [2]. Numerous studies with

thermoluminescent dosimeters (TLDs) have demonstrated

patient dosimetry outcomes with data acquired on a subject-

by-subject or location-by-location basis across African

nations [3, 4, 5]. Prime drivers to perform an audit using

direct exposure factors rather than TLD methods were the

need to minimize costs and time, to establish basic equip-

ment performance standards, and to allow all radiographers

and physicsstaff in the study to be able to view their results

online after verification in the UK.

It was postulated that tube performancein Ghana would

not be the governing factor giving rise to any deviation or

unexpected results from [AEA, EU or UK reference dose

standards, but rather a wider mix oftraining, technique and

film processing resource limitations. In order to confirm

this, the following specific objectives were established:

-carry out quality control test on the x-ray equipments in

the selected examination rooms.

- compare the results obtained to recognized standards

[6].

- measure the X ray tube outputs in p»Gy per mAs meas-

ured at | meter for the radiographic equipmentin the se-

lected examination rooms.



- estimate air kerma at different settings from the radio-

graphic equipment in the selected examination rooms ac-

cording to the clinical settings used on eachsite.

- measure and record patient’s anatomical data and expo-

sure parameters used for the specific examination selected

for the study.

- calculate and store patient doses using the Quality As-

surance Dose Data Software (QADDS) developed by IRS

Ltd, Liverpool, UK.

“compare the data with internationally recommended

reference values

Il. MATERIALS AND METHODS

In this study, field measurements were undertaken using

an Unfors Xi Platinum series semiconductor detector type

field kit (Unfors Inc., Bildal, Sweden). 7 hospital sites were

chosen, comprising 10 x-ray tubes and generators in total.

Appropriate field measurements were undertaken of the

IPEM “level B” type according to recognized UK protocols

[6]. Outputs in terms of uwGy/mAs at were ascertained at

kV, settings from 50-120 during the survey.

Following the equipment surveys, radiographic staff

were issued with patient dose audit forms in order that pa-

tient weight, sex, height, thickness (AP or coronal plane

width), examination type, projection, focus-to-skin distance,

focus to film distance, applied kVp and mAs could be

logged. The remit for each site was to obtain at least 20

patients per x-ray room per examination/projection category

at each site for the most commonly employed examinations.

Patient radiation dose assessments were conducted on pa-

tients who underwent the 5 most common radiographic

examinations (chest, lumbar spine, pelvis, abdomen and

skull) in selected hospitals during the study period. The

selection of the above examinations was based on their

frequencies and contribution to the collective dose to the

population. In particular, chest PA wasselected becauseit is

the most frequent x-ray examination among the hospitals

[7]. lumbarspine,particularly the lateral projection, because

it is associated with higher ESD valuesthan all other X-ray

plain film examinations[8]. It should be noted that pelvis

AP data is stored and may offer useful investigation into

effective and organ dose studies owing to the critical organs

irradiated.

Each patient was weighed, bare-footed and in an upright

position. A specially designed caliper was used to measure

the patient anatomical thickness for the body part under

examination that was then used to deduce the focus-skin

distances for the examination. It was therefore agreed

amongthe radiographers in consultation with the participat-

ing radiologists that, for consistency in measurements, the

Main content 20022009_v2

anatomical thickness of the patient for each projection in

this study was to be measured at the following anatomical

levels:

(i) Chest PA projection: in the sagittal plane at the

level of inferior angle of scapula.

(ii) Lumbar spine lateral projection: in the coronal

plane at the level of the lowercostal margin.

A domestic tape measure was used to measure the focus—

film-distances (FFD). All FFD measurements were from

the center of the tube to the film or the tabletop. The data-

sheets were placed near the console of the X-ray room and

were completed whena patient entered requiring one of the

specified examinations.

Entrance surface dose (ESD) were calculated using the

formula:

ESD = R joo(| mASs.BSF (1)
FFD -t

Where:

ESDis the entrance surface dose in milli-Gray, Rioo is the

radiation output per mAs,at 100 centimeters from the x-ray

source. Between 10 keV intervals not directly measured on

the survey, Rjoo was calculated by linear interpolation be-

tween the nearest upper and lowerintervals to the nearest 10

keV. mAs denotes the applied tube mAs used for the radio-

graph, FFDis the focus-to-film skin distance, t is the patient

thickness and BSFis a backscatter factor.

III. RESULTS AND DISCUSSIONS

A summary of equipment performance values is shown

in Table 1. The rooms selected show the best and worst

performing tubes in terms of kVp and timer accuracy. The

selection also correspondsto sites using the same FFD and

film/screen speeds, but four different kVp ranges (Range

values here) for chest examinations.

Mean Chest PA ESD values at KR2, 37M, KBUAand

RRI were 0.2, 0.2, 04 and 0.7 mGyrespectively. The mean

value across all ten locations was 0.5 mGy. Mean Lumbar

Spine LAT values were 12.1, 13.2, 23.2, 6.1 mGy respec-

tively. The mean value across all ten locations was 13.3

mGy. ESD range factors were defined as the ratio of the

maximum ESD value to the minimumfor each examat each

site. The intra-room values for chest examinations ranged

from 2.9-10.8, and for Lumbar LAT values, from 1.9-2.8.



A wider selection of all 10 rooms surveyed and audit for

dosimetry has been defined as GHANASET. The range

factors across these ten rooms for chest and spine exams

were 6.8 and 12.5 respectively using the ratio of the ESD

means. The range factors across the whole data set for chest

and spine exams increased to 38.4 and 32.0 respectively

whentheusingthe ratio of the absolute maximum and mini-

mumESDvalues.

Table 1. Results of QC checks on x-ray equipmentat four selected

hospitals (maximum value of performance indicated)

 

 

 

  

Parameters KR2 37M —KBUA RRI

KV accuracy (%) 24 4.2 3.1 1.5

HVLyoxvp, mm Al 2.8 3.5 3.1 3.1

Total Filtration, mm Al. 2.42 30 2.9; 2.9

Timer reproducibility (%) 9.0 18 N/A 0.3

Output Linearity 1.8 1.9 18 19

Radiation Output Repeatability 0.1 0.3 0.6 3.1

(%)
Radiation Output Reproducibil- 6.6 5.0 LS 0.5:

ity (%)
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Fig. | Mean Chest PA Entrance Surface Dosesfor 4 locations in the study,

together with the mean ESD values for the 10 rooms in. total

(GHANASET). Theerror bars shown represent one standard deviation in

both the positive and negativedirection.
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Fig. 2 Chest PA Entrance Surface Dose intra-room range factors (ESD) for

4 locations in the study, together with the mean inter-room range factor for

the 10-toom GHANASET. The positive error bar value represents the

absolute range factor for the maximum and minimum ESDin the examina-

tion dataset.
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Fig. 3 Mean Lumbar Spine LAT Entrance Surface Doses for 4 locations in

the study, together with the mean ESD values for the GHANASET. The

error bars shownrepresent one standard deviation in both the positive and

negative direction.
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Fig. 4 Lumbar Spine LAT Entrance Surtace Dose range factors (ESD) for

4 locations in the study, together with the mean range factor for all

GHANASETsites, based on the mean ESD obtained in each room. The

positive error bar value represents the absolute range factor for the maxi-

mum and minimum ESDin the examination dataset.

