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THESIS STRUCTURE

To guide the reader and ease navigation through the manuscript the chapters are colour

coded on the bottom right corner of the script.

Chapter One

The first chapter of this thesis provides the research abstract. This is a concise
overview of the research work, illustrating the research rationale with aims and

objectives, together with a concise summary of the key research findings.

Chapter Two

The intellectual ownership and declaration for the published work contained within
this thesis is included in this chapter. This chapter also demonstrates the overall

contributions the author made to each publication.

Chapter Three

The third chapter provides a contextual background of the thesis. The aims and
objectives are discussed in full, along with the research rationale. The rationale is

supported by a succinct review of the literature pertaining to the research context.

15



The systematic acquisition and distribution of the acquired and novel knowledge are
discussed in the fourth chapter. This chapter illustrates the concepts and design for
each research project in turn and discusses the various research teams constructed.
This chapter contains a critical review of the published research, together with key

research findings and future research work in development.

The fifth chapter contains the published research work. This includes eight journal
articles, seven of which are peer reviewed, one of which was commissioned for an

annual radiography journal of the Society and College of Radiographers.

Chapter Six

This chapter is based on research development, performance metrics and publication
impact. Analysis of these metrics demonstrates the research works originality and
impact. This chapter illustrates the development of the researcher and the new research
teams and pathways that have arisen as a direct outcome of this thesis. This chapter
also provides a succinct summary of the thesis findings and the development of future

projects arising from this research.

16



CHAPTER ONE: ABSTRACT

Rationale

Mammography practitioners control the amount of compression force applied to the
breast. There are no quantifiable recommendations for optimal compression force
levels for practitioners to follow. Clients report variations in pain and discomfort when
compression force is applied. Until now practitioner compression force variability has
not been investigated; even though this might lead to variations in client pain and
discomfort. The primary purpose of this thesis was to investigate whether practitioner

compression force variability exists.

Method

Three research papers investigated practitioner compression force variability: one
used a cross sectional design; two used longitudinal designs, one was single centre and
the other was multicentre. Three further research papers investigated important issues
which might confound practitioner variability results: the first investigated
compression paddle bend and distortion; the second investigated how breast thickness
and compression force vary; the third evaluated practitioner ability to grade breast
density, visually. The final research paper was a ‘within client’ investigation to

determine how image quality varied with breast thickness and compression force.

Key findings
The research firmly demonstrates that practitioner compression force variability

exists. Multicentre analysis (4500 client visits) confirmed two out of three screening

CHAPTER ONE: ABSTRACT



sites with significant practitioner variability, with the third screening site having a
minimum dictate of compression force at 100N. As displayed by MLO/CC projections
clients underwent a 55%/57% (site one), 66%/60% (site two) and 27%/26% (site three)

change in compression force through their three screening visits.

The research confirmed that the compression force received by a client was highly
dependent upon the practitioner, and not the client. Within an individual clients
screening pathway the research has demonstrated that clients could receive

significantly different compression force levels over time.

Conclusion and further research
For the first time practitioner compression force variability has been identified. Novel
methods for reducing breast thickness need investigating; an example of a novel

method is the use of pressure rather than force.

18
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2.2 Overall contribution and declaration for PhD thesis based on peer
reviewed published work

Overall contributions to each published article with individual declarations for each

paper are detailed in Figure 2.1.
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e Ethics

e Input into research paper
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CHAPTER THREE: CONTEXTUAL BACKGROUND

3.1 Aims and nature of research

Rigorous maintenance of a quality assurance (QA) programme is crucial in upholding
the effectiveness of the National Health Service Breast Screening Programme
(NHSBSP). The QA guidelines for mammography established to facilitate the
NHSBSP objectives of a long term contribution in the reduction in breast cancer
mortality. Within the QA guidelines for mammography there are no guidelines for
optimal compression force levels for practitioners to follow when performing

mammography.

The overall concept of this research was to identify the range and extent of
compression forces used in order to investigate practitioner variation of breast

compression force within the NHSBSP.

The objective of this research was to establish:
e if practitioner variation in the application of compression force existed
e if so, to establish the range of that variation
e if establishing a range, to realise potential consequences to image quality and

identify possible client effects over sequential screening within the NHSBSP
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3.2 Research context
To establish the research framework, contextual information on the NHSBSP,

mammography and quality assurance (QA) guidelines follow.

3.2.1 National Health Service Breast Screening Programme (NHSBSP)

The incidence of breast cancer is increasing on a global scale and the disease remains
significantly high in public health issues. Mammography is, at present, the best
method for the detection of clinically non-palpable breast cancer. The aim of the
NHSBSP to detect cancer at an early stage [NHS Cancer Screening Programmes, 2013] when
there is a greater chance of it being treated successfully [Health and Social Care
Information Centre, 2013]; prognosis of the disease being directly related to the disease

stage at diagnosis, with early detection leading to better prognosis [Ng & Muttarak, 2003].

The Forrest Report in 1986 [Department of Health and Social Security, 1986] recommended
screening asymptomatic women aged 50-64 years in a three yearly cycle. Since its
introduction in 1988, the NHSBSP has seen many procedural and structural changes;
all aimed at increasing cancer detection rates. Two projection mammography (one in
the cranio-caudal projection known as the CC and one in the medio-lateral oblique
projection known as the MLO) was introduced at prevalent (first) round screening in
1995, followed by incident (subsequent) round introduction in 2002. In 2004 the upper
age range for screening increased to 70years and in 2010 the NHSBSP commenced a
randomised control trial of age expansion to those aged 47 to 73, with expected

completion in 2016 [NHS Cancer Screening Programmes, 2013].
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Key facts about the NHS breast screening programme are highlighted in Table 3.1,
with ‘uptake’ being the percentage of women who are invited for screening in the year

and screened within six months of their invitation.

Year Number of Uptake Referred for Cancers detected Cancers detected per
women screened (50-70years) assessment (45+over) 1,000 women screened
aged 45+over (45+over) (45+over)

(Millions) (Percent) (Thousands) (Thousands) (Rate)

2010 1.79 73.2 74.3 14.2 7.9

2011 1.88 73.4 75.0 14.7 7.8

2012 1.94 73.1 80.5 15.7 8.1

2013 1.97 72.2 81.9 16.4 8.3

[Health and Social Care Information Centre, 2014]

Table 3.1: NHSBSP Key facts

The risks and harms of breast screening in the NHSBSP is a continued controversial
debate, in terms of lives saved it has been demonstrated that the benefit of
mammographic screening is deemed greater than the harm in terms of over diagnosis,
with between two to two and a half lives saved for every one over diagnosed case
[Duffy et al 2010]. A research group, the Strategic Review of Health Inequalities in
England [2012], was assigned to fully assess the risks and harms of screening for breast
cancer; their key aim to establish how effective the screening programme was at saving
lives. This review, led by Professor Marmott, summarised that for each breast cancer
death prevented, about three over diagnosed cases will be identified and treated. The
conclusion of the review concluded that the UK breast screening programmes had a

significant benefit and should continue.

3.2.2 Mammography

Mammography has been long established (over 40years) as the leading modality for

the detection of breast cancer [Strategic Review of Health Inequalities in England, 2012]. In
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2005, it was recognised that digital mammography was significantly better than
analogue mammography at detecting breast cancer in women aged 50years or
younger, or in women at any age with very or extremely dense breast tissue [Pisano,
Gatsonis, Hendrick, & Yaffe, 2005]. Whitman and Haygood [2013], demonstrated that digital
screening is similar in efficacy or slightly better than film screen. The Department of
Health (DoH) [2007] decreed that full field digital mammography was to be made
available for women in the screening assessment process within the NHSBSP in the
47-50 age range, together with a roll out of digital equipment in all screening services,

with digital mammaography for all clients screened within the NHSBSP by 2012.

A mammaogram, be it analogue or digital, consists of two projections of each breast;
one in the cranio-caudal projection known as the CC and one in the medio-lateral
oblique projection known as the MLO. For the CC the inferior portion of the breast is
placed on the image receptor and the compression paddle is applied onto the superior
portion of the breast; the mammography machine gantry is parallel to the floor (Figure
3.1). For the MLO the arm of the mammography gantry is tilted from the vertical and
angled to be parallel to the pectoral muscle angle of the client; the angle determined

by the practitioner in accordance with the client body habitus (Figure 3.2).

Figure 3.1: The cranio-caudal (CC) mammogram
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Figure 3.2: The medio-lateral oblique (MLO) mammogram

Imaging the breast is challenging due to the large variations in breast volume and
morphology. Client anatomical variations, particularly within the sternum and spine
pose challenges for practitioners and require adapted techniques. For a successful
mammography image the practitioners require client co-operation and must ensure
accurate breast positioning; it is recognised that an optimum image can be achieved

by employing the ‘3 Cs; carefully, correctly and consistently’ [Simmons, Chavez, & Barke,

2012].

It is identified that the application of breast compression force that is required prior to
image acquisition is one of the most essential parts of the mammography process.
When compression force is applied it reduces breast thickness; though the exact
relationship between compression force and reduction in breast thickness is neither

linear nor clear-cut [Hogg, Taylor, Szczepura, Mercer, & Denton, 2013; Poulos, McLean, Rickard,
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& Heard, 2003]. It is clearly recognised that breast thickness reduction minimises
radiation burden, lessens superimposition of breast structures and decreases geometric
and motion unsharpness [Bentley, Poulos, & Rickard, 2008; Long, 2000; Poulos, & McLean,

2004].

The importance of sustained and consistent high standards of practitioners who
perform mammography and apply breast compression force are essential in

maintaining the efficacy of the NHS breast screening service.

3.2.3 Principles of quality assurance (QA)
The main aim of the NHSBSP is to reduce mortality from breast cancer. Quality
assurance within the NHSBSP facilitates that objective by providing robust standards

to ensure focus and adherence with this key goal [NHS Cancer Screening Programmes, 2006].

When the NHSBSP service was introduced, the Forrest Report, stressed that all service
aspects would have to be of highest quality [Breast Cancer Screening, 1987]. From this
point onwards QA became a central, fundamental and integral part of the service; the
first QA guidelines for mammography being published in 1989 [Department of Health,
1989]. This, the Pritchard Report, set out key standards, objectives and intrinsic
elements of staff training, responsibilities and key lines of reporting frameworks [NHS

Cancer Screening Programmes, 2006].

The DoH in 1991 provided an advisory committee report for breast cancer screening
which highlighted the evidence and experiences since the introduction of the Forrest

Report [Breast Cancer Screening, 1991]. In 1997 a further review of QA services was
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requested from the Secretary of State for Health [Calman & Hine, 1997]. The executive
letter, EL(97)67, fully clarified relationships between breast screening units, host
Trusts and regional QA teams; stating that adherence to national standards and a
rigorous QA programme were key prerequisite elements in high quality breast

screening services [NHS Executive, 1997].

Specific to the context of mammography and practitioners employed within screening
services, guidelines exist which managers of breast services have responsibility to
ensure compliance. NHS Cancer Screening Programmes [2006] in their publication 63,
establish the QA guidelines for mammography staff including quality control. These
objectives concern the whole aspect of the service and equipment. Two specific
objectives are concerned with the achievement and sustainment of optimum image
quality with as low a radiation dose as practicable. Specific guidance is directed at
‘minimum standards’ for specific high contrast spatial resolution and minimal
detectable contrast levels on images. The guidance for the minimum standard for mean
glandular dose per film for a standard breast at clinical settings is < 2.5 mGy [NHS
Cancer Screening Programmes, 2006]. Other than this there are no further dictates or

guidance in this area.

Within these standards a section on mammographic techniques deals with ‘appropriate

compression’ [NHS Cancer Screening Programmes 2006]. The standards state that:

“Compression is important in reducing radiation dose, movement blur, geometric unsharpness and
overlapping tissue shadows. The compression should be applied slowly and gently to ensure the breast
is held firmly in position. The breast should be lifted and the tissue separated while compression is

applied to enable better visualisation on the mammogram. The force of the compression on the x-ray
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machine should not exceed 200 Newtons or 20 kilograms”. [NHS Cancer Screening Programmes,

2006, p.42]

Practitioners employed within the NHSBSP have no further specific guidance on
compression force application. It is apparent that there is scope and potential for

significant variations in practice with the application of breast compression force.
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3.3 Literature analysis

In the development of this research the identification of a key theme was established;
practice within and between practitioners in the application of breast compression
force. Literature analysis surrounding this key theme is presented within this section

of the thesis.

3.3.1 Image quality

The aim in mammaography is to clearly visualise breast tissue structures in order to aid
cancer detection. A criterion of NHSBSP guidelines focuses on image evaluation
systems in order to guide staff to ensure optimum image quality. Taplin et al [2002],
highlighted a positive correlation between poor image quality and the occurrence of
breast cancer within two years of a negative screening mammogram and highlighted
the importance of image quality within the NHSBSP. The experience of the
practitioners and the standardised training of such staff is therefore of upmost

importance in order that image quality is maintained to the highest clinical standards.

Challenges, as described by Bentley et al [2008], are in the quantification of image
quality of the mammography image and the skill of the practitioners in breast

immobilisation and positioning prior to compression.

In relation to image quality of a mammogram, breast compression to reduce breast
thickness is deemed to be one of the most important factors. Any reduction in breast
thickness with adequate breast compression reduces the radiation dose required for
exposure and improves image contrast by reducing radiation scatter [Chida et al., 2009;

Pisano et al., 2005].
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Individual practitioners involved in mammography service provision are evaluated
through self-assessment. Rigorous three yearly quality assurance visits to a service
encompass assessment of image quality through evaluation [NHS Cancer Screening
Programmes, 2000]. Image quality is measured by a tool produced by the NHSBSP [NHS
Cancer Screening Programmes, 2006] which directly relates to the amount of breast tissue
included on a mammogram in both the MLO and CC views. It is important to
recognise that this tool is not derived from evidenced research base nor does it monitor
compression forces. Practitioners are continuously monitored by this tool with self-
assessment and peer review to monitor their standards. This tool is imperative to
maintain standards; it was recognised back in 2003 that 10% to 30% of cancers can be
missed through poor mammaography screening [Majid, Shaw de Paredes, Doherty, Sharma, &

Salvador, 2003], highlighting the importance of strict image quality standards.

It is clear that mammography image quality is dependent on numerous interlinked
components including equipment, client positioning, compression force, viewing
conditions, patient tolerance and practitioner skill. Comparisons of image quality have
to take into account these factors as these will lead to the ultimate indicator in the
performance of the NHSBSP; the success or failure in the detection of non-palpable
breast cancer. Taplin et al [2002] suggested that little was known about exactly which
of these image quality parameters affect cancer detection and no research has been
further established in this field. A systematic review in 2010 [Li, Poulos, McLean &
Rickard, 2010], noted that when image quality was rated higher, the lesion detection rate
did not alter and further studies were suggested to be carried out to explore the
relationship between image quality components. At this time no further details

emerge.
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This review of clinical image quality evaluation methods in 2010 [Li et al., 2010]
assessed the EU [European Commission., 1996] and the ACR [Committee ACR., 1999]
guidelines on image quality, highlighting an expectation that similar research studies
with similar aims would use similar image quality evaluation methods. The review
demonstrated this was not the case and overall, although the rating methods for image
quality in all these studies varied considerably, it is acknowledged that all but one

study utilised the BI-RADS classification scale.

Li et al [2010] strongly suggested that it was essential that research focussing on
mammography image quality evaluates the inter - reader reliability together with an
evaluation of breast density and an overall impression of image quality. The article
noted that more importantly, the method should permit simple, reproducible

evaluation of clinical components.

In summary, it is apparent that the term ‘image quality’ can be addressed from varying
perspectives and that analysis of visual image quality is complex and multifactorial.
For the direct monitoring of image quality standards within the NHSBSP, together
with research activities, it is essential that criteria to assess image quality have a sound

evidence base and remain consistent.

3.3.2 Compression and pressure force
Within mammography generalisation of the terms force, pressure and weight are often
used by practitioners interchangeably and there is a recognised lack of understanding

in the terminology. For clarity:
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e Force is an interaction which causes the change of motion of an object,
measured in Newtons (N). With ten decaNewtons of force (daN) being

equivalent to one Newton (N); 10daN =1N.

e The term pressure is referred to as the force per unit area which is applied in a
direction perpendicular to an objects surface, measured in Newtons per square
metre measured Pascal (Pa). With one Pascal relating to one unit per square

metre.

e The weight of an object (kg) is the force generated by the gravitational
attraction of the earth on an object; 1kg is equal to 9.80655N. The weight of

an object in kg is generally taken to be the force (N) of an object due to gravity.

Compression force is applied to the breast tissue during mammography and the
readout in N or daN of force often visualised by the practitioners on the mammography
machine; practitioners commonly refer to this interchangeably as a ‘pressure’ and a

‘force’.

In standard mammaography practice, breasts are compressed until adequate thickness
reduction is induced. Deciding when enough compression force has been applied is
the remit of the practitioners and various descriptors have been proposed to indicate
when enough compression force has been applied [Eklund, Cardenosa, & Parsons, 1994;
Kopans, 2007; Long, 2000; Poulos & McLean, 2004; Wentz, 1992]. There are no evidence-based

agreed guidelines for practitioners to identify optimal compression force levels.
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The NHSBSP published a set of imaging criteria providing clear guidelines for the
‘ideal’ mammogram. These guidelines refer to the compression force being applied to
the breast “slowly and gently to ensure the breast is held firmly in position” [NHS Cancer
Screening Programmes, 2006] and also allude to the fact that the compression should not
be in excess of 20kilograms. Mammography machine readouts are in Newtons or

decaNewtons of force and the guidelines should reflect these measures.

The key competency framework [Skills for Health, 2013] directs training centres to the
criteria which practitioners should meet upon qualification; occupational standards to
position individuals and produce radiographic images of the breast state that the breast
should be ‘compressed to ensure the whole breast is included’ [Skills for Health, 2013]

and do not offer further guidance on the compression force values.

Through recent research it is clear [Murphy F, et al., 2014] that many practitioners do not
refer to the numerical value of compression being applied, but make a decision to
cease compression related to the look and feel of the breast. Within this research
Murphy and colleagues [2014] noted that some practitioners used compression force as
a final check prior to exposure and some practitioners involve the client. They also
found that the speed of the application of compression force varied and practitioners
demonstrated self-doubt about their practice. In another study it was noted that clients
could often compare their experience with a previous examination [Robinson, Hogg, &

Newton-Hughes, 2013].

It is clear that positioning the client for a mammography image requires a great deal

of skill. The application of breast compression force that is required prior to image
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acquisition is one of the most essential parts of the process. It is well established that
the development of a relationship of trust with the client will assist with their
relaxation and that effective communication is essential in order for the client to
understand the positioning required and the use of compression force [Lee, Strickland,
Wilson, & Rickard, 2002; Simmons et al., 2012]. Doyle and Stanton [2002] referred to breast
compression application as an ‘art’ and discussed the challenges that practitioners

faced in communicating effectively with clients whilst applying compression.

New technologies are coming into play [De Groot, Broeders, Branderhorst, den Heeten, &
Grimbergen, 2013] which change the focus from compression ‘force’ to compression
‘pressure’. In a newly designed compression paddle, the paddle indicates the pressure
applied to the breast rather than assessing the overall force. Such new technology
could lead to consistency of pressure for each screening attendance; that is, if standards

were in place.

3.3.3 Mammography pain

In practice breasts are compressed until “the breast is taut at the sides”, “the skin
blanches” [Bragg, 1986; Long, 2000; Wentz, 1992]. Poulos et al [2004] highlighted that the
application of compression influenced pain with potentially no associated benefits

with breast thickness reduction.

Poulos’ studies [Poulos et al., 2003; Poulos, & McLean, 2004] utilised experimental
mammographic compression, with no exposure, noting down the point at which

blanching of the tissue and/or tautness at the sides together with minimal thickness

38

CHAPTER THREE: CONTEXTUAL BACKGROUND



and patient discomfort. The study results reported that “blanching/tautness” occurred
at a wide range of compression forces and breast thicknesses and have the potential to
create variation in the application of compression force in breasts. It was shown that
In practice it is possible to assess whether the breast is firm or soft in the first 30N of
application; the specific requirements for each breast can then be applied by the

practitioner.

In 2004 Poulos and McLean called for a “..,new perspective on breast compression..,”
discussing the fact that essential focus is required on training in mammography with
regards to the effects of breast compression focusing on the minimisation of breast
thickness rather than the amount of compression applied. To date, no further work is

apparent in this field.

It is imperative to maximise the number of women who attend for routine breast
screening in order to reduce breast cancer mortality. A systematic review by
Whelehan, Evans, Wells & McGillivray [2013] confirmed the effect of pain on repeated
attendance for screening. Though it is stated that there is a complexity between the
phenomena of pain and screening behaviour, the research was able to firmly conclude
that there was sufficient evidence that painful mammography contributed to non-re-
attendance. 25-46% of women cited pain as a reason for non-re-attendance; in real
terms between 47,000 and 87,000 women each year in England. Their research

concluded with an appeal for pain reducing interventions in mammography.
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3.3.4 Radiation risks

Mammography is required to be performed to a high standard with a low breast
radiation dose; mean glandular dose per image for a standard breast at clinical settings
being < 2.5 mGy [NHS Cancer Screening Programmes, 2006]. The breast tissue should be
adequately penetrated with radiation in order that the fibrous strands can be visualised
through the breast parenchyma tissue; it was acknowledged by Cheung [2006] that
underexposure resulted in a marked risk for missing breast lesions. As the various
breast tissue types (fat, glandular and fibrous) have similar atomic numbers they have
little inherent density differences; high contrast images are required for subsequent

high quality mammography using the lower kVp ranges [Eklund et al., 1994].

The risks and health effects after radiation exposure with such low doses is a topic that
remains under debate today; “For every 14 000 women in the age range of 50-70
screened by the NHSBSP three times over a 10 year period, the associated exposure
to X-rays will induce one fatal breast cancer” [NHS Cancer Screening Programmes., 2006]. In
order for the breast screening service to be justified, in radiation protection terms, then
the benefit of screening must far outweigh the risk of inducing breast cancer. The
benefit of screening maximised by the number of cancers detected, which is increased
by improvements to image quality. It is to note that diagnostic performance is not
solely dependent on image quality, but on other powerful parameters such as observer

decision making, expertise, workload and experience.

In summary it is noted that the breast tissue is a radiosensitive structure and the
radiation risk is considered to be acceptable compared to the benefits for a screening

programme such as the NHSBSP.
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3.3.5 Breast density

The breast tissue itself is made of soft tissue structures with two different densities;
adipose (fatty) and fibroglandular tissue. Breast density refers to the relative
composition of this fibroglandular and fatty tissue; glandular tissue having a high

density with fatty tissue a lower density.

In early reproductive life the breast consists of around 20% fatty tissue, with 20%
being epithelium and 60% connective tissue. Breast density represents this epithelium
and connective tissue (fibroglandular). The proportions of these alter with age, the
amount of fatty tissue increasing with decreasing proportions of epithelium and

connective tissues [Howell et al., 2005].

The association between increased breast density and an elevation in risk of breast
cancer is well established. In basic terms, dense breast tissue contains less fat with
more breast cells and connective tissue, therefore a greater proportion of breast cells
associated with an increased risk of breast cancer [Assi, Warwick, Cuzick, & Duffy 2011;
Boyd et al., 1995; McCormack, & dos Santon Silva, 2006; Wolfe, 1976]. Howell et al [2005]
described multifaceted and interrelated associations with breast cancer; finding that
some are unavoidable, such as inherited genes, and some are modifiable such as diet,
alcohol and exercise. Other associations, such as late menopause and early menarche
(longer lifetime exposure to the hormones oestrogen and progesterone), having

increased associations with breast cancer development [Howell et al., 2005].
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Though most risk factors associated with breast cancer are unable to be altered such
as age, family history and parity; breast density can be altered by diet and exercise.
Body weight is linked with breast cancer. After the menopause increased oestrogen
levels are linked with the amount of body fat; an increased oestrogen level is
associated with an increased risk of breast cancer. Higher amounts of fat in the diet
also increase the risk of developing breast cancer. Research studies are attempting to
ascertain individual’s breast cancer risk within screening programmes and therefore

the methods for the measurement of breast density need to be accurate [Sergeant et al.,

2012].

Breast classification models have been utilised in order to ascertain magnitudes of risk
of breast cancer in accordance with breast density. The classifications of breast tissue
were first defined by John Wolfe MD in 1976 and, as such, are referred to Wolfe
patterns. The density of the breast tissue progressively increases throughout the
patterns [Heine & Malhotra, 2002] and Wolfe’s classification took into account both

guantitative and qualitative considerations of breast tissue [Byng et al., 1998].

The Breast Imaging Reporting and Data System (BI-RADSe) [Sickles, D’Orsi, & Bassett
2013; D’Orsi, Bassett, & Berg, 2003] reported by the American College of Radiology, is a
tool for the standardisation of mammography reporting. It consists of a lexicon of
standardised terminology, a reporting organisation with an assessment structure,
together with a coding and data collection structure. The BI-RADSe breast density
classification provides a means of breast pattern density classification and again
highlights four progressively dense mammaographic patterns; almost entirely fat (A),

scattered fibroglandular densities which could obscure lesions (B), heterogeneously
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dense which may lower the sensitivity of mammography (C) and extremely dense
which lowers the sensitivity of mammography (D). Most descriptions of breast density
used for clinical purposes today use this classification system. It is noted that there is
variability in using the BI-RADSe system and few studies have evaluated such

variability between film readers in screening mammography [Heine & Malhotra, 2002].

In 2004, Hershe discussed a further way of classification of breast density by computer
software programmes; restrictions and inconsistencies in reader classification of breast
density in subjective ways uphold the use of computer software programmes on a
continuous scale. In many research studies now undertaken to ascertain breast density,
volumetric density estimation is provided by raw full field digital images from
screening being processed through Quantra™ or Volpara™ software [Sergeant et al.,

2012].
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CHAPTER FOUR: CRITICAL APPRAISAL

4.1 Research pathway
Following a literature review several themes were identified which directly
contributed to the research rationale; forming the aims, objectives, methods and

moulding the research.

The following statements were established in the development stages of the research:

e Compression force: there were no set directed quality control standards for
mammography practitioners in relation to compression force application,
other than a maximum force set at 200 Newtons [NHS Cancer Screening
Programmes, 2006]

e Resultant pain: re-attendance into the NHSBSP was being affected by breast
pain following mammography [Whelehan et al., 2013]

e Radiation risks: radiation doses should be kept as low as reasonably possible
in the radiosensitive breast tissue

e Image quality: comparison of images over time through sequential screening
is imperative to detect small, subtle breast changes and improve breast cancer

detection

The main concern for the researcher was that even though very strict quality assurance
and control guidelines were apparent through the NHSBSP, one area was deficient -

the guidance and resultant standards regarding the application of compression force.

CHAPTER FOUR: CRITICAL APPRAISAL



As the application of compression force directly affects the breast thickness, radiation
dose levels and image quality to the breast, there required an edict to guide

practitioners in this field. Research within this area was therefore essential.

The research objectives were clarified (Figure 4.1):

eEstablish the extent of compression force

Objective 1 variations within the NHSBSP

*Realise potential consequences to image quality
Objective 2 and identify possible client effects resultant
from any compression force variations

*Propose compression force ranges in
mammography

Objective 3

Figure 4.1: Research objectives

The researcher focused on designing and establishing research pathways which had
direct significance to the research objectives above. In turn these could likely establish
significance in clinical practice. Several research pathways were designed.
Development of these pathways and resultant research papers are summarised, for

clarity, in Figure 4.2
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Key research theme

Practitioner variation of
compression force

Study to establish if
practitioner
mmmd  Variation existed.
Cohort of clients
from one location.

Paper 111
Page: 97

Research already
underway at host
site. Able to
identify clients
from this cohort.

Appendix One
Page: 184

Noted readout thickness
on mammogram machine
and measured thickness
had inconsistencies.

Research to establish a
simple method to
determine breast readout
accuracy on
mammography units.

Assisted in defining
method for use of single
mammography machine
for further studies.

Extend study
principles to larger
cohort of clients
across multiple
screens.

Paper V
Page: 113

Inconsistenciesin
mammography machine
readouts.

Research to perform a
calibration study to
provide data to help
improve consistency in
the compression force
that is applied during
mammography.
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Within this chapter the published works inter-relationships are highlighted and the

established research objectives referred to as:

e Objective 1: Establish the extent of compression force variations within

NHSBSP

e Objective 2: Realise potential consequences to image quality and identify

possible client effects resultant from any compression force variations

e Objective 3: Propose compression force ranges in mammography

The development of research teams for all the research projects discussed within this

chapter are considered in Chapter 6 of this thesis.
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4.2 Establishing if compression force variation existed (objective 1)
The first key research objective was to:
e Establish the extent of compression force variations within the NHSBSP
In order to investigate this, a preliminary study was designed to determine whether the
absolute amount of compression force in mammography varied between and within

practitioners e 11D,

The researcher was previously involved in a feasibility study (A°Pend0m¢) g assess the
practicality of using a step-wedge based technique for measuring breast density from
mammograms and to determine if additional information (relevant to breast cancer
risk) could be collected by questionnaire. As part of this feasibility study, a cohort of
clients from the NHSBSP was utilised from one screening service, taken from one
static mammography centre which utilised one mammography system. As the cohort
was a non-randomised consecutive group of NHSBSP clients, imaged on one
mammography machine, they were considered ideal for sampling purposes for the

initial study "aper !y,

Additional and coincidental, volumetric data was available from the feasibility study
(Appendix One) \which was utilised. Together with this, during the planning stage, it was
acknowledged that breast density should be assessed. Following the literature search
in this area the four-point Breast Imaging Reporting and Data System (BI-RADS)
scale was utilised for this purpose [D’Orsi et al., 2003]. It is acknowledged that this
reporting system was updated in 2013 [Sickles et al., 2013] and the reporting scale is now

classified as A-D instead of 1-4. The research contained within this thesis was
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conducted prior to the publication of the new guidelines and as such refers to Bl-

RADS 1-4.

Exclusion criteria were set to ensure the data sample was not compromised by clients
who had undergone surgery or had breast implants; anything which would
purposefully alter the practitioners application of compression force. The data from
retrospective mammography images from 500 clients was collated in an Excel
spreadsheet. Following advice from two separate statisticians the client number to be
sampled was not derived by a power calculation, due to the many factors involved for
analysis. Instead a number of 500 was clarified with the statisticians to enable enough

data within each BIRADS breast density for representative sampling.

4.2.1 Data interpolation

Data interpolation for this paper 2" followed through the Excel spreadsheet. It was
clear at the onset of data interpolation that a large number of confounding variables
existed which could affect compression force application, for example; client
tolerance, client habitus, practitioner experience in positioning, practitioner skill in
positioning, breast volume and breast density. It was realised, very rapidly, that
confounding factors had to be excluded and a clear focus was required on the research

aim — practitioner variation.

The results from this study ©%" ") demonstrated a highly significant difference in
mean compression force used by different practitioners (p<0.0001 for each BI-RADS
density). It also demonstrated that practitioners applied compression in one of three

ways using either low, intermediate or high compression force, with no significant
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difference in mean compression within each group (p=0.99, p=0.70, p=0.54,
respectively) but a significant difference between each group (p<0.0001). When
compression was analysed by breast volume there was a wide variation in compression
for a given volume. The general trend was the application of higher compression to

larger breast volumes by all three practitioner groups.

The conclusions from this study highlighted that practitioners did vary in the amount
of compression force they applied during mammography, and the same variation

existed in each BI-RADS grade. It was essential that this work now progressed.

4.2.3 Recognised shortcomings
Prior to the development of the next research study it was essential that a critique of
the previous work was undertaken and any shortcomings recognised and resolved

prior to the development of the next research project.

Within the initial stages of this project 2" ") the first shortcoming was highlighted.
It was acknowledged that a large proportion of time was squandered collecting data
which was not required. This was due to the lack of understanding for the removal of
the confounding variables at the developmental stage. It took the researcher some time
to gain a full understanding of the requirement to understand which variables were not
required in the dataset. Taking this forwards into the next research project, this

shortcoming was resolved.