The four centers sampled for this audit submitted the

same FFD andspeed class parameters. They all used AEC

and grid techniques. The third quartile ESD value for Chest

PA is 0.8 mGy, 0.2 mGy lower than a published value [3].

Mean ESD values for Lumbar Spine LAT examsare avail-

able from Nigeria [5], in a reported range of approximately

5-24 mGy, with an overall range factor of approximately

17. The GHANASETlumbar LAT mean ESDinthis study

is 13.3 mGy. Individual intra-room Ghana range factors are

lower than those published in [5], but the overall inter-room

range is approximately twice that of Nigeria. It is observed

that different audit methods andtotal patient numbers are

employed in each study.

Iv. CONCLUSIONS

The results contained herein suggest that improvements

have been madein the past ten years in terms of dose reduc-

tion in chest radiography. However, the spread of dose

values remainssimilar to or greater than that encountered in

Ghana and other African nations [3, 4, 5]. Review and

prioritized areas for action in terms of patient dosearestill

needed.

The methodology contained in this study suggests that a

basic local QC program could serve to show consistent x-

Main content 20022009_v2

ray tube compliance andthus allow for more users to update

and review performance via the web or other database tech-

nologies with little or no requirement for TLDs. It has al-

ready been shown that QC programsserve to improve reject

analysis figures and reducepatient dose. [3, 8]

It should be considered through review of training and

exposure protocols whether the use of appropriate kV,

ranges and grids and other technique factors in are em-

ployed optimally according to specific examinations. The

results fromthis study support this. X-ray tube performance

is satisfactory.

The large amountof data stored from this study should

allow more sensitive analysis than may have been possible

previously. In particular, analyses with respect to demo-

graphic parameters, or moving-average studies over time as

has been demonstrated elsewhere[2] are possible.
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Background:

The Ghanaian government's policy on health to provide affordable quality healthcare to the

people is both appropriate and laudable. Imaging departmentsplaya vital rolein facilitating

the above goal throughthe provision of diagnostic services and are widely used because of

their known benefits to society. However, diagnostic X-rays are the largest contributor to

radiation dose from all man-maderadiation sources.

Quality assurance (QA) programmesplay a fundamentalrole in establishing and maintaining

systems to support high quality healthcare. Currently there is no quality assurance system in

place for diagnostic imaging service or training and a general lack of awarenessof radiation

protection or quality service / training provision. This has major consequences for patient

quality of care and safety.

Aim of the study:

To develop a sustainable quality assurance model for implementation in diagnostic imaging

practice in Ghana.

Methods:

A total of 2000 patients, 120 staff and 70 students across 23 hospitals were included in the

study to obtain a representative sampleofall users and providers of service. Mixed methods

approach was employed(qualitative and quantitative) with data acquired during 3 field trips

to Ghana over 3 years. Stakeholders views were elicited on QA, service and training issues



followed by 3 quantitative studies across hospitals in Ghana, examining radiation dose to

patients and image quality. Ethical permission was granted by the University of Ghana

Ethical Committee.

Findings:

There weresignificant differences in radiation dose for the same examination both within

and between departments. The majority of problemsidentified (90%) with diagnostic image

quality were downtoinconsistent technique,lack of protocols and poor monitoring and OA.

Conclusion and implications:

The results of this work have facilitated the development of a QA model for diagnostic

imaging in Ghana and the establishment of a national Quality Taskforce for Imaging.

Training workshops have been organised and initially chest radiography, the most common

examination undertaken,will be used as the model for implementation of the system. The

target is to improve chest radiography reject rates from 20% to 10% in 1 year.
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RESEARCH PARTNERS’ INFORMATION LETTER AND CONSENT FORM

Researcher: Eric Kwasi Ofori

Address: 348 Walton Breck Road

Anfield

Liverpool, L4 2RP

Tel: Mobile: +44 790 888 1614

Home: +44 151 260 9305

E-mail: erikof2001 @yahoo.co.uk

January 9, 2006

DearSir/ Madam,

RESEARCH PARTNERS INFORMED CONSENT

| am an MPhil/PhD student in the University of Liverpool. The title of my research is

“Development of Quality Assurance Framework for diagnostic imaging Departments in

Ghana- A modelfor Developing Countries”.

The aim of the study is to undertake a baseline assessment on the current status of

radiation protection and quality assurance within selected diagnostic imaging

departments in Ghana. The issues raised would then be addressed and inform the

developmentof a sustainable quality assurance programmefor implementation in the

diagnostic imaging departments in the country. The study shall comprise of interviews,

observations, patient dose assessment, image quality assessment and film reject

analysis at different stages. The study will help promote awareness about practical

implementation of quality assurance protocols and could serve as a radiological

protection frameworkin diagnostic imaging departments in Ghana.

Your involvement, cooperation and commitment as a partner in this study are crucial

for the information gathering. The purposeofthis letter therefore is to give you a prior

notice and seek your kind consent to voluntarily participate. You are encouraged to ask

any questions at any time about the nature of the study and the methods that | am

using. Your suggestions and concerns are important to me. You may contact me at any

time at the address/phone numberslisted above.

| guarantee that the following conditions will be met:

1. Your real name will not be used at any point during the information collection,

or in the written report; instead, you and any other person and place names

involved in the study will be given an identification number.

Z Yourparticipation in this research is voluntary; you have the right to withdraw

at any point of the study, for any reason, and without prejudice, and the

information collected and reports written will be turned over to you.

3. The confidentially of the information that will be collected would be

safeguarded and your privacy and anonymity will be ensured throughout the

study and publication of the research material.

In pursuance of the above, | would be grateful if you could complete the attached

informed consent form before any data is taken on/from you.



INFORMED CONSENT FORM

Please

Tick (v’)
 

| confirm that | have been briefed or read and understand the information to be
   collected on/from mefor the above study and have had the opportunity to ask

questions.

 

| understand that the researcheris a student at the Department of Medical Imaging,
   School of Health Sciences, University of Liverpool and that the researchis being

undertakenas part of the student’s research thesis.
 

| freely and voluntarily consent to the use of my data in this research project.
 

| understandthat | have right to withdraw my consentand forbid the use of my data in
  this research at any time without giving any reason and without any prejudice to me.   

| permit the Department of Medical Imaging, University of Liverpool, to keep, preserve,

use and dispose of the findings from this research with the provision that my namewill

not be associated with any of the results.

Nameof Participant Date Signature/ Initials

Nameof Person taking consent Date Signature/Initials

(If different from Researcher)

Nameof Researcher Date Signature
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PATIENT INFORMATION LETTER AND INFORMED CONSENT FORM

Researcher: Eric Kwasi Ofori

Address: 348 Walton Breck Road

Anfield

Liverpool, L4 2RP

Tel: Mobile: +44 790 888 1614

Home: +44 151 260 9305

E-mail: erikof2001@yahoo.co.uk

Thank you for agreeing to participate in this study which will take place from (date) to

(date). This form outlines the purposes of the study and provides a description of your

involvement and rights as a participant.

The purposesof this project are:

1. To fulfil the requirement for the award of the degree of Doctor of Philosophy

(PhD) in Medical Imaging at the Department of Medical Imaging, School of Health

Sciences, University of Liverpool.

2. To undertake a baseline assessment on the current status of radiation protection

and quality assurance within selected diagnostic imaging departments in Ghana.

The issues raised would then be addressed and inform the development of a

sustainable quality assurance programme for implementation in the diagnostic

imaging departmentsin the country.

The study will employ both qualitative and quantitative methods to collect data which

include the use of patient data such as gender, age, weight, and anatomical thickness as

well as the technical factors used during the examination of the patient. You are

encouraged to ask any questions at any time about the nature of the study and the

methods that | am using. Your suggestions and concerns are important to me; please you

may contact meat any time at the address/phone numberslisted above.

| guaranteethat the following conditions will be met:

1. Your real name will not be used at any point during the information collection, or

in the written report; instead, you and any other person and place namesinvolved

in the study will be given an identification number.

Z Your participation in this research is voluntary; you have the right to withdraw at

any point of the study, for any reason, and without prejudice, and the information

collected and reports written will be turned over to you.

3. The confidentially of the information that will be collected would be safeguarded

and your privacy and anonymity will be ensured throughout the study and

publication of the research material.

In pursuance of the above, | would be grateful if you could complete the attached

informed consentform before any data is taken on you.



PATIENT’S INFORMED CONSENT FORM

Please

Tick (v)
 

| confirm that | have been briefed or read and understand the information to be

 collected on mefor the above study and have had the opportunity to ask questions

 

| understand that the researcheris a student at the Department of Medical Imaging,    School of Health Sciences, University of Liverpool and that the researchis being

undertakenaspart of the student’s research thesis

 

| freely and voluntarily consent to the use of my data in this research project
 

| understand that | have right to withdraw myconsent andforbid the use of my data in
 

 this research at any time without giving any reason and withoutany prejudice to me   
| permit the Department of Medical Imaging, University of Liverpool, to keep, preserve,

use and disposeof the findings from this research with the provision that my namewill

not be associated with anyof the results

 

Nameof Participant Date Signature/Initials

 

Nameof Person taking consent Date Signature/Initials

(if different from Researcher)

Nameof Researcher Date Signature
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INTERVIEW QUESTIONNAIRE

INTERVIEW WITH HEADSOF DIAGNOSTIC IMAGING DEPARTMENTSIN

GHANA ON THE QUALITY OF SERVICE PROVIDED BY THEIR DEPARTMENT

The itemsin this interview are to elicit your views on the quality of the services providing

by your department. | would be grateful if you could present your views frankly. This

exercise is purely for academic purpose and the information you will provide would be

treated as confidential

Part 1- General information

Nameof interviewee: Date of interview:

Hospital: Years of service: Rank/Grade:

Part 2- Questionnaire

Q1. Could you please tell me in your own words how the service your department

provides is meeting the government/ public expectations in terms of quality?

Q2. ‘In your own words, what can you say are the major challenges confronting your

departmentin the quest of meeting the government/ public expectation in terms of

quality service?

Q3. Please tell me in your own words how quality standards are monitored and

enhancedin your department.

Q4. Could you please tell me in your own words the strengths and weakness of your

department regarding provision of quality service to the public?

Q5. Which area(s) do you think calls for immediate attention should the department

continue to offer and maintain quality service to the public? ,

Index cards of word

de Initial training and Continuing Professional Developmentissues

Motivation issues

Finance aspect

Quality assurance andquality controlissues

Equipment performanceissues

Standards of acceptable image quality

Protocols

Reject/Repeat

Patient careS
M
N
A
D
A
A
A
W
N

Thanksfor your time andattention.



APPENDIX C1



 

A
P
P
E
N
D
I
X
C
1

Pa
ti
en
t
Ra
di
at
io
n
D
o
s
e
D
a
t
a
S
h
e
e
t
fo
r
Ra
di
og
ra
ph
ic

X-
ra
y
i
m
a
g
i
n
g
p
r
o
c
e
d
u
r
e
s

in
G
h
a
n
a
 

D
a
t
e

E
q
u
i
p
m
e
n
t
M
a
k
e
 

Ho
sp

it
al

E
q
u
i
p
m
e
n
t
M
o
d
e
l
 

X
-
r
a
y
R
o
o
m

Se
ri
al

N
o
.
 

Y
e
a
r
o
f

A
n
t
sc

at
te

r
G
r
i
d
U
s
e
d

Y
E
S

N
O

M
a
n
u
f
a
c
t
u
r
e
 

To
ta
l
T
u
b
e

A
E
C
U
s
e
d

Y
E
S

N
O

Fi
lt
ra
ti
on

 
 

Pa
ti
en
t
Si
ze

S
m
a
l
l

S
M
e
d
i
u
m

M
L
 

P
a
t
i
e
n
t
D
a
t
a

E
x
a
m
i
n
a
t
i
o
n
d
a
t
a

F
i
l
m
/
S
c
r
e
e
n
D
a
t
a
 

We
ig
ht

He
ig
ht

Th
ic

kn
es

s
Pa
ti
en
t

Ex
am
s

Fi
lm

/S
cr

ee
n

Fi
lm

Fi
lm

ID
Se
x

A
g
e

(k
g)

(m
)

(c
m)

Si
ze

Ty
pe

Pr
oj
ec
ti
on

F
F
D
(
c
m
)

kV
p

m
A

s
m
A
s

Sp
ee
d

cl
as
s

Si
ze

M
a
k
e
/
T
y
p
e
     

 
 

  
 

 
 

 
  

 
 

  
  
 

 



APPENDIX C2



APPENDIX C2

Multiple Comparisons (ANOVA) of ESD for chest PA acrossall hospitals with post-hoc

Bonferroni values for specific differences

 

 

 

 

 

  