The second shortcoming of this research "'V was in the design. The design utilised

analogue mammogram images as they were readily available and a retrospective study
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data set was easily collated. In 2010 very few breast screening services had digital
mammography; though in hindsight, it may have been possible to gain retrospective
information from a screening centre who had been digital for nearly a year. If the
researcher had done this in the early stages it could have stabilised the research in the
digital screening arena. Instead, the data gathered within this research is from analogue

images.

4.2.4 Focus and definition of method for future projects (objective 1)

During the development of the first study on practitioner variation 2" ' jt was
acknowledged by practitioners within the department that when performing
mammography the compression force ‘dropped off’. This occurred during the time of
the application of compression force on the client, to the practitioner returning to the
control panel. It was also realised that resultant thickness changes may also occur
during this time. Practitioners also suggested that some mammography machines were

more affected than others.

This was considered to be an important area to develop in order to ensure stabilisation
of the design and research outcomes from any future studies. As such, a study was
designed to assess the measured thickness and the readout thickness measurements on
mammogram machines 2" It was important when planning this study that a breast
phantom was designed to mimic the compression characteristics of the breast. It was
recognised in the early stages of design that actual, real effects would not be gained
from a typical perspex phantom used for equipment testing and a realistic breast

phantom was essential.
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The method for this study comprised of three stages. Firstly the design of a clinically
realistic breast phantom and rigid torso [Smith, Smith, Hogg, Mercer, & Szczepura,
2011]. Secondly, a device to measure breast thickness (TMD) and finally, the breast
phantom and breast thickness measuring device utilised to assess several

mammography units/paddle combinations.

Several different mammography machine manufacturers and varying compression
paddles were used for the study. The results from this study demonstrated a difference
between the readout thickness and the measured thickness, which varied between units

of the same model and between manufacturers.

The results of this study assisted in defining the methods for the next part of the
research, ensuring that machine variables were taken into consideration and
confirming that the same mammography machine was used in the research studies.
The next part of the research was to establish if practitioner variation in the application
of breast compression was actual and not just defined to the client sample in the first

study.
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4.3 Confirming existence of compression force variation and identifying
possible client effects (objective 1 & 2)

The research so far had identified that variations may exist in the application of
compression force between and within practitioners. It was important to replicate the
method and develop a further single centre study " V) whilst addressing the
shortcomings from the previous study 2" '' to enable the researcher to substantiate

the research outcomes.

4.3.1 Design phase

In the early stages of the development it was important to recognise that the results of
the breast thickness readout study 2" defined the method for this research, by
ensuring that the same mammography machine that was used in the previous study

(Paper 11D \was utilised to negate any variables in equipment.

During the design phase for this research it was deemed essential that the focus remain
on the clients; variation of compression force over a period of time within the
NHSBSP could potentially have profound effects on a client’s experience and may
affect the uptake rates to the service. In order for this to be factored in, instead of
increasing the number of clients for analysis, the study was designed to progress
longitudinally over sequential screening mammography in order to specifically take

compression effects over time into account.

It was decided that a different cohort of clients would be utilised and three consecutive
screening images analysed. This was deemed essential in the method definition at this

stage. The NHSBSP requires serial imaging to occur at regular intervals, with images
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reviewed to assess for subtle changes, if compression force variability between
practitioners existed then a comparison between images over time may become more

challenging and cancer detection may be compromised.

The same exclusion criteria were applied as the single centre study @ ") and
included 500 clients over 3 screening rounds #* V). The sample was gathered
retrospectively from the same mammography system as the first study to enable direct

comparison and minimise design error with machine given thickness and readouts "

I)_

4.3.2 Results

The results from this longitudinal study 2" V) highlighted that practitioners had
similar compression force means as the single centre study ®%" ') (rank sum
correlation coefficient = 0.9). The practitioners performed similarly in their
compression force behaviours for both client datasets. This highlighted that
practitioners were not altering their compression behaviours for clients with different

breast sizes, but applying compression force within their own set ‘tolerances’.

Importantly, the study results demonstrated that compression force varied over time
and this was dependent upon the practitioner who imaged the client. For a client who
was imaged with a practitioner from a different compression group on each attendance,
breast compression force values were significantly different (p<0.0001). The breast
thickness reduction was also significantly different between groups, suggesting that
there was significance to the application of compression force in the reduction of

breast thickness.
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Significantly, as this was a retrospective sample, mean glandular doses were
retrospectively analysed for clients who had been imaged from practitioners in
different compression groups on each attendance. It was highlighted that in certain
cases, the larger thickness reductions resulted in lower mean glandular doses (MGDs).
Though ‘t tests’ indicated that these were not statistically significant in some cases,
there has to be consideration of clinical importance — doses should be kept as low as

practical.

4.3.4 Recognised shortcomings

As with the previous research, the design of this research was limited due to the
utilisation of analogue mammogram images as they were readily available and a
retrospective study data set was easily collated. In 2011 it would have been impossible
to undertake a retrospective study of 6 years with digital imaging. It may though have
been possible to design a prospective study commencing in late 2010 at some centres.

Data collection for this though for such a study would have continued into 2016.

The key shortcoming of this project was in the data collection tool utilised. It was only
apparent, upon data extraction, that the Excel spreadsheet was inappropriate to enable
the generated reports required. Accordingly an Access Database was developed in
support of this, and future work, within this area. It was apparent to the researcher that
this was the second time that data gathering and analysis had been a key issue with the
research and it was essential that this was addressed prior to any further research work

was undertaken.
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4.3.5 Further developments
Practitioner compression force variation in application was apparent within a different
dataset and over a period of time, highlighting potential client and image quality
effects (objective two) within one screening service. Further research was required to
now clarify objective one within other screening centres and to establish:

e Objective 2: Realise potential consequences to image quality and identify

possible client effects resultant from any compression force variations.
and

e Objective 3: Propose compression force ranges in mammography
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4.4 Compression force ranges through optimisation (objectives 2&3)

On reviewing the literature it was clear there was little published evidence on the
optimisation of compression force in mammography; almost no empirical data was
available to describe how the breast behaved under compression force. This may begin
to explain why the NHSBSP guidance is deficient and why this aspect of practice is,

in the opinion of the researcher, inadequately quality assured.

4.4.1 Design phase

A research study was therefore designed in an attempt to determine a method for
compression force cessation (when to stop applying breast compression force). This
would hope to establish local compression force standards 2 ') which may then be

taken forwards to develop future mammography practice.

The research team was developed and included an MSc student who would lead this
study in respect to data collection. The study was carried out within a symptomatic
breast unit and consisted of 250 clients who had compression force and breast
thickness levels recorded during compression application prior to imaging. It was
decided that this would commence at 50N (5daN) and increased through 10N (1daN)
increments until the practitioner had reached the termination compression force and
thickness for the client’s mammogram. The termination force was chosen subjectively

by the practitioner taking into account client tolerance.

It was established that assessments would again be made on BI-RADS breast density

as in the previous studies that encompassed this thesis. It was deemed imperative to
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do this within this study as it was envisaged that the compression forces required for

breasts of different densities would be different.

4.4.2 Results

The results established that there were almost no differences between compression
forces in all BI-RADS densities up to 110N (11daN). It was recognised that this may
be due to the machine’s limited precision for thickness measurements (minor

compressibility differences may exist but the machine cannot differentiate them).

Differences were highlighted between the small and the medium/large compression
paddles. The small paddle was used exclusively on small breasts and was non-tilting;
for these breasts there tends to be less mobility with a much smaller compression
capability range. The medium and large paddles utilised did tilt and the previous study
(Paper D noted that larger thickness readout errors were associated with tilting paddles.

The differences therefore could be partly owing to precision.

The key findings from this study were that three different gradient zones were
identified (the gradient being the amount of reduction in tissue thickness per unit of
compression force). The three zones established concurred with high, medium or low
rates of changes/gradients. In the high gradient zone a high level of thickness reduction
is achieved with relatively small amounts of compression force. In the low gradient
zone the amount of thickness reduction was relatively small compared with the
compression force required to effect that change. In this zone the resistance increases

rapidly, and the potential for discomfort thought also likely to increase per applied
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Newton of compression force. The benefit of applying additional compression force

from the point of entering this zone by practitioners ought to be questioned "¢ 'V,

The important factor from these results were that there was a lack of difference in
gradient zones between BI-RADS scores. This meant that any application of
compression force cessation models could be applied in the clinical setting without
any adaptation for breast density. It was also important to note that the previous
compression force research ®°" 1) had established that compression force levels and
thickness levels were not statistically different between BI-RADS breast density

grades.

The results of this study demonstrated that practitioners, given latitude for clients who
experience pain/discomfort, should enter the middle gradient zone and attempt to
reach, but not necessarily enter, the low gradient zone before ceasing the application
of compression. For this one machine termination of compression force application

was to begin approaching 130N.

The results of this work "% 'V provide a strong indication that there is the ability to
provide practitioners with the required guidance and standards in the application and
cessation of compression force. It is clearly acknowledged that for this one
mammography machine in this study, terminations of compression force at 130N
would be accepted as the most beneficial to thickness reduction, termination in the
high gradient zone would not be acceptable (when breast thickness levels were highly

affected by compression force). Termination in the middle zone could be acceptable.
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As such a range of termination from 90 to 130N could be provided as guidance for

practitioners on this machine.

4.4.3 Summary

In summary a method has been identified to minimise practitioner variability. It is
important to recognise that population specific resistance scales would have to be
completed at NHSBSP screening service and for different manufacturers. These
resistance scales would help to standardise local practice and serve as an audit tool for

QA standards.

4.4.4 Recognised shortcomings

The first shortfall in this study was that it was conducted in a symptomatic service.
This was due to the fact that the researcher gathering the information was based within
a symptomatic service. The research within this thesis mainly focused on screening
units. Though the two services go hand in hand, it would have been beneficial to either
centre the work on screening clients or use two cohorts of clients; one symptomatic

and one screening.

It is clear, following the research outcomes, that this research would have been best
conducted on a variety of mammography units in different locations simultaneously.
Though this research has ascertained a very strong outcome, it would have been
beneficial to have compared this to results from many other mammography systems.
Though this is a recognised shortfall in this study it can be taken forward for future

research in this field.
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The main shortcoming of this paper developed into the main advantage of this paper.
The paper had inadvertently misused the word ‘pressure’, a colloquialism common in
clinical practice, for ‘compression force’. A letter to the editor of the journal, to which
this paper was published, was generated and a response given from the authors. This
‘colloquial error’ was indeed the making of a new research relationship and work is
now ongoing between the two research groups developing research proposals centered

on a pressure based compression application system.

61
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4.5 The effect of varying compression force upon image quality (objective
2)

Following the research outcomes from the single centre "2°*" ) and longitudinal study
(Paper V) together with the outcomes from the compression force cessation paper @',
it was deemed necessary to begin evaluation on the effects of compression force upon

image quality.

4.5.1 Study design

The longitudinal study ®%**"V) had defined thirty nine clients within its data outcomes,
who had received markedly different compression forces on each successive screen
(low 6 to 7.4daN, intermediate 7.95 to 9.6daN and high 11.45 to 14daN). A study was
therefore designed 2¢" V) to evaluate the image quality of the mammogram images of
these clients for their three screening episodes. Due to the variation in scoring image
quality (1Q) scales the study method utilised three different 1Q scales, two of which
were not evidence based; the validity of these scales was assessed in the method
design. One of these three 1Q scales was a new scale developed through psychometrics

at the University.

4.5.2 Results

The results of this study @ V) highlighted that the three image quality scales were
positive and highly correlated (0.82, 0.9 and 0.85) indicating that they evaluated
similar image parameters. Even though the mammograms, from an individual client,
had statistically significantly different compression forces, the image quality scores

did not vary significantly.
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Correlating the results of this study 2" V) with the cessation of compression force
study e 1) sypport the requirement of standards to guide practitioners in
compression force application. It has been demonstrated, although only from a small
sample, that visual image quality was not affected by changes in compression force
from 6 to 14daN. This is an important finding which could have far reaching
implications; though it is very clear that research into lesion visibility at different

compression forces is required.

4.5.3 Recognised shortcomings

The dataset for paper VI was directly sourced from the outcomes of the longitudinal
study dataset "3"*" V) and, as such, did not have a formalised study design. As image
quality descriptors are subjective, it would have been more advised to formulate
research based on a clinically realistic breast phantom assessing visual image
perception and lesion visibility to validate this outcome. This, however, can be taken

forwards for future research in this field.
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4.6 Confirming the existence of practitioner compression force variation in
multiple screening centres (objectivel, 2 and 3)

Prior to confirming if there was any practitioner variation in compression force within
other centres, it was recognised in the design phase for this research, that multiple
users would be scoring mammogram images for BI-RADS breast density. Though this
tool is well recognised and established within mammaography, it was important to
ensure that inter and intra operator validity was acceptable prior to the research being
established. As such, a study was designed in order to determine observer performance
for breast density estimation and to achieve consistency in the following research

projects.

4.6.1 BI-RADS consistency across multi-centres

In accordance with Li et al [2010], the method for this research was designed in order
to be able to provide simple, reproducible evaluation for observer performance and to
achieve consistency in additional research projects. Fifty mammogram images were
scored for density grade by eight observers P3¢ V) at the three sites which were to be
used for the multi-centre study 3¢ V') together with one observer from the original

study site who scored the previous research images Faper 1!t and V),

Design phase

During the design phase of this study advice was sought from a breast researcher at
another University who had recently carried out a similar project [Eadie A et al., 2011];
she was bought into the research team and had an effect on how the project was
steered. Fifty film-screen mammogram images were drawn from an anonymised

University film library. Images were scored by each observer independently, under
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the same viewing conditions, blinded to the findings of other observers. To provide
data to assess intra-observer variability, mammography image sets were scored on two

iterations with an interval of at least two weeks, to minimise recall bias.

Data analysis comprised of within observer variability (intra-observer variability),
using Cohen’s Kappa and delta variance, and between observer variability (inter-
observer variability) by using Cohen’s and Fleiss’s Kappa. Cohen's Kappa measures
agreements between two observers; Fleiss's Kappa measures the overall agreements

between all the observers.

Results

Identifying the level of agreement which is acceptable for research purpose was
difficult with no defining system in place. The baseline for acceptance of this research
was set at strong agreement or above (0.61). It was also established that the delta
variance between readers should be 1 or lower. The results demonstrated six of eight
observers achieved strong intra-observer agreement (Kappa >0.81) with no observers
demonstrating a delta variance above 1. Inter-observer variability was analysed twice
and Fleiss' Kappa was used to evaluate concordance between all observers on first and
second iteration; first scoring Fleiss kappa =0.64, second iteration =0.56. It was
highlighted that each time an observer was paired with observer 7, who had low
agreement, correlations reduced, observer 7 was extracted for the purpose of this
analysis in order to set an acceptable baseline level at strong or above. All other
observers were thus accepted for participation into further research studies together

utilising BI-RADS breast density grading ¢ V),

CHAPTER FOUR: CRITICAL APPRAISAL



4.6.2 Multi-Centre study progression

Established very early in the research design were the NHSBSP centres to be used and
the ‘observers’ who would grade the mammographic density and take readings from
the mammography images. The observers defined by the previous study "¢ V) as

having strong inter and intra reliability; this deemed essential by Li et al [2010].

Design phase

The multicentre study assessed 3 consecutive analogue screens of 500 clients from
each location. The same tested method and exclusion criteria applied as the previous
single centre longitudinal study %" V), As it was well established that clients often
compared experiences from previous examinations [Robinson et al., 2013], consecutive

screening images were again deemed essential in method design.

975 clients met the inclusion criteria across three sites; 2925 mammography images.
Data analysis focused on compression force (N) and breast thickness (mm) variation
over 3 sequential screens to determine whether compression force and breast thickness

were affected by practitioner variations &¢I,

Results

The results from this study demonstrated that compression force over 3 consecutive
screens varied significantly at each site. It was demonstrated that site three had a
dictate of a minimum value of compression force application to its practitioners

(10ON) whereas site one and site two did not.
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Site one and two demonstrated no significant difference in both the mean values for
the CC (p>0.5) and MLO projections (p>0.1), though site one and three, together with
site two and three did (p<0.0001). Variation was highly dependent upon the
practitioner who performed the mammogram. At site one practitioners fell into one of
three practitioner compression groups by their compression force mean values; high

(mean 126N), intermediate (mean 89N) and low (mean 67N) (Faeer Vi,

Minimum and maximum compression force values in the CC projection ranged from:
Site one 47N to 122N (75N), site two 42N to 114N (72N), site three 103N to 158N
(55N). For the MLO projection: site one 65N to 136N (71N), site two 48N to 139N
(91N), site three 103N to 163N (60N). ANOVA of percentage changes were calculated
for MLO and CC views. In the MLO view sites one and three, together with two and
three demonstrated a significant difference (p<0.0001) and this holds true within each
BI-RADS grade. Sites one and two demonstrated no significant difference (p>0.2),

this held true for each BI-RADS grade P V!ih),

Breast thickness levels demonstrated the same themes; in both the CC and MLO views
across each BI-RADS grade site one and two demonstrated no significant difference
(>0.5) whilst site one and three together with site two and three did (p<0.0001). This

held true for mean values and first and third quartile values P2 V11D,

Recognised shortcomings
This research project was large with a significant number of data sets (a potential of
6000 data sets from each location) for analysis. It was recognised very early on in data

collection that a more robust method was required for analysis. As such a member of
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the research team from the University designed a more robust method of data
collection utilising an access database system. This system was then tested for use and
then rolled out for use in the other two centres. This system allowed for ease of data
manipulation and data findings, which would not have been possible previously. It
was a shortcoming that this was not identified in the design phase of the previous
longitudinal study ®2**"V) and this significantly held up data collection and the start of

the project.

Summary

In summary, this research "2 V' firmly established that the amount of breast
compression force applied by practitioners was not consistent across three NHSBSP
screening sites, nor was the resultant breast thickness. This research clearly
demonstrates that the practitioners from the breast screening units behave differently
in the application of compression force when undertaking mammography. Greater
consistency between practitioners in the application of compression force for clients
is exhibited when guidance dictates a minimum compression force. This may have a
positive impact on image quality comparisons over time, radiation dose and potentially
cancer detection. The large variation could negatively impact on client experience;
resulting in varying pain on each attendance, potentially reducing rates of re-

attendance and cancer detection.
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4.7 Research integration

The research was integrated and summarised into a final review paper requested by
the editor of an annual radiographic journal 2" V) Unfortunately, this paper was
produced prior to the multicentre study results being available %" V') This paper
collated the key elements of research work contained within this thesis and within the
University developed mammography research teams. It was intended to have an
insightful impact on the mammaography field. It was published immediately following
the Francis report [Francis, 2013] and as such the readers were reminded of the

importance of quality and standards in healthcare.

Firstly, the paper articulated that mammaography is well-established, though there is
little published empirical research into practitioner compression force application. It
then recognised that literature within this field provides viewpoints, though few are
based upon quality evidence based results. The paper summarised that compression
behaviours amongst practitioners have been explored which may influence
compression force practice [Robinson et al., 2013] and suggested cessation guidelines
based upon the work carried out within this thesis. It summarised the variability in
compression forces by practitioners, highlighting the work completed within this

thesis and confirmed the research carried out by Poulos and McLean [2004].

4.7.1 Recognised shortcomings

It was unfortunate that this paper was published prior to the results of the multicentre
study P2 V') heing available; this was mainly due to the fact that the design of the
database for the multicentre study was not effectively planned in the initial stages and

this slowed down data collection considerably.
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4.8 Key research findings
The key research findings from this thesis work are discussed in line with the research

objectives:

e Objective 1: Establish the extent of compression force variations within
NHSBSP

To date the research contained within this thesis is the only focused work within this
field of breast compression. The research, performed by the author of this thesis,
firmly concluded that there is compression force variation amongst practitioners
within the NHSBSP. Multicentre analysis (4500 client visits) confirmed variation of
compression force values across the three sites, with CC average at site one 86N, site
two 84N, site three 125N. For the MLO, site one 97N, site two 88N, site three 132N.
Analysis of variance (ANOVA) of mean compression force values of practitioners
demonstrated a significant difference (p<0.0001) between sites ‘one and three’, and
‘two and three’. Sites ‘one and two’ demonstrated no significant difference (CC p>0.5,
MLO p> 0.1). These levels of significance held true within each BI-RADS density

classification.

e Objective 2: Realise potential consequences to image quality and identify
possible client effects resultant from any compression force variations.

It is clear from this research that compression force variations were not reflected in

any measured change in visual image outcome on the grading scales used. In a cohort

of clients (1500) widely variant compression force levels over longitudinal screens

were demonstrated; as displayed by MLO/CC projections clients underwent a

55%/57% (site one), 66%/60% (site two) and 27%/26% (site three) change in
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compression forces through their three screening visits. This research demonstrated
that measured differences in image quality scores were not reflected with large
variations in compression forces; the 1Q scores not varying significantly even though
different compression levels were applied (Kappa: 0.92, 0.89, 0.89) &P VD |t js
recognised though that image quality is a complex area; having to assess and score
with multiple confounding factors. Lesion visibility research linked to image quality

has yet to be established within this field.

It is apparent from this research that variation in compression force over sequential
screening attendances has been recognised and this could have an impact on client

experience.

e Objective 3: Propose compression force ranges in mammography
Importantly, it has been established from this research, that there is a compression
cessation scale that can be developed on an individual mammography unit level
suggested between 90-130N of force P3¢ ', Practitioners would have a guided scale
for compression force and cessation of force; this being the same for both the CC and
the MLO projection in all BI-RADS scales. Such a scale could standardise local
practice and serve as an audit tool for QA standards. It is recognised that the scale may
have to be developed on a site by site basis and for individual manufacturers and could
then be utlised to form cessation guideline standards for mamography compression

force.
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4.8.1 Key research outcomes

For the first time in the NHS breast screening service, this evidenced based research
has defined that there are practitioner variations in breast compression application.
Across three screening sites the compression force variations were defined in the CC
projection as: site one 47N to 122N (75N), site two 42N to 114N (72N), site three
103N to158N (55N). In the MLO projection as: site one 65N to 136N (71N), site two

48N to 139N (91N), site three 103N to 163N (60N).

Implications for successive client screens have been noted with clients seeing different
percentage changes in compression forces across three successive screens dependent
on the screening site they attend, the MLO projection: site one 55%, site two 66%, site

three 27% and the CC projection: site one 57%, site two 60% and site three 26%.

Cessation guidelines have been proposed (between 90 and 130N of force) for the very
first time since the breast screening services introduction in 1988. These guidelines
are now being introduced within the national mammography training centre that the
researcher manages and within a new mammography academic book that the

researcher has co-edited and co-authored.

Though clients experience compression force variations, both over time and in
different screening locations, with significant differences demonstrated (p<0.0001),

there are no subsequent significant difference in visual image quality.
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4.9 Future work

Future work in this field is now being developed in three ways.

Firstly the researcher is one of three editors in a mammography evidenced based
academic book due to be published in early 2015. This book has an international
authorship and is aimed at an international audience. It is hoped to have high impact
on practitioner trainees and current practitioners in the future and guide practitioners
in new evidenced based principles. As a co-author, key themes from this thesis on
compression behaviours have been introduced, together with the introduction of
cessation guidelines of 90-130N of force and the importance of standardisation over

sequential screening.

The research that has arisen as a direct outcome of the research contained within this
thesis is also contained within this mammography book (Chapter 6, Figure 6.1). It is
considered that this academic mammography book would not have been achievable

without the research contained within this thesis.

Secondly, discussions are underway with a company [VolparaAnalytics™ and
VolparaDensity™, Volpara Solutions, Wellington, New Zealand] whose software has been
developed, not only to estimate breast density, but to collate a number of factors
ascertaining to the digital mammogram image which can be analysed to provide
reports on practitioners. This research has an aim to run for a number of years to
establish practitioner behaviours in more detail. This will be the first large scale

research in this field.
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Finally, and considered most important research development in this field, is the
collaboration with researchers from the Netherlands who have designed a compression
paddle based upon pressure force [De Groot et al., 2013; De Groot, Broeders, Branderhorst, den
Heeton, & Grimbergen, 2014]. The design is complete, though no clinical trials have been
undertaken with this pressure paddle within the UK. Discussions are underway to plan
several research projects in this area to run from 2015 and 2016 with the researcher

being the principle investigator.
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4.10 Summary and recommendations

It is important to identify the effect that this research will have for clients within
screening and symptomatic services. Identification that practitioners vary in the
compression force they apply over sequential screening attendances could have an
impact on client experience and potentially reduce re-attendance rates and cancer
detection. Establishing guidance at 90-130N of force to allow a set range of
compression forces may have a positive impact, over time, on image assessment

together with potential cancer detection.

This research demonstrates that practitioners in some breast screening units behave
differently in the application of compression force when undertaking mammography
with significant differences in mean compression values between practitioners
(p<0.0001 for each BI-RADS density). Where guidance dictates a minimum force to
be applied this results in greater consistency between practitioners in the application
of compression force for clients. This may have a positive impact on image quality,
radiation dose reduction and potentially cancer detection; though may also have a

negative impact on client experience.

Though it is recognised that effects on client experience are multifactorial, there is
potential for this large variation in compression force in certain breast screening units
to negatively impact on client experience by resulting in varying discomfort / pain on
each attendance. This could therefore potentially reduce rates of re-attendance and
therefore reduce cancer detection. As variation between some screening sites is

apparent, a client moving location could have strikingly different experiences.
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In summary, this research has firmly established that practitioners vary in the amount
of compression force applied during mammography over sequential screens and in
different mammography units. The compression force that it applied is not consistent
through screening cycles. As such, correlation between previous images could be
impaired. It has also been established that there are three compression force gradients,

enabling the development of compression force cessation guidelines.

These key research findings can define that change is required within the NHSBSP
within the compression force field. No standards are available to guide practitioners
on the amount of compression force to apply; this research has established a need for
such guidance to prevail. If standards are established then the effects on repeated client
experience over time may become apparent; expectantly an increase in re-attendance
at screening could be established as the client will have similar compression force

experiences throughout the screening programme.

Dissemination of these cessation guidelines and the importance of standardisation
through successive screens is ongoing by the researcher though the academic text book
to be published in 2015, conference proceedings, and directly to new mammographers

practitioners through the national training centre that the researcher manages.
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Purpose: To establish a simple method to determine breast readout accuracy on mammaography
units.

Methods: A thickness measuring device (TMD) was used in conjunction with a breast phantom,
This phantom had compression characteristics similar to human female breast tissue, The phantom
was compressed, and the thickness was measured using TMD and mammography unit readout.
Measurements were performed on a range of screen film mammography (SFM) and full-field digital
mammaography (FFDM) units (8 units in total; & different modelsimanufacturers) for two different
sized paddles and two different compression forces (60 and 100 N},

Results: The difference between machine readout and TMID for the breast area, when applying 100
N compression force, for nonflexible paddles was largest for GE Senographe DMR+ (24 cm = 30
cm paddle: +14.3%). For flexible paddles the largest difference occurred for Hologic Lorad Selenia
(18 cm » 24 cm paddle: +26.0%),

Conclusions: None of the units assessed were Tound to have perfect correlation between measured
and readout thickness. TMD measures and thickness readouts were different for the duplicate units
from two different models/manufacturers. © 2002 American Association of Physicists in Medicine,

[DOL: 10.1118/1.3663579]

Key words: mammography, breast thickness, breast compression

I. INTRODUCTION

Accurate breast thickness estimation is required in order to
calculate the mean glandular dose (MGD)."* Accuracy is
also required for density measurements (which can be used
for predicting breast cancer risk)* and for estimation of
breast tissue volume,”® Compression paddles may deform/
tilt during mammography and this can lead to differences
between the actual and readout (displayed by the mammog-
raphy machine) thickness of the compressed breast, Under
realistic clinical imaging conditions {phantom-simulated)
this study aimed to conduct a comparative analysis of read-
out versus measured thicknesses over a range of mammog-
raphy units,

Previous smdics have highlighted insceuracies with thick-
ness readouts of mammography machines; some of these
studies have also proposed methods which may provide a
better estimate of the compressed  breast thickness.> ™
Diffey er al." found a maximum variation of 21.1 mm in the
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chest wall to nipple direction, while the paddle deformation
in the lateral direction was found to be insignificant in com-
parison to the chest wall to nipple direction. Tyson er al”
described a technique for measuring breast thickness by
using optical stereoscopic photogrammetry, This method
had a precision of =1 mm, and a measurement accuracy of
=(0.2 mm, The readout thickness for a number of different
mammography systems was found to vary by as much as 15
mm when compressing the same breast or phantom.” The
value of the methed developed by Tyson ef al.” was its accu-
racy; system use however is labor intensive, being highly
dependent on room lighting and also on image quality.
Mawdsley et al.” developed functions that can estimate the
compressed breast thickness based upon the machine readout
thickness and compression force reported by the machine,
This study aimed to develop a simple, clinically adaptable
and accurate method to measure the difference between the
readout and measured thickness. Building on previous
research there was particular interest in, the creation and

2012 Am. Assoc. Phys. Med. 263
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documentation of the physical breast phantom characteris-
tics, particularly in relation to in-vivo female human breast
tissue. In order to investigate how the thickness readout and
the thickness across the breast correlated, a breast thickness
measuring device (TMD) was constructed.

Il. METHODS AND MATERIALS

The method comprised of three stages. First, a clinically
realistic breast phantom and backing plate with the creation
of a rigid torso was tested. Second, the TMD was designed
and tested, Finally, using the TMD, the breast phantom with
its backing plate was used to assess several mammography
units/paddle combinations.

IlLA. Design, creation, and validation of breast
phantom

Three breast prostheses (small (220 em?), medium (360 em’),
and large (700 cm"). Trulife, Sheffield, United Kingdom) were
assessed for their compression characteristics. Each of the breast
prostheses were adhered onto a semiflexible backing plate. The
backing plate was mounted onto a rigid torso (Fig. 1) in order to
simulate how a real breast will behave when it is compressed.
The resistance to compression incurred by the torso changed the
compressibility of the phantom to better simulate a real breast.

Six rubber balloons were glued onto the flexible backing
plate. The balloons gave minor mobility similar to pectoral
muscle and fascia. The phantom was glued onto the balloons
and covered with layers of latex. The latex was painted
across the surface of the phantom and along the edges, with
fewer layers across the surface than around the edges. The
backing plate was mounted onto a rigid torso (CIRS, Nor-
folk) using two ratchet straps, one above and one below the
breast phantom. Before compressing the breast phantom, a
lubricant was applied to the phantom. This allowed the com-
pression paddle to slide smoothly over the breast surface
when pressure was applied.

Using the three breast phantoms, mounted as described,
compression (N)/thickness (mm) graphs were generated
from 40 to 100 N stepping through 10 N values. For cach
phantom, the compressed breast thickness data were aver-
aged and normalized (the data were normalized to 1 for 40 N

Fio. 1. Breast mounted to semiflexible background plate and rigid torso.
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compression force). For comparison the normalized average
of 29 female human datasets were acquired (Fig. 2).

The 29 female datasets were acquired on a Hologic Lorad
Selenia, while the phantom data were collected from a GE
Senographe 800 T. The normalized compression curve of
the large prosthesis was compared with the normalized cor-
relation curve of the real breast, and it was found that the
compression characteristics correlated well, with a correla-
tion coefficient of 0.95. On this basis the large phantom
(700 cm®) was chosen as our breast phantom.

11.B. Compression paddle bend and distortion
measuring device

The TMD was constructed of poly methyl methacrylate
(PMMA) (Fig. 3). TMD dimensions (depth: 17.1 cm, width:
36.0 ¢m, and height: 21.8 cm) were such that they would fit
the mammography machines/paddles that were w0 bhe
included in the study. Wooden rods, diameter approximately
5 mm, and of different lengths (10-25 cm) were used
(Fig. 3) to measure thickness. The top of the TMD had a ma-
trix of 5 mm diameter holes drilled through it; the centers
were 20 mm apart,

I.C. How the study was conducted

The measurements were performed on different mam-
mography units from three different manufacturers [General

Fio. 3. Thickness measuring device (TMD) and rods.
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Tapve I Mammographic units included in this study.