(1) hospital (J) hospital Mean Std. Error Sig. 95% Confidence

Difference Interval

(I-J) Lower Upper
Bound Bound

KATH-R3 KATH-R2 .04293 .06494 1.000 -.1699 .2557

Korle-Bu Polyclinic .07205 .05911 1.000 -.1216 .2657

Ridge-R1 -.32036° .06160 .000 -.5222 -.1185

Korle-Bu-MR3 -.94461° .05326 .000 -1.1191 -.7701

Korle-Bu-ACC -.40464" .06964 .000 -.6328 -.1765

Suntreso-R1 .10112 .06494 1.000 -.1117 .3139

KNUST-R1 -.88715° .06494 .000 -1.0999 -.6744

37 Military-R1 .03543 .06494 1.000 -.1774 .2482

Trust-R1 -.60478° .06494 .000 -.8176 -.3920

KATH-R2 KATH-R3 -.04293 .06494 1.000 -.2557 .1699

Korle-Bu Polyclinic .02912 .06586 1.000 -.1867 .2449

Ridge-R1 -.36329° .06811 .000 -.5865 -.1401

Korle-Bu-MR3 -.98754° .06066 .000 -1.1863 -.7888

Korle-Bu-ACC -.44757° .07545 .000 -.6948 -.2003

Suntreso-R1 .05819 .07113 1.000 -.1749 .2913

KNUST-R1 -.93008° .07113 .000 -1.1632 -.6970

37 Military-R1 -.00751 .07113 1.000 -.2406 .2256

Trust-R1 -.64771° .07113 .000 -.8808 -.4146

otiBY pete 07205}  .05911| 1.000] -.2657] .1216
Polyclinic

KATH-R2 -.02912 .06586 1.000 -.2449 .1867

Ridge-R1 -.39241° .06257 .000 -.5974 -.1874

Korle-Bu-MR3 -1.01666° .05438 .000 -1.1948 -.8385

Korle-Bu-ACC -.47669° .07050 .000 -.7077 -.2457

Suntreso-R1 .02907 .06586 1.000 -.1867 .2449

KNUST-R1 -.95920° .06586 .000 -1.1750] -.7434

37 Military-R1 -.03662 .06586 1.000 -.2524 .1792

Trust-R1 -.67683° .06586 .000 -.8926 -.4610

Ridge-R1 KATH-R3 32036 .06160 .000 .1185 5222

KATH-R2 36329" .06811 .000 .1401 .5865

Korle-Bu Polyclinic 39241 .06257 .000 .1874 .5974

Korle-Bu-MR3 -.62425° .05708 .000 -.8113 -.4372

Korle-Bu-ACC -.08428 .07260 1.000 -.3222 .1536

Suntreso-R1 42148" .06811 .000 .1983 .6446

KNUST-R1 -.56679° .06811 .000 -.7900 -.3436

37 Military-R1 35578 .06811 .000 .1326 .5790

Trust-R1 -.28442° .06811 .002 -.5076 -.0613      
 

 



 

 
 

 

 

 

 

 

      

(I) hospital (J) hospital Mean Std. Error Sig. 95% Confidence

Difference Interval

(I-J) Lower Upper
Bound Bound

Korle-Bu-MR3 KATH-R3 94461" .05326 .000 .7701 1.1191

KATH-R2 98754 .06066 .000 .7888 1.1863

Korle-Bu Polyclinic 1.01666. .05438 .000 .8385 1.1948

Ridge-R1 62425, .05708 .000 4372 .8113

Korle-Bu-ACC 53997 .06567 .000 .3248 7552

Suntreso-R1 1.04573 .06066 .000 .8470 1.2445

KNUST-R1 05746 .06066 1.000 -.1413 .2562
37 Military-R1 98003 .06066 .000 .7813 1.1788

Trust-R1 .33983 .06066 .000 1411 5386

Korle-Bu-ACC KATH-R3 40464 .06964 .000 .1765 .6328

KATH-R2 44757 .07545 .000 .2003 .6948

Korle-Bu Polyclinic 47669" .07050 .000 .2457 .1077

Ridge-R1 08428 .07260 1.000 -.1536 3222

Korle-Bu-MR3 -.53997_ .06567 .000 -.7552 -.3248

Suntreso-R1 50576_ .07545 .000 .2585 .7530

KNUST-R1 -.48251_ .07545 .000 -.7297 -.2353

37 Military-R1 .44006 .07545 .000 .1928 .6873

Trust-R1 -.20014 .07545 .369 -.4474 .0471

Suntreso-R1 KATH-R3 -.10112 .06494 1.000 -.3139 .1117

KATH-R2 -.05819 .07113 1.000 -.2913 .1749

Korle-Bu Polyclinic -.02907 .06586 1.000 -.2449 .1867

Ridge-R1 -.42148 .06811 .000 -.6446 -.1983

Korle-Bu-MR3 -1.04573 .06066 .000 -1.2445 -.8470

Korle-Bu-ACC -.50576_ .07545 .000 -.7530 -.2585

KNUST-R1 -.98827 .07113 .000 -1.2214 -.7552

37 Military-R1 -.06570 .07113 1.000 -.2988 .1674

Trust-R1 -.70590 .07113 .000 -.9390 -.4728

KNUST-R1 KATH-R3 88715 .06494 .000 .6744 1.0999
KATH-R2 -93008 _ .07113 .000 .6970 1.1632

Korle-Bu Polyclinic .95920_ .06586 .000 .7434 1.1750

Ridge-R1 .56679 .06811 .000 3436 .7900

Korle-Bu-MR3 -.05746 .06066 1.000 -.2562 1413

Korle-Bu-ACC 48251 .07545 .000 .2353 .1297

Suntreso-R1 98827. .07113 .000 7552 1.2214

37 Military-R1 92258 07113 .000 6895 1.1557
Trust-R1 .28237 .07113 .004 .0493 5155

37 Military-R1 KATH-R3 -.03543 .06494 1.000 -.2482 1774
KATH-R2 .00751 .07113 1.000 -.2256 .2406

Korle-Bu Polyclinic .03662 .06586 1.000 -.1792 .2524

Ridge-R1 -.35578° .06811 .000 -.5790 -.1326

Korle-Bu-MR3 -.98003 .06066 .000 -1.1788 -.7813

Korle-Bu-ACC -.44006 .07545 .000 -.6873 -.1928

Suntreso-R1 .06570 .07113 1.000 -.1674 .2988

KNUST-R1 -.92258° .07113 .000 -1.1557 -.6895

Trust-R1 -.64020° .07113 .000 -.8733 -.4071

Trust-R1 KATH-R3 .60478 .06494 .000 .3920 .8176

KATH-R2 .64771 : .07113 .000 .4146 .8808

Korle-Bu Polyclinic 67683| .06586 .000 .4610 .8926

Ridge-R1 28442 .06811 .002 .0613 .5076

Korle-Bu-MR3 -.33983 .06066 .000 -.5386 -.1411
Korle-Bu-ACC .20014 .07545 369 -.0471 4474
Suntreso-R1 .70590 .07113 .000 4728 .9390
KNUST-R1 -.28237° .07113 .004 -.5155 -.0493

37 Military-R1 .64020° .07113 .000 .4071 .8733 
 

* The meandifferenceis significant at the 0.05 level
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APPENDIX C3 — EQUIPMENT QC RESULTS

Figure 1 Output variation with kV for X-ray machinein 37 Military Hospital
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Figure 2 Output variation with mA for X-ray machine in 37 Military Hospital
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Figure 3 Output reproducibility for X-ray machine in 37 Military Hospital
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Figure 4 Half Value layer andfiltration results for X-ray machine in 37 Military
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Figure 5 Output variation with kV for X-ray machine in KATHR2

 

 

 

 
 

 
 

 

          
 

 

 

 

 

 

         
 
   
 
 
 

 

 

 

  

(— )
Output Vs. kVp squared

16000
14000
12000

B 10000
S 8000
s

® 6000
Qa

= 4000
2000

0

0 500 1000 1500 2000 2500 3000
Output (uGy)

N, 3

Tolerances

Variables Reading Rating Good Normal Poor

Max deviation 2.37% Good 5% 10% >10%

from set kV

Gradient of data 1.8 Normal 2.0 2.2 1.7] 2.5 <2.7 >2.5

plot

Figure 6 Output variation with mA for X-ray machine in KATHR2
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Figure 7 Output reproducibility for X-ray machine in KATHR2
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Figure 8 Half Value layer andfiltration results for X-ray machine in KATHR2
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Figure 9 Outputvariation with kV for X-ray machine in KNUST
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Figure 10 Outputvariation with mA for X-ray machine in KNUST
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Figure 11 Output reproducibility for X-ray machine in KNUST
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Figure 12 Half Valuelayer andfiltration results for X-ray machine in KNUST
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Figure 13 Output variation with kV for X-ray machine in KBACC
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Figure 14 Outputvariation with mAfor X-ray machine in KBACC
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Figure 15 Output reproducibility for X-ray machine in KBACC
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Figure 16 Half Value layer andfiltration results for X-ray machine in KBACC
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Figure 17 Outputvariation with kV for X-ray machine in KBPOLY

 

 

 

 
 

 

 

 

 

 

 

         
 

 

 

 

 

 

                      
 

 

 

 

 

 

(— >
Output Vs. kVp squared

16000
14000
12000

B 10000
$ 8000
ss

® 6000
a.

2 4000
2000

0
0 500 1000 1500 2000 2500

Output (uGy)

hs 3

Tolerances

Variables Reading Rating Good Normal Poor

Max deviation 2.26% Good 5% 10% >10%

from set kV

Gradient of data 2.0 Normal 2.0 2.2 1.7 2.5 <1.7 >2.5

plot

Figure 18 Outputvariation with mA for X-ray machine in KBPOLY
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Figure 19 Output reproducibility for X-ray machine in KBPOLY
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Figure 20 Half Valuelayer andfiltration results for X-ray machine in KBPOLY
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Figure 21 Output variation with kV for X-ray machine in KBMR3
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Figure 22 Outputvariation with mA for X-ray machine in KBMR3
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Figure 23 Output reproducibility for X-ray machine in KBMR3
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Figure 24 Half Value layer andfiltration results for X-ray machine in KBMR3
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Figure 25 Outputvariation with kV for X-ray machine in RIDGE
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Figure 26 Outputvariation with mAfor X-ray machine in RIDGE
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Figure 27 Output reproducibility for X-ray machine in RIDGE

 

 

 

 

 
  

 

  
    
 

 

 

 

     
 

 

 

 

 
 

 

 

    
 

 

 

 

15.0% Output Consistency |

10.0%

5.0%
5 x x x
$ 0.0% & o = ef pres
a

32-5.0%

-10.0%

-15.0%
\ 3

Tolerances

Variable Reading Rating Good Normal Poor

Maximum deviation} 3.15% Good 10% 20% >25%

from mean

Figure 28 Half Value layer andfiltration results for X-ray machine in RIDGE
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Figure 29 Output variation with kV for X-ray machine in Suntreso

 

 

 

 
 

 

 

 

 

         
 

 

 

 

 

 

                      
 

 

 

 

 

 

 

(— >)
Output Vs. kVp squared

16000
14000
12000

3 10000
S 8000
% 6000
= 4000

2000
0

0 500 000 1500 2000 2500
Output (uGy)

\ 3

Tolerances

Variables Reading Rating Good Normal Poor

Max deviation 4.20% Good 5% 10% >10%

from set kV

Gradient of data 2.0 Normal 2.0 2.2 1.7 2.5 <1.7 >2.5

plot

Figure 30 Output variation with mAfor X-ray machine in Suntreso
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Figure 31 Output reproducibility for X-ray machine in Suntreso
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Figure 32 Half Value layer andfiltration results for X-ray machine in Suntreso
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Figure 33 Output variation with kV for X-ray machine in TRUST
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Figure 34 Output variation with mA for X-ray machine in TRUST
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Figure 35 Output reproducibility for X-ray machine in TRUST
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Figure 36 Half Value layer andfiltration results for X-ray machine in TRUST
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APPENDIX D1



Hospital:

Room No:

APPENDIX D1

Image quality assessment data sheet

ID of Radiologist:

Rank of Radiologist:

Period of the analysis (Date):

 

PART 1: AT THE RADIOGRAPHERSLEVEL PART 2: AT THE RADIOLOGIST LEVEL
 

ID Patient's

Gender

Examination and

projection type
 

Image quality grading Cause analysis of B

(Please tick the appropriate) and C gradedfilms

A B C (Please assign

(Clearly (Accepted (Should be

|

Teasonbased on EC

accepted) with Rejected) quality criteria)

reservation)
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APPENDIX D2

EXAMPLES OF IMAGE QUALITY CRITERIA AND GOOD RADIOGRAPHIC TECHNIQUE,

TAKEN FROM THE EUROPEAN GUIDELINES ON QUALITY CRITERIA FOR DIAGNOSTIC

RADIOGRAPHIC IMAGES

(EUR 16260 EN, 1996)

CHEST- PA PROJECTION

1.

1.1

1.1.1

Aided

1.1.3

1.1.4

L145

1.1.6

dod7

1.1.8

2.0

Entrance surface dose for a standard-sized patient :

3.

Sa

3.3

3.4

oo

3.6

3:f

3.8

3.9

3.10

DIAGNOSTIC REQUIREMENTS

Imagecriteria

Performedat full inspiration (as assessed by the position of the ribs above the

diaphragm-either 6 anteriorly or 10 posteriorly) and with suspended

respiration

Symmetrical reproduction of the thorax as shownbycentral position of the

spinous process between the medical endsofthe clavicles

Medial border of the scapulaeto be outside the lungfields

Reproduction of the whole rib cage above the diaphragm

Visually sharp reproduction of the vascular pattern in the whole lung,

particularly the peripheral vessels

Visually sharp reproductionof:

e the trachea and proximal bronchi

e the borders of thee heart and aorta

e the diaphragm andlateral costo-phrenic angles

Visualization of the retrocardiac lung and the mediastinum

Visualization of the spine through the heart shadow

Important image details

Small round details in the whole lung, including the retrocardiac areas:

high contrast: 07 mm diameter

low contrast: 2 mm diameter

Linear and reticular details out to the lung periphery:

high contrast: 0.3mm in width

low contrast: 2mm in width

CRITERIA FOR RADIATION DOSE TO THE PATIENT

0.3 mGy

EXAMPLE OF GOOD RADIOGRAPHIC TECHNIQUE

Radiographic device: vertical stand with stationary or moving grid

Nominal focal spot value <1.3

Total filtration 23.0 mm Al equivalent

Anti-scatter grid r= 10; 40/cm

Screen film system

Focal-Film distance (FFD)

Radiographic voltage

Automatic exposure control

Exposure time

Protective shielding

nominal speed class 400

180 (140- 200) cm

125 kV

: chamberselected-right lateral

< 20ms

standard protection.