265

Corpressed breast

thickness sccuracy OC: maximum difference

(specified by in measured and Flexible/MNonflexible
Lietion Manufacturer, Model SEMUFFDM  manufacturer) readout thickness" Paddle size paddle Tilting Nontilting
A GE Senographe BO0T SFM 1 mm *0dem 18 em = 24 cm Monflesible Wontilting
=1 mm 24 em = Mem MNonflexihle Nontilting
A GE Senographe DMR+ SFM 1 mm +01.5 em 18em = 24 cm Monflesible Teontilting
=10 mm 24 em = 30 cm MNonflexible Nontilting
B GE Senographe DMR+ SEM =10 mm +01.5 em 18 cm = 24 em Moriflexihle Neantilting
=10 mm 24 cm = M ecm Nonflexihle Nontilting
o Siemens Mammomat FFOM 3945 mm" {11 &m 18 em = 24 cm Nonflexihle Nontilting
Inspiration
Moem x Mem Moriflexihle Neantilting
B GE Senographe Essential FFDM =10 mm —0.3em 19 cm » 23 em? Nonflexible Nontilting
=1 mm 1% cm » 23 em® Flexihle Tilting
=10 mm 2 em = 31 cm Flexible Tilting
o Hologic Lorad Selenia FFDM =5 cm L1 em 18 cm = 24 cm Flexible Tilting
=5 em 24 em 30 cm Flexible Tilting
o Hologic Selenia Dimensions  FFDM =5 cm 0.1 em I8 cm » 24 cm® Flexible Tilting
=05 e 3 em x 29 em? Flexible Tilting
E Hologic Lorad Selenia FFDM =05 cm —0h4 cmi® 18 cm = 24 cm Flexible Tilting
=05 em Hem = 3em Flexible Tilting

“The thickness of a compressible phantom should be between 39 and 435 mm. The thickness of the compressible phantem (RMI 136, Gammes BMI,

Mlicllleton, Wl is 42 mm,

"In the UK the eompressed breast thickness accuracy is measured during quality control (QC) which is conducted every six months, This consists of measuring
the compressed thickness for a PMMA phantom of known thickness. Difference in compressed breast thickness = Thickness of Perspex—HReadout thickness,

A nder- and for underestimation is considered equally faulty,

“All quality control measurements were conducted with o nonflexible paddle.

“Even if Hologic Selenia Dimensions and GE Senographe Essential were a bit different in size than the others, they are refered to as 18 cm < 24 cm (18 « 24)

and 24 em = Mem (34« 300 10 the figones,

Electric (GE Medical Systems, Buc, France), Hologic Inc.
{Bedford, MA} and Siemens (Siemens Healthcare, Erlangen,
Germany)]. Both sereen film mammography (SEM) and full-
field digital mammography systems (FFDM) were included
{Table 1). This selection is representative of machines that
were in clinical use at the time of the study. Two different
paddle sizes, standard [approximately 18 cm= 24 cm
(18 24)] and large [approximately 24 cm = ) cm
(24 = 307 were used (Table T),

The TMD was placed on top of the table, with the long
side (36.0 cm) parallel and along the edge of the chest side
of the table top and centered left to right. The compression
paddle was fastened such that it was located between the top
and bottom plate of the TMD (Fig. 4), with the breast pros-

Fio. 4. How the measurements were conducted.
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thesis resting on the bottom plate of the TMD. Twao different
compression forces were applied when compressing the
breast prosthesis (60 and 100 N).

In order to estimate the compressed breast thickness, the
distance from the top of the TMD to the top of the compres-
sion paddle was measured across the whole area (Fig. 4).
The distance was measured by using a rod that was dropped
into the hole at the top of the TMID. A fingernail was used to
mark where the rod touched the top plate, the rod was then
removed and the length of the rod from the bottom (where it
touched the top of the compression paddle) up to the finger-
nail was measured using a ruler, This was repeated until the
height of the rod for all the holes that covered the compres-
sion paddle in question had been measured, Row | was
defined as the row parallel to the breast chest wall and clos-
est to the breast chest wall. Column 1 was defined as the col-
umn perpendicular to the breast chest wall and out to the left
side, Column 15 was then the last column on the right. A full
set of thickness measurements (103) took approximately 20
min to conduct.

Mawdsley ef al.” defined a reference point along the mid-
line in the chest wall to nipple direction, 20 mm in from the
chest wall side. They found that for most images the maxi-
miuin height cccurred at this reference point, We defined the
same reference point in our study—hole in row 1, column &
{located 2.5 cm from the breast chest wall side of the imag-
ing table, and 18.00cm from the short edge side),

[ 82
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I.D. Calculation of breast thickness

The measurements performed to find the readout and
measured thickness of the phantom is illustrated in Fig. 5.

The readout thickness {d) is given by the following
equation:

d=D 1 (1)

where [ is the system readout thickness including the thickness
of the bottom plate. The thickness of the bottom plate (1) had to
be subtracted from the total readout thickness (D) in order to
obtain the readout thickness for the phantom (). The measured
thickness (M) of the object was calculated as follows:

M=H-i-p-1 (2)

[ Average/min/max measured breastarea) — Readout thickness

266

where H is the total height of the TMD, p is the thickness of
the compression paddle, and [ is the distance from the top of
the compression paddle to the top of the TMD. Using a ver-
nier caliper, the thickness of the compression paddles (p)
was measured to be LOO mm for Siemens Mammormat Inspi-
ration and 2.75 mm for all the other paddles in this study.
The area covering the compressed phantom (row 1 columns
313, row 2 columns 4-12, row 3 columms 610, and row 4
column 8) was defined as the breast area. The thickness for
the area covering the compressed breast phantom was meas-
ured (breast area), and the minimum, maximum and average
measured breast thickness for this area was compared to the
readout thickness, and the difference between them were
found, as follows-

Pe =
reentage Readout thickness

A positive value implies that the measured thickness is larger
than the readout thickness which suggests the machine
underestimates thickness, A negative value implies that the
measured thickness is smaller than the readout thickness,
which suggests the machine overestimates the thickness. An
over- or underestimation is considered equally faulty, and a
difference close to zero is preferred,

ILE. TMD - precision and observer variability

Prior to commencing the study a precision and operator
variability study was conducted, A wooden block (depth: 96
mm, width: 253 mm, and height: 55 mm) was placed inside
the TMD device, centered in the middle and parallel to the
long side of the TMD device, The thickness was measured
three times by the person who would perform the thickness
measurements, Average measured thickness was 55.5 mm,
with a standard deviation of 0.4 mm across the whole area
measured by the reader for all three measurements, The

3

deviation in the measured thickness varied between —1 and
2 mm (only one measurement varied with 2 mm) with an av-
erage of —0.04 £0.12 mm (95% confidence interval). Con-
cluding from this, this person would conduct the study with
good precision. However, in the study itself 15% of the
actual measurements were repeated on a blind sampling ba-
sis to minimize random crror. The average difference
hetween the first measurement and the second measurement
{blind testing) was —0.17 = 0.07 mm (95% confidence inter-
val). Concluding from this their precision and repeatability
was more than adequate for this study.

IL.F. Quality control: checking the readout thickness

In the United Kingdom (the location for all the mammog-
raphy units in this study) the allowed difference between
readout and measured thickness is =35 mm."! Each machine
was tested every six months (Table I); all units were operat-
ing within manufacturer specification,

Measured

length of rod (I

Measured
thickness, (M)

Totel height of

phantom (4]

.
\

s

botiom plate of
Tl 1)

d
AN

/ ™D M)

——

M
-

Fic. 5. Diagram to illustrate the measurements performed to caleulate readout and measured thickness of the object.
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IL.G. Quality control: checking the compression force

Accuracy of compression force is assessed on traceably
calibrated scales and noted to an accuracy of 5 N every 6
months by a medical physicist and monthly by radiogra-
phers. The readout compression foree is checked for 40, 80,
and 120 N and also at maximum compression force (200 N1
The accuracy of the readout compared to the measured com-
pression force was + 10 N {in accordance with IPEM 89 Ref,
11) for all the units,

lil. RESULTS

Figures 6 and 7 illustrate a 31 representation of the dif-
ference between the measured thickness and the readout
thickness for a nonflexible and flexible paddle across the
whole measured arca. Since the primary interest is the varia-
tion across the breast area, and the average percentage differ-
ence in compressed  breast thickness, the  minimum
percentage difference in breast thickness and the percentage
difference between readout and measured thickness for the
reference point are shown in Fig. 8.

lILA. Difference between measured and readout
thickness across paddle area

The smallest and largest difference between the measured
and readout thickness of the compressed phantom across the
whole measured area of the paddle is shown in Fig. 6 for the
183 24 flexible paddle (smallest difference; 12 mm and
largest difference: 19 mm) and Fig. 7 for the 18x24
nonflexible paddle (smallest difference: 3 mm and largest
difference: 7 mm). The average difference between the

E10-15
B5-10
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u-50

B-10-5

Bflorence in thicknass [mm)

1510

L Bligt)
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AP O w ET
Dl e e in Lhickness (mm)

Fiz. 6. Map of differences in thickness for the whole area for 18 om =« 24
crn flexible compression paddle for (a) Holegic Selenia Dimensions, which
had the smallest {12 mm) difference in thickness across the whole anea and
(b} Hologic Lomd Selenia, which had the largest (19 mm) difference in
thickmness neross the whole area, when applying 100N compression force,
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Fio. 7. Map of differences in thickness for the whole area for 18 cm o« 24
e nonflexible compression paddle for (a) Siemens Mammomat Inspiration,
which had the smallest {3 mm) difference between messuned and readout
thickness acioss the whele area and (h) GE Senographe 300 T, which had
the larges (7 mem) difference in measwred and readout thickness across the
whole area, when applying 100 N compression force.

smallest and largest measured thickness across the whole
area was smaller for nonflexible paddles compared to flexi-
ble paddles (nonflexible/flexible 18 x 24; 5.0/16.0 mm,
nonflexible/Aexible 24 = 30: 5.3/10.0 mm). Fgure 7 illus-
trates that the compression paddle may be uneven in the left
to right direction.

The average, minimum, maximum percentage, and refer-
ence point percentage difference between measured com-
pressed breast thickness and the readout compressed breast
thickness for the breast arca for the 18 x 24 paddle for 60
and 100 N applied compression force is shown in Fig. 8.

Figure 8 shows that there is a larger spread in the average
percentage difference for the flexible than for the nonflexible
compression paddle for both 60 N (range: —5.5%-6.8%
{nonflexible), —4.5%-9.0% (flexible}) and 100 N (range:
—8.0%-11.2% (nonflexible), —6.0%-26.0% (flexible)), and
the difference is larger for 100 N than for 60 N applied com-
pression force, For the nonflexible paddles Siemens Mam-
moimat Inspiration (60 N: 1.0%, 100 N: 2.6%) came closest
to 0% difference for the average percentage difference, and
for the flexible paddle Hologic Selenia Dimensions (60 N:
—1.5%) came closest to 0% difference when 60 N compres-
sion force was applied and GE Senographe Essential (100 N:

3.1%) came closest to 0% difference when 100 N compres-
sion force was applied.

I.B. Variation in thickness across breast area

The average, minimum, and maximum  differences
{measured in mm) for the compressed breast arca is shown
in Table I1
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Fiz., K, The percentage difference between measured thickness and readout thickness for the breast area for 18 om < 24 em nonflexible and flexible compres-

sion paddle for (a) 60 N and {b) 100N applied compression force,

The difference between machine readout and measured
thickness for nonflexible paddles for the breast area, applying
100 N compression force was smallest for the Siemens Mam-
momat Inspiration (18 = 24 paddle: +2.6% (p < (L01), 24 = 30
paddle: +0.7% (p=005)) and largest for GE Senographe
DMR+ (18x 24 paddle (location Ay +11.2% (p=001),
24 = 30 paddle (location By +14.3% (p<0.01)). For the
18 < 24 flexible paddle, and with an applied compression force
of 100N, the smallest difference between machine readout and
measured thickness for the breast area occurred for GE Senog-
raphe Essential [—3.1% (p < 0.01)], and the largest for a Holo-
gic Lorad Selenia [26.0% (p < 0.01)]. For the 24 x 30 flexible
paddle, and with an applied compression force of 100 N, the
smallest difference between machine readout and measured
thickness for the breast area ocourred for a Hologic Lorad Sele-
nia [3.0% (p<0.01)] and the largest difference oceurred for
the other Hologic Selenia Dimensions [—8.9% (p < 0.017].

The average differences for both paddles, both compres-
sion forces (60 and 100 N) and all modalities in this study
were +2.6% (60 N: +1.3%, 100 N: +2.8%).

In this study, two Hologic Lorad Selenia and two GE
Essential DMR+ units were included. When comparing the
results for the two units of equal manufacturer and model, it
was found that the average difference between the readout
thickness and the measured thickness for the breast area is
different for the two units [GE DMR4: 112 vs 8.4%
(18 2 24), 0.7 vs 14.3% (24 = 30), Hologic Lorad Selenia:
6.8 vs 26.0% (18 = 24), 3.0 vs 8.3% (24 = 30)).

lIL.C. Change in measured compressed breast

thickness when increasing the compression force
When increasing the compression force from 60 to 100N

an 18% decrease in measured compressed breast thickness

Medical Physics, Vol. 38, No. 1, January 2012

was observed for the breast amea (18 = 24 17.8 £ 1.4%,
24 30 17.725,4%) when using nonflexible paddles, When
using flexible paddles a larger decrease in measured com-
pressed breast thickness can be observed for the 18 » 24 pad-
dles (18,6 = 2.6%) versus the 24 x 30 paddles (17.1 * 1.9%).

I.D. Reference point

The average difference for both compression forces, both
paddles (nonflexible/Mexible) and both paddle sizes between
the measured thickness for the average breast area and the
measured thickness for the reference point is —(0L7 £ 0.2 mm
(in percentage: — 1.4 = (L5%).

IV. DISCUSSION

For all machine and paddle combinations the readout breast
thickness was different to; reference point thickness, average
thickness, minimum thickness, or maximum thickness. This
resulted in the measured thickness being over-estimated and
also under-estimated. The difference was more marked at 100
N compared with 60 N, saggesting that as force increases the
error in thickness readout also increases, At 100 N and 18 = 24
paddle, only 2 (Location B GE Essential/1% = 24 flexible;
Location C, Siemens Mammomat Inspiration/18 » 2424 » 30
nonflexible) out of 9 machines (22%) gave reference point and
average values for the breast area that were within +5% of the
readout thickness. Flexible padidles had greater departure from
measured thickness when compared with nonflexible paddles.

IV.A. Quality control and tolerance data supplied by
manufacturers

The results for the average difference in compressed
breast thickness for the breast arca was compared to the
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Tapve IL Average, minimom and maximum difference in thickness (mm) for the breast area for the compression forces 60 and 100 N for the different mam-

megraphy units incleded in this stedy.

Compression force 60 N

Compression force 100 N

Average Min Max Ref. point Average Min Max Ref. point

difference  difference  diffesence  difference  difference  difference difference difference

e {5 mm t‘.ﬁ-]h manm (° i (9 o (% mm ['ﬁ}l’ mm {55 mm i'i-]d
Monflexible paddle, 18 < 24
Location A, GE 00T 4.1{59 2332y 730103 4360 450810 2340 T (105 43077
Location A, GE DMR+ 3.6(6.8) 1.3423) 53098 43079 AB(IL2y  23(54) 6301510 s302m
Location B, GE DMR-+ 2843 L3{1.9) 4.3 (66) 33050 43840 33i63) 530102 43(83)
Location B, GE Essential THEAS5) DR SSR(-90) CLBC-28 1530 13025 48130 0305
Location €, Siemens Mammomat Inspiration 0.7 (1.0} 0.0 0.0 20031 L0 1.6) 1.3 (2.6) L 0y 20(3.8) 20{3.8)
MNorflexible paddle, 24 = 30
Location A, GE ST AWGOH ZIEN AFET ABGEY MON 132K 4306 330
Location A, GE DMR+ 3974 33460) 5398 43079 0307 —08(-LE)  1L302% 1329
Location B, GE DMRE+ 46(9.7) 23470 7353 53 560143 33ED TE (184 6.3 (157
Location O, Siemens Mammormat Inspiration 0.0 (0.1)  —10(-168)  20(3.3) L O30T —1L0i-19 038 LO{1L9)
Flexible paddle, 18 = 24
Location B, GE Essentin] —28(-45) -08(-12) -58(-91) -18(-28) -15(-31) 1325 -68(-136) 0305
Location D, Hologic Lorad Selenia —24(-31) 0303 -5E(-T4H —08(-LO0) 3IEGE) —LE(-31)  T3I(12E) 53(9.3)
Location D, Hologic Sclenia Dimensions Li{=15)  034{04) LE{=26) =08(=L1} =36(=60) =13 (=21} =T3{=123) -23{-3K)
Location E, Hologie Lorad Selenia S00.0p L3423y 730131 630113 1032600 33(8.0) 133 (327)  133(327)
Flexible paddle, 24 = 30
Location B, GE Essentin] 29(-44) ~18(-2.T) -3B(-58) -2B(-42) -38(-T0h -28(-51) -4B(-87) -28(-51)
Location D, Hologic Lorad Selenia —41 (48] —28(-33) —SE(—68) —38(—44) 200340 —18(-26) 4364) 33(49)
Location D, Hologic Sclenia Dimensions 48 (-89) —L8{-29) -18(-45) —LE(-29 —48(-89) -23(-42) -83(-133) -23(-4D
Location E, Hologie Lorad Selenia 0.2400.3) LECLYy  —LBi-28)  1.3(LO 45083 13023 FRTRER]] 30115

*Average difference: average difference between measured and readout thickness across the area defined as the breast area.

"N difference: minimum difference between measured and readout thickness seross the area defined as the breast area,

Mo difference; maximum diffenence between measured and readout thickness acrass the aren defined as the breast area.

Ref. point difference: difference between measured and readout thickness for the hole defined as the reference point (row 1, columa 8).

maximum difference in measured thickness (for phantom of
known thickness) and readout thickness from the annual
quality control. Only two units (GE Senographe DMR+
{Location A) and GE Senographe Essential) of the eight
units {25%) were found to have an average difference
between measured and readout thickness within the maxi-
mum difference found at the annual quality control, For the
Hologic Lorad Selenia at Location D the average difference
was larger than the difference between measured and readout
thickness from the quality control for both paddles and both
compression forces. For the other units (GE Scnographe
ROOT, GE Senographe DMR+ (Location B), Siemens Mam-
momat Inspiration, Hologic Selenia Dimensions and Hologic
Lorad Selenia (Location E)) discrepancies were found for
18 » 24 andfor 24 » 30 paddle andfor for both compression
forces (60 and 100 N). The results in this study show that the
test performed annually by the medical physicist might not
be adeguate to reveal discrepancies between the measured
and the readout thickness,

Our measurements for the compressed breast thickness
were compared to the tolerance data stated in the operator
manuals supplied by the different manufacturers. For GE
Senographe BOOT and GE Senographe DME+ our results
were within the tolerance limits of =10 mm stated in the op-
erator manuals, Hologic Lorad Selenia wser manual states

Medical Physics, Vol. 39, No. 1, January 2012

that compression thickness accuracy should be 0.5 cm for
thicknesses between (L5 and 15 em. This was found to be
true for one of the Hologic Lorad Selenia units (difference in
measured and readout thickness for average breast area: 3.8
mm), but not for the other unit [difference in measured and
readout thickness for average breast area: 105 mm
(18 = 24)], when the 18 = 24 paddle was vsed and 100 N
compression force was applied. For GE Senographe Essen-
tial the difference between the measured and readout thick-
ness for the breast area was within the tolerance limit (=10
mm). Had the tolerance limit been =5 mm, in other words
the same as for Hologic Lorad Selemia/Hologic Selenia
Dimensions, the results for the minimum difference between
measured and readout thickness for the 18 x 24 paddles
{nonflexible and fexible), when 100 N compression force
was applied, would have also been within the limits,

To calibrate the readout thickness Siemens uses a 42 mm
phantom and compresses the object using a 70 N compres-
gion force. The readout thickness should read between 39
and 45 mm. If not a recalibration is performed.

A calibration of the Hologic Lorad Selenia is performed
by compressing a 3 cm thick phantom (BR-12, CIRS, Nor-
folk, VA). A compression force of 133.5 N is applied, and
then the compression thickness is calibrated for the installed
paddle/receptor combination.
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For Hologic Selenia Dimensions most of the calibration
is done automatically. A 2 and 8 cm thick phantom (BR-12)
is compressed by applying 133.5 N compression force, and
the machine will then register the thickness of the phantom.
For the “FAST™ paddle (the flexible paddle) the same
approach is taken, but without any compression. The paddle
is just lowered until it touches the phantom, and the machine
is told that this is 2 or & cm. The fact that a rigid phantom is
used for this test is probably not optimal, becanse a tilt will
probably occur. Maybe one needs to rethink how the thick-
ness s measured, or maybe a different approach to how the
paddle is constructed needs to be addressed,

GE also has routines for the calibration of the thickness,
but the calibration routines are propriety.

IV.B. Reference point

The difference between readout and measured thickness
for the reference point and the average breast arca values arc
similar [—0.7 £ 0.2 mm (in percentage: — 1.4 = 0.5%]], sug-
gesting that a simplistic one-point of sample could be used for
accurate estimation of average breast thickness, This approach
would involve sampling only at the reference point, which
would mean that the measuring time for the thickness would
decrease drastically (from a maximum of 105 measurements
down to one). We found that there is a large variation in the
chest wall to nipple direction, and a smaller lateral variation,
in accordance with Diffey er al. 0 A better estimate would
therefore be to measure the thickness for the points/holes out-
lining the breast area: in this way, a better average for the
compressed breast thickness could be measured.

Where Diffey er al' found for real breasts an underesti-
mation of thickness of as much as 21.2 mm in the chest to
nipple direction, our resulis show a maximum underestima-
tion of 13 mm for a Hologic Lorad Selenia mammography
machine, and a maximum overestimation of 8 mm for a
Hologic Sclenia Dimensions mammography machine, If one
takes into consideration this under-foverestimation of thick-
ness only (and not the fact that a change in the thickness
might also have implications for the choice of target/filter-
combination and kV), the MGD can be estimated. For a
Hologic Lorad Selenia, for instance, an underestimation of
13 mm would imply a smaller estimated MGD of 17% for a
thin breast {readout thickness 35 mm) and 9% for a thick
breast (readout thickness 80 mm). An underestimation of
thickness will in general imply that the MGD originally esti-
mated is too large, and thus overestimate the MGD and the
risk. For a Hologic Lorad Dimensions an overestimation of §
min would imply a larger estimated MGD of 20% for a thin
breast (readout thickness 31 mm) and 6% for a thick breast
(readout thickness 79 mm). An overestimation of thickness
will in general imply that the MGD originally estimated is
oo small, and thus underestimate the MGD and the risk,

IV.C. Correction factor

Varying paddlefmachine combinations give different
error levels between readout thickness and measured thick-
ness. Correction factors may be applied, in order to obtain
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higher accuracy clinically. The correction factor can be
found by dividing the measured thickness with the readout
thickness for different manufacturersfmodels, different pad-
die sizes (in this study: 18 = 24 and 24 = 30) and different
breast compression forces (in this study: 60 and 100 N).

IV.D. Study limitations

Preservation of breast phantom integrity limited our
experiment to a maximum pressure force of 100 N, We pro-
pose that a more resilient breast phantom should be used
across a breader range of clinically representative force values
{e.g., 60 N stepping 10 to 150 N). This would provide a better
understanding on how bend and distortion may vary across
the higher end of the normal clinical pressure range. In this
stindy the effect of different breast volumes or breast densities
was not considered; extending these variables might be con-
sidered, as bend and distortion may be affected by them.

A further limitation in this study is the fact that a different
readout thickness was achieved every time the measure-
ments were repeated. When compressing the phantom, dif-
ferent thicknesses were achieved every time; as such the
results are not reproducible. Positioning error was reduced
by trying to position the phantom approximately in the mid-
dle of the compression paddle (along miadline), but the com-
pressed thickness still altered.

Tyson et al.” devised a method for determining the com-
pressed breast thickness that had a thickness determination
accuracy of better than 1 mm, and a measurement accuracy
of better than 0.2 mm. The method described here will lead
to a larger inaccuracy than the method described by Tyson
et al’ Tyson ef al.” state that a mean accuracy of better than
1 mm is required to make good estimates for the volumetric
breast density. It was not possible with the device used in
this study to obtain such a precision, but as for use in a busy
clinically environment the TMD can be used to determine
the difference in measured and readout thickness,

IV.E. Clinically adaptable method

In theory this method can be applied for real breasts in a
clinic to measure the real compressed breast thickness for the
breast. The breast must be placed inside the TMD, in the
same fashion as the phantom, compression must be applied
and the compressed breast thickness must be measured,
Because of the time span (20 min) for measuring the com-
pressed breast thickness in this study, it will probably be nec-
essary to limit the number of measurements performed to
only one point {e.g., the reference point). The breast must
then he recompressed (applying the same compression force)
in order to obtain the actual image, This last step will prob-
ably be difficult to accomplish, since it has been shown to be
difficult to ebtain the same thickness applying the same com-
pression force when compressing an object similar to a breast,

V. CONCLUSION

The difference in the readout thickness and the measured
thickness varies between units for the same model and
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between manufacturers. Individual correction factors for
breast thickness may need to be established for each depend-
ent on paddle selection and compression foree applied. Any
cotrections to compressed breast thickness need therefore to
be performed for the unit in question, and one cannot assume
that the comrection in compressed breast thickness applies to
all mammography machines of the same model,
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Pressure and breast thickness in mammography—an exploratory
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Objective: To perform a calibration study to provide data to help improve consistency
in the pressure that is applied during mammography.

Methods: Automatic readouts of breast thickness accuracy vary between
mammaography machines; therefore, one machine was selected for calibration. 250
randomly selected patients were invited to participate; 235 agreed, and 940
compression data sets were recorded (breast thickness, breast density and pressure).
Pressure (measured in decanewtons) was increased from SdaN through 1-daN intervals
until the practitioner felt that the pressure was appropriate for imaging; at each
pressure increment, breast thickness was recorded.

Results: Graphs were generated and equations derived; second-order polynomial
trend lines were applied using the method of least squares. No difference existed
between breast densities, but a difference did exist between “small” (15229 cm) and
“medium/flarge"” (18x24/24:30cm) paddles. Accordingly, data were combined. Graphs
show changes in thickness from 5-daM pressure for craniocaudal and mediolateral
ablique views for the small and medium/large paddles combined. Graphs were colour
coded into three segments indicating high, intermediate and low gradients [=—2 (light
grey); —1.99 to —1 (mid-grey); and =-0.99 (dark grey)]. We propose that 13daN could
be an appropriate termination pressure on this mammography machine.

Conclusion:  Using patient compression data we have calibrated a mammography
machine to determine its breast compression characteristics. This calibration data could
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be used to guide practice to minimise pressure variations between practitioners,
thereby improving patient experience and reducing potential variation in image

quality.
Advances in knowledge:

In 2008, within the UK, breast cancer was the second
most diagnosed cancer in females. Internationally, it
accounted for nearly 11% of female cancer deaths [1]. For
breast cancer detection, mammaography plays an impor-
tant role in screening symptomatic populations and
rigorous quality assurance procedures are applied
accordingly [2, 3], There is a particular emphasis on
equipment performance [4] and image reader ability to
identify abnormalities [5]. By contrast, surprisingly little
quality assurance emphasis is placed on the clinical
image acquisition phase—especially the optimisation of
pressure to reduce breast thickness.

Pressure is considered necessary to reduce breast
thickness and for many years this reduction has been
associated with image quality enhancement and radia-
tion dose limitation [6]. Within the UK, there is no
specific protocol for thickness reduction, but it is
generally accepted that pressure should be applied
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For the first time, pressure-thickness graphs are now
available to help guide mammographers in the application of pressure.

Accepted 1 October 2012
DO 10,1259 0jr. 20120222
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:i'lﬂw]}r and g\-!nt]y tor ensuire that the breast is held ﬁm‘lly
in place and the skin is taut to touch or that blanching
occurs [3, 7, 8]. The National Health Service Breast
Screening Programme (NHSBST) suggests that pressure
should not exceed 20daM. Limited literature exists about
the application of pressure. However, Sullivan et al [9]
demonstrated a relationship between pressure and
thickness, and a maximum value of l6daN was
suggested. By contrast, Chida et al [10] used a standard
compression force of 12daN; if patients experienced pain
a reduced foree of 9daN was suggested. Documented
variation of opinion therefore exists.

Practtioner :'.uhieclivity associated  with pressure
applica['ir.m has been a concern for many years |'H],
and in 2004 Poulos and McLean [12] predicted that lack
of attention to this could lead to large variations. In 2011,
Mercer et al [13] concluded, from a cross-sectional
clirical .\‘d'udy of 500 females and 14 prarliti::ne'rﬁ {radio-
grapherﬁ and assistant pTar;til'iiJl‘l&'ni], that large varia-
tHons existed, and 3 categories of "compressor” were
identified by their mean compression values: low—
74 daN [standard deviation (SD) 1.5]; medium—&.8 daM
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(SD 1.5 and high—11.1daN (SD 2.1). Importantly,
Mercer et al concluded that the variation is highly
dependent upon the practitioner. The study by Mercer et
al raises concerns about the consistency of care, radiation
dose and image quality, and suggests that more objective
criteria for the application of pressure in mammography
are required.

On reviewing the literature it is clear that little is
publis'hed on the optimi:iat'iun of pressure in mammeo-
wraphy; for instance, almost no empirical data are
available to describe how the in vive female breast
behaves when pressure is applied to it. This may partly
explain why the WNHSBSP guidance is lacking in detail
and also why this aspect of practice is not adequately
quality assured.

I this exploratory study we present a method and
data to describe the relationship between pressure and
female breast thickness. Because mammography
machine and paddle combinations have readout thick-
ness inaccuracies [14, 15], we have verified the relation-
ship only for one machine by using a sample from its
“typical” clinical population. It is worth remembering
that Hauge et al [14] used a deformable breast phantom
to determine how readout thickness varied from actual
thickness; the experiment was conducted under clinically
realistic conditions, which incurred bend and distortion
across the paddle surface, These are not accounted for in
standard medical physics quality control tests, With this
in mind, it might be that, for the same pressure, thickness
values will be different between mammography
machines and different paddles. Similarly, there may
be patient differences too, particularly between screening
and symptomatic caseloads. Calibrating a mammaogra-
phy unit based on its local caseload would therefore
seem an important first step.

Our study follows a similar design to work conducted
by Hoflehner et al [16] and Poulos and McLean [12]. For
one mammaography machine, we outline a method to
determine  breast compression  characteristics  which
include typical end points for pressure cessation and
critical stages within the compression cycle. We conclude
by proposing that our approach could be used to
establish local pressure standards on which practice
might be based and assessed.

Methods and materials

The mammography machine (Hologic™ Selenia;
Hologic UK Ltd, West Sussex, UK, full field digital)
served only a symptomatic female patient population,
from which a sample of 250 patients was drawn. Three
paddle sizes were used for imaging [l—small
(15429¢cm), 2—medium (18%24em) and 3—large
(2430 cm)]. Routine medical physics quality assurance
tests performed on the machine indicated it to be
operating within expected manufacturer specifications.
Owing to refusals (7) and exclusions (B), only 233
patients participated. Reasons for exclusion included
breast implants and incomplete sets of pressure/ thick-
ness data. To minimise bias, computer-generated rando-
misation tables were used to select the patients, To meet
ethics approval requirements, informed consent was
established prior to commencement. Ethics approval was
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granted by  North  Manchester  General  Hospital,
Manchester, UK, and the University of Salford Ethies
Committee, Salford, UK; the hospital in which the study
was conducted considered the work to be “service
evaluation”, and approval was granted accordingly. As
part of the normal mammaogram imaging routine, 940
compression sets were acquired, of which 470 were
craniocaudal (CC) and 470 were mediolateral oblique
(MLOY), with left and right described as | and v,
respectively.