CHEST -LATERAL PROJECTION

(If indicated after viewing PAfilm)

1. DIAGNOSTIC REQUIREMENTS

1.1 Imagecriteria

1.1.1 Performedatfull inspiration and with suspended respiration

1.1.2 Armsshould be raised clear of the thorax

1.1.3 Superimposition of the posterior lung borders

1.1.4 Reproductionof the trachea

1.1.5 Reproduction of the costo-phrenic angles

1.1.6 Visually sharp reproduction of the posterior border of the heart, the

aorta, mediastinum, diaphragm, sternum and thoracic spine.

1.2 Important imagedetails

1.2.1 Small round details in the whole lung:

e High contrast : 0.7 mm diameter

e Lowcontrast ’ 2 mm diameter

1.2.2 Linear and reticular details out to the lung periphery:

e High contrast : 0.3 mm in width

e Low contrast : 2 mm in width

2. CRITERIA FOR RADIATION DOSE TO THE PATIENT

Entrance surface dosefor a standard-sized patient : 1.5 mGy

3: EXAMPLE OF GOOD RADIOGRAPHIC TECHNIQUE

<a Radiographic device : vertical stand with stationary or movinggrid

3.2 Nominal focal spot value : <1.3

3.3 Total filtration f >3.0 mm Al equivalent

3.4 Anti-scatter grid : r= 10; 40/ cm

3.5 Screen film system : nominalspeed class 400

3.6 FFD : 180 (140- 200) cm

Sad Radiographic voltage : 125 kV

3.8 Automatic exposure control : chamberselected- central

3.9 Exposure time : < 40 ms

3.10 Protective shielding : standard protection.

SKULL -PA PROJECTION

Or AP projection if PA not possible

1. DIAGNOSTIC REQUIREMENT

1.1 Imagecriteria

1.1.1 Symmetrical reproduction of the skull, particularly cranial vault, orbits and

petrous bones

1.1.2 Projection of the apex of the petrous temporal boneinto the centre of the

orbits

1.1.3. Visually sharp reproduction of the frontal sinus, ethmoid cells and apex of the

petrous temporalbonesand theinternal auditory canals

1.1.4 Visually sharp reproduction of the outer and inner laminaof the cranial vault

1.2 important imagedetails: 0.3-0.5mm



2. CRITERIA FOR RADIATION DOSE TO THE PATIENT

Entrance surface dose for a standard —size patient: 5mGy

3. EXAMPLE OF GOOD RADIOGRAPHIC TECHNIQUE

3.1 Radiographic device: grid table, special skull unit or vertical stand with

stationary or movinggrid

3.2 NominalFocal spot value

3.3 Total filtration

3.4 Anti-scatter grid

3.5 Film-screen system

3.6 FFD

3.1 Radiographic voltage

3.8 Automatic exposure control :

3.9 Exposure time

3.10 Protective shielding

SKULL- LATERAL PROJECTION

i. DIAGNOSTIC REQUIREMENT

1.1 Imagecriteria

0.6mm

> 2.5 mm Al equivalent

r= 10; 40/ cm

nominal speed class 400

115 (100-150) cm
70-85 kV

chamberselected- central

< 100ms

standard protection.

1.1.1 Visually sharp reproductionof the outer and inner laminaof the cranial vault,

the floor of the sella, and the apex of the petrous temporal bone

1.1.2 Superimposition respectively of the contours of the frontal cranial fossa, the

lesser wing of the sphenoid bone,theclinoid processes and the external

auditory canals

1.1.3. Visually sharp reproduction of the vascular channels, the vertex of the skull and

the trabecular structure of the cranium

1.1.4 Superimposition of the mandibular angles and ascending rami

12 Important imagedetails: 0.3-0.5mm

2. CRITERIA FOR RADIATION DOSETO THE PATIENT

Entrance surface dose for a standard —size patient: 3mGy

3. EXAMPLE OF GOOD RADIOGRAPHIC TECHNIQUE

Sak Radiographic device: grid table, special skull unit or vertical stand with

stationary or movinggrid

32 Nominal Focal spot value

3.3.‘ Total filtration

3.4 Anti-scatter grid

3.5 Film-screen system

3.6 FFD

a7 Radiographic voltage

3.8 Automatic exposure control :

3.9 Exposure time

3.10 Protective shielding

LUMBARSPINE -AP/PA PROJECTION

1. DIAGNOSTIC REQUIREMENTS

1.1 Imagecriteria

0.6mm

22.5 mm Al equivalent

r= 10; 40/ cm

nominal speed class 400

115 (100-150) cm

70-85 kV

chamberselected- central

< 100ms

standard protection.



Leda,

1.1.2

1.1.3

1.1.4

1.1.5

1.1.6

Del

1.2

Z:

Visually sharp reproduction, asa single line, of the upper and lower- plate

surfaces in the centred beam area

Visually sharp reproduction of the pedicles

Reproduction of the intervertebraljoints

Reproduction of the spinous and transverse processes

Visually sharp reproduction of the cortex and trabecular structures

Reproduction of the adjacentsoft tissues, particularly the psoas shadows

Reproduction of the sacro-iliac joints

Important image details: 0.3-0.5mm

CRITERIA FOR RADIATION DOSE TO THE PATIENT

Entrance surface dose for a standard —size patient: 10mGy

3.1

a

3.5

3.4

3.5

3.6

3.7

3.8

3.0

3.10

EXAMPLE OF GOOD RADIOGRAPHIC TECHNIQUE

Radiographic device: grid table orvertical stand with stationary or movinggrid

Nominal Focal spot value : <1.3

Total filtration : 2 3.0 mm Al equivalent

Anti-scatter grid r= 10; 40/cm
Film-screen system : nominal speed class 400

FFD 115 (100-150) cm
Radiographic voltage : 75-90 kV

Automatic exposure control : chamberselected- central

Exposure time : < 400ms

Protective shielding: where appropriate, gonad shields should be employed

for male patients and for female patients if possible.

LUMBARSPINE-LATERAL PROJECTION

1.

1.1

1.1.1

1.1.2

1.1.3

1.1.4

1.1.5

1.2

2.0

DIAGNOSTIC REQUIREMENTS

Imagecriteria

Visually sharp reproduction,as a single line, of the upper and lower-—plate

surfaces with the resultant visualisation of the intervertebral spaces

Full superimposition of the posterior vertebral edges

Reproduction of the pedicles and the intervertebral foramina

Visualisation of the spinous processes

Visually sharp reproduction of the cortex and trabecular structures

Important image details : 0.5mm

CRITERIA FOR RADIATION DOSE TO THE PATIENT

Entrance surface dosefor a standard —size patient: 30mGy

Bil

cee

3.3

3.4

3.5

3.0

EXAMPLE OF GOOD RADIOGRAPHIC TECHNIQUE

Radiographic device: grid table or vertical stand with stationary or moving grid

Nominal Focal spot value : <1.3

Total filtration : > 3.0 mm Al equivalent

Anti-scatter grid : r= 10; 40/ cm

Film-screen system : nominal speed class 400

FFD : 115 (100-150) cm



3.7

3.8

3.9

3.10

Radiographic voltage : 80-95 kV

Automatic exposure control : chamberselected- central

Exposure time : < 1000ms

Protective shielding: where appropriate, gonad shields should be employed

for male patients.

LATERAL PROJECTION OF LUMBO-SACRALJOINT

This projection may beindicated if the lumbo-sacral joint is not adequately visualised

on the lateral projection of the lumbar spine

1.0

it.

L112

1.1.2

Lids

1.1.4

1.2

2.

DIAGNOSTIC REQUIREMENTS

Imagecriteria

Reproduction by tangential projection of the inferior end plate of L5 and the

superior end plate of S1

Visualisation of the spinous process of L5

Visualisation of the anterior border of the upper sacrum

Reproduction of vertebral pieces of the upper sacrum

Important image details : 0.5mm

CRITERIA FOR RADIATION DOSE TO THE PATIENT

Entrance surface dose for a standard —size patient: 40mGy

3. EXAMPLE OF GOOD RADIOGRAPHIC TECHNIQUE

3.1 Radiographic device: grid table or vertical stand with stationary or moving grid

3.2 Nominal Focal spot value ; 21,3

3.3. Total filtration : > 3.0 mm Al equivalent

3.4 Anti-scatter grid : r= 10; 40/ cm

3.5 Film-screen system : nominal speed class 800

3.6 FFD : 115 (100-150) cm

3.7 Radiographic voltage ; 80-100 kV

3.8 Automatic exposure control : chamberselected- central

3.9 Exposure time : < 1000ms

3.10 Protective shielding: where appropriate, gonad shields should be employed

for male patients.

PELVIS-AP

1. DIAGNOSTIC REQUIREMENTS

1.1 Imagecriteria

1.1.1 Symmetrical reproductionof the pelvis as judges by the imposition of the

symphysis pubis over the midline of the sacrum

1.1.2 Visually sharp reproduction of the sacrum andits intervertebral foramina

1.1.3 Visually sharp reproduction of the pubic and ischial rami

1.1.4. Visually sharp reproductionof the sacroiliac joints

1.1.5 Visually sharp reproductionof the necks of the femora which should not be

distorted by foreshortening or rotation

1.1.6 Visually sharp reproduction of the spongiosa and corticalis, and of the

trochanters



1.2 Important image details: 0.5mm

2. CRITERIA FOR RADIATION DOSE TO THE PATIENT

Entrance surface dosefor a standard —size patient: 1OmGy

3. EXAMPLE OF GOOD RADIOGRAPHIC TECHNIQUE

Sek Radiographic device : grid table

3.2 NominalFocal spot value : <13

33 Total filtration : > 3.0 mm Al equivalent

3.4 Anti-scatter grid : r= 10; 40/ cm

3.5 Film-screen system : nominal speed class 400

3.6 FFD : 115 (100-150) cm

B.f Radiographic voltage : 75-90 kV

3.8 Automatic exposure control : chamberselected- central

3.9 Exposure time : < 400ms

3.10 Protective shielding: where appropriate, gonad shields should be

employed for male patients, and for female patients,if possible.

ABDOMEN-AP PROJECTION

Either as plain film or before administration of contrast medium

1. DIAGNOSTIC REQUIREMENTS

1.1 Imagecriteria

1.1.1 Reproduction of the area of the whole urinary tract from the upperpole of the

kidney to the base of the bladder

1.1.2 Reproduction of the kidney outlines

1.1.3. Visualisation of the psoas outlines

1.1.4 Visually sharp reproduction of the bones

1.2 Important image details : calcifications of 1.0 mm

2. CRITERIA FOR RADIATION DOSETO THE PATIENT

Entrance surface dose for a standard —size patient: 10mGy

3. EXAMPLE OF GOOD RADIOGRAPHIC TECHNIQUE

3.1 Radiographic device : grid table

3.2 NominalFocal spot value : $1.3

3.3 Total filtration : 1.3 mm Al equivalent

3.4 Anti-scatter grid : r= 10; 40/ cm

3.5 Film-screen system ; nominal speed class 400

3.6 FFD 115 (100-150) cm
3.7 Radiographic voltage 3 75-90 kV

3.8 Automatic exposure control : chamberselected- central

3.9 Exposure time : < 200ms

3.10 Protective shielding: where appropriate, gonad shields should be

employed for male patients.



ABDOMEN-AP PROJECTION

After administration of contrast medium

1.1.1

1.1.2

Lecdad

1.1.4

Pato

1.2

1.2.1

Lede

2.

DIAGNOSTIC REQUIREMENTS

Imagecriteria

Imagecriteria are to be referred to a series of radiographs, takenatintervals

after contrast administration, tailored to the individual patients.

Increase in parenchymal density (nephrographic effect)

Visually sharp reproduction of the renal pelvis and calyces (pyelographic effect)

Reproduction of the pelvi-ureteric junction

Visualisation of the area normal traversed by the ureter

Reproduction of the whole bladder area

Important imagedetails

Calyceal detail : 0.3mm

Calcifications : 1.0mm

CRITERIA FOR RADIATION DOSE TO THE PATIENT

Entrance surface dose for a standard —size patient: 10mGy per radiograph

3.

Buk

3.2

ao

3.4

an

2.6

Bik

3.8

3.9

3.10

EXAMPLE OF GOOD RADIOGRAPHIC TECHNIQUE

Radiographic device : grid table

Nominal Focal spot value : $1.3

Total filtration : 1.3 mm Al equivalent

Anti-scatter grid : r= 10; 40/ cm

Film-screen system i nominal speed class 400

FFD : 115 (100-150) cm

Radiographic voltage ; 75-90 kV

Automatic exposure control : chamberselected- central

Exposure time : < 200ms

Protective shielding : Standard protection

Remarks: Compressionis usually indicated. Satisfactory reduction of overlying bowel

gas and faecesis essential for adequate urinary tract reproduction.



APPENDIX D3



Image quality assessment data summary sheet

AT THE LEVEL OF RADIOLOGIST

APPENDIX D3

 

Hospital
 

Room No.
 

Radiologist in Charge
 

Time Period of the analysis (date)  
 

Analysis of graded films based on EC qualitycriteria

 

Image quality grading

 

 

      

A B Cc Total

Descriptive statistics Clearly Accepted Should be

accepted with Rejected

reservation

Numberoffilms reported during the

study period

Percentage % % % 100%
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APPENDIX D4

CEC image quality criteria for abdomen AP examination

   
 

 

  

Reproduction of the area of the whole urinary trac from the upper po e ofthe

kidney to the base of the bladder

1.2 Reproduction of the kidney outlines

1.3 Visualisation of the psoas outlines

1.4 Visually sharp reproduction of the bones
 

Grade B abdomenAP:distribution of unmet CEC criteria
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 1.1 1.2 1.3 1.4

CEC criteria for abdomen AP  
 

CEC imagequality criteria for pelvis AP examination

 

  
 

 

 

 

  

Criteria 2 Se ee ’ ee A

1.1 Symmetrical reproductionof the pelvis as judges by the imposition of the symphysis

pubis over the midline of the sacrum

1.2 Visually sharp reproduction of the sacrum and its intervertebral foramina

1.3 Visually sharp reproductionof the pubic and ischial rami

1.4 Visually sharp reproduction of the sacroiliac joints

1.5 Visually sharp reproduction of the necks of the femora which should not be

distorted by foreshortening or rotation

1.6 Visually sharp reproduction of the spongiosa andcorticalis, and of the trochanters
 

 