Five practitioners who held recognised mammogra-
phy gualifications conducted the mammograms. Prior to
the study, to minimise practitioner technique and data
recording variability, a 2-week fraining review was
conducted. To help the practitioners, the same assistant
was present in the room for all mammeograms to record
the pressure and breast thickness data. For the study, all
practitioners followed the same technical and position-
ing procedures; these were in line with published
techniques [7]. For vCC, rMLO, 1CC and IMLO, auto-
matic machine readouts for breast thicknesses were
recorded along with the applied pressures (measured
in decanewtons). For the maost part, this recording
procedure commenced at 5daN and increased through
1-dalN increments until the practitioner had reached the
termination pressure and thickness for the patient's
mammaogram. Factors affecting termination of pressure
included patient tolerance and the practitioner deciding
that ennugh had been app]ied_ These factors meant that
the lower pressures had more data and the higher
pressures had less data. Overall, per patient, the pressure
and thickness recording process added to examination
time by approximately 2-3min. Breast density scoring
was performed by two experienced observers using the
Breast Imaging Reporting and Data System (BI-RADS)
classification [17]. Their agreement was high (79%), and
to resolve differences in opinien a third experienced
observer arbitrated so that agreement was reached in
100% of the cases. Additional data collected on each
patient included age and menstrual status,

Results

Each practitioner collected data on different numbers
of patients (40%, 13%, 25%, 17% and 5%). Of the patients,
96% were attending the one-stop diagnostic clinic; for
58%, it was their first mammogram attendance. There
was a fairly even distribution across the menstrual cycle
[1-7 days (16%;); 8-14 days (11%); 15-21 days (11%); 21-
28 days (9%); 28+ days (12%); and unknown (1%)], with
almost half of the patients being post menopause {40%).
Age distribution demonstrates that there was close
similarity to the previous 3 years” clients (Pearson’s
correlation indicates: 2008/study, r=0.926601; 2009/
study, r=0.923102; 2010/study, r=0.944200); BI-RADS
density distribution indicates that BI-RADS 4 was
undersampled (2%} but BI-RADS 1, 2 and 3 were fairly
well represented (20%, 5%% and 19%, respectively).
Paddles were used with the following frequencies: small,
n=19 (8%); medium, n=9 (41%); and large, n=120
(51%).

Prior to generating graphs of pressure and breast
thickness the data were examined for quality. As noted
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earlier, it was observed that less sampling was per-
formed at higher compression values. Because of this, to
minimise error, for each pressure value, data were
excluded that did not have adequate sample size. The
cut-off sample size was N, where N was the maximum
number of patients acquired within the chosen group. As
the pressure increased, the number of patients able to be
sampled decreased, owing to either imaging require-
ments or patient tolerance. This meant that, as pressure
increased, sample numbers decreased. A cut-off sample
number was required and this was chosen to be the
square root of N (\vlN), where N was the number of
patients at the initial pressure, as this is the standard
error value within a sample (assuming a normal
distribution). Sample numbers lower than this value
would mean that the sample was below the standard
error, leading to high standard deviations. This meant
that for all samples a value of 14daN was the cut-off
pressure value,

The initial thickness of breast tissue inevitably varied,
depending on the patient size; therefore, the change in
thickness (measured in millimetres) was evaluated to
observe the effect the compression had on the deforma-
tion of the tissue. Using graphs, the data are therefore
described as the absolute change in breast tissue
thickness measured from the thickness at 5daN in
millimetres. Knowing that paddles may have different
compression characteristics, data from the three paddles

Figure 1 Paddle comparison—cra-
niocaudal view, Paddle 1, small
{15x29¢cm); Paddle 2, medium
(18x24cm); Paddle 3, large
(2430 em).

were presented in graphical form (Figures 1 and 2). As
can be seen for MLO and CC, Paddles 2 and 3 (medium
and large} describe similar characteristics while Paddle 1
(small) is different. Graphs were generated for the Bl-
RADS categories (Figures 3 and 4). It is worth noting that
no graph is presented for BI-RADS 4, as only four sets of
patient data were available. Because the scatter plot of
these four and all of BI-RADS 3 had similar distributions,
we included the four into the BI-RADS 3 group to
increase sample size.

In Figures 3 and 4, divergences in the graphs can be
seen at around 11daN. These divergences could be
explained by the reduced sampling at the higher
pressure values; this is illustrated in Figure 5ab. For
MLO and CC, little difference is noted until 11daN;
consequently, accepting that the divergence bevond
this point is due to sampling error, all BILRADS for the
small paddle (Figures 6 and 7) and all BI-RADS for the
medium and large paddles (Figures & and 9) were
combined, and composite graphs were created. Error
bars demonstrate the standard deviation of the data.
Second-order polynomial frend lines were applied to
the data using the method of least squares. These gave
good  correlation (F=098) for all data sets.
Extrapolation of the data demonstrates the point at
which further compression force no longer decreases
breast tissue thickness (zero gradients). Maximum
compression forces derived from the composite graphs
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Figure 3 Breast Imaging Reperting
and Data System (BI-RADS) compar-
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left CC; RCC, right CC.
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are: small paddle, CC 184daN, MLO 159daN;
medium and large paddles, CC 169daN, MLO
17.3daM.

Using the applied pelynomial trendlines, the
equations were  differentiated to enable caleulation
of the gradient at various points. The gradient

300
250 n #BI-RADS

[ 1
g 20 B BI-RADS

@ 2%
2 150 L A BI-RADS

£ 100 a -3‘
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z x o 4

50 al +
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Compression value [daN)
(a)

Figure 4 Breast Imaging Reporting
and Data System (BI-RADS) compar-
isan—medislateral oblique (MLO)
view. LMLO, left MLO; RMLO, right
MLO.

demonstrated the amount of change of thickness of
tissue, per wunit of pressure applied. A higher
gradient means a greater reduction in tissue thickness
per unit of pressure applied. On this basis, we have
colour coded the graphs into three gradient segments:
=-2 (light greyl: —19% to -1 (mid-grey); and

300
am
250 .y
4 BI-RADS
200 " 1"
E W BI-RADS
150 | | =
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100 * | | 3%
“t“o m M BI-RADS
50 A »
A" * ! 4
; Xxxxxxarl
[ 5 10 15
‘Compression value [daM)
(b}

Figure 5 (a) Craniocaudal compressions; (b) mediolateral oblique compressiens. BI-RADS, Breast Imaging Reporting and Data

System.
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Figure 9 Medium and large paddles—
average mediolateral oblique.
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=-099 (dark grey). The use of this gradient
calculation and the colour coding is described in
the discussion section below.

Discussion

This study was carried out in a symplomatic unikt
where a larger proportion of younger females are imaged
than in a screening setting; 63% of patients imaged were
under the age of 50 years, While this may represent a
study limitation, it does reflect the clinical norm for this
machine’s usage in symptomatic practice. Given that the
intenHon was to propose a pressure calibration for the
mammography machine using its own patient popula-
tion, “oversampling” of BI-RADS 1-3 would seem to be
appropriate, because BI-RADS 4 is likely to be associated
with a much yeunger age.

Surprisingly, on reviewing Figures 3 and 4, there were
almost no differences between the BI-RADS densities up
to 11daN (with some divergence beyond this, as
explained earlier). This minimal difference may be
because of the limited precision for the thickness
measurements, suggesting that minor compressibility
differences may exist but the machine cannot differenti-
ate them, By contrast, differences did exist between the
small and the medium/large paddles (Figures 1 and 2).
Patient and paddle factors are likely to account for this.
Firstly, the small paddle is used exclusively on small
breasts and for these breasts there tends to be less
mobility with a much smaller compression capability
range. Secondly, the small paddle is nen-tilting, unlike
the medium and large paddles, which de tilt. Hauge et al
[14] noted that larger thickness readout errors are
associated with tilting paddles, so the differences could
partly be owing to precision. Overall, the lack of
difference between BI-RADS scores is helpful because it
means that for this machine all BI-RADS scores can be
combined for the small and medium/large paddles,
allowing for a simpler process of calibration because only
two composite CC and two composite MLO graphs
would be required. Applying the data to the clinical
setling would also be simplified.

Figures 69 demonstrate that SDs tend to increase with
increasing pressures. This was explained earlier in
relation to the reduced sampling for the higher-pressure
values, Should this study be repeated, consideration
should be given to how more data might be recorded for
higher-pre-ssure values, with due r\:gar{ﬂs tor Pal'ie‘nt'
comfort and tolerance. However, for all four graphs
(Figures 6-9), extrapolation suggests that the NHSBSP
maximum of 20 daN was not reached. This indicates that
the machine’s maximum average pressure falls within
the WHSBSP recommendation; on the other hand, it
might suggest that for this mammography machine a
lower maximum absolute value could be proposed (e.g.
19daM for small and 18 daN for medium /large paddles).

The colour-coded graphs (Figures 6-9) demonstrate
areas of different gradients as described within the
method. The gradient describes the amount of reduction
in tissue thickness per unit of pressure, i the rate of
change of tissue thickness. In all cases the light-grey zone
depicts a high rate of change, with average gradients of
—2.0 and higher. The mid-grey zone depicts a medium

6of7

P Hogg, M Tayior, K Szczepura et al

rate of change, with average gradients varying from —1.99
o — 1.0, Finally, the dark-grey zone depicts a low rate of
change, with average gradients varying from 0 to —0.99,
On comparison with the light-grev zone, once the dark-
grey zone has been entered the amount of breast thickness
reduction is relatively small compared with the pressure
required to effect that change. By contrast, in the light-
grey zone there is a very high level of thickness reduction
achieved for relatively small amounts of applied pressure.
As the dark-grey zone is entered, resistance increases
rapidly and the potential for pain and discomfort is also
likely to increase quickly per applied decanewton. The
thickness reduction in the dark-grey zone is low com-
pared with the pressure required to effect that change;
therefore, the benefit of applying additional pressure from
the point of entering that zone ought te be questioned. On
this basis, we propose that the practitioner enter the mid-
grey zone and then attempt to reach but not necessarily
enter the dark-grey zone before ceasing the application
of pressure. Consideration for terminating compression
for this machine would, therefore, on average, begin
approaching 13 daM.

Practitioner latitude for the application of pressure
would still be expected for patients who experience
pain/discomfort and further research is required to
assist the practiioners in using graphs of this type. At
first presentation for mammography, the graphs could
be used to help guide initial pressure and thickness
values; for subti[-:quent visits Fre\-‘il:‘ms thicknesses and
pressures should be noted but attention should still be
paid to the graphs. It may be valuable to overlay a
measure of pain/discomfort on Figures 69 and further
research is proposed on this basis. It is also important to
recognise that the selection of the critical gradients which
differentiate the three shaded grey zones was arbitrary; it
is likely that they will be redefined based on experience.

Conclusion

The lack of detail in national guidelines and published
literature for the application of pressure in mammaogra-
phy can allow for variation ko occur between and within
practitioners. This variation may have consequences for
mammographic image quality, radiation dose and
patient experience.

Using female breast compression data for one mammo-
graphy machine, we have proposed a method which may
help minimise practitioner variability, Our method
acknowledges that mammography machines have inher-
ent differences and because of these each machine may
require calibration. Additionally, we have acknowledged
that different machines will serve different populations
and those populations might also affect the calibration.
We anticipate that our method and calibration data could
be used to inform local practice and also serve as an audit
standard. Consequently, we believe that our approach
provides evidence for breast compression limits specific to
the machine and its population and is therefore likely to
have value within other mammography imaging centres.
Finally, we would like to propose that our approach may
be worth replicating on other mammography machines
and paddles, because the resultant data could be used to
help improve consistency in the application of pressure.
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Objective: This preliminary study determines
whether the absolute amount of breast com-
pression in mammeography varies between
and within practitioners.

Methods: Ethics approval was granted. 488
clients met the inclusion criteria. Clients were
imaged by 14 practitioners. Collated data in-
cluded Breast Imaging Reporting and Data
System (BI-RADS) density, breast volume,
compression and practitioner code,

Results: A highly significant difference in
mean compression used by different practi-
tioners (p=<0.0001 for each BI-RADS density)
was demonstrated. Practitioners applied com-
pression in one of three ways using either low,
intermediate or high compression force, with
no significant difference in mean compression
within each group (p=0.99, p=0.70, p=0.54,
respectively). Six practitioners showed a sig-
nificant correlation (p<0.05) between com-
pression and BI-RADS grade, with a tendency
to apply less compression with increasing
BlI-RADS density. When compression was

analysed by breast volume there was a wide
variation in compression for a given volume.
The general trend was the application of
higher compression to larger breast volumes
by all three practitioner groups.

Conclusion: This study presents an insight
into practitioner wvariation of compression
application in mammography. Three groups
of practitioners were identified: those who
used low, intermediate and high compression
across the BI-RADS density grades. There
was wide wvariation in compression for any
given breast volume, with trends of higher
comprassion demonstrated for increasing
breast volumes. Collation of further studies
will facilitate a new perspective on the anal-
vsis of practitioner, client and equipment
variables in mammography imaging.

Advances in knowledge: For the first time, it
has been practically demonstrated that prac-
titioners vary in the amount of compression
applied to breast tissue during routine
mammaography.
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Breast cancer is the second most common cause of

cancer death in England for females, and mammogra-
phy plays a critical role in its detection [1]. The clinical
efficacy of mammography is dependent on the pro-
duction of high-guality images and many factors con-
tribute to this; one example being the application
of adequate breast compression [2,3]. Compression is
applied to reduce breast thickness; however, it should
be noted that the exact relationship between compres-
sion and reduction in breast thickness is neither linear
nor clear cut [4]. Thickness reduction minimises radi-
ation burden, lessens superimposition of breast struc-
tures and decreases geometric and motion unsharpness
[5-7]. Owverall, thickness reduction is said to improve
image quality, thereby heightening the chance of de-
tecting cancer [8—11].

Vartous compression guidelines exist. National Health
Service Breast Screening Programme (NHSBSP) guide-
lines [12] indicate that compression should be applied
slowly and gently to ensure that the breast is held firmly in
position [13-15] and that 20 kg (20 daN} of force should
not be exceeded [14-15]. The NHSBSP has no exact
guidelines for the application of breast compression;
therefore, potential exists for practitioner variation, Anec-
dotally, variability is said to exist between practitioners and
some publications have alluded to this [4.7]. If variability
between and within practitioners does exist, in order to
ensure that each client has a similar experience over time
and that image quality differences are minimised, more
detailed guidelines regarding compression may well be
advantageous.

To date, research on breast compression has focused
on the effects on the client on application. No robust
research has been published to determine whether
the amount of compression applied is dependent on
the practitioner. In an attempt to start to address this
literary deficiency, this preliminary study used a cross-
sectional design to establish whether compression var-
iability exists “within” and “between” practitioners.

METHODS AND MATERIALS

The study followed the principles and ethics of the UK
Department of Health Research Governance Framework
[16]. Ethics approval was granted from the University of
Salford, UK, together with the hospital research ethics
committee {Mational Research Ethics Service, Bolton
Research Ethics Committee, Manchester, UK). The study

was performed in a regional breast screening service in
the north of England. This service comprised two static
and two mobile sites. One static site was selected and
from that site a sample of 500 clients’ mammogram
images was drawn. The sample was opportunistic and
derived from a previous research study [17]. It was ret-
rospective and consecutive; factors such as socioeco-
nomic, educational and menopausal status, breast
tenderness and tolerance of compression could not
therefore be assessed. We acknowledge that some
of these factors could have influenced the amount of
compression applied by the practitioners. In future
prospective studies this information would be taken into
account.

Mammograms were carried out by 14 trained prac-
titioners who rotated through the department at the
time of the study (the staff comprised advanced prac-
titioners, mammaographers and assistant practitioners).
Craniocaudal and mediolateral oblique projections were
acquired using an analogue DMR+ mammography
machine {GE Healthcare, Chalfont 5t. Giles, UK).

Compression and practitioner details (name, number of
vears' experience and grade)} of those who performed
the imaging were noted for all images. Each practitioner
was assigned a unique code to conceal their identity,
Volumetric data (available from a previous research
study [17]) were noted and breast density was assessed
and recorded for each image using the four-point Breast
Imaging Reporting and Data System (BI-RADS) scale
[18-20].

Breast volume and density were evaluated in relation to
compression applied by practitioners in order to de-
termine whether relationships existed. One of the
authors reviewed and scored all mammogram images
for density assessment. For 20 mammogram images,
this author was assessed against 4 experienced readers
for interobserver BI-RADS scoring variability. When
compared with each ol the other four readers, Cohen's
kappa test gave kappa values of (.83, 0.92 and 0.83,
demonstrating good agreement. Intracbserver charac-
teristics determined by Cohen's kappa test gave a value
of 0.92.

Statistical analysis comprised several steps. First, the
sample was characterised to ascertain any distribution
variations in BI-RADS grades between the mammograms
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(Pearson's y° test). Second, the relationship between
the amount of breast compression applied by different
practitioners was analysed using analysis of variance
(ANOVA), Third, data for each BI-RADS grade were
analysed separately (ANOVA) to test whether practi-
tioners applied the same compression to breasts with
the same BI-RADS grade. Fourth, quantification of the
correlations between compression and BI-RADS grade
for each individual practitioner was calculated using
Spearman’s rank correlation. Mext, using ANOWVA, the
sample was analysed to ascertain any wvariation in
breast volumes between practitioners and what effect
this may have upon the amount of compression that
was applied. Finally, the employment grade and time
since the mammography qualification of the practi-
tioners were also assessed.

Of the sample, 12 clients did not have compression
andfor practitioner information available and were
therefore excluded, leaving 488 clients (1952 images)
for analysis.

RESULTS AND ANALYSIS
Images were seperated into BI-RADS grades regardless
of practitioner. The following distribution of grades

was ascertained: BI-RADS 1 (11%), BI-RADS 2 {(64%),
BI-RADS 3 {219%) and BI-RADS 4 (4%),

It was necessary to establish whether there were any
BI-RADS differences between the clients that the
practitioners imaged from the whole client sample
using Pearson's y° test; it would have been unwise to
compare practitioners if some had inadvertently imaged
all clients who had breasts from just one BI-RADS

category.

For the purposes of the Pearson's y” test, combination
of BI-RADS 1 and 2 (referred to as Group A} and also
of BI-RADS 3 and 4 (referred to as Group B) was re-
quired, owing to a low number of images in BI-RADS
Catagories 1 and 4. Pearsons y° test compared the
number of images in BI-RADS Groups A and B for all
practitioners. Pearson’s y° of 99.79 (p<0.0001) in-
dicated a significant difference in the distribution of
images within BI-RADS Groups A and B between these
groups of practitioners. Table 1 demonstrates that there
were similar groupings {percentages) of clients in BI-
RADS Groups A and B for each practitioner. We could
therefore be sure that each practitioner imaged clients of
similar groupings of BI-RADS densities.

Table 1. Pearson’s y° test with Breast Imaging Reporting and Data System (BI-RADS) groups and all practitioners

Number of images Number of images Total
Practitioners in Group Ag Group‘}\ oo |_3f in Group Bg Grouphﬂ oo ?f number
(BI-RADS 1 and 2) total images (BI-RADS 3 and 4) total images | o images
A 162 B4 3l 16 193
B 53 65 28 35 &1
C 173 il 44 20 217
D 83 81 20 19 103
E k1] 61 24 39 62
F 103 94 7 & 110
G 6l 91 6 9 67
I L8O 65 97 35 277
I 150 B3 9 37 239
| 33 77 10 23 a3
M a1 87 14 13 105
N 173 69 TR 3l 251
F &7 77 26 23 113
Q 73 B0 15 20 91
Tatal 1460 492 1952

1 2 bjrhirisurnals.org
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The relationship between the amount of compression
applied by different practitioners was analysed using
ANOWVA ({Table 2). The low p-value (<0.0001) dem-
onstrates that practitioners did not use the same mean
compression force. This could be because the practi-
tioners were imaging breasts with different BI-RADS
grades and potentially different breast volumes. There-
fore, further analysis was performed to identify whether
associations existed between compression and practi-
tioners if BI-RADS grades and breast volume were taken
into account.

Data for each BI-RADS grade were analysed separately
to test whether practitioners applied the same com-
pression to breasts with the same BI-RADS grade.
ANOVA showed a significant difference within the mean
compression values used by different practitioners within
cach BI-RADS grade (BI-RADS 1, p<<0.0001; BI-RADS
2, p=0.0001; BI-RADS 3, p=<0.0001; and BI-RADS 4,
p=-0.002). Taking the practitioner group as a whole,

Table 2. Analysis of variance of breast compression (in
dacanewtons) for all practitioners

Practitioner Number Mean sD
A 193 11 25
B 81 93 ]
C 217 8.9 1.2
] 103 87 21

E 62 .7 1.7
F 1 2.1 [
0 a7 7.6 1.8

1 277 H.o L&

I 239 8.8 1.4

1 43 7.7 1.7
M 105 LLG 1.9
™ 251 9.2 2.0
P 113 9.2 1.8
Q 91 12.2 35
f::i;i?uif Sum squares DI p-value
Practitioner 2722.4 13

Residual 71752 1938 = L0001
Toral LEY5.5 1951

DF, degrees of freadom; 50, standard deviation.

there were significant differences between practitioners
in the application of breast compression within each
BI-RADS category.

The mean and standard deviation of compression
used by each practitioner for each BI-RADS grade
were assessed. This clearly demonstrated that there
was a large variation in compression used by each
practitioner, with a tendency to apply less compres-
sion for higher BI-RADS grades. Compression data
for BI-RADS Grade 3 were analysed by mean com-
pression and practitioners could be separated into
three distinet compression groups: those with low
practitioner mean compression (7.33, 7.33, 7.30 and
7.29 daM), those with intermediate practitioner mean
compression (8.25, 8.42, 8.39, 8.63, 8.56, 8.78 and
£.88daMN) and those with high practitioner mean
compression {9.29, 10.03 and 10.5 daN}. Clarification
of these “groups” was acquired by analysing data by
mean compression for the four BI-RADS groups; similar
groupings by mean were highlighted (Figure 1), Further
analysis described by ANOVA demonstrated no signif-
icant difference in compression within each of the
practitioner groups for BI-RADS Grade 3 (p=0.99,
p=0.70, p=0.54). Thus, three groups of practition-
ers can be defined according to whether they used
low compression, intermediate compression or high
compression.

AMOVA was also used to evaluate BI-RADS Grades 1, 2
and 4, following separation of the practitioners by
the practitioner groups identified above, to determine
whether practitioners remained consistent with their
group {Table 3). For BI-RADS Grade 1, there was no
significant difference in mean compression for the
low (p=0.91) and intermediate {(p=0.08) compres-
sion practitioners; for BI-RADS Grade 2, there were
significant differences for the low and intermediate
compression groups only (p<0.05 and p<<0.01, re-
spectively); and for BI-RADS Grade 4, there were
significant differences in the intermediate compression
group only {(p<<0.02). Only the high compression
group of practitioners failed to maintain their consis-
tency in BI-RADS Grades 1 and 2 {p=<0.0005 and
P=0.0001, respectively). This suggests that all groups
of practitioners performed similarly within their group
apart from the group which used higher compression
forces.
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Figure 1. The means and standard deviations of compression used for each Breast Imaging Reporting and Data
Systern (BI-RADS) grade by each practitioner.
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Quantification of the correlations between compression
force and BI-RADS grade in each individual practitioner
was then performed using Spearman’s rank order cor-
relation (Table 4}, This demonstrates that only 6 out
of 14 practitioners (A, C, I, P, Q and N, as demon-
strated in bold in Table 4) showed significant correla-
tion between the amount of compression applied and
the BI-RADS grade of breast tissue. For these practi-
tioners, there was a negative correlation between ap-
plied breast compression force and the BI-RADS grade
of breast tissue—i.e. compression force decreased with
increasing breast density. However, the remaining eight
practitioners (F, G, L, M, B, E, T and ]} showed no cor-
relation between breast compression force and BI-RADS
grade,

Owerall, it was concluded that there was no consistency
between practitioners in the amount of compression
applied for breasts with the same composition (BI-RADS
grade); there were, however, three groups of practiti-
oners who maintained a degree of consistency between
themselves.

Assistant practitioners were found in the low- and the
high-compression groups, advanced practitioners within
the low and intermediate groups and more experienced
practitioners (=10 years) were found in all three groups.
The less experienced practiioners (=<3 years} were
found in the low- and intermediate-compression groups,
Dispersal of practitioner grade and length of experi-
ence across the three compression groups appeared to

Table 3. Results using analysis of vanance to test whether practitioners in each group use the same mean

compression

. Intermediate- . .
Low-compression . High-compression

o compression rou

group group group
Practitioners included All
. F, G, L and E D,LPLN,Cand B Q, Aand M L
in group practitioners
BI-RADS 1 NS MS Pp<0.0005 p<0.0001
BI-RADS 2 pL05 =01 L0001 P 00001
BI-RADS 3 MNS M5 MNS p=0.0001
BI-RADS 4 Ma data pe=n02 Insufficient data 0001
All grades NS 00001 L0 00001

Bl-RADE, Breast Imaging Reporting and Data System;

ME, net significant.
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Table 4. Spearman’s rank correlation between compression force and Breast Imaging Reporting and Data System

grades for each practitioner

95% CI
EE::-I::?:: e " R/S statistic From To t statistic DF T;::T:::d
Low-compression group
F 110 —0.06 —0.25 0.12 —L67 106 NS
L 97 01z —0.12 0.35 101 (] NS
L 43 =007 —0.36 0.23 — 46 41 NS
E 62 —0,19 —0.42 0.07 —1.47 )] NS
Intermediate-compression group
D 103 =0.31 =047 =0.12 =327 101 =002
] 139 —0.11 —0.23 0.02 —1.7 237 NS
P 13 —0.23 —0.4 —0.05 —25 111 =0.02
I 77 0.07 0.1% 0.05 1.21 75 NS
N 251 —0.25 —0.37 —0.13 —4.13 249 =0.0001
L 217 —0.29 —0.41 —.16 —4.47 215 << 0.0001
B 81 0.19 .49 0.03 1.73 T N5
High-compression group
4] 91 —0.49 —0.63 —0.32 —3.31 & << 0.0001
A 193 0.2 0.33 0.06 182 191 <0.01
Il 105 =013 —0.32 0,06 —1.37 103 N5

Cl, confidence interval; DF, degrees of freadom; NS, not significant.
Letters in bold indicate practitioners who had a significant correlation.

demonstrate no particular trend for the purposes of this
study.

Characterisation of the client sample was important to
ascertain variation of breast volume between practi-
tioners. ANOVA was used to compare the volumes of
the breasts imaged by each practitioner. A significant
difference between the mean breast volume imaged by
different practitioners was noted (p=<0.0001), Further
analysis of breast compression in relation to breast
volume was undertaken. The low-, intermediate- and
high-compression groups of practitioners were com-
pared. Figures 2—4 illustrate the relationship between
compression and breast volumes within the three
practitioner subgoups, These graphs illustrate that there
was wide variation in the compression used for any
given breast volume, even for practitioners who used
similar compression values. They do, however, all fol-
low the same trend, which indicates that higher com-
pression is applied with increasing breast volume. The

slopes of regression lines in all three practitioner groups
were similar: low compression, 14520018 intermediate
compression, 1.44=0.08; and high compression, 2,22+
0.31. However, each compression group had significantly

Figure 2. Cerrelation of compression and breast volume
in practitioner group “low compression” (Practioners F,
G, L and E).
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Figure 3. Correlation of compression and breast volume
in practitioner group “intermediate compression”
{Practitioners D, J, P, |, N, C and B).
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different intercepts (low, 6.1+0.2; intermediate, 7.7=0.1;
and high, 9.3+0.3). The intermediate-compression
group used an average of 1.6daN more than the low-
compression group, and the high-compression group
used 1.6daN more than the intermediate-compression
group over all breast volumes.

DISCUSSION

Factors which influence compression can be threefold.
They can be attributed to client effects, practitioner
effects and/or equipment effects. In 2004, a new per-
spective on breast compression was called for [7]; in
turn, our group undertook preliminary work in order
to establish whether practitioner variability did have
cause to affect the amount of compression that is ap-
plied to breast tissue during mammography. Once any
relationship has been recognised, linking practitioner

Figure 4, Correlation of compression and breast volume
in practitioner group “high compression” (Practitioners
Q, A and M).
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variation with client and equipment variables will be
essential in order to establish consistency within the
NHSBSPE.

The main limitations of this study (retrospective and
consecutive sampling) have been highlighted. Factors
such as socioeconomic/educational status, breast ten-
derness and tolerance of compression could not be
assessed owing to the nature of the sample. We ac-
knowledge that some of these factors could affect the
amount of compression applied by practitioners and
in future prospective studies this information would
be taken into account.

Consistency in the application of breast compression
for females attending NHSBSP mammography is im-
portant to maintain high standards of image quality
throughout the programme [6,7]. Within our study,
compression used by practitioners was analysed for
different BI-RADS densities and breast volumes to
ascertain whether any relationships existed. Neither
showed consistancy for all practitioners, although it
clearly identified three distinct groups by compres-
sion means: those using low, intermediate and high
compression. A relationship has been demonstrated
between compression and BI-RADS density evalua-
tion, with lower compression being applied to higher
BI-RADS grades. Further research into this area is
required.

This study shows that some practitioners perform
similarly within themselves and against others; this
does not, however, necessarily equate to good or bad
praclitioner practice. As the NHSBSP has rigorous pro-
cesses for quality assurance and consistency for clients,
this area may merit further research together with a
focus on training process.

Practitioners in this study can be grouped into the low-,
intermediate- and high-compression users. This may be
of concern, given that this lack of consistency in the
application of compression could have an impact on
the consistency of image quality together with client
experience over sequential attendences. The grade or
experience of practitioners within the three groups did
not have any statistical relationship to these findings
and there appears o be no correlation between the
experience (in number of years) of the practitioners or
their grade.

9  birbirjournals.org
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For different BI-RADS catagories, some practitioners
are consistent in their application of compression force
while others are not. In clinical practice, such variation
of compression application may be evidence of the
practitioner adapting her technigue to individual client
characteristics and may not be a sign of inconsistent
practice. This study did not assess client characteristics
such as tolerance of compression. To address this de-
ficiency, further prospective work would be required
using a combination of quantitative and qualitative
approaches.

CONCLUSION

Several preliminary conclusions may be drawn from
this research. Practitioners do not use the same mean
compression when undertaking mammography and
they can be grouped into low, intermediate and high
compressors. There was a general tendency to apply less
compression for higher BI-RADS grades, although this
was only statistically significant in 6 out of 14 practi-
tioners, Higher compression values were applied to
breasts of larger volume. In addition to this, neither the

experience nor the grade of the practitioners had any
effect on their use of compression.

This study presents some insight into practioner vari-
ability for mammography and it is acknowledged that
a combination of both client and practitioner effects on
compression go hand in hand. Being preliminary in
nature, this study had low client numbers. A larger
sample from more imaging centres would be required
to determine whether the findings demonstrated in this
study could be replicated elsewhere. As a follow-up to
this study, we have completed a single-centre longitu-
dinal study of practitioner variability, in order to de-
termine whether practitioners vary in their application
of compression over time. This study will also dem-
onstrate whether client compression values vary over
sequential attendances. In conjunction with this, de-
velopment of a breast phantom [21] and analysis of
breast thickness readouts on a range of mammography
machines [22] will lead to a new perspective on the
analysis of practitioner, client and equipment variables
in mammography imaging.
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Purpose Breast density categorization consistency is important when performing research, and minimization of intercperator
and intraoperator variability is essential, This research aimed tovalidate @ set of mammography images for visual breast
density estimation to achieve consistency in future research projects and to determine observer performance.

Methods |sing the Breast Imaging Reporting and Data Systern (B-RADS) as the visual gracing scale, 50 mammagraphy

images were scored for density grade by 8 abservers.

Results Six of 8 observers achieved near-complete intracbserver agreement (kappa = 0.81), Strong agreement amang
observers (kappa = 0.61-0.8) was found in 10 of 78 paired observation episodes on the first iteration and 12 of 28
on the second, Mo observers demonstrated a delta variance above 1, Fleiss' kappa was used o evaluate concordance
amaeng all observers on the first and second iterations (first iteration, 0.64; second iteration, 0.56).

Discussion This research illustrates the difficulties of comparing obsenver visual performance scores because differences
can exist when stuclies are repeated by and among individuals

Conclusion We confirmed that the 50 images were suitable for research purposes. Some varability existed among
ohservers; however, overall density dlassification agreement was strong. Future research should include repeating this

stuchy with digitally acquired images.

reast density, which refers to the relative com-

position of glandular and fatty tissue, can be

estimated from mammography images.

Glandular tissue has a high density, whereas
fatty tissue has a lower density. Breast density can be
estimated using computerized methods or through
visual analysis; both methods use the 2-D data.’
Mammographic density estimation by visual analysis is
subjective; therefore, it is important to identify and
limit intrachserver and interobserver variability before
using density data in research or clinical work.”* Some
imaging centers routinely assess breast density visually
because density can be used as a predictor of risk for
developing cancer,**

Literature Review

1f the density of the breast could be precisely
measured, observer performance could accurately

RADIOLOGIC TECHNOLOGY, Julyrdugust 2004, Volume 85, Number 6

be evaluated against this true density using a visual
method, Currently, it is impossible to precisely measure
breast density, so observer accuracy cannot be judged
with high confidence.*” Computer-based approaches
also can be prone to error, such as errors in machine-
provided thickness readouts.” Therefore, it appears that
at present, researchers can only judge whether observers
using visual grading methods are obtaining acceptable
performance on the grounds of observer consistency.

Various visual grading scales for density estimation
for observers analyzing mammography images exist
within the literature. These include Wolfe's 4-category
system (now rarely used because of inconsistency
issues)’; the Breast Imaging Reporting and Data System
(BI-RADS) 4-point scale (A through D) developed by
the American College of Radiology”; the percentage den-
sity score (visual analog scale"); and Boyd's 6-category
classification."”
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The visual analog scale is considered a reproducible
and pragmatic way to estimate breast density and a
recognized way to identify density on a continual scale,
However, visual analog scales also have been reported
to have problems, such as poor observer consistency.™
Because breast density estimation lexicons have varied
widely, breast density classification errors occur.” The
BI-RADS lexicon was developed to standardize mam-
mographic reporting and has recently been updated to
catagories A, B, C, and 1"

The use of a standard set of mammography images
as a tool for assessing observer performance of visual
breast density estimation has previously been sug-
gested.” A 2008 study conducted by Gao et al assessed
interobserver and intraobserver reliability of visual
mammographic density estimations.* The authors con-
cluded that visual estimations of breast density were
highly reproducible in research studies, assuming that
appropriate training had been given to the observers, In
2011, Heine et al noted significant variations between
chservers in breast density estimation," although a
previous study by Ooms et al in 2007 noted substantial
interobserver agreement."” Variation among observers is
thus known and reported in the literature,

This article reports on the validation of a set of
mammography images for visual breast density estima-
tion for research purposes. Concurrently, we report on
intraocbserver and interobserver variability of experi-
enced mammography staff. We routinely conduct research
on various aspects of mammaegraphy, and the research
often requires mammography images to be classified
into BI-RADS categories, Therefore, it is necessary to
determine observer performance in density classification
prior to permitting an observer to participate in a study.

Methods

The BI-RADS density grading scheme was selected
as the visual grading scale for this research. The observ-
ers had experience using this scale, and the coauthors
believed it to be suitable for film-screen mammography
images. The accuracy of BLRADS is limited because ofits
relatively broad categories and inherent subjectivity (eg, a
small change in density can be difficult to detect).

Fifty film-screen mammography images, comprising
left and right craniocaudal and mediolateral oblique

610

views, were drawn from a university film library and
identifying information was removed. Film-screen
mammograms were used because they were readily avail-
able from the film library, We acknowledge that not using
digital images was a study limitation because many breast
imaging units have changed to digital imaging.

The image sets were scored by & observers who
worked in the mammography field in 3 separate hospi-
tals. Each set was allocated an identification number,
Images were scored by each observer independently,
under the same viewing conditions, and blinded to
the findings of the other observers. To provide data to
assess intraobserver variability, mammography image
sets were scored (first iteration) and then rescored (sec-
ond iteration) within an interval of at least 2 weeks to
minimize recall bias.

Data analysis included within-observer variabil-
ity (intraohserver variability) using Cohen's kappa
and delta variance and between-observer variability
(interobserver variability) using Cohen's kappa and
Fleiss' kappa.'” Cohen’s kappa measures agreements
between 2 observers; Fleiss' kappa measures the overall
agreements among all the observers.

Identifying the level of agreement that is acceptable
for research purposes is difficult, not only within the
mammography setting but also in other research set-
tings." The baseline for acceptance was set at strong
agreement or above (ie, 0.61). It also was established
that the delta variance among observers should be 1 or
lower.

Results
Intraobserver variability was analyzed using weighted
Cohen'’s kappa (see Figure 1). The following kappa
scores showed agreement as follows:
Less than 0.2 was considered poor agreement.
0.21 to 0.4 was considered fair.
0.41 to 0.6 was considered moderate.
0.61 to 0.8 was considered strong,
Greater than 0.81 was considered near complete.
The values from this study for weighted kappa
indicate near-complete intraobserver agreement for
observers 1, 2, 3, 4, 5, and 6, with observer 8 showing
strong agreement and observer 7 showing moderate
agreement.

RADIOLOGIC TECHNOLOGY, JulAugust 2014, Volume 85, Number 6

CHAPTER FIVE: PAPER IV

[ 100 B



The delta variances within observers for 2 BLRADS
scores for the same images also were categorized. A
delta of 0 indicated the same BI-RADS score on each
iteration of the pair. A delta of 1 indicated a difference of 1
BI-RADS category between the first and second iteration.
Mo observers demonstrated a delta variance above 1.

Repeated pairwise interobserver variability was ana-
lyzed by Cohen’s weighted kappa (see Figure 2). The
kappa scores showed agreement as follows:

B |ess than 0.2 was considered poor agreement.

® .21 to 0.4 was considered fair.

& .41 to 0.6 was considered moderate.

B (161 to 0.8 was considered strong,.

® Greater than 0.81 was considered near complete.

Interobserver variability was analyzed twice—once
across the first set of scores given by the observers and
once for the second set of scores—providing 56 (2 % 28)
kappa values in total.

On the first iteration, of 28 observer correlations,
10 near-complete absolute agreements were found, 12
strong agreements, 5 moderate, and 1 fair. The second
iteration returned 7 near-complete absolute agreements,
11 strong agreements, 8 moderate, and 2 fair, Each time
an observer was paired with abserver 7, the level of
absolute agreement decreased to moderate or less,

Fleiss’ kappa was then used to evaluate concordance
among all observers on the first and second iterations.
Fleiss' kappa was 0.64 for the first iteration and 0.56 for
the second. As previously noted, each time an observer
was paired with abserver 7, correlations decreased; when
observer 7 was removed, Fleiss’ kappa statistic rose to
0.77 for the first iteration and 0.65 for the second. This

Peer Review

Mercer, Hogg, Kelly, et al

suggested that observer 7 should be extracted for the
purpose of this analysis to set an acceptable baseline
level of strong agreement or greater.

Discussion

The primary purpose of this research was to validate
a set of mammography images for use as a breast density
assessment tool for observers prior to participation in
our research. The baseline for acceptance for this pur-
pose was set at strong agreement. Our data demonstrat-
ed that agreement was strong among all observers on
the first iteration and moderate on the second iteration.
After removing observer 7, the scares rose to strong on
both iterations. We believe the baseline for acceptance
of delta variance should be 1 or lower. This means there
would be a difference of one BI-RADS category or less
between the first and second observer scores. Within
our study, none of the cbservers demonstrated a delta
variance above 1. On this basis, we propose that our
image set is suitable for determining whether an observ-
er can participate in a research study that invelves scor-
ing BI-RADS density.

The purpose of this research also was to report
intraobserver and interobserver variability. Six of 8
abservers achieved near-complete intraohserver agree-
ment. The 2 observers who did not have near-complete
agreement had strong or moderate agreement. When
the observer with moderate agreement was excluded,
the agreement among the remaining 7 observers was
near complete. This aspect of the discussion illustrates
the difficulties of comparing observer visual perfor-

mance scores because differences can

Cohen's Kappa (Weighted)
5 o o
%] & o

=

1 2 3 4 5
Cohen's kappa weighted | |
—#= Near-complete agreement line | 0.8 0.8 08 08 | 08
Observer
Figure 1. [ntraobserver variance: Cohen's kappa (weighted).
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exist when studies are repeated by and
among individuals. However, our findings
are similar to other perceptual studies in
which visual appreciation of image quality
was determined using a BI-RADS scale,”
As previously mentioned, a limitation
of this study was that the images used were
analog and not digital; therefore, the find-
AR ings might not be applicable to future clini-
cal and research practice. However, a large
study of mammographic density comparing
BI-RADS density between film-screen
and digitally acquired images showed that

a8 | 08
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Conclusion

We identified a set of images suitable for research
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The application of breast compressien in mammography may be more heavily influenced by the prac-
titioner rather than the client. This could affect image quality and will affect client experience. This study
builds on previous research to establish if mammography practitioners vary in the compression force
they apply over a six-wear period.

This longitudinal study assessed 3 consecutive analogue screens of 500 clients within one screening
centre in the UK. Recorded data included: practitioner code, applied compression force (daN), breast
thickness (mm), BI-RADS® density category and breast dose. Exclusion criteria included: previous

i‘c:"v:-::nr:;mpm breast surgery. previousfongoing assessment, breast implants. 344 met inclusion criteria, Data anal-
Breadr ysis: assessed variation of compression force (daM) and breast thickness (mm) over 3 sequential
Breast compression screens to determine whether compression force and breast thickness were affected by practitioner
Comipression force wariations.

Compression force over the 3 screens vaned significantly; variation was highly dependent upon the
pracrivioner who performed the mammogram. Significant thickness and compression force differences
aver the 3 screens were noted for the same client {<0.0001) The amount of compression force applied
was highly dependent upon the practitioner, Practitioners fell into one of three practitioner compression
groups by their compression farce mean values: high (mean 12,6 daM), intermediate (mean 5.9 daN) and
Tow (mean 6.7 dal).

For the same client, when the same pracritioner performed the 3 screens, maximum compression force
variations were low and not significantly different (p = 031} When practiiioners from different
compression force groups performed 3 screens, maximum comprassion force variations were higher amd
significantly different (p < 0.0001],

The amaunt af compression force used is highly dependent upon practiioner rather than client. This
has implications for radiatien dose, patient expenience and image quality censistency.

@ 413 The College of Radiographers, Published by Elsevier Lid, All nights reserved

Introduction

In mammographic practice, breasts are compressed until
adequare thickness reduction is induced. Various descriptors have
leen proposed to indicate when encugh compression force has
been applied!™" The main aims of compression include the
requirement to improve image quality® and the need to minimise

* Corresponding author, Tel: +44 0161 291 4466,
E-mail  addresses:  claire mescer@uhsmphsuk  [CE Mescer),  phoggd
salford ac uk (P. Hozg) kszezepuralsalford acuk (K. Szezepural, erikadentond
nmvuhonhs.uk (ERE. Denton)

breast radiation dose.” However, within the National Health Service
Breast Screening Programme (NHSBSP), there are no specfic
guidelines for optimal compression force levels required to achieve
effective breast thickness reduction, other than a statement indi-
cating that ‘the force of the compression on the X-ray machime
should not exceed 200 N*®

Previous research® has established that practitieners vary in the
amount of compression force they apply to breast tissue duning
mammaography, This finding was independent of specific client
characteristics (e.g. breast density). This research invalved the cross
sectional evaluation of 14 practitioners and 344 clients' compres-
sion force data on one mammography unit. Statistical analysis

1078-8174/8 — see front matter © 2013 The College of Radigraphers. Published by Elsevier Lid. All nights reserved.
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demonstrated a highly significant difference in mean compression
used by different practitioners (p = 0.0001 for each BI-RADS den-
sity). Practitioners applied compression force in using low, inter-
mediate or high compression foree, with no significant difference in
mean compression force within each group (p = 0.9%, p = 0.70,
p = 054, respectively). It concluded that practitioners routinely
apply either low, intermediate or high levels of compression force,
Consequently, it was suggested thar the amount of compression
force applied to the breast could be highly dependent upon the
practitioner.

As NHSBSP requires serial imaging ro occur at regular intervals,
with images reviewed to assess for subtle changes,'” if compression
force variabihty between practiioners exists then comparison be-
tween images over time may become more challenging. Addi-
tionally, and importantly, client experience may vary too and this
may affect re-attendance rates. As such, we conducted a retro-
spective analysis to establish whether practitioner wvariations in
compression force existed over time. For this analysis we identified
a consecutive analogue sample from NHSBSP client data over 3
sereening cycles — G vears in total,

Materials/method
Study characteristics

The study was performed in a regional breast screening service
located in the North of England (UK). Hospital audit and University
ethics committees approved access to a sample of 500 clients from
which data could be drawn. In order to reduce variability berween
mammeogram machines, data was gathered from one static site,
using one mammogram machine (analogue GE DME+ mammog-
raphy machine; Chalfont St. Giles, UK. The machine was cperating
within NHSBSP and manufacturer specifications”™"? during the
study period.

Client sample

Analogue mammogram images and associated data were
gathered retrospectively. Data was gathered from clients who
attended three consecutive sereens. Only three sereening rounds
could be included as the required data for this study was un-
available prior to 2004, Data and images were therefore included
from 2004, enabling 2004, 2007 and 2010 screening rounds for
inclusicn.

Identification of clients who were included into this study
was through a consecutive convenience sampling basis, To be
included each client had te have 3 conseculive screening
mammaograms 2004, 2007 and 2010; their first recorded
mammogram experience at 2004, Each would have had the 4
standard projections acquired (left/right CC (cranial—caudal) and
left/right MLD [medio-lateral oblique)). For each client the
following information was recorded — size of film, breast
compression force value in deca-NMewtons [daN), compressed
breast thickness (mm) and the name of pracutoner who per-
formed the mammogram. The latter was coded for anonymicy
purposes,

Mean glandular dose {(MGDY) estimations' were calculated
retrospectively for specific clients. Together with this, breast den-
sity was established by one reader for each image using the 4 point
BI-RADS® scale (Breast Imaging Reporting and Data System') — Bl-
RADS® 1 =25% dense, BI-RADS® 2: 25%-50% dense, BI-RADS® 3.
S1E-75% dense, and BI-RADS® 4 =75% dense. This reader was an
experienced breast practitioner who had good BI-RADS® classifi-
cation scoring agreement with 3 other experienced breast clini-
cians (Kappa 0.83, 0.92, 0.83)°

Exclusion criteria

Exclusion criteria included: the inability of clients to twlerate
compression force, clients who had breast pain, previous breast
surgery. breast implants or cysts{abscesses, disabled clients, clients
with arm/shoulder movement limitations. As the study was retro-
spective, some client data we would have liked to consider was not
available — for example point in menstrual cycle and whether the
client had pain upon pressure application. Consequently these
parameters could not be considered in our analysis. Due to exclu-
sion criteria 156 of the 500 chients were not included; 344 clients
remained. This represented 1032 ‘mammogram sets’ over the 3
screening rounds — 4128 individual images.

Practitioners

The clients were imaged by 14 trained pracritioners; these
consisted of all the staff who rotated through the breast imaging
department at the time of the study. They comprised of Advanced
Practitioners, mammographers and Assistant Practitioners with
experience ranging from 1 to 12 years, These practitioners were the
same as those used in a previous study”; this permitted direct
comparison of results between these two studies. The average
number of mammegrams performed per practiticner was 73 (range
10-146).

Results
For the 344 clients the following analysis was carried out.
Breast density change

Data was categorised into BI-RADS® breast density distribution
for cach mammogram visit. Only 72 of clients (n = 24) showed a
change in BI-RADS® density over time. This represented a reduction
of one BI-RADS® density grade. These clients were not removed
from the sample prior to analysis in the first instance as images
were analysed separately. It was only when sequential patient
images were considered together that these BI-RADS® density
variations were remeved.

Compression force values

Regardless of BI-RADS™ density grade, practitioner data was first
analysed for mean compression force on each mammogram pro-
Jection (MLO and CC)L All mamimegrams were assigned to the
practioner who performed the mammogram, regardless of year
imaged. Fizs. 1a and 1b demonstrate the mean compression force
values, standard deviations and confidence intervals for each
practitioner.

Within a previous study” these practitioners were placed into
compression force groups because of their similar comprassion
force means; this provided a way of classifying them. For the cur-
rent study the same pracrtoner groupingsiclassifications were
applied — the practitioners had similar compression force means as
the previous study® (rank sum correlation coefficient = 0.9), The
coefficient of 0.9 indicates that the practitioners performed wvery
similarly in their compression force behaviours for beth client
datasets. In the current study 4 practitioners fell inte the low
compression force group, 7 into the intermediate group and 3 into
the high group. Dispersal of practinoner grade and length of
experience across the three compression groups appeared o
demonstrate no particular trend for the purposes of this study.

For the low compression force practitioner group: in the MLO
projection, practitioners imaged with compression force mean
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Figure 1a. Compression force variation (daN) on MLO mammegraphy images per practitioner.

values (regardless of BI-RADS density grade) between 717 and
7.4 daM and in the CC projection bebween 6 and 6.27 daM,

For the intermediate compression force practitioner group: in
the MLO projection, practitioners imaged with compression force
mean values (regardless of BI-RADS density grade) between 3.6 and
9.6 daM and in the OC projection berween 7.95 and 8.71 daM.

For the high compressien force practitioner group: in the MLO
projection, practitioners imaged with compression force mean
values (regardless of BI-RADS density grade) between 126 and
14 daM and in the CC projection between 1145 and 11.7 daM.

There is a highly significant difference in the mean compression
force values between the practitioners in the low and the inter-
mediate group, the lew and the high group and the intermediate
and the ligh group (p < 0.0001); this holds true within each Bl-
RADS density classification.

Breast thickness values

Mean thickness of breast nssue for each practitioner is pre-
sented, distributed by BI-RADS® density grade, in Fig. 2. There is a
highly significant difference between the breast thicknesses from
the intermediate practitioner group and the high practitioner
group (p = 0.0001). There is a significant difference between the
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breast thicknesses from the low practitioner group and the high
practitioner group (p < 0.001), There is no statistical difference
between the breast thicknesses from the low practitioner group
and the intermediate practiticner group.,

Longitudinal assessment of compression force and thickness due to
practitioner variation

In arder to assess if there was variation of compression force and
breast thickness over the three screening rounds, specifically due o
practitioner variation, we applied additional inclusion/exclusion
criteria. From the remaining 344 clients we assessed which clients
had been imaged either: sequentially by the same practitioner for
cach of the 3 screens, sequentially by practitioners from the same
practitioner group for each of the 3 screens, or sequentially from
the practitioners from different compression force groups for each
of the 3 screens. From the remaining 344 clients, 134 remained for
further analysis for the exacting purposes of analysing lengitudinal
wvariatien of compression force and thickness.

To achieve the assessment of compression force and thickness
variations within these chients, we set a ‘reference value” of zero to
the client’s initial mammaogram, Any increase or decrease from that
walue was represented by a plus {an increase in compression force
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Figure 1b. Compresson force vanation {daN) on CC mammography images per practifsoner,
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or thickness] or a minus (a decrease in compression force or
thickness). The term “maximum absolute compression force varia-
rion' is the maximum compression force difference displayed be-
rween each screening mammogram for the three years for clients.
Simularly the term ‘maximum absolute thickness varianen' is the
maximum breast thickness difference displayved between each
screening mammaogram for the three years for clients; their first
mammaogram experience [incident round) being assigned as their
reference walue.

Clienrs imaged sequentially by pracritieners from the same
practitioner compression force group

From the 134 clients, 81 were imaged by a practitioner from the
same compression force group on each attendance. Of these, &
clients had a change in BI-RADS™ density over time and at this stage
of the analysis they were removed to minimise any variation in
compression force/thickness which may be caused by density
change.

Seven clients were imaged by practiioners in the low
compression force group each time they attended their 3 screens.
These clients experienced maximum absolute compression force
wvariations between the sequential screens of —2 daMN and 1 dalN
(MLO projections) and —2 daM and +1 daN (CC projections). There
were no statistically significant differences in the compression force
values of these clients over their three screening episodes.
Maximum  absolute breast thickness vanations between the
sequential screens of these clients were — 18 mm and +9 mm (MLO
projection] and —17 mm and +6 mm (OC projection). Again there
wiere nio statistically significant differences in the breast thickness
wvalues of these clients over their three screening episodes.

Sixty-eight clients were imaged by practitioners from the in-
termediate compression force group each tme they attended.
These clients expenenced maximum absolute compression force
variations between the sequential screens of —4 daN and +2 daN
{MLO projection) and —3 daN and +2 daMN (CC projection). There
were no statistically significant differences in the compression
force values of these clients over their three screening episodes.
Maximum absolute breast thickness variations between the
sequential screens of these clients were —22 mim and +10 mm
(MLO projection] and —14 mm +15 mm (CC projection). Again
there were no statistically significant differences in the breast

thickness values of these clients over their three screening
episodes.

Over the three sequential screening rounds 14 clients were
imaged by the same pracritioner on each artendance. These clients
experienced maximum absolute compression force varations be-
tween the 3 screens of —2 daN and +2 daN (MLO projection) and —
2 daM and +1 «aM {CC projection). There were no statistically sig-
nificant differences in the compression force values of these clients
over their three screening episodes. Maximum absolute breast
thickness wvariations between the 3 screens of these clients
were +16 mm and —15 mm (MLO projection) and +17 mm
and —& mm (CC projection). Again, there were no stanstically sig-
mificant differences i the breast thickness values of these clients
owver their three screening episodes,

In summary the clients who saw the same practitioner or
practitioners from the same practitioner compression force group
on their three sequential screening mammograms had no signifi-
cant differences in their breast thickness or their breast compres-
sion force levels.

Clients imaged sequentially by practitioners from different
compression force groups

Thirty-nine clients were imaged by a practitioner from each
compression force group (low, intermediate and high) during their
three screens in a variety of orders. As above their first screening
attendance was assigned a zero’ and changes calculated from this
figure.

These clients experienced maximum absolute compression
force wariations over the three sequential screens of —2 dal
and +10 daM (ML projection) and +3 daMN and +14 daM [CC pro-
Jection). For these 39 clients, in order to represent this change in
breast compression force longitudinally over the 3 screens, the
results have been displayed time independently and averaged for
the two MLO and CC projections for each attendance (Fig. 3), T-tests
indicate highly significant differences in compression force values
(p = 00001 for CC and the MLO projections. This level of signifi-
cance is the same for the low and high compression force groups.
the intermediate and high compression force groups and the low
and intermediate groups,

For the 29 elients, in order to represent change in breast thick-
ness longitudinally over three sequential screens, results have been
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Figure 3. Breast compression force changes (daN) for clients imaged by different practitioner compression group

displayed time independently and include both MLO and CC pro-
jecrions for each attendance (Fig. 4). Absolute thickness reductions
Lerween the low and intermediate group reduced by 1 mom (MLO
projection) and 1.7 mm (CC projection). Absolute thickness re-
ductions between the intermediate and high group reduced by
57 mm (MLO projection) and & mm [CC projection]. Absolute
thickness reductions between the low and high group reduced by
6.2 mm (MLO projection) and 7.7 mm (CC projection). T-tests
indicate highly significant differences in breast thickness re-
ductions (p = 0.0001) between the low and high compression force
groups and the intermediate and high compression force groups for
both projections. The differences between low and mtermediate
groups did not achieve the same level of sigmficance; for the MLD
projections there was no significant difference, for the CC pro-
jections it was significant {p = 0.05).

MGD for the 39 clients was calculated retrospectively. These are
illustrated im Fig. 5. Maximum dose differences were 2.64 mGy
(MLO) and 112 mGy (CC) when clients were imaged by a practi-
tioner from a low practiioner group and then a high pracritioner
group. Some chents experienced differences in dose of 157 mGy
(MLO) and 1 mGy (CC) when they were imaged by a practitioner
from a low compression force group followed by a practitioner from
an intermediate compressien force group.

Overall percentage dose differences demonstrated a mean dif-
ference of 10.2% {MLO) and 6.9% [CC) when clients were imaged by
pracritioners from a low practitioner group followed by practitioners

tirmee independent,

from a high compression force group. These dose differences would
likely represent a clinically important difference and are due to the
differences in breast thickness levels on mammoegram acquisition
{Fig. 5). T-tests highlight significant dose differences between the low
and high compression force groups in both projections (p < 0.01),
Differences from low to intermediate groups are not significant for
the MLO though significant for the CC view (p < 0.05). For the in-
termediate to high group for both projections there were no signif-
icant differences.

In summary, clients who saw practitioners from a different
compression force group on each artendance had significant dif-
ferences in therr compression force levels and some of their
thickness levels, Depending upon which practitioner compression
force group is considered significant differences in dase have also
been demonstrated.

Discussion
Imiplications for practice

Dur study establishes that the amount of breast compression
force seems highly dependent upon practitioner rather than client,
This has implications for radiation dose and image gquality consis-
tency for sequential screening within the National Health Service
Breast Screening Programme together within the symptomatic
serting.

&0 Client Experience: Breast thickness (mm) per Practiioner Group
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We hawve highlighted four areas for consideration. Firstly, the
practitioners fall into the same compression force groups as with
IMercers' previous study_g Secondly, from a client perspective, the
compression force that is applied to client breasts during each
mammogram can vary over time and this is dependent upon the
practitioner who images them. Thirdly, for the clients who were
imaged with a practitioner from a different group on each atten-
dance, breast compression force values are significantly different.
Breast thickness reduction was also significantly different apart from
between the low and intermediate compression force groups on the
MWL view. This suggests that there is significance to the application
of higher compression force in the reduction of breast thickness.
Finally, it has been highlighted thar for certain cases, the larger
thickness reductions have resulted in lower mean glandular doses
(MGDs), Though T-tests show that some of these were not statisti-
cally significant in some cases, there has to be consideration of the
clinical importance of this — doses should be kept as low as practical.

It appears that each practitioner is consistent over time in the
amount of compression force that they apply. We have also indi-
cated that there is a close correlation between mean compression
force values from this study and Mercer's cross sectional study ?
This suggests that individual practitioners are applying compres-
sion force consistently over time, and also within different client
groups. This could mean that practitioners are applying their own
tolerance levels to compression force application. We have also
demonstrated that changes in BI-RADS® density grades made little
difference 1o the practitiener's behaviour in their application of
compression lorce. This again could suggest that practitioners are
applying compression force to the breast using their own tolerance
levels regardless of breast type,

The relevance to clients being imaged by practitioners applying
different levels of compression force may give rise to different levels
of pain and discomfort experienced whilst having mammography
and this may have consequences for future artendance. Studies™ 18
have suggested varying thresholds of compression force for pain
tolerances varying from 9 daM to 16 daM. As such, consistency of
optimal compressien force applied over time could be paramount in
the maintenance of client experience, The same argument would
hold true for the consistency of image quality over time.

Our data has demonstrated statistically significant varations in
breast compression force and breast thickness levels when clients

are imaged by different practitioners over their 2 screening rounds.
Cur study has also demaonstrated that clients imaged by the same
practitioner on each screen have less breast compression force and
breast thickness variation. It is likely that these clients have had
more a consistent experience.

For the third and final issues, breasts might be imaged with
breast thickness reduction (rather than compression force ) in mngd
in order to reduce radiation burden, ™ Thizs will likely achieve better
consistency of breast dose and image quality' for clients imaged
serially within the NHSBSP.

Limitations

Our study has several limitations, Firstly, this study was at a
single site with a relatively small group of mammographers, The
study has now been extended to a multicentre study in order to
assess if the results will be similar at other screening centres.
Secondly, as these were retrospective important facrors such as
point in menstrual cyele, breast pain upon compression force and
weight changes, for example, could have effect on the results of this
study,

Conclusion

We have established that compression force and breast thick-
nesses can fluctuate for the same client when they are imaged by
different practitioners. Implications from this can result in varia-
nons in mean breast glandular dose between 3 yearly screening
events. The possibility exists for variations to cocur in image quality
and lesion wisibility, Given that compression force differences can
QCCUE over time it is possible that client experience may vary too
with possible implications to clients screening attendance within
the future.
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Does an increase in compression force really improve visual image
quality in mammography? — An initial investigation
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Objective: Literature speculates that visual image quality (I0) and compression force levels may be
directly related. This small study investigates whether a relationship exists between compression force
levels and wisual 1Q).

Methed: To investigate how visual I} varies with different levels of compression force, 39 clients were
selected over a & year screening period that had received markedly different amounts of compression
force on each of their three sequential screens. Images for the 3 screening episades for all women were
scored visually using 3 different 1) scales.

Keywards:
Mlmmri;mpw Resules: Correlation coefficients between the 3 [ scales were positive and high (082, 0.9 and 0.85). For
Breast compression the scales, the I} scores their correlation does not vary significantly, even though different compression
Image quality levels had been applied. Kappa 1) scale 1: 0092, 0.89, 089, ANOVA [Q scale 2: p < 098, p < 0,55, p « 0.56.
1CC 19 scale 3: 0097, 0.93, 0.91.
Conclusion: For the 39 clients there is no difference in visnal 1Q when different amounts of compression
are applied. We believe that further work should be conducted into compression force and image quality
as 'higher levels' of compression force may not be justified in the attainment of suitable wiswal image
quality.
@ 2013 The College of Radiographers. Published by Elsevier Lid. All rights reserved,
Introduction visualisation of skin surface and better visualisation of cancer le-

31% of breast cancers are detected threugh the National Health
Service Breast Screening Programme (MHSBSP).! Early detection of
breast cancer through mammography reduces mortahty and its
success is said to be dependent upen the production of consistently
high quality images.®* It has been estimated that 10%—30% of
cancers are missed through poor quality mammograms,* with one
explanation being inadequare compression force. Literature there-
fore speculares that visual image guality (10) and compression force
levels may be directly related” " Examples of aspects of image
quality which are said to improve with increasing compression
force include; separation of internal breast structures, better

* Corresponding authar,
E-mail oddresses;  claire mercer@uhsmoanhsuk,  mercerclaire@gmail. com
{CE. Mercer), phogg@salfard ac uk (P Hogg), S.Cassidy@salford acuk (5. Cassidy),
erikadenton®nnul.ohsuk [ERE Denton].

sions. However, no robust empirical study has een published to
affirm or refute this relationship. Consequently, our small study
mvestigates whether a relationship exists between compression
force levels and visual 10

Materials/method

This study investigates how visual IQ varies with different levels
of compression force within the same woman {client) over a & year
pericd. Due to radiaticen risks clients could mot be imaged 3 times
under different compression force levels. This study therefore re-
views images from chents with 3 conseculive serecning mamimo-
grams within the NHSESF. The clients were drawn from a
refrospective single centre longitudinal 5tuﬂys that had been
imaged sequentially over a 6 year period; for each client this rep-
resented 3 mammography screens. Audit approval to conduct this
study was granted from the Hospital Trust,

1078-8174/§ — see frant matter & 2013 The Callege of Radicgraphers. Published by Flievier L. All rights reserved.