  

 



Grade B pelvis AP: distribution of unmetCECcriteria

 

 

 

 

 

KBU

_| KATH   
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1.1 Lae 1.3 1.4 1.5 1.6  CEC criteria for pelvis AP  

CEC imagequality criteria for skull PA examination

1.1 Symmetrical reproduction of the skull, particularly cranial vault, orbits and

petrous bones

1.2 Projection of the apex of the petrous temporal boneinto the centre of the

orbits

1.3. Visually sharp reproduction ofthe frontal sinus, ethmoid cells and apex of the

petreous temporal bones andthe internal auditory canals

1.4 visually sharp reproduction of the outer and inner laminaof the cranial vault

 

 

   
 



Grade B skull PA:distribution of unmet CEC criteria
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1.1 1.2 1.3 1.4

CEC criteria for skull PA  
 

CEC image quality criteria for skull LAT examination

  

 

eee

   

roduction of the outer and inner lamina of the cranial vault

 

 

 
  

1.1. Visually sharp rep :

the floor of the sella, and the apex of the petrous temporal bone

1.2 Superimposition respectively of the contoursof the frontal cranial fossa, the

lesser wing of the sphenoid bone, the clinoid processes and the external

auditory canals

1.3. Visually sharp reproduction of the vascular channels, the vertex of the skull

and the trabecular structure of the cranium

1.4 Superimposition of the mandibular angles and ascending rami
 

 



Grade B skull LAT: distribution of unmet CEC criteria
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CEC criteria for skull LAT   
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APPENDIX D5

Image Quality Assessment

Sampleof detailed reason(s) assigned for grade B and C radiographsby radiologist

 

 

 

Hospital Korle-Bu

Room No. Polyclinic

Rankof Radiologist in Charge Consultant
 

Time Period of the analysis (date)  12th March- 20th April, 2007
 

 

 

 

 

 

 

 

 

 

 

 

 

 

        
 

 

 

 

ID Patient's Projection Image quality grading (Please Causeanalysis of B and C

Gender tick the appropriate) graded films (Please assign

A B C reason based on EC quality

Clearly Accepted Should criteria)

accepted with be

reservation Rejected

1 iF Skull-AP v

2 1M Skull-AP v
Unsymmetrical reproduction of

the cranial vault, orbits and

etrous bones
F Skull-AP v P

M Skull-AP v
Heavy exposure

5 LF Skull-AP v

Frontal sinus not properly

6 F Skull-AP v shown
Unsymmetrical reproduction of

the cranial vault, orbits and

petrous bones

M Skull-AP v

M Skull-AP v

M Skull-AP v

10 F Skull-AP v
Unsymmetrical reproduction of

the cranial vault, orbits and

etrous bones
11 F Skull-AP v :

12 F Skull-AP v

13 M Skull-AP v

Total 8 4 1

Hospital Korle-Bu

Room No. Polyclinic

Rank of Radiologist in Charge Consultant
 

Time Period of the analysis (date) 12th March- 20th A pril, 2007
     

ID

|

Patient’ Projection Image quality grading (Please Cause analysis of B and C

S tick the appropriate) graded films (Please assign

Gender A B C reason based on EC quality

Clearly Accepted Should criteria)

accepted with be

reservation |Rejected

1/F Chest PA v     
 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         

21M Chest PA v

Inadequateinspiration

F Chest PA v

M Chest PA v

F Chest PA v

Retrocardiac Structures

61 F Chest PA 7 not shown

Medial borderof the

scapulae notproperly

F Chest PA v shown

M Chest PA v

M Chest PA v

10; M Chest PA v

11;M Chest PA v

Medial border of the

scapulae not properly

12; F Chest PA v shown

Subtle motional blurring &

13 F Chest PA under exposure

14 |F Chest PA v

15; M Chest PA v

16 F Chest PA v

17|M Chest PA v

18) F Chest PA v

19; F Chest PA v

20 |F Chest PA v

21; M Chest PA v

22|M Chest PA if Inadequate inspiration

Medial borderof the

scapulae not properly

23 F Chest PA v shown

24; F Chest PA v

25; M Chest PA v

26; M Chest PA v

27 |F Chest PA v

Retrocardiac Structures

28 M Chest PA v not shown

29 *F Chest PA v
Medial border of the

scapulae not properly

30; M Chest PA v shown

31!:M Chest PA v

321M Chest PA v

Subtle motional blurring &

33 F Chest PA under exposure

Medial border of the

scapulae not properly

341 F Chest PA v shown

35 |F Chest PA Vv Inadequateinspiration

36 F Chest PA v
 

 



 

 

 

  
       
 

 

 

 

37 F Chest PA v

38 F Chest PA v

391M Chest PA v

TOTAL 27 10 2

AT THE RADIOLOGIST'S LEVEL

Hospital Korle-Bu

Room No. Polyclinic

Rankof Radiologist in Charge Consultant
 

Time Period of the analysis (date) 12th March- 20th April, 2007
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      
  

ID Patient's Projection Image quality grading (Please tick Cause analysis of B and C

Gender the appropriate) graded films (Please

A B C assign reason based on

Clearly Accepted Should EC quality criteria)

accepted with be

reservation Rejected

1/F Lumbar Spine AP v

21M Lumbar Spine AP v

Pedicles not properly

3/,F Lumbar Spine AP v shown

41M Lumbar Spine AP v

5|M Lumbar Spine AP v

6; M Lumbar Spine AP v

Cortex and trabecular

structures not shown

F Lumbar Spine AP v properly

F Lumbar Spine AP v

F Lumbar Spine AP v

10 F Lumbar Spine AP v

Pedicles not properly

11 F Lumbar Spine AP v shown

12; M Lumbar Spine AP v

13M Lumbar Spine AP v

14, M Lumbar Spine AP v

Cortex and trabecular

structures not shown

15 F LumbarSpine AP v properly

161M Lumbar Spine AP v

17; M Lumbar Spine AP v

18 M Lumbar Spine AP v

19 F Lumbar Spine AP v

Cortex and trabecular

structures not shown

20 F Lumbar Spine AP v properly

Intervertebral joints not

21) =F Lumbar Spine AP v seen properly

TOTAL 15 6 0   
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APPENDIX E1

Films reject analysis data sheet

 

 

 

 

 

 

 

 

 

Cause Code:

Overexposed(too dark) A Underexposed(toolight) B

Positioning error C Processing error D

Patient movement E Equipmentfault F

Others(please specify) G

Patient’s Gender Code:

Male 1 Female 2

AT THE RADIOGRAPHER'S LEVEL

Hospital

Room No.

Rank of the Radiographerin Charge

Time Period of the analysis (date)

X- ray equipmenttype

The used of AEC

Processortype

Any

. Remarks
. ee — . Causeoffilm

Patient data Examination Daily Film usage (Please tick) .reject

Film (Please

Age pass Film Exam indicate

ID Gender (yrs) Type Projection rejected repeated code)
 

 

 

 

 

 

 

          
 

 