Tt fx doi org) 10,1016 rack 2013.07.002
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Client selection

Progressing from a single centre study focussing on compres-
sion,” the retrospective single centre longitudinal study® analysed
500 clients' mammography images for compression and breast
thickness values. All images were from one analogue mammog-
raphy machine using the same filim—screen combination,

Exclusion criteria for these clients included: the inability to
tolerate compression force, breast pain, previous breast surgery,
breast implants or cysts/abscesses, disabled clients, clients with
armshoulder movement limitations or change in breast density
over the six year peried. Inclusion criteria included: the same Bl-
RADS density over the three screens together with no change in
breast volume, as denoted by a change in film size or a visually
ohservable change in breast size on the film. Within this study,® 39
clients received markedly different amounts of compression force
on each of their three sequential screens: on each screen these
clients were placed in a different ‘compression force group® which
were statistically significantly different to each other. Consequently
these 39 clients were wdentificd for inclusion within the current
study to determine whether a relationship exists between
compression force levels and visual measures of 10,

The 39 clients” breast density was assessed by BI-RADS density
grade: BI-RADS 1: 23.1% BI-RADS 2: 48.7%. BI-RADS 3: 20.5%. BIRADS
4 7.7% We did not attempt to sample clients that represented a larger
populanon; the sample was therefore stratified and convenience.

For the 39 clients, on each successive screen they had lour im-
ages - left and right medio lateral oblique (LMLO, RMLO) and left
and right cranio-caudal (LCC, RCC). Across the three screens am
individual client experienced a maximum compression force vari-
ation of 12 daM (daN] in the MLO views and 11 daM in the CC views.
Table 1 illustrates the compression force data for the 39 clients
across three conseculive sCreens.

Assessment of viswal image quality

lmages for the 3 screening episodes for all women were scared
visually using 3 different 1Q scales, In all cases the scorer was
blinded to IQ scores from the other scales, the level of applied
compression force and the breast thickness.

The first scale (PGMI (101])) was developed from the descriprors
set out in the Pritchard Report in 1989 and categorises
mammography images as (F) Perfect, (G) Good, (M) Moderate and
(1] Inadequate, The second scale (1027 comprised of 24 items and
it had acceptable internal reliability {cronbachs alpha 0.975, 0,806
and 0.853, for mammography image sets of known quality), It
contained three content domains - positioning quality [cronbach’s
alpha: 0.852), image quality {cronkach's alpha: 0.862) and breast
composition (cronbach's alpha: 0.876). The third scale (103) wasa 5

point scale! which evaluates images on the basis of exposure,
contrast and sharpness,

102 and IQ3 scales gave numerical results; the PGMI scale (101}
was not numerical and consequently a numerical sequence was
assigned to allow for statistical analysis. 0 scores for all the scales
were calculated by summing the values from each of scale items.

An expenienced mammographer scored all the images, [t s
recognised that the assessment of visual IQ can be s1.l|;|jecl|l..re':1 and
because of this the mammographer evaluated a subset of 30 images
along with 4 experienced mammaography image readers to assess
wvariability. For the mammographer this demonstrated minimal
intra-ohserver variability (within 95% limits of agreement Bland-
Altman') and for all 5 it revealed minimal inter observer variability
[Pearsons' correlation =0.951."% The mammographer assessed the
images at a similar time of the day under the same viewing con-
ditions for a maximum individual evaluation peried of 2 h (to
minimise fatigue). The viewing conditions were those used clini-
cally when reporting mammaogram images (mammegraphy light
film boxes with dimmmed ambient lighting).

Results

Spearmans’ rank correlation was performed bebween total scale
scores for each of the 3 scales. Correlation coefficients between the
scales were positive and high (0.82, 0.9 and 0.85). It should be noted
that each of the 3 scales measure different attributes of visual im-
age quality, as indicated in the method.

Visual 1Q scores for the 39 clients are displayed in Fig 1. The X
axis illustrates the 3 compression force levels (low, intermediate
and high) and the 3 IQ scales, The ¥ axis demonstrates the 1Q scale
results. All 3 assessments gave similar results for low, intermediate
and high levels of compression force.

Statistical tests were then applied as shown in Table 2. For all 3
visual 10 scales, the 0} scores do not vary significantly, even though
different compression foree levels have been applied.

Discussion

We have found that 101 (PGMI) and 103 (5 point scale) perform in
asimilar way to the scale with known psychometric properties (102

For our 39 cases, the data indicates that compression force
values hawe little or no impact on visual Q. This suggesis thar
mammoagraphy imaging could be performed with less compression
force, whilst still achieving comparable IQ to that achieved at
higher compressions force levels, However, it should be remem-
bered that lesion wvisibility may also be improved by effective
compression force. The impact of compression force levels on lesion
visibility is not considered in this paper and further research will be
needed to assess this.

Table 1
Compression force data for 38 clients across three conseculive soreening mammograms,
Compiession force [daN) CC view MLO view
Lo Intermediate High Laver Intermediate High
Rl bevel appled 4 7 @ 4 7 i
Macaimam level applied a9 12 14 q 12 18
Mean ] f4 14 s 96 136
Median [ 1 12 7 "0 14
5% Cl SEmGE ElleBT 115100 12.3 69175 93110 131 e 141
5.0. 1 14 1.9 13 L5 21
Low/Intermediate Intermediate/High LonwHigh Lot/ Inntermesliate Intermeciate/High Low Hizh
T-Tests <0.01 =001 =0 =0 <0.01 <301
ANOYVA =001 =001 =0 =0 o1 oo
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Companson of Image Quality Scores for Comprassion Groups
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Figure 1. Image quality scores for compression foree groups.

Tabile 2
Image quality statistical test results for compression force groups.
Lows/Intermediate IntermediateHigh Lonw/High
I3 1 (KAPPA) 082 08D 087
162 2 [ANDVA) F=098 P =055 =056
18 3% {Inter Class 097 0a3 fik:)]
Correlation |

We acknowledge that our study had some limitations - it is a
retrospective study from a small client sample {39} and only
assessed analogue images. Together with this the analysis of I, in
relation to breast compression force, within the digital image
setting 15 considered essential.

Conclusion

For 39 cases, we have determined that there is no significant
difference in visual 1Q when different amounts of compression
force are applied. On this basis we speculate that it may not be
necessary to use high levels of compression force when lower
amounts may sulfice. Further research is needed to confirm this
finding. Further research is also required to determine the rela-
tionship between digital image quality and compression force,
together with determining any associations between breast
compression force and lesion visibility.
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Asticle histary: Background: The application of comppression force in mammegraphy is more heavily influenced by the
Received 26 April 2014 practitiener rather than the clhient. This cain affect client experience, radiation dose and image quality.
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Accepted 7 Juby 2014

Available online xxx

This research investigates practitioner compression ferce variation over a six year screening ovele in
three different screening units.

Methods: Data were collected from three consecutive screening events in three breast screening sites.
Recorded data included: practivioner code, applied compression force [N, breast thickness (mm), Bl-
RADS" density category. Exclusion criteria included: previous breast surgery, previous/ongoing assess-

Reywards: . N . P . hH .

Ci v pression fi ment and breast implants, 975 clients (2925 client visits, 11,700 mammuogram images) met inclusion
Breast compression criteria across three sites, Data analysis assessed practitioner and site variation of compression foroe and
Compression variability breast thickness.

Results: Practitioners across three breast screening sites behave differently in the application of
compression force. Two of the three sites demonstrate variability within themselves though they
demonstrated no significant difference in mean, first and third quartile compression force and breast
thickness values CC (p = 05), MLD (p = 0.1} between themsebves, However, in the third site, where
mandate dictates a minimum compression force is applied, greater consistency was demonstrated be-
tween practitioners and clients; a significant difference in mean, first and third gquartile compression
force and breast thickness values (p < 00001 ) was demonstrated between this site and the other two sites,
Conclusion: Variahility within these two sites and between the three sites could result in variations.
Stabilisation of these variations may have a positive impact on image quality, radiation dose reduction,
re-attendance levels and potentially cancer detection. The large variation in compression forces could
negatively impact on client experience between the units and within a unit.

Further research is required to establish best practice guidelines for compression force within
mammaography.

Advances in knowledge: Practitioners vary in the compression forces they apply to dients over sequential
screening attendances. Establishing practice guidance with cessation guidelines could help to minimise
this problem.

@ 2014 The College of Radiographers. Published by Elsevier Ltd. All fights reserved.

Introduction A systemnatic review in 2013 measured the extent of non-uptake. This

review indicated clients not re-attending for screening because of

It is acknowledged that one of the most important factors in breast pain from prior mammography was a significant issue’

determining the success of a screening programme 15 screening ‘Whelehan and colleagues suggested that between 47,000 and

up[.alm‘."1 The causes of any non-uptake are multifactorial, F7,000 women within England do not re-attend for breast screening
in a year due to pain directly related to a previous rnarnTm:rgrarn.J

* Corresponding auther, Fain from mammography can arise from the application of

E-mail address: mercer.clairs@gmail.com (CE, Mercer] compression force.” It has also been identified that the position of

hittp:fdx doi.org/10.1016/.radi2014.07.004
1078-8174/5 2014 The College of Radiographers. Published by Elsevier Lid. All rights reserved.

Please cite this article in press as: Mercer CE, et al,, A 6-year study of mammographic ion force: Practiti wvariability within and
between screening sites, Radiogeaphy (2014}, hitp:/)dsdoi.org 10,1016/j.radi. 2014.07.004
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the breast under the mammography compression paddle can
directly affect the amount of pressure in different portions of the
breasr? with potential for direct association witly increased breast
pain.

Quality assurance standards within the Mational Health Service
Breast Screening Programme (NHSBSP) are essential to ensure its
continued effectiveness. The 2012° annual review of breast
screening highlighted that ‘ultimately decisions based around
screening programmes must be evidence based” and that it should
be‘a first class systern ensuring excellent training for all professional
stafl, It seems extraordinary that such a service has no standands or
guidelines on the application of compression force other than a
statement ‘the force of the compression on the X-ray machine
should not exceed 200 Newtons (N)® with various proposed de-
scriptors such as “taut to touch’ or ‘until the skin blanches.” "'

This research investigates practitioner compression force vari-
ation over a six year screening cycle in three different screening
units. It builds on earlier research, which was single centre. Previ-
ous research' identified practitioner variability in compression
force application during mammography imaging within a single
NHSBSP screening programme. The current research includes two
additional regional breast screening services located in the Morth of
England (UK.

Materials/method

Hospital (service evaluation} and University ethics committees
approved access to a sample of 1500 screening events at each
screening unit [a screening event is defined as one mammogram
series which includes four images). In order to exclude mammog-
raphy machine variability'* as a confounding factor in terms of data
quality, data was gathered from one mammogram machine at each
location (GE Seno Essential, Lorad M4 and Siemens Mammomat
3000), The three analogue mammaogram machines were operated
within NHSBSP and manufacturer specifications™'® during the
study period. The study period was for a consecutive six year
period; only analogue images were included as NHSBSP screening
sites had not been converted o digital technology for a six year
period at the tme of the study, Design characteristics of
compression paddles tend to be similar between analogue and
digital units, though it should be noted that recently paddles on the
latrer have started to introduce changes to their design.

Client sample

Data were gathered retrospectively at all three sites from clients
who attended three consecutive screening events. Only three

screening events could be included as the required data for this
study was unavailable prior to 2004 at certain screening sites.

ldentification of clients was through consecutive stratified
sampling. For inclusion each client had to have three consecutive
screening events, with their first recorded mammogram experi-
ence as their first event. Each would have four standard pro-
jections acquired (left/right CC {cranial-caudal} and left/right
MLO {medio-lateral obligue). For each client the following in-
formation was recorded directly from the mammography image

size of film, breast compression force value in deca-Newtons
{daN) or Newtons (N}, compressed breast thickness (mm} and
the practitioner who performed the mammogram, coded for
anonymity.

Breast density was established by 5 observers in the three
screening units using the 4 point BI-RADS" scale {Breast Imaging
Reporting and Data System)'” — BI-RADS® 1 = 25% dense, BI-RADS®
2: 25%-50% dense, BI-RADSY 3: 51%—75% dense, and BI-RADS”
4 = 75% dense, In order to establish inter and intra ohserver char-
acteristics of the 5 observers for BI-RADS scoring. fifty film-screen
mammograms were used,'® These images comprised of left and
right CC and MLO and were scored by each observer independently
under the same viewing conditions; blinded to the findings of other
observers. To provide data to assess intra-observer variability,
mammography image sets were re-scored after an interval of at
least two weeks, to minimise recall bias, Near complete intra-
observer agreement (Kappa =0.81) and strong or above inter-
observer variability was demonstrated (First score Fleiss kappa
0.77 second score 0.65)."%

Exclusion criteria

Exclusion criteria were established (Fig. 1). Clients with less than
or more than four standard projections were also excluded.
Following application of exclusion criteria the number of clients
remaining for analysis at each unit were: site 1=1344," site 2 = 325,
site 3 = 306,

Practitioners

Fractitioners at all sites consisted of stafl working in the breast
imaging department at the time of the study, The stafl included a
mixture of Advanced Practitioners, Mammographers and Assistant
Practitioners, all are referred to as practitioners for the purposes of
this study. Clients were imaged by similar numbers of trained
practitioners at the three sites; 14 at site one, 11 at site two and 15
at site three,

Exclusion Criteria
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Figure 1. Exclusion criteria,

Pease cite this article in press as: Mercer CE, et al, A

study of mammograp!
between sereening sites, Radiagraphy (2014), http:Jdx.doi.org/ 10.1016/j.radi 2014.07.004
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Recorded data

Compression force and compressed breast thickness, together
with pracritioner details of those who performed the imaging were
noted for all images.

Results
Practitioners

Firstly, analysis of practitioner grade between sites was
compared {Table 1). The range of the number of clients the prac-
titioners imaged at each + was: site one [10-146); sile two
{10-15¢ : three (12-139). The mean number of clients imaged
by all practitioners at each site was, site one: (73,7, site two: (88.6),
site three (61.2). The median number of clients imaged at each site
was, site one! [73.5), site twa: (100, site three: (75}

BI-RADS breast density classification

The distribution of BI-RADS density within each site was
assessed for similarity between sites by documenting the number
of mammograms imaged per site in a percentage for each BI-RADS
breast density category [Table 2). For the purposes of statistical
analysis, combination of BI-RADS™ 1 and 2 (Group A} and also Bl-
RADS" 3 and 4 (Group B] was required due to the low numbers of
images in BI-RADS" group 1 with BI-RADS® group 4, having zero
figures for some practitioners, Pearson Chi Squared test was used
for the comparison of BI-RADS" Group A and Group B amongst
sites, Pearson's X* 156 {Group A} and 107 (Group B}, (p < 0.0001}
suggests there is a significant difference in the distribution of Bl-
RADS" grades between different sites. The authors would like to
acknowledge the updated release of the BI-RADS scale in 2013 with
a chairge in scale for BI-RADS breast density from 1-4 to A-D; this
stucly was completed prior to that grading release and as such is not
recognised within this paper.

Whilst it is recognised that this could be considered as a study
limitation, it has been established previously'? that practitioners
display the same compression behaviours across BI-RADS density
classifications and do not necessarily vary their application of
compression foroe according to breast density.

Practitioner variability

To establish practitioner variability, the mean compression
values for all practitioners, at all sites, were analysed (Figs. 2 and 3).
Compression force values varied across the three sites, with CC
average at site one 86N, site two 84N, site three 125M. For the MLO,
site one 97N, site two 88N, site three 132N, Analysis of variance
[ANOVA} of mean compr m force values of practitioners
demonstrated a significant difference (p < 0,0001) between sites
‘one and three’, and ‘two and three', Sites “one and two' demon-
strated no significant difference {CC p = 0.5, MLO p > 0.1} These

Takble 1
Practivioner grade per sile,

Talble 2
Percentage of mammograms within each BI-RADS breast density category.

Sie % Mammograms % Mammograms % Mammograms % Mammograms

BI-RADS 1 Bl-RADS 2 BI-RADS 3 BI-RADS 4
One 11 &4 21 4
Two B 28 28 16
Three 21 A0 28 10

levels of significance hold true within each BI-RADS density
classification.

First and third guartile results at all sites were analysed
(Table 3). In CC and MLO, ANOVA of first and third quartile
compression force levels of practitioners demonstrated a signifi-
cant difference {p < 0.0001) between sites ‘'one and three' and sites
‘two and three’. Sites ‘one and two’ demonstrated no significant
difference (first quartile p = 0.1, third quartile p = 0.5). This holds
true within each BI-RADS grade. Having removed the outliers (see
Figs. 2 and 3), minimum and maximum compression force values
for CC views ranged as follows: Site one 47N—122N (75N), site two
42M—114N (72N site three 103N—158N (55N ). For MLO: site one
G5M—136M (71N). site two 48N—139N {91 N}, site three 103N-163N
(BON).

Percentoge changes in breast compression force

Analysing the mean percentage change between minimum and
maximum compression force values per client. from their three
screening mammograms, establishes one aspect of variability from
a client perspective.

The mean percentage change between minimum and maximum
compression force was calculated for each BI-RADS grade for both
CC and MLO{Fig. 4}. Average values of mean percentage change for
each site for the MLO: site one 55%, site two 66%, site three 27% and
the CC: site one 57%, site two GO% and site three 267,

ANOVA was performed on percentage changes. For MLO, sites
‘one and three' and ‘two and three' demonstrated a significant
difference (p < 0.0001) and this holds true within each BI-RADS
grade. Sites one and two demonstrated no significant difference
{p = 02}, this holds true for each BI-RADS grade. No significant
difference was demonstrated between sites ‘one and two' (p = 0.5).
It can be concluded that site three displays low client variability
over the three screens,

Breast thickness

Compressed breast thickness ranges at all sites were compared
by mean, first and third quartile values for CC and MLO,

Mean compressed breast thickness values at all sites were
analysed [Table 4). Over the three screens, in both the CC and MLO,
ANOVA of mean compressed breast thickness values of practi-
tioners demonstrated a significant difference (p < 0,.0001) between
‘site one and three” and site "two and three’, Site one and two
demonstrated no significant difference in mean CC wvalues of
thickness [p = 0.5). This holds true within each BI-RADS grade.
Practitioners at site three applied higher compression values and
this would explain why the breast thicknesses at this site are
smallest,

First and third quartile compressed breast thickness values at all
sites were analysed (Table 5). For both the OC and MLO, ANOVA

Site Assistant Practitioners Advanced Total demonstrated significant differences (p = 0.0001) in first and third
pracitioners  {radiographers)  practitioners  practitioners quartile breast compressed thickness values between sites ‘one and

Site one 2 10 2 14 three' and sites *two and three'. Site ‘one and two' demonstrated no

Site twn 0 a z 1 significant difference in values of thickness (p > 0.5} This holds true

Site three 2 5 2 = within each BI-RADS grade,

Please cite this article in press as: Mercer CE, et al,, A 6-year study of mammographic ion force: T wvariability within and

between screening sites, Radiogeaphy (2014}, hitp:/)dsdoi.org 10,1016/j.radi. 2014.07.004
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Mean Compression Force Values CC View all BI-RADS Grades
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Figure 2. Mean compression foree values CC view.

Mean Compression Force Values MLO View all BI-RADS Grades
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Figure 3. Mean compression lorce values MLO view.

Discussion
Compression force variability

This research has demonstrated that the amount of breast
compression force applied by practitioners is not consistent within
and between three NHSBSP screening sites.

For site one, within each of the three subgroups variability is
low”."** At site two practitioners apply compression force across a
wide range of values and they do not fall into subgroups. Overall,
practitioners from site one and site two apply compression forces
within the same mean values, first and third quartiles and there is
no statistical difference between them. Sites one and two permitted

their practitioners to define their own compression force values,
within NHSBSP maximum tolerance levels. Whilst there is no sta-
tistical difference between sites one and two, a client attending
either or both of these sites would potentially be subject to large
variations in comy; ion force on sul visits, Hi on
average, for sites one and two, a client would have a lower level of
compression force applied compared with site three. However for
site three a client would likely have a higher though more consis-
tent level of compression forced applied over time.

Site three had a protocol in place which mandates that a mini-
mum level of 100N compression force is used. Some sites within
NHSBSP have protocols similar to this, Therefore, the lack of a
consistent approach within NHSBSP exposes clients to variation in

Table 3
First and third quartile compression forces all sites,
First quartile Third quartile
Site MLO compression {N} sbD CC compression {N) s MLO compression (N} sSD CC compression (N) So
Site one 8485 2163 755 17.07 106.1 26,07 927 2287
Site two 73.13 11.73 7127 1157 1043 155 9587 1242
Site three 118.21 1275 11199 1009 14434 14.65 13541 1525
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Owerall Mean Percentage Change in Minimurn and Maximum Compression
Force Values over Three Screens
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Figure 4. Overall mean percentage change in minimum and maximuom compression force values over three screens,

compression force if they moved between sites, It might be

worthwhile speculating that higher compression force values could

be associated with reduced client experience and pain and reduced

re-attendance. Equally variability could also cause this problem too
perhaps even at lower levels of compression force.

It is also worth noting that no data exists to illustrate that image
quality is better when compression forces of 100N or higher are
used, as in site three; rather anecdote dictates that higher
compression forces are likely to result in better image quality. A
pilot study' identified no differences in image quality with higher
compression forces, however the image quality scoring mechanism
may not be sensitive enough to identify subtle changes in image
quality.

A noted limitation of this study is that the three sites studied are
located in the same geographical region and therefore practitioners
could have been trained similarly, thereby reflecting a local vari-
ability problem. However, in 2013 Murphy and colleagues,”” from a
UK-wide analysis of compression force behaviours, identified that
practitioners vary in their approach to the application of
compression foree. This current study is therefore likely to reflect
behaviour nationally.

Breast thickness variabiliny

The inconsistency in compression force application across the
three sites has a direct association with an inconsistency of com-
pressed breast thickness values. Site one and two have similar
means, first and third quartile compressed thickness values with no
statistical difference (p = 0.5). Site three has significant differences
in compressed breast thickness levels to the other two sites
(p < 0.001}; this has obvious direct implications for radiation dose
and may have an impact on image quality — especially when
sequential imaging comparison is considered, On this basis site
three might be considered superior for consistency and dose
minimisaticn.

MNarional standards

From this and prior research'*™ there is a need for the NHSBSP
to consider the introduction of national guidance on compression
force levels, Hogg and colleagues™ in 2013 highlighted minimum
and cessation compression force levels for one mammography
machine. They suggested that cessation should be considered based
upan rate of change of compression force and thickness reduction,
rather than by compression force alone.

Taking a different perspective, a recent study by de Groot and
colleagues™ questioned if standardisation by compression force
was meaningful and they suggested a focus towards pressure. They
explained that clients with small breasts would experience more
pressure than clients with large breasts with the same applied
compression force. They suggested standardisation based upon
pressure and this shows promise,

Possible impact on client experience

The findings of this research have possible implications for cli-
ents, These will be discussed in turn,

Radiation risk

With respect to radiation risk there remain uncertainties about
absolute cancer risk from low dose mammography screening. A
recent report states that the risk of radiation induced cancer is
approximately 1in 20,000 per screening visit.™ This equates to 154
cancers detected for every one induced and 80 lives saved for every
life lost to radiation induced cancers Benefit thus exceeds risk.
This research demonstrated that site three had lower hreast
thickness levels than the other two sites overall within the six year

Table 5
First and third quartile compressed breast thickness value {mm): comparson all
sites.

Farst quartile Third guarile
Tabile 4 )
Mean breast thickness value (mm): comparison all sies, Site MLO 50 cC 50 MLD 5@ cC 50
thickness thickness thickness thickness

Site LD thickness (mm) 5.0 £C thickness {mm) 5.0 {mm) {mm) {mm) {mm)
Sike one 5338 137 50.9 1.z Site one 4455 343 4156 285 BLE 380 5973 154
Sile two 579 1z2.2 568 109 Site two - 4078 1594 504G 302 65.36 308 G161 158
Site three 471 127 435 105 Site three 3823 390 3632 266 5652 285 5074 29
Please cite this article in press as: Mercer CE, et al,, A 6-year study of mammographic ion force: T wvariability within and

between screening sites, Radiogeaphy (2014}, hitp:/)dsdoi.org 10,1016/j.radi. 2014.07.004
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screening cycle (p < 0.001). Eeducing breast thickness has poten-
tially gquantifiable reductions in radiation risks to clients within the
screening programme.

Image comparison

Direct comparison between images on successive screens is vital
to ensure accurate visualisation of subtle changes within the breast,
Direct comparison is not only essential within the same screening
site but across the whole NHSBSP as clients can attend different
sites. Our research has demonstrated compression force and breast
thickness differences exist between and within sites, and the latter
could influence image qualicy. If differences in quality exist for the
same client then this could confound comparison of images on
successive screens,

Re-ottendarnce

Pain and non-re-attendance are related, Having a standardised
approach to compression force levels within a specified range
might improve client experience by offering them a consistent
expectation and experience. Further research is needed into client
pain and levels of applied compression force.

Conclusion

Our research demonstrates that practitioners across three breast
screening sites behave differently in the application of compression
force when undertaking mammography. Two of the three sites
demonstrate variability. Variability within these two sites and be-
tween the three sites could result in variations in image quality,
radiation dose together with client experience which in turn could
influence re-attendance. 'When mandate dictates a minimum
compression force standard this results in greater consistency be-
tween practitioners and clients, This may have a positive impact on
image «quality, radiation dose reduction and potentially cancer
detection,
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CHAPTER SIX: RESEARCH DEVELOPMENT, PERFORMANCE

AND IMPACT

An important factor in establishing collaboration, whilst being facilitated and
empowered to progress research forward, was in the development of key relationships
with University and multi-professional colleagues, which enabled progressive impact

of this research into the mammography arena.

6.1 Development

In late 2010 the research team at the University had diversified their research
programme into three key areas, one of which had a mammography focus. It was
quickly ascertained that this work on compression force sat comfortably within this
theme. The first project, centred on compression force practitioner variability, was
established and this soon developed into a whole new research programme in the
mammography arena for the University with both qualitative and quantitative
approaches. This saw the creation of new research teams being formed to support this
research in areas such as; compression paddle bend, paddle motion, image blurring, a
focus on practitioner behaviours, emotional intelligence and the development of breast
image phantoms. The formation of these new research directions and teams within the
University was as a direct result of the introduction of the research contained within

this thesis.
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6.2 Research originality

The central ambition of this research was to provide new, evidence based knowledge
with a possible resultant change in compression force application in mammography.
There was an absence of evidenced based research within this arena and available
guidelines would seem to allow for considerable variations to occur between

practicing practitioners.

The only evidenced based research available, related to this research area, was
conducted by Poulos and McLean [2004]. They called for a “..,new perspective on
breast compression..,” following conduction of a small scale study which concluded
that large variations between practitioners could occur with the same client. In 2010,
when commencing this research, no further work had been published in this field and
practitioners had no evidence-based agreed guidelines to identify optimal compression

force levels. It was clear, therefore, that this research field was novel.
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6.3 Research collaboration

The researcher identified that collaboration and development was essential; strategic
links were required with several multi-professional teams to establish key, specific
outcomes (Table 6.1), these included Consultant Radiographers and Research
Radiographers from other Hospital Trusts and links with other professionals within
the University community in Psychology and Statistics. Several research teams were
developed which worked concurrently, yet somewhat independently within their own

research foci.

Given that breast screening directly, or indirectly, affects a large proportion of the
population (1.97 million women screened in 2013 [Health and Social Care Information
Centre, 2014], it was acknowledge by the research teams that this research could have

widespread value, not just within the UK but with possible international reaches.
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University Professionals

Collaborations

Professor at University

Developed links and worked as part of a collaborative team on his project on
Emotional Intelligence within Radiography

University Radiographic Lecturers
(various)

Developed links to form the basis on new research themes within the University
(multiple, with both qualitative and quantitative elements)

Programme Leader Applied Psychology

Forged links for the collaboration in Paper VI

Research Radiographer at University of
Dundee

Forged links for the participation in Paper VIl and Paper IV

Bought into the team at the University to work on the compression bend and distortion

PhD student research (Paper I). Worked closely with this student in the initial stages of her work on
the design and testing phase
Bought into the team at the University to work on breast phantom design. Worked

PhD student closely with this student at the beginning of her research in the design and testing
phase

PhD student Bought into the team to work primarily with breast research, from 2015 to mentor this

PhD student

Scientists/Physicists

Collaborations

Consultant Clinical Scientist at Central
Manchester NHS Trust

Developed new working relationship to assist in statistical knowledge. Collaborated on
the first research on practitioner variability (Paper I11)

Medical Physicist/Clinical Educator at
Queensland Health

Continued and developed existing working relationship in the medical physics arena.
Support during the first practitioner variation research (Paper I1)

Senior Medical Physics Specialist at
John Hunter Hospital, Australia

Continued and developed existing working relationship (Appendix 1, Paper A) in the
medical physics arena. Provided support during the whole research work

Consultant Radiographers

Collaborations

Consultant Radiographer
(First NHS Trust)

Developed discussions for Initial Research (Paper V) and then developed key
relationship for support throughout this research and collaboration with Papers: 1V, VI,
VIII and the Mammography Academic Book

Consultant Radiographer
(Second NHS Trust)

Forged links for participation in the Multicentre Research (Paper VI1II) and also the BI-
RADS research (Paper 1V)

Consultant Radiographer
(Third NHS Trust)

Working links established and the development of Pressure Map Research was as a
result of the work within this thesis

Radiographers

Collaborations

Radiographer
(First NHS Trust)

Assisted in the data gathering stage for the Multicentre Research (Paper VIII).
Progressed into co-author in one book chapter of the Mammography Book

Radiographer
(Second NHS Trust)

Assisted in the data gathering stage for the Multicentre research (Paper VIII).
Progressed into co-author in one book chapter of the Mammography Book

Radiographer
(Third NHS Trust)

Mentored throughout her MSc project and worked collaboratively with her on Paper 11

Table 6.1 Research teams
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6.4 Overall research impact

Figure 6.1 represents the development of research in this field arising from the
research theme within this thesis. It directly illustrates the impact of the thesis
publications, not only in developing new research themes within the University, but
in developing research interests outside the University and also outside of the UK. It
is unequivocal that further development of research in this arena was a direct outcome
from the mammaography breast compression force research developed and contained

within this thesis.

It is important for the practitioners when performing mammography that they gain
compliance of the client with effective interactions throughout the process. The
practitioner is also required to respond to the emotional and physical needs of the client
to be able to produce a high gquality image. Qualitative research has been established
seeking to understand why practitioners behave the way they do when they apply
breast compression force [Murphy F et al., 2014; Robinson et al., 2013] and to understand if
there is a process that practitioners follow when applying compression. Both these
projects developed as a direct result from the work contained within this thesis on

practitioner variation.

Development in the Netherlands into a focus on pressure based compression instead
of force based compression is rapidly progressing [De Groot et al., 2014]. The
development of this pressure based research was directly influenced by the research
outcomes of this thesis as they saw the requirement for standardisation. A new project
is currently being established with the thesis author and this group of researchers to

progress pressure based compression within the UK.
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The culmination of this research is to be published in a new mammographic academic
book (Springer expected published date 2015). The aims of which are to provide a
single holistic and evidence-based publication to cover mammography and
mammaography based techniques; currently not present in the mammography field.
The author of this thesis is one of three editors of this book, and also the author of one
of the book chapters. The key themes from this thesis research are contained within
the book; specifically the requirement for standardisation at a suggested 90-130N of

force.

It is clearly demonstrated (Figure 6.1) that further projects are developing outside the
University teams. This highlights the impact and significance of this research,

illustrating the contextual impact for future clinical practice.

Code: Figure 6.1 -

Within Figure 6.1 the full lines indicate research developed within the University as a direct
result from the research themes.

The dashed lines indicates established research developed from the research themes outside
the University.

The numbers adjacent to the text refer to the publication details; these are detailed in Table

6.2.
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6.5 Research impact overview

The research for this thesis was completed between 2010 and 2014, with peer reviewed
publications between 2012 and 2014. Posters, proffered papers and invited speaker
papers at conferences commenced in 2010 in order to promote the research topic and

stimulate peer and expert debate within this research arena.

6.5.1 Conference proceedings

Enthusiasm for the research topic was rapidly fortified; the first initial presentation
within a United Kingdom (UK) conference on the subject in 2010 progressed into
developed proffered posters papers in 2011-13, cumulating to an invited speaker in an
international conference on mammography in 2014. Table 6.3 summarises the
contributions to conferences and peer reviewed education for the research area;
recognising the presentation awards, seminars and invited speaker invitations.

Appendix Two contains the poster/speaker abstracts and awards.

885 UKRC 2010 UKRC 2011 UKRC 2012 UKRC 2013 UKRC 2014
o B
S
o £
Y=
g 8 Symposium Symposium Symposium
O= Mammographicum Mammographicum Mammographicum
2010 2012 2014
Paper | Poster
Poster
Paper II
Proffered paper
P i Proffered paper*
aper Proffered paper
Poster
Paper IV Poster
Poster
Paper V Proffered paper**
Paper VI Poster
Distributed article
Paper VII to all delegates at
conference
Poster
Paper VI Invited speaker

Table 6.3: Conference proceedings
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Proffered paper*  Awarded Alan Nichols Award

Proffered paper** Awarded Best Oral Presentation in the session entitled: Challenges
of Screening

UKRC was selected as one of the main conferences for presentation of this work as it
Is the leading and largest diagnostic annual imaging event in the UK. It covers all
aspects of diagnostic imaging and oncology and consists of a three day
multidisciplinary conference with technical exhibition. It attracts between 3,000 and
4,000 people each year and as such it was hopeful that presentations of research work
at this conference would gain an impact not just within mammography, but in the

radiography field as a whole.

Symposium Mammographicum was also selected for presentation of the research
works. It is a registered charity and aims to stimulate and support research and
disseminate knowledge in the area of breast cancer diagnosis and treatment. This is a
biennial Symposium and attracts both UK and international delegates. It was seen
essential that the work was disseminated within this conference to gain both UK and

international impact.

6.5.2 Dissemination of research at a local level

Together with UKRC and the Symposium Mammaographicum it was essential that this
research was disseminated locally within the mammography arena. The first research
was disseminated at the inaugural University of Salford Breast Research evening
seminar in 2012 and had very encouraging feedback, this followed further
dissemination in 2014 at a Mammography Update day within the Hospital Trust.

Finally, at a local setting, the thesis work was presented at the NHS Research &
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Development North West Conference in September, 2014. Together with the
presentation of the research findings the author also presents how collaborative work
is essential when undertaking a PhD by published works. The author was invited to be
part of the conference organising committee and was involved in peer reviewing the

publication abstracts for this conference.
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6.6 Summary

The research within this thesis has made a significant, initial contribution within the
UK and international mammography field. It has highlighted a considerable issue of
lack of standards within current mammography compression force practice and, with
an advanced line of enquiry, has provided evidenced based research to effect a change
in the professional mammography landscape by suggesting such standards (90-130N)
and highlighting the requirement for practitioner standardisation. It has done this by
educating peers and experts within the field to the changes that are required to create

an evidenced based quality standard for future mammography practice.
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6.7 Publication metrics

It was important to clarify the contributions of the peer reviewed publications to the
research field and this was done by assessing the publications with citation metrics.
Google Scholar [http://scholar.google.co.uk/citations] was utilised to illustrate citations
for all the published publications from 2011 to 2013 (Figure 6.2), with Research Gate
[https://www.researchgate.net] utilised to demonstrate publication views and full text
downloads since 2011 (Figure 6.3). This research established immediate interest
following publications in 2011 and has continued within the following years to date.
Citations arise from Papers | to 111 and VI only, with current citations limited due to

the publication dates of most of this research work being in 2013 and 2014.

It is recognised that the citation metrics shown from Research Gate underestimate the
total downloads, such as within journal websites and the Society of Radiographers
website. Research Gate was used as a tool to compare journal articles within the same
research forum. Though Research Gate is an essential distributer of research
throughout its networking site and claims to have 3 million users, it is not clear how
many of these have active accounts and it is recognised that the forum is open to
manipulation. The use of Research Gate has enabled distribution of these thesis
publications to places such as Malaysia, Denmark and New Zealand and has directly

resulted in the formation of new research collaborations in the Netherlands.
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Figure 6.2: Research publication citations per annum [Google scholar citations, 2014]

Overview of research publication metrics

Total number of
publication views, 0
1,101

] Total number of
full text O
downloads, 360

Figure 6.3: Overview of research publication metrics [Research Gate, 2014]

Illustrated in Figure 6.4 Research Gate provides an overall impact score for an author
(RG) and summarises this over time. The key aim of this score is to assist researchers
in measuring standing within the scientific community; the RG algorithm works by

not only assessing how the researchers and peers receive and evaluate the research but

=2011=1
= 2012 =10
= 2013 =12
= 2014=8
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by assessing who those peers are. The higher the scores of those researchers that the
researcher interacts with, the higher their RG score, the published research is then
factored in and the RG score calculated. It is acknowledged that this score can be
subject to misuse and manipulation and there is also known differences in impact
scores for different research genres; cancer research being quite high. Aside from this,
Research Gate has been an essential forum for the distribution of research within this
thesis work and has enabled collaboration with other researchers, both within and

outside, the field of mammography.

Research Gate indicates an RG score of 14.03 for the author, being in the 55% of
research gate members, demonstrating that this research is having a substantial

contribution to the research field within the RG arena.

14.03

RG Score
A new way to measure PUBLICATIONS PERCENTILE
scientific reputation.
P QUESTIONS Your score is higher than 55% of
The RG Score takes all your ResearchGate members'.
research and tums itinto a Bl ANSWERS v
source of reputation. | -
B FOLLOWERS
0% 50% 100%

RG SCORE OVER TIME

e

28 How does the RG Score work?

" Your RG Score is calculated based on how other
researchers interact with your content, how often,
and who they are. The higher their score, the more
yours will increase.

Figure 6.4: Author’s impact score [Research Gate, 2014]
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6.8 Individual publication metrics
In order to demonstrate the standing of the research, the papers within this thesis are
considered for journal metrics, critical performance metrics and citation mapping
representing:

e publication journal metrics (journal performance)

e critical performance metrics (article performance)

e citation mapping (qualitative review of citations received)
The referred ‘h index’ indicates the productivity and impact of the published work of
the journal based upon citations. The h5 index this demonstrates the index for the

articles published within the last 5 complete years for the journal authors.
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6.8.1 Journal metrics
The papers within this thesis are published in five journals, the metrics for each journal
are demonstrated (Table 6.4) followed by an overview on the journal selection for each

individual paper.

Journal h5-index h5-median Impact factor 5 year
[Google Scholar, 2014] [Google Scholar, 2014] Impact factor

Medical Physics 60 78 2.911 3.138

British Journal of

Radiology 32 39 2.11 1.938

Radiologic

Technology 11 19 1.08 i

Radiography No impact factor rating.

14 16 Official quarterly press journal for the

Society and College of Radiographers
and distributed to each member of the
Society

Imaging and No impact factor rating. Included in

Oncology 14 16 every delegate pack in 2013 at both

UKRC and UKRO, as well as at
College of Radiographers’ seminars,
study days and events

Table 6.4: Journal publication metrics

Medical Physics: Paper | is published within Medical Physics, a scientific journal
which publishes research concerned with the application of physics and mathematics
in the solution of problems in medicine and human biology. Manuscripts concerning
theoretical or experimental approaches are published within this journal [Medical physics
journal online, 2014]. This high impact journal was selected as the research was physics

based and considered an appropriate fit within this journal.

The British Journal of Radiology (BJR): Paper Il and Il are published within BJR,
an international research journal of the British Institute of Radiology. It is essential

reading for radiologists, medical physicists, radiotherapists, radiographers and
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radiobiologists. The journal publishes original research papers from centres
internationally together with editorials, review articles, communications and letters to
the editor. Articles cover a wide range of subjects, including diagnostic radiology,
radiotherapy, oncology, nuclear medicine, ultrasound, radiation physics, radiation
protection and radiobiology [British Journal of Radiology Publications, 2014]. This journal
was selected for these papers as it was a high impact journal, featuring novel research
with a wide reading audience. The subject matter of these papers was highly original

and was therefore considered an ideal base for these publications.

Radiologic Technology: Paper 1V was published within Radiologic Technology, the
official scholarly journal of the American Society of Radiologic Technologies. It is
award winning and publishes bi-monthly; it has published continuously since 1929 and
circulates to more than 145,000 readers worldwide. It covers all disciplines within
medical imaging and in addition to peer reviewed articles features educational articles

and columns of interest to the profession Research Gate 2014].

Radiography: Papers V, V1 and VIII are published within the international peer
reviewed journal of Radiographic Imaging and Radiation Therapy, Radiography. It is
the official quarterly press journal for the Society and College of Radiographers and is
published by Elsevier Ltd. Its aims are to publish high quality clinical, scientific and
educational material on all aspects of radiographic imaging and all aspects of radiation
therapy. The journal includes original research, review articles, technical notes,

evaluations and case studies.

157

CHAPTER SIX: RESEARCH PERFORMANCE



Radiographic society members can directly access journals from the Radiography web
site, together with this each society member has the journal directly distributed to
them. The Canadian society members also have full access to the journal articles which
increases potential circulation. In order to ensure that the mammographers themselves
had sight of this research, this journal was considered to be the most desirable way of
disseminating this work having direct readership with the mammographers who

practiced in the field.

Imaging & Oncology: Paper VIl was commissioned on request for 2013 Imaging and
Oncology. This annual title publication coincides with the United Kingdom Radiology
Congress (UKRC) [UKRC, 2014]. It is widely circulated and sent to all radiologists,
oncologists and heads of education centres. It is also circulated to clinical radiology,
radiotherapy and medical physics departments in the UK. In 2013 when this article
was published Imaging & Oncology was included free in every delegate pack at both
UKRC and UKRO [UKRO, 2013], as well as at College of Radiographers’ seminars,
study days and events. This article summarises all the research carried out in the thesis
together with further work by other research groups driven and developed as a direct
result of the authors’ initial work. The journal editors requested this work illustrating

the importance of the work in this field at this time.
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6.8.2 Critical performance metrics

The specific performance metrics for each paper are discussed and illustrate the impact
from a perspective of Research Gate (publication views and downloads) and Google
Scholar (citations). Publication views and downloads for each paper (Fig 6.5) illustrate

the immediate interest of this research within the field.

Paper metrics

160
140

120

100
8
6
4
2 |
0 | - -

Paper | Paper Il  Paperlll PaperIV PaperV PaperVI Paper VIl Paper VI

o

o

o

o

M Publication Views M Publication Downloads

Figure 6.5: Paper metrics

Publication citations are low; 23 in total from all papers, namely due to the recent
publication year of the research (2012-2014) and the highly novel research theme with
few other researchers working in this field. Newly developed research within the
mammography arena is being established through the University of Salford following
the introduction of the research within this thesis and, as such, citations established
from work at the University form a 26% proportion of the total citations (6/23). Self-

citations form a 39% proportion (9/23), and citations from other established
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researchers in the field 35% (8/23). Within this 35%, table 6.5 illustrates indicative

impact factor (IF) ratings assigned to the journals which the papers are cited.

Journal title

Geeraert, N., (2014).Comparison of volumetric
breast density estimations from mammography
and thorax CT.

Journal details Journal impact
factor

Phys med biol. 7; 59 (15):4391-409.
doi: 10.1088/0031- | 2-992
9155/59/15/4391. Epub 2014 Jul 22.

De Groot, J.E., Broeders, M.J.M., Branderhorst,
W., den Heeten, G.J., & Grimbergen CA. (2013).
A novel approach to mammographic breast
compression: Improved standardization and
reduced discomfort by controlling pressure
instead of force.

Medical physics, 40 (8), 081901.
doi:10.1118/1.4812418
291

Groobe, A, et al., (2012). Spectral Volumetric
Glandularity Assessment

Breast Imaging Lecture Notes in
Computer Science. Volume 7361, | No IF
2012, pp 529-536

Alonzo-Proulx, R.A., Jong & Yaffe, M.J. (2013).
Volumetric breast density characteristics as
determined from digital mammograms

Physics and Medicine in Biology.
Vol 57 No:22 2.992

De Groot, J.E., Broeders, M.J.M., Branderhorst,
W., den Heeten, G.J., & Grimbergen CA. (2013).
A novel approach to mammographic breast
compression: Improved standardization and
reduced discomfort by controlling pressure
instead of force.

Medical physics, 40 (8), 081901.
doi:10.1118/1.4812418 2.91

De Groot, J.E., Broeders, M.J.M., Branderhorst,
W., den Heeten, G.J., & Grimbergen CA. (2014).
Mammographic  compression  after  breast
conserving therapy: controlling pressure instead
of force.

Medical physics, 41 (2), 023501.
doi:10.1118/1.4862512

De Groot, J.E., Broeders, M.J.M., Branderhorst,
W., den Heeten, G.J., & Grimbergen CA. (2013).
A novel approach to mammographic breast
compression: Improved standardization and
reduced discomfort by controlling pressure
instead of force.

Medical physics, 40 (8), 081901. | 2.91
doi:10.1118/1.4812418

De Groot, J.E., Broeders, M.J.M., Branderhorst,
W., den Heeten, G.J., & Grimbergen CA. (2014).
Mammographic ~ compression  after  breast
conserving therapy: controlling pressure instead
of force.

Medical physics, 41 (2), 023501.
doi:10.1118/1.4862512
291

Table 6.5: Citation overview
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6.8.3 Originality of publications and new lines of enquiry

Paper | was the first publication to detail the non-concordance of the readout thickness
display on the mammography machine and the actual breast thickness, together with
specifying the compression paddle bend and distortion on numerous mammography
machines. This paper challenged current beliefs in regards to the accuracy of readouts
on mammography systems. Within the context of the author’s work this research
established a solid framework for the continuation of the research within this thesis. It
ensured that ongoing research utilised one mammography machine, to limit the
variability of inaccuracies in data gathering and analysis using multiples
mammography machines. In this way it added stability to the rest of the research

framework.

Together with this, this publication assisted with research in the Netherlands, De Groot
et al [2013] took into account this empirical research *%*" Y and ensured that they
extensively calibrated their mammography unit to accommodate for compression plate
bend and distortion. Instigation of new research themes focused on image blurring as

a direct result of compression paddle movement have also been resultant from this

paper.

Paper Il was the first publication to detail the correlation between breast thickness and
compression force on a sample of patients from a mammography service. This paper
was highly novel; it had not been researched since Poulos and colleagues in their small
study in 2004 [Poulos, A. and McLean, D 2004] who then called for more research within
this field. This paper had a direct impact on the work of researchers in the Netherlands;

they were working on observations of pressure instead of compression force. The
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paper used the word ‘pressure’, a colloquialism common in clinical practice for
‘compression force” (Section 3.2.2). As this was not the correct physical terminology
a letter to the editor of this journal was generated and a response given. This ‘colloquial
misuse’ was indeed the making of a new research relationship and work is now being

developed between the two research groups to develop research themes for the future.

Paper Il was the very first publication within the research arena to demonstrate
practitioner variation within and between mammography practitioners within a patient
centred study. As such, this paper was highly novel and followed on from the work in
the small cohort of clients by Poulos and Mclean in 2003 and 2004, who had
demonstrated in their research outcomes that there was an element of practitioner
variation. This research saw the introduction of new lines of enquiry and the
development of further work in this field. It had coherently demonstrated that
practitioner variation did exist in a cohort of practitioners; development of this work

was essential to further cement this theory.

Paper IV was not ground-breaking research, however it was imperative to underpin
the continuing lines of research and allowed for the continuation of research within the
multicentre sites. Without the knowledge of the good intra and inter reliability in the
scoring of images for BIRADS breast density, the rest of the research would have been

flawed.

Paper V was a continuation of the research findings of Paper Ill; and was the first
published research to demonstrate a significant demonstration of practitioner variation

of compression force over a six year period. This research illustrated a developed
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research theme, generated interest following on from conference presentations, and
highlighted the requirement for a multicentre study in this area. This research also gave
rise to the development of new qualitative breast research focusing on practitioners
behaviours within mammography [Murphy et al., 2014; Robinson et al., 2013]. This was the
first time that practitioner behaviour had been directly linked to variation in breast

compression force.

Paper VI was a continuation of the research findings of Paper V, it was empirical
research and to date the paper has over a hundred and fifty views and sixty six
downloads. This research established that visual image quality was not effected by a
change in compression force. It was recognised that this is a small cohort and further
research is required into lesion visibility and breast thickness; ideally within a breast

phantom. A PhD research student at the University is now developing this theme.

Paper VII was novel within this journal. Previous issues of this journal from 2005 to
2014 inclusive had only 3 articles based in breast cancer care which focused on
treatment, sentinel node imaging and brachytherapy. This paper was the first within
this journal focusing on empirical mammography research and was seen to be highly
novel for this journal. Following the Francis report [Francis, 2013] it was recognised
within the forward of this journal that patients must come first and that professionals
must take a responsibility to ensure this; it acknowledges this paper as contemporary

within its field.

Paper VIII was the accumulation of research so far and was the first paper to be

published which demonstrated practitioner variation in breast compression force in a
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multicentre study across 6 years. As such this research was highly novel and has been
acknowledged by a conference forum that this research could have widespread value
with the potential to change compression force protocols in the future. As a direct
outcome of this research, further research teams are being established to work on
practitioner variation in the digital mammography field using software called
Volpara™ which instantly enables direct reports of practitioner compression force

values linked to breast thickness readouts.

The author was asked, as an invited speaker, to present the findings of this research at
the Symposium Mammographicum conference in 2014. This was considered to be of
substantial importance for this research and considered a development of the
researcher (Figure 6.6). The impact of presenting the research findings at this
conference were high, with well esteemed colleagues in attendance. Together with this
the research findings are being presented at the European Society of Radiology

conference ECR in 2015.

2012/2013 conference:

Peer reviewed
Peer reviewed posters presentation (awarded

2010 conference:
2014 conference: 2015 conference:
Invited conference

speaker

(awarded Alan Nichols conference prize for best ECR speaker
Award) oral presentation in a

session)

Figure 6.6: Development of researcher at conferences
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6.9 Overview of journal metric impact

For all articles published in peer reviewed journals for this thesis the impact per
publications (IPP), the measure of the scientific influence of each journal (SJR) and
the source normalised impact per paper (SNIP) is compared. This illustrates the
published journals quality and reputation within the subject field and allows for a direct
comparison of the journals which these thesis publications are published [Journal Metrics,

2014].

Figures 6.7-6.9 compare the SNIPP, IPP and SJR creating an accurate overview and
comparison of the citation impact of the journals to which these thesis articles are
published. SNIP, IPP and SJR are known to form good correlation with current impact
factors of journals. This is useful for the Radiography journal, which has no impact

factor, to which several of the main articles for this thesis are published within.

It is demonstrated that articles within Radiography are being increasingly cited each
year; with a more notable increase from 1999 to 2013 than the other journals within
the same time period. The IPP (Figure 6.8) illustrate a steady increase over the last 15
year period for all journals in which these research papers have been published; with
the exception of Radiologic Technology whose journal metrics were not available until
2013. It is of interest to note that, though not impact factor rated, the SNIP, IPP and
SJR of Radiography is higher than Radiologic Technology which has an impact factor

rating of 1.08.
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Figure 6.7: Source normalised impact per paper [Elsevier Connect, 2014]
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Figure 6.8: Journal impact per publications [Elsevier Connect, 2014]
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SCIMAGO JOURNAL RANK (SJR)
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Figure 6.9: SCImago Journal Rank [Elsevier Connect, 2014]
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6.10 Conclusion of research development, performance and impact

The research contained within this thesis has demonstrated the creation and
interpretation of new academic knowledge through original research, which has
merited both peer reviewed publications and invitations to present at well-established

conference proceedings.

Through systematic acquisition of new knowledge and the formation of new research
teams with developed research links, the researcher has demonstrated the ability to
conceptualise study design and structure and process ethics approvals; both within the
University and within Hospital Trusts. The researcher has demonstrated the ability to
establish new research groups and lead research teams, formulate and action issues,

analyse and interpret data, and edit and structure research papers.

The researcher has demonstrated that the work contained within this thesis has had a
direct and novel impact in the mammography arena. It has effected new research
pathways within the UK and internationally. The research has been published in peer
reviewed journals with established metrics and wide reaching audiences. The author’s
performance is recognised and the peer reviewed articles and conference articles are
being viewed in established research forums. The research is also disseminated into a

new international academic mammaography book.

In summary the researcher has shown progressive and influential research impact into

the mammography arena with the published work contained within this thesis.
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Abztract, Conventional nisk modsls for the development of breast cancer uss
mputs such as age, weight, hormonal factors and family history to computs
mdividual breast eancer risk These are emploved in the manazement of women
at high nsk. The addifion of breast density as an input has been shown to
mprove the aceuracy of such models. An mproved risk medel could facilitats
risk-bazed population screening. However, in order to use breast density in nisk
models thers iz a naad to employ objective methods for measuring the density.
A feasibility study has been carried out to aszess the practicality of using a
stepwedge-based technigue for measuring breast density from mammegrams in
the UK Mational Health Servics Breast Sereenmg Programme and to determine
whether additional mformation, relevant to nisk, can be collactad by
questionnaire. Preliminary results suggest that it iz practical to uze such a
technigue in the sereening environment. In a zampls of 100 women, the mean
denzity was 27% (range I - 81%). A negative frend m breast density was
obzarved with Bedy Mass Index.

Keywords: Breast density, nisk factors, pradiction models

1 Introduction

A mumber of established mathematical models exist for the estimation of individual
risk, including the Gail [1], Claus [2] and Ford [3. 4] models. The earlier models are
limited in that they do not integrate information on family history, hormones and
benign breast disease in a comprehensive fashion [3]. The model developed by Tyrer
et al [6] incorporates such risk factors, for example, age at menarche, parity, age at
first childbirth, age at menopause, atypical hyperplasia, lobular carcinoma in-situ,
height and body mass index. However, hormone therapy and breast density were not
considered.
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Recently, Barlow et al [7] developed a model including breast density and the use of
hormone therapy as additional inputs. The Breast Imaging Reporting and Data System
(BI-RADS) [8] was used to classify density into one of four categories, based on
subjective assessment of appearance. Breast density was found to be a statistieally
significant risk factor for breast cancer diagnosis in pre- and post-mencpausal women
and it is thought that its inclusion in risk prediction models may offer improved
accuracy in the identification of women at high risk of developing breast cancer. Itis
possible that an improved risk model could facilitate risk-based screeming.  This
means that the frequency of screening is determined by the level of risk, for example,
women at low risk would be screened less frequently than women at hagh risk.

We have carried out a feasibility study with the primary aim of assessing the
practicality of using a stepwedge-based method to measure breast density from
mammograms in the UK National Health Service Breast Screeming Programme
(WHSBSP). An additional aim was to ascertam whether information relevant to
individual breast cancer risk could be obtained from women attending for routine
screening. using a questionnaire.

2 Method

6.000 women invited for routine breast screening were invited to participate in the
study. These women had their mammograms taken at either a screeming van or a
static site. An information sheet, covering letter and brief questionnaire were sent to
each woman prior to her appointment. Invitations for screening appointment in this
breast screening programme are sent out three weeks before the appointment; the
study information was sent separately two days after the invitation as we were limited
to twio sheets of paper per envelope using the automatic folding machine.

The questionnaire gathered information on date of birth, height, weight, date of first
pregnancy. ages of menarche and menopause, ethnicity and family history of breast
cancer {mother or sister only) including the age at which breast cancer was diagnoszed
in thiz relative. With the exception of age, this information iz not available in the
patient’s notes. Further relevant information, including use of hormone replacement
therapy and details of present or previous symptoms, was recorded in the patient’s
notes. For each question, the woman was asked to tick a box to state how certain she
was about her answer ("don’t know”, “not sure’, “quite sure’, ‘certain’). It was hoped
that this would zive us an approximate indication of the reliability of data. In order to
quantify the error associated with the weight data provided, it was anticipated that a
sample of the women attending at the static site would be weighed using scales
calibrated on a monthly basis and the actual weight recorded alongside the reported
value.

Women willing to participate in the study took their completed questionnaire with
thermn when they attended for their routine mammogram. Informed consent was taken
during the appointment by a radiographer or receptionist trained in doing so.
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Mammograms were taken as usual. An aluminium stepwedge remained clipped to the
breast support platform alongside the view markers, and an acetate with magnification
markers used to measure breast thickness remained on the compression paddle at all
times. This is shown in Figure 1a; a mammogram from the study is shown in Figure
1b. It was anticipated that the only time the stepwedge would be moved out of the
way was if it was too tall to fit under the compression plate for a small breast, or there
was too little space for it to fit alongside a large breast In either case, the
radiographer would note this on the consent form. The test objects remained in place
for all women imaged during the course of the study to enable retrospective analysis
of the anonymised images of those subsequently diagnosed with cancer, with consent.

11
L4

Figure la. Stepwedze clipped to the breast support platform. Figure 1b. Left meadio-lateral
oblique mammogram taken with the stepwedze and markers in position

Following the reading of films, they were collected from the breast screening unit in
order to be digitized and analysed using a semi-automatic procedure that computes
the volumes of glandular and fatty tissue in each breast. Data from the questionnaire,
the patient’s notes and breast density information are recorded in a database.

3 Results

The study commenced on 9 July 2007 and data collection was completed in
December 2007. Analysis commenced in August 2007. However, it became apparent
that the quality of digitization was unacceptable, resulting in a delay prior to the
acquisition of a new digitizer in April 2008. Results are presented for a sample of 100
women, with density having been scored by a radiologist. For every view, the
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percentage of dense glandular tissue was estimated by the radiologist and marked on a
10cm visual analogue scale.

3.1 Consent Rate

Out of the 6.000 women invited to participate, 1.414 provided informed consent,
giving a consent rate of only 24%. Of these, 1,035 were screened at the static site and
339 were screened on the van. Given that an equal sumber were invited to each site,
the consent rate at the static site was 35% compared with just 12% at the mobile site.

32 Weight Estimation

The patient information leaflet did not inform women that we wanted to weigh a
sample of them even though we had obtained consent for this. As a result, almost all
of them refised to be weighed and some said they would not participate in the study if
weighing was required. We therefore used their reported weight and made use of
results from the literature to estimate the error associated with this value.

33  Questionnaire Data

Results are presented for the first 600 cases. The ethnicity of this sample is
predominantly “white British® (89%6) with the remainder being mainly “white Irish™ or
*Asian/Britizh’. 318 women have attended for previous mammoprams of which 12
have had previous breast cancer. 79 women have a first degree relative who has
developed breast cancer. Table 1 below shows the number of completed entries and
the certainty levels assoctated with each statement.

Table 1. Summary of questionnaire data

Statement Nuomber of Number of entries for each level of certainty

completed  Certain Quite Not  Don't Left
entries Sure Sure  Know  blank

Height 588 273 234 28 0 36

Weight 571 228 244 51 7 62

Age at first 582 234 225 97 9 30

period

Ageat 335 180 217 99 38 61

meno

Age at first child 576 493 33 0 0 64

A blank entry for “age at menopause’ or “age at first child® could mean that the
waotnan has not started the menopause or has not had children, rather than that she has
ignored the question.
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3.4 Correlation of breast density with risk factors

The mean percentage breast density in the sample is 27% (range 2 - 81%). Taking the
mean of the cranio-caudal and medio-lateral oblique density for each side, it was
found that on average, right breasts were denser than left breasts by 0.3% with a
maxinmm of 8%. This excludes one woman who had previous cancer in her right
breast resulting in the right breast being 23.5% more dense than the left breast The
cranio-caundal view was found to be denser than the medio-lateral oblique view by an
average of 0.5% for left breasts and 0.8% for right breasts.

The correlation of breast denstty with previcus cancer, family history, age, weight and
body mass index (BMI) was examined. In the sample of 100 women. there were nine
cases of previcus cancer with no family history. Each of these women was matched
to a single control by age (within 3 years), weight (within 6kg), ethnicity and HRT
status. The average density in the cancer free breast was 22.8% (=10.2%) in the cases
compared with 27.6% (=20.5%) in the controls.

Within the same sample of 100 women, there were 20 cases of family history with no
previous symptoms. Each of these women was matched to a single control by age
(within 1 year), weight (within 10kg), ethrieity and HRT statuz. The average density
in the cases was 24.0% (£18.2%) compared with 23.3% (£24.3%) in the controls.

It 1z impossible to draw any conclusions from a sample of this size with such large
standard deviation on the mean. Similarly, there appeared to be little correlation
between density and age (matched by weight within 3kg) and density and weight
(matched by age within 5 years). However, there did appear to be a negative trend
between breast density and BMI as shown in Figure 2.

Under COwer
ap  Weight Mormal  weight Obese
70 LI H :
o i P .
E 50 : : .
- i T
£ w0 : ¢ :
- H 1
E £ ! ] y = -0.4508x + 37 380
20
' * e, . |
10 : . * *
: i ! .
o H .. : *
15 " 20 5 30 5 a0

BMI (kgim¥)

Figure 2. Relationship between breast density and BMI
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4 Discussion

There are several aspects involved in assessing whether a stepwedge-based method of
breast density measurement is practical for use in the screening programme. One
factor 13 purely to determine if the method is convenient to use in an environment
where appointments last 8 mamimum of 6 minutes. This includes time taken to
confirm the identity of the woman, time taken for the woman to get changed and time
taken to make two exposures of each breast in both the cramio-candal and medio-
lateral oblique views, bearing in mind that the women attending may be anxious and
may require verbal reassurance from the radiographer carrying out the examination.
Feedback from the radiographers mvelved in the study suggests that the stepwedge-
based method was suitable for use in these circumstances.

A separate aspect 1s to determine the adequacy of the method in measuring the breast
density of women in the breast screeming programme where breasts will vary in
thickness from approximately Zem to 10cm and from predominantly fatty to
predominantly glandular in composition.  Analysis 15 underway to determine the
proportion of cases where the method fails, either because the stepwedge does not
contain a sufficient range of pixel values or becavse the stepwedge and markers are
incomrectly imaged or missing fom the film. Preliminary results indicate that it is
impossible to use in < 0.8% of cazes.

The consent rate of 24% iz disappointing as the anticipated rate was 50% and
radiographers questioned at various mtervals throughout the study felt that 60 — 70%
of women were consenting. The effect of the low consent rate is that it may not be
possible to correlate density with risk factors with a high enough degree of statistical
confidence. However, a sample size of 1414 should stll be adequate to gain
information about the breast density distribution in the screening population.

The reason for the relatively poor uptake rate is thought to be due to forgotten
questionnaires rather than an objection to the use of the stepwedge and markers which
are non-imvasive. However, it was stated in the patient information leaflet that the
markers may overly tissue on women with larger breasts and a small number of
wotnen provided this as the reason for not consenting.  Previous work has shown that
the markers only overly the breast tissue in 2.5% of cases and do not overly the same
area of tissue on both views [10].

It is interesting to note that the consent rate at the static site was almost three times
that on the sereeming van. This can most likely be attributed to the fact that there 1z a
large reception area at the static site where several women can wait for their
appointment and complete an additional questionnaire if they have forgotten to bring
theirs. In addition, there 15 a receptionist available at all times to answer any
guestions or concems they have about the study. The van is staffed by only two
radiographers who move between the reception area, the changing rooms and the
examination room.
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The issue of women refusing to be weighed came as a surprise. If a study of this
nature was to be repeated, it would have to be stated clearly in the patient information
leaflet that weighing was required as this is likely to be the parameter with the
greatest degree of error associated with it However, there 1z an issue of practicality
associated with weighing every woman, especially on a van. We would expect a
systematic error in the estimate of weight and would ideally like to weigh a sufficient
number of women to produce a correction curve for weight

Based on the 600 cases considered, the mean weight 1 69.3kg (=13.5kg) with a range
41.3 - 1399z Using BMI as an indicator, it was found that 1.3%, 40.9%, 36.7% and
21.1% of women were found to be underweight, normal, overweight and obese
respectively which appears to be consistent with population data [9]. This suggests
that the low consent rate 1s not linked to weight and that there iz no bias infroduced in
thiz sample as a result.

The number of adequately completed queshionnaires is encouraging and suggests that
this is a suitable method for collecting information of this nature on a large scale. The
level of certainty associated with each statement is high although in firture it may be
worth employing more rigorous methods of assessing the reliability of data, at least
for 2 sample. However, the overall number of completed gquestionnaires is
disappointing and as stated above, is likely to be the reason for the poor consent rate.
Women attending for breast screening are anxious and for this reason, it would be
easy to forget the questionnaire. They may be too worried about the exarmination to
want to complete the questionnaire on-site and on the screening van they would not
have enough time to do this. An alternative might be to send the questionnaire by
post, with a return emvelope, after the screening appointment and possibly after the
results. There are limitations with this method. A woman who has been diagnosed
with cancer or recalled for further investigation may be too upset to complete a
questiotmasre; additionally, women may not be interested in participating i a study
after their mammogram has been talcen and they have received their results.

In conclusion, we have shown that it 1s feasible to use a stepwedge-based method to
measure breast density in the UK NHSBSP. The method had previously only been
assessed on a small sample of women taling part in a lifestyle study. Although it was
shown to be feasible [9, 10], the stepwedge used was made of Teflon and was far
larger and more difficult to attach to the breast support platform making it unsuitable
for use in the screening progratme where the appointment time is much shorter. The
advantages of a stepwedge method are that it is an objective technique and provides a
measure of the volumes of glandular and fatty tissue, which should provide more
relevant correlations with factors such as weight and BMI than a subjective
assessment of percentage density based on area.
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Symposium Mammographicum Conference 2010

detection performance for the thres imaging systems operational
in our screening program.

4.1b 14.021412 The Impact of Breast Compression on
Mammographic Image Quality: initial findings

Principal Author: C E Mercer

Royal Bolton Hospital NHS Foundation Trust, UK

Contributing Authors; P Hoga, University of Salford, UK & )
Diffey, Christie Hospital, UK

Purpose/Background/Objectives: In mammaography il is
considered that compression reduces radiation dose and improves
image gquality. No guidelines exist on how much pressure should
be applied for different breast types and volumes, consequently
for “similar patients” there can be variation in imaging practice.
This research seeks to establish whether any relationship exists
betwaen compression and image quality.

Methods: Fihical 2,000
Following parameters recorded: applied pressure; breast type
(BIRADS); radiation dose, breast thickness, breast volume, Pilot

approval obtained  for

images.

study assessed operator variability, Inferential statistical tests
(ANOVA, Kruskall-Wallis, Spearman’s Rank) were applied to
data.

Results: Spearman’s rank revealed no relationship between
breast compression and image quality score in all density
categories under these study determinanis, ANOVA / Kruskall-
Wallis showed that all radiographers do not use the same mean
compression value. Strong positive comrelations were found
between breast volume breast thiclmess and breast dose/ breast
thickmess.

Conclusion: Findings sugzgest no comelation between breast
compression and overall image quality grade: further research is
strongly suzgested to determine a more robust technique for the
azsesament of image quality for breast compression analysis. We
are currently developing a new psvchometric scale for assessing
image quality and intend to apply this scale to the same 2,000
images.

4.2b 14.02-14.12 MRI for lobular breast carcinoma; is it
likely to be useful?

Principal Author: T Hanna

Derriford Hospital, Plymouth, UK

Contributing Authors: R Watkins & S Andrews, Derriford
Hospital, Plymouth, UK.

Intreduction: Invasive lobular cancer (ILC) is often multifocal
with implications for surgical treatment. MRI more accurately
detects multifocality than standard imaging and NICE guidelines
recommend MRI for patients considering breast conserving
therapy (BCT), Our aim was 1o determine the potential benefit
of MRIL

Methods: Women diagnosed with TLC between 1996 and
2009 who did not have MRI were identified. The preoperative
diagnosis and surgical treatment were recorded.

© 2010 The British Institute of Radiclogy
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Results: 366 women underwent surgery. 139 (43%) initially
received BC'T and 207 (57%) mastectomy. Of 159 having BCT.
only 94 had a preoperative diagnosis of TLC and would now
warrant MRI O these 64 had no further surgery. 18 required
completion mastectomies, 9 had repeat BCT and 3 needed repeat
BCT and completion mastectomy, The maximum theoretical
advantage from MRI would be avoidance of 33 repeat operations
but at a cost of approx £500 for cach patient with ILC cligible
for BCT.

Conclusions: staging of ILC  could
0 26%. Unless MRI can
reduce reoperation rates to below 3% its costs may be difficult

to justify.

Preoperative  MREI
potentially reduce repeat operations

4.3b 14.02-14.12 Comparing the accuracy of digital breast
tomosynthesis with full field digital mammography
Principal Author: R K Wasan

King's College Hospital UK

Contributing Authors: A. |gbal, D.R. Evans, C. Peacock, ).C. Morel,
A, Douiri, C.P. Lawinski & M.J. Michell, King's College Hospital, UK

Parpose: To Digital Breast
Tomosynthesis (DBT)with 2D Full-Field Digital Mammography
(FFDM) in women recalled for mammaographic abnormalities
found on routine screening.

Methods: Fihics approval for the study was oblained in

comparc the accuracy of

December 2008, Enry into the study was olfered 1o all women
recalled for further zsseesment of 2 mammographic abnormality
found on routing film-sercen mammography. Study participants
underwent bilateral 20 FFDM and DBT in the eranio-caudal and
medio-lateral obligue projections using the Hologic Dimensions
unit. Mammographic features. mammography score using the
RCR Breast Group classification 1 1o 5. breast parenchymal
density and outcome for assessment were recorded. Receiver
Operating Characteristic (ROC) analvsis was applied.

Results: Resulls ol the first 450 study participants are presented,
The participation rate was 21,3% of ¢ligible women, 107 (23,8
%) were diagnosed as malignant (in situ or invasive cancer). 156
(34.6%) as benign and 187 (41.6 %) as normal. ROC analvsis
demonstrates a significant improvement in diagnostic accuracy
of DBT compared to FFDM (0.964% and 0.9123, respectively:
p=0.0001} and the eflect is significantly greater for sofi tissue
lesions compared o microcalcilication.

Conclusions: DRT is more accurate compared w 20 FFDM
in the aszessment of mammographic sbnormalities detected on

routing film-sereen mammography,

4.1c 14.14-14.24 False positive mammographic screening;
factors influencing re-attendance

Principal Author: P Fitzpatrick

National Cancer Screening Service, Ireland, University
College Dublin, frefand

Contributing Authors: P Fleming, 5 0'Neill, D Kiernan & T Mooney,
National Cancer Screening Service, Ireland.
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Oral presentations

Session 4.1 - Challenges of
screening

4.1 (1) Six year longitudinal study of pressure
force in screening mammography

Mercer, C.E."; Hegg, P2 Szczepura, K.2; Denton,
E.2; McGill, G.*

"Royal Bolfon Hospital NHS Foundation Trust, United
Kingdom; 2University of Salford, Unifed Kingdom;
Norfolk and Norwich University Hospital Trust, United
Kingdom; *The Christies NHS Foundation Trust,
United Kingdom

Background Previous research’ identified com-
pression is more heavily influenced by practitioners
than clients. This retrospective longitudinal study
(6 wears) assessed three consecutive screening
attendances to determine how pressure varied within
and between practitioners and clients.
Method Retrospective selection of 300 clients;
commencing at 50 years. One centre, GE DMR+
analogue. Recorded data: practitioners, compression,
breast thickness, BI-RADS density, dose estimations.
Exclusion criteria included: breast surgery. previous/
ongoing interventions, and implants,
Results  Significant pressure variations over 3
screens noted for the same client. Amount of pressure
applied highly dependent upon the practitioner. 3
practitioner compressor proups demonstrated: high
(mean 126N), intermediate (mean 89N) and low (mean
67N). When the same practitioner performed the 3
screens, pressure variation was low (40N to +25N).
When practitioners from different compressor groups
performed 3 screens variations were higher (—20N
to +100N). Retrospective dose analysis demonstrate
mean reductions of 0.07mGy (MLO), 0.05 mGy (CC)
from an image taken by low compressors compared to
an image taken by high compressors.
Conclusions Amount of pressure used highly
dependent upon practitioner factors, Implications for
radiation dose, image quality consistency and client
experience over sequential attendances,
Reference
. Mercer. C. E, Hogg P, Lawson R. Diffey J.
Practitioner variability of breast compression in
Mammography, UK Radiological UK Radiological
Congress 2011 ISBN 10: 0-905749-72-3: ISBN
13: 978-0-905749-72-3.

© 2012 The British Instifute of Radioclogy
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4.1(2) Identification of potential under-
performance in breast screening interpretation
Chen, Y.; Gale, A.G.; Dong, L.

Loughborough University, United Kingdom

Purpose To determine whether under-performing
breast screeners can be identified quickly.

Methods UK breast screeners voluntarily undertake
the PERFORMS scheme where they read the same set
of challenging cases. From the data, any outlier (an
individual who is performing significantly lower than
their peers) can be identified. However, this can take
several months. To see if potential under-performers
can be quickly identified the anonymous data of
283 participants were re-analysed by bootstrapping
the information from 1,000 groups (of sizes 4-50
individuals). From this, a distribution of 1,000
estimated outlier threshold values was constructed.
Then the accuracy of these estimations was determined
by calculating the median value and standard error
of this distribution and comparing it with the known
actual outlier threshold value.

Results Using data from as few as 50 individuals
allowed a good approximation of the known outlier
cut off value.

Conclusions Individuals who are performing mar-
kedly differently to their peers can be identified by
examining the data on the PERFORMS scheme of
groups of 50 individuals. This approach is being
implemented in the PERFORMS scheme whichenables
individuals who have difficulties to be identified very
early after taking part and then helped to improve their
performance.

4.1(3) The effect of pain in mammography
on participation in breast cancer screening: a
systematic review

Whelehan, P.; MacGillivray, 5.

University of Dundee, United Kingdom

Purpose/Background Despite the common percep-
tion that mammography is painful, known relevant
studies vary in their assessments of any deterrent
effect on breast screening participation. We therefore
undertook a systematic literature review to assess
the current evidence and quantify the proportions
of women dissuaded from breast screening by
mammography pain.

Methods Searches were run in 10 online databases.
Articles were included if they contained: data from a
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A.2.3 Symposium Mammaographicum Conference 2014

Bournemouth International Centre
29 June - 1 July 2014
2014 Programme

We are delighted that Professor Richard Sullivan, Director of the new Kings Health Partners Institute
of Cancer Policy, has agreed to deliver The Sir John Stebbings Lecture on Age and Affordability.

Professor Elizabeth Morris will be joining us from the United States where she is Chief of the Breast
Imaging Service at the Memorial Sloan-Kettering Cancer Centre. We are really pleased as she will be
presenting two talks; the first of which will focus on imaging and new technology and the second will
look at MRI screening in the younger high risk woman and avoiding over diagnosis.

Other confirmed speakers include Mrs Claire Mercer (University Hospital of South Manchester), Mrs
Claire Borelli (St George’s Hospital) and Dr Sian Taylor-Phillips (University of Warwick), who will be
focussing on topics such as Compression, Implants and Fatigue and Changing Case Order in Breast
Screening Radiology: The CO-OPS Trial.

Other highlights will include Dr Elizabeth O’Flynn discussing MRI Parameters, Professor Andy Evans
presenting Shear Wave Elastography Prediction and Professor Fiona Gilbert looking at Tomosynthesis.

There will be a session dedicated to Tailored Treatments and Professor Carlos Caldas (Cancer Research
UK), Miss Adele Francis (University Hospitals Birmingham NHS Trust) and Professor Lesley
Fallowfield (Brighton and Sussex Medical School) will focus on Biology of Breast Cancer, The DCIS
Trial — initial experience and Our Esoteric Breast Cancer World.

Other sessions planned will include Mammographic Fundamentals, Imaging; Optimising Current Tools
and Age and Breast Cancer.

Dr. Ros Given-Wilson

Chair, Organising Committee
Symposium Mammographicum 2014 http://conferencesympmamm.org.uk/
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SYMPOSIUM MAMMOGRAPHICUM 2014

PROGRAMME
Sunday 29 June 2014
15.00-20.00 Registration open
17.00-15.00 Welcome reception and buffet supper in the Exhibition area
Monday 30 June 2014
08.45 - 08.50 | Intreduction — Dr Michael ] Michell, President of Symposium Mammographicum
08.50-09.20 | Session 1 —The Sir lohn Stebbings Lecture
Chaired by Dr Michael 1 Michell
1.1 Affordability
Professor Richard Sullivan, King's College London, UK
09.20 - 10.50 | Session 2 - Imaging: new technology
Chaired by Dr Michael ] Michell and Professor Ken Young
09.20-05.30 2.1 New technology
Dr Elizabeth Morris, Memorial Sloan-Kettering Cancer Centre, New York, USA
09.50 - 10,10 | 2.2 Dual energy mammography
Dr Matthew Wallis, Addenbrooke’s Hospital, Cambridge, UK
10.10-10.30 | 2.3 Tomosynthesis
Professor Fiona Gilbert, University of Cambridge, UK
10.30 - 10.50 | Discussion
11.35-12.55 Session 3 — Mammographic Fundamentals
Chaired by Ms Zebby Rees and Dr Barbara Dall
11.35-11.50 3.1 Practitioner variation in breast compression
Mrs Claire Mercer, University Hospital of South Manchester, UK
11.50-12.05 3.2 Women's experiences of mammography
Ms Patsy Whelehan, University of Dundee, UK
12.05-12.20 3.3 Imaging the augmented breast
Mrs Claire Borrelli, St George's Healthcare Trust, London, UK
12.20-12.35 3.4 Fatigue and changing case order in Breast Screening Radiology: The CO-OPS Trial
Dr Sian Taylor Phillips, Warwick Medical School, University of Warwick, UK
12.35-12.45 Discussion
14.15-15.30 Session 4 — Predicting response to treatment
Chaired by Dr Elizabeth Morris and Ms Jenny Rusby
14.15-14.35 4.1 MRI parameters predicting response
Dr Elizabeth O'Flynn, Institute of Cancer Research & The Royal Marsden Hospital, UK
14.35-14.55 4.2 Shear wave elastography prediction
Professor Andy Evans, University of Dundee, UK
14.55-15.05 4.3 Proffered papers from submitted abstracts
Preoperative MRI for invasive lobular cancer: not a panacea
1 Parikh?, ) Scudder’, A Spence’, F Worth?, M Selmi?, M Charles-Edwards®
'Guys and 5t Thomas NHS Foundation Trust; UK “Division of Imaging Sciences and Biomedical
Engineering Kings College, UK
15.05-15.15 4.4 proffered papers from submitted abstracts
Preoperative Role of Breast MRI in High Grade Ductal Cancer In Situ
Hajaj M
Bedford Hospital NHS Trust, UK and Kettering General Hospital Foundation Trust NHS Trust, UK
15.15-15.30 Discussion
16.00-17.30 Session 5 — Imaging: optimising current tools

Chaired by Ms Patsy Whelehan and Dr Anna Murphy
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A.2.4 UKRC Conference 2010

Proffered presentation awards

The winners of the proffered presentation competition at this year’s United Kingdom Radiology
Conference (UKRC) were awarded as the celebrations continued.

The awards were given as follows:

The Alan Nichols Award went to Claire Mercer from the Royal Bolton Hospital for her paper,

‘The impact of breast compression on mammography image quality: ‘Initial Findings’.

In a gesture to mark what would have been Alan’s 100th year had he still been alive, this award
was presented by his three children.

Claire’s win marked the second consecutive year that someone from the Royal Bolton had picked
up this particular prize.

The Forder Memorial Award was given to Tienne Lockwood from the University of Bradford for

her paper, ‘Diffusion tensor imaging and schizophrenia’ poster.

The Beth Whittaker Award was won by Kieran Murphy from the Liverpool Heart and Chest
Hospital for his poster, ‘Use of a blood pool contrast agent for MR vascular mapping in patients
with cystic fibrosis’.
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A.2.5 UKRC Conference 2012

POSTER PRESENTATIONS

Departmental protocel on imaging women with breast implants is based on guidance from the NHSBSP (2002) and RCR {2003)
and should be followed. Despite this the protocol was not being adhered to and theve was only a 10% increase in the use of the
medified view even after training. As this is the case it could be concluded that there needs to be national guidelines on imaging
women with augmented breasts.

P-077

Six year longitudinal study of pressure force in screening mammography

Claire Mercer; Peter Hogg; Katy Szczepura; Erika Denton; George McGill;
Royal Bolton Hospital NHS Foundation Trust; University of Salford; University of East Anglia, The Christie NHS Foundation Trust

Aims/Objectives: Our previous research identified applied pressure in mammography is more heavily nfluenced by practitioners
than clients. With pressure vanability in mind, this retrospective longitudinal study (6 years) assessed 3 consecutive screening
attendances, to determine how pressure varied within and between practitioners and clients.

Content: Consecultive screening mammaography with retrospective selection of 500 clients, commencing at 50 years old. One
centre using GE DMR+ analogue mammography machine. Recorded data included: practitioners, applied pressure, breast
thickness, BI-RADS density, dose estimations, Exclusion criteria: previous breast surgery, previous /cngoing interventions
including assessment, implants and volume change.

Relevance /Impact: To assess if pressure application has any dependence on the practitioner rather than the client.

Outcomes: pressure variations over 3 scraens wera noted for the same client. Amount of pressure applied highly dependent
upon the practitioner. 3 practitioner compressor groups were demaonstrated - high (mean 126N), intermediate (mean 89N) and
low {mean 67N). Same client: when the same practitioner performed the 3 screens, pressure vanation was low (-40N to +25N};
when practitioners from different compressor groups performed 3 screens variations were higher (-20N to +100N}. Retrospective
dose analysis demonstrate mean reductions of 0.07mGy (MLO), 0.05mGy(CC) from an image taken by low compressors
compared to an image taken by high compressors.

Discussion: The amount of pressure used seems highly dependent upon practitioner rather than client factors. Implications for
radiation dose and image quality consistency. it may also affect client experience re-attendance over sequential attendances.

P-078

The use of vacora biopsy in the NHSBSP

Claire Mercer,

Royal Boffon Hospital NHS Foundafion Trust

Aims/Objectives: The aim of NHSBSP is to ensure accurate diagnosis at the earliest detectable stage whilst minimising the
number of women for open biopsy for benign disease and maximising the number of women with cancer with a non-operative
diagnesis of malignancy. As such, the requirement for diagnosis on first biopsy is high. The use of larger gauge needles and vacuum
assistance for the assessment of suspicions lesions enables prompt diagnosis and can obliterate the requirement for open biopsy.
Content: Our service utilises various biopsy devices; namely the Mammotome®, Vacora® and Achieve® systems. The use of
Vacora® is a relatively new introduction to our senice. The device is used in conjunction with other biopsy products and is not
considered to be a replacement. An introduction to the device and the training that is to be considered if introducing this
technique to your service follows,

Relevance/Impact: This will aid to highlight good practice and identify training requirements for staff new to this technique.
Results:The system is intended for diagnostic sampling of breast tissue and is not used for therapeutic excision. It is excelient for
calcification evaluation and is a simple procedure which is carried out during the assessment clinic appointment. It achieves
highly accurate diagnostic results with the advantages over traditional 14g core biopsy being its ability to target vague diffuse
areas. The patient’s acceptance of the procedure remains high in our senvice,

Discussion: The Vacora® breast biopsy under stereotactic guidance is used in this department with increasing regularity and is
now becoming the procedure of choice for first line investigation for an increasing number of breast lesions. It may also affect
client experience re-attendance over sequential attendances as women find higher pressures more uncomfortable.

P-079

Optimising paddle and detector pri and footprints in mammography

Alison Darlington; Peter Hogg; Katy Szczepura; Anthony Maxwell;

Pennine Acute NHS Trust; University of Salford; Royal Bolton Hospitals NHS Foundation Trust;

Introduction: The breast is compressed during mammography between a fixed detector plate and a moveable compression
plate, Ideally these should exert a uniform pressure on the breast. This study compares different detector positions relative to the
breast to determine which give the mest balanced surface pressures and contact areas (footprints).

Method: A breast phantom of similar compression characteristics to female breast was mounted on a rigid torso. Positioning
(CC projecticn only) was in line with recommended practice. A fiexible multi-sensor pressure mat was wrapped around the
phantom so that breast/detector and breast/paddie prassure readings could be taken simultaneously. Readings were taken using
Holegic Selenia and Selenia Dimensions mammography units, each with two different paddles, at 60N, 80N and 100N and at five
vertical detector pesitions (-2¢m, -1em, 0, +1cm and +2cm) relative to the infra-mammary foid (IMF).
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15 cases were imaged using both techniques (CR and FFD) between November 2010 and November 2011. Specimen radiographs
were assessed by three breast radiology practitioners ~ a consultant breast radiologst, an advanced breast practitioner and a
radiology SpR year 5. We scored the conspicuity of microcaleifications (ooth within the lesicn and in the surrounding tissue) and
lesion margins. Scores of 1, 2 or 3 indicaled whether FFD images were of lower, equal or higher quality than CR images. A third
assessment, collating the first two results, gave an overall gppraisal of FFD versus CR. Images were interprated on a
mammography-quality PACS workstation with a single monitor i ideal lighting conditions and optimum windowing.

Results: FFD images were rated better than CR images in 76% of cases, and better or equal in 98% of cases. A particular
strength of FFD is better conspicuity of microcalcifications within the excised lesion (p<0.0001, Fisher exact test). Our gold
standard for WLE specimen radiography has now shifted from cabinet CR to FFD mammography-acquired DR.

P-083

Breast density measurements in digital mammography: detector stability analysis

Oliver Putt; Chariotte Kerrison; Jamie Sergeant; Tina Dunn; Susan Astley; Alan Hufton
Department of Physics and Astronomy; School of Cancer and Enabling Sciences, The University of Manchester; Nightingale
Centre and Genesis Prevention Centre, Wythenshawe Hostpital;

Introduction: For the longitudinal assessment of breast density detector stability is essential. We have thus analysed mean pixel
value (MPV) per unit exposure (mAs) from five Full Field Digital Mammography (FFDM) systems cver a period of 22 months.

Methods: Daily quality control {QC) data and servicing information ware collected from five GE Senographe Essential FFDM units
located at a static site and on mabile screening units between January 2010 and October 2011. The QC data were plotted for
each machine as MPV/mAs against time, Linear fits wera applied to the data to determine whether the value of MPV/mAs could
be regarded as constant over an extended period.

Results: Pericds of up to 6 months in which the MPV/mAs data were stable were identified. Consecutive periods of stabiity
were separated by sudden changes in the mean value of MPV/mAs, By comparing the dates of step changes with servicing
records every change can be accounted for. Changes were a result of events such as detector replacement or detector
recalibration following routine servicing.

Discussion: Our results provide conclusive evidence that the GE Senographe Essential machines are stable over extended
periods of time, with the mean value of MPV/mAs only changing in response to machine senvicing. Stability allows longitudinal
measurements of breast density to be made without the need to image a calibration object alongside the breast. Tha changes in
MPV/mAs can thus be accounted for in the calibration data set.

P-084

Minimising pressure variability in mammography - an exploratory calibration study
Peter Hogg: Melanie Taylor; Claire Mercer; Erika Denton; Katy Szczepura;
University of Salford; North Manchester General Hospital; Bolton Royal Hospital; University of East Angha

Prassure variations in mammography exist between and within practitioners. Variation may affect client experience, radiation dose
and image quality. This research reports on a calibration study to improve consistency.

Automatic readouts of breast thickness accuracy vary between mammaography machines, Therefore one machine (Hologic
Selenia), serving a symptomatic population, was selected for calibration, 250 randomly selected clients were invited to
participate; 235 agreed and 940 compression datasets were recorded (comprising breast thickness, breast density and
pressure). Pressure was increased from 50N stepping through 10N aliquots until the practitioner felt pressure was appropriate for
imaging; at each pressure increment breast thickness was recorded.

Graphs were generated and equations derived; second order polynomial trendlines were applied to the data using least squares
method. No difference existed batween breast densities but a difference did exist between ‘small paddie’ and ‘medium/large
paddies’. Accordingly data was combined, with the Y axis representing average change in breast tissue thickness from S0N. 4
composite graphs were created. Small paddie: CC y=0.0844x2-3.4742x+15.968 (R?=0.9808); MLO y=0,0944x2-3.4742x+15.968
(R2=0.9808). Medium/arge paddle: CC y=0.1313x2-4.4331x+19.21 (R2=0.9984); MLO y=0.1323x2-4.575x+19.88 (Re=0,9994),
Graphs were colour coded into 3 segments - low, intermediate and high gradients (<-2 (amber}; -1<>-2 (green}; <-1 (red)). We
propose 130/135N could be an appropiate termination pressure using this mammography machine,

Using client compression data we have calibrated a mammography machine to determine its breast compression charactenstics.
This calibration data could be used to guide practice to minimise pressure variations between practitioners so improving client
experience and reducing potential variation in image quality.

P-085

Results of a CT dose audit of new technology scanners

Catherine Gascoigne; Amold Rust; James Roberts;

Medical Physics Department, Cardiff & Vate UHB, University Hospital of Wales, Cardiff; Radiation Protection Department, Velindre
Hospital, Whitchurch, Cardiff,

A review of radiation dosas delivered to patients undergoing X-ray CT examinations was undertaken for three newly nstalled
scanners, in addition to one having undergone a major software upgrade and another having undergone optimisation of all thorax
protocols. Three of the scanners featured the GE ASIR reconstruction aigorithm, claimed by the manufacturer to reduce radiation
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A.2.6 UKRC Conference 2014

P-040 Mucinous carcinoma and fibroadenoma case study
Claire Mercer; Valerie Reece
University Hospitol of South Manchester NHS Foundation Trust

Aims/objectives: To investigate the possibility of the misdiagnosis of mucinous breast cancer for a common benign
breast lesion eg., a fibroadenoma in the younger age group.

Content: 36 year old patient attended the symptomatic clinic with a palpable lump in the inner half of the right
breast and a family history of breast cancer. It was initially thought to be a fibroadenoma but later confirmed by
histology to be a mucinous carcinoma.

The case study includes images and reports of the following: mammogram, ultrasound, FNA, core biopsy, axilla
ultrasound and pathology slide.

The patient was listed for WLE and sentinel node biopsy. The histology report demonstrated an invasive mucinous
carcinoma grade 2. There were 0/1 lymph nodes with no lympho-vascular invasion. Low grade cribriform DCIS was
also present.

Relevance/impact: There is a potential for misdiagnosis when two breast pathologies exhibit similar appearances on
imaging and could have an effect on the correct outcome for the patient.

Outcomes: The MDT decision recommended adjuvant Radiotherapy and Endocrine therapy (Tamoxifen 20mg per
day for 5 years). Local recurrence is a problem with mucinous carcinoma so good margins are required. The patient is
awaiting radiotherapy and has been referred for egg preservation.

Discussion: The possibility of misdiagnosis can arise due to the fact that pure or nearly pure mucinous carcinoma
accounts for no more than 2% of all breast cancers and it occurs more so in older women. This case study discusses
other diagnostic differences between fibroadenoma and mucinous carcinoma.

P-041 A mammography image set for observer training and assessment in BI-RADS density classification

Claire Mercer; Peter Hogg; Judith Kelly; Rita Borgen; Sara Millington; Beverley Hilton; Patsy Whelehan; David Enion
University Hospital of South Manchester NHS Foundation Trust; University of Salford; Countess of Chester Hospital
NHS Foundation Trust; Burnley General Hospital; Countess of Chester Hospital NHS Foundation Trust; Burnley General
Hospital; Medical Research Institute University of Dundee; Burnley General Hospital

Aims/objectives: Breast density categorisation consistency is important when performing research where density is
a relevant variable. Minimisation of inter and intra-operator variability is essential if findings are to be meaningful.
This research aimed to validate a set of mammography images for visual breast density estimation to help achieve
consistency in future research projects, and to determine observer performance (inter- and intra-observer
agreement).

Content: A set of 50 film-screen mammograms was scored twice by each of eight ohservers, using the American
College of Radiology BI-RADS (Breast Imaging Reporting and Data System) four-category density scale. Scoring
agreement within and between observers was assessed.

Relevance/impact: This exercise has set a gold-standard score for the test set and enabled the observers' scoring
consistency to be evaluated. This will facilitate rigour in future research where BIRADS mammaographic density
scores are relevant.

Outcomes: Six of eight observers achieved strong intra-observer agreement (Cohens’ Kappa >0.81). Strong
agreement between paired observers was demonstrated in 10 of 28 pairs on first scoring round, and 12 of 28 on
second. Mo observers demonstrated a delta variance above 1. Fleiss' Kappa was used to evaluate concordance
between all observers on first and second scoring rounds, with values of 0.64 and 0.56 respectively.
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The CNR in Phantom 1 ranged from 3.00 - 9.68 with the highest value at a thickness reduction of 62%. The CNR in
Phantom 2 ranged from 4.29 - 10.69 with the highest value at a thickness reduction of 49%.

A linear relationship was shown between thickness reduction and the area of the lesion.

Conclusion: For the deformable phantom, using 2AFC, lesion visibility increases as thickness reduces to a certain
point beyond which lesion visibility deteriorates. Further research is necessary to understand why visibility
deteriorates.

P-044 A call for client consistency in compresslon

Claire Mercer; Peter Hogg; Katy Szczepura; Judith Kelly; Rita Borgen; Erika Denton; Sara Millington; Beverley Hilton
University Hospitol of South Manchester NHS Foundation Trust; University of Salford; Countess of Chester Hospital
NHS Foundation Trust; Burnley General Hospital; University of East Anglia and Norfolk & Norwich University Hospital;
Countess of Chester Hospital NHS Foundation Trust; Burnley General Hospital

Aims/objectives: The application of mammographic compression force is influenced by the practitioner which may
affect client experience. This study establishes if practitioners vary in compression force application, and the
resultant compressed breast thickness, at 3 NHS Breast Screening Service (NHSBSP) sites.

Content: Each site provided data from 3 consecutive screens for 500 clients and recorded: practitioner code,
compression force(N}, breast thickness{mm), BI-RADS® density. Exclusion criteria: breast surgery, previous/ongoing
assessment, breast implants. 975 clients met the inclusion criteria: 2925 images. Variation of compression force(N)
and breast thickness{mm) were analysed.

Relevance/impact: Demonstrated that practitioners vary in compression force and resultant compressed breast
thickness applied at different NHSBSP sites.

Outcomes: Compression force varied significantly between sites. Site 1 had three varying practitioner compressor
groups each significantly different to each other. Site 3 had a protocol for required minimal compression of 100N.

Results: Sites 182 demonstrated no significant difference in mean, 1st & 3rd quartile compression force and breast
thickness values CC{p>0.5), MLO(p=>0.1); with sites 1&3 and sites 2&3 demonstrating a significant
difference(p<0.001).

Discussion: The amount of compression force applied by practitioners and the resultant compressed breast
thickness Is not consistent across these 3 sites. Certain standardisation Is found when guidance dictates minimum
force in site 3. This may have a positive impact on image quality comparisons over time, radiation dose, potentially
cancer detection. A large variation could negatively impact on patient experience; varying pain each attendance;
potentially reducing rates of re-attendance and cancer detection. NHSBSP standards required to guide practitioners
to ensure consistency in image quality and re-attendance over screens.

P-045 The role of magnetic resonance image guided 2nd look ultrasound - effecting change in management for
patients considered for breast conserving surgery

Nikhil Rag; Praveen Varra; Muthyala Sreenivas

University Hospitols Coventry & Warwickshire NHS Trust

Introduction: Magnetic Resonance Imaging (MRI) guided second look ultrasound (US) is an established technique for
detecting areas of suspicious breast tissue adjacent to a primary breast carcinoma and distinguishing solitary from
multifocal disease. It has the advantage of being able to identify and sample these lesions. This has a key role in
determining whether breast conserving or mastectomy is performed.

Methods: A retrospective study of 50 cases in which MRI guided 2nd look breast ultrasounds was carried out over
the period of 30th December 2011 to 3rd of July 2013 (18 months, 240 total MRIs). 90% of Znd look US were
performed by single MRI reporting radiologist. Data was analysed for 29 cases from our institution with completed
information. This included; correlation between MRI and US findings, histology results and whether patient
management was Impacted, in terms of solitary or multifocal disease and subsequent treatment.
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