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Abstract 

Purpose 

The primary aim was to develop and validate a novel mammography positioning measure, 
specifically incorporating parameters which might relate to mammography pain. We then explored 
relationships between the new adverse positioning score and (1) pain; (2) patient and technique 
factors. 

Methods 

A 15-item instrument incorporating positioning features with potential to relate to mammography 
pain was developed. P  mammograms (n=310) were reviewed for presence of these 
features. Validity was investigated using the Rasch model. Scores produced by the resultant measure 
were investigated for associations 
factors, using Pearson correlation, analysis of variance, and multiple linear regression. 

Results 

Statistical indices within the Rasch measurement framework provided  good evidence that the 
measure reflected a coherent construct of adverse positioning. Thus, the scores produced with the 
measurement instrument were valid for use in further statistical analysis. There is, however, scope 

 

Adverse positioning scores were higher for greater breast volumes (r=0.12, p=.0391) and body mass 
index (BMI) (r=0.13, p=.0349), and varied by mammographer (F(11,298) 2.38, p=.0078). The 
relationships with BMI and mammographer persisted in regression modelling. No relationship was 
found between adverse positioning and pain. 

Conclusions 

Evidence from Rasch analysis suggests that this novel measure is valid for quantifying a coherent 

mammographer and were related to higher patient BMI but not to mammography pain. The 
measure warrants expansion, further refinement, and testing in larger studies. 

Keywords 
Rasch model, quality, patient experience, pain 

Study registration 
ClinicalTrials.gov: [number redacted for peer review] 
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Introduction
Experiences of mammography, notably pain from the examination procedure, have been shown to 
affect breast screening participation [1]. As mortality reductions achieved by screening depend upon 
participation rates, it is important to ensure that the mammographic examination is as acceptable as 
possible to women who wish to be screened [2]. 

Many factors have been linked to levels of pain and discomfort experienced during mammography. 
-demographic characteristics, 

psychological influences, and factors relating to quality of care, communication and information 
provision [3]. 

Recent research, including intervention development to reduce pain, has tended to focus on 
compression of the breast during mammography [4,5]. However, higher compression force is not 
consistently associated with higher pain levels [6]. 

To our knowledge, no research has been published which directly investigates the effect of 
mammograph  positioning technique on levels of pain and discomfort, despite longstanding 
expert opinion that positioning affects pain [7]. 

Positioning technique has been shown to vary by mammographer [8]. Positioning quality is assessed 
mainly by mammographers or radiologists examining the resultant images. However, such 
assessments are notoriously subject to observer variability and there is limited evidence of validity 
for the measures used [9]. Despite those limitations, research where mammographic image quality is 
a relevant variable has continued to employ traditional assessment methods, often without 
including any investigation of the measurement validity of the instrument [10]. Recent efforts have 
been made to establish greater consensus on appropriate parameters and their assessment, aiming 
to reduce observer variability in image scoring [11].  

This study brings together two major challenges of mammography research and practice: the pain 
experienced by patients and the validity of positioning technique evaluation. The primary aim was to 
develop and validate a new instrument for measuring adverse positioning in mammography, 
focussing specifically on parameters hypothesised to have potential to influence the painfulness of 
the examination. The secondary aim was to explore relationships between the scores on our new 
adverse positioning measure and (1) pain during mammography; (2) patient and technical factors.  

A further aim of this paper is to provide an introduction to the Rasch measurement framework for a 
medical imaging audience. The methodology will be unfamiliar to many radiography and radiology 
professionals but has potential to add value to various aspects of clinical imaging research. 

Methods 

Setting and participant recruitment 

The study was approved by the [region blinded for peer-review] National Health Service Research 
Ethics Committee and the [institution blinded for peer-review] Teaching and Research Ethics 
Committee and was conducted in line with applicable governance frameworks.  

Patients were recruited from a single centre within a UK population-based breast screening service, 
in which eligible women are invited by letter to attend for mammography. Patients attending the 
hospital-based clinic for screening were eligible for the study, and were identified in advance 
through the screening appointment system. 
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Women due to attend clinics between 30 November 2016 and 12 July 2017, on dates when a 
researcher would be available, were sent study invitation letters prior to the appointment date. No 
additional inclusion criteria were applied but patients not able to read and write English could not be 
included. 

An initial questionnaire was included with the study invitation letter. Women attending for screening 
could opt into the study by completing the questionnaire and bringing it to their appointment. On 
attendance, they completed additional questionnaires and were asked for written informed consent 
for their responses to be linked to their images and associated data.  

Overview of measurement and modelling framework 

The study employed a methodological/analytical framework which is represented in Figure 1 and has 
been extensively applied in previous work [12]. The basis of the approach is that, according to 
existing research and/or theory, groups of items  may capture an underlying construct 

. The Rasch model then enables the validation of the construct and the construction of 
valid measures positions on the construct. In this case, the theoretical 

 

Figure 1: A comprehensive measurement and modelling framework 

Instrument development for the adverse positioning measure 

A list of items, consisting of features of mammographic positioning identifiable on the images, was 
postulated as having potential to increase risk of pain during the mammogram. For example, a 
trapped skin fold or the inclusion of extra muscle in the compressed field might be expected to add 
to the painful potential of the examination.  

The initial list of variables was reviewed by six field experts, and a refined list of items was 
formulated (Table 1). It was hypothesised that these items together might form an underlying 
construct of mammography adverse positioning . 
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Item 
Number 

(Short name) Description

1 PecVisCC Pectoralis major muscle is visible on either Cranio-Caudal (CC) 
projection image. 

2 FoldsCC Skin fold(s) visible overlying any part of either CC projection image 
3 AirGapCC* An air gap can be seen in association with any skin fold on either 

CC projection image.  
4 ShoulderCC either CC projection 

image. 
5 CentredHigh On either Mediolateral Oblique (MLO) projection image, it is 

considered that the image receptor was positioned too high for 
the patient. 

6 WidePec On either MLO projection image, it is considered that too much of 
the pectoralis major muscle has been included in the field.  

7 PecConcave On either MLO projection image, the edge of the pectoralis major 
muscle has a concave contour. 

8 PecConvex On either MLO projection image, the edge of the pectoralis major 
muscle has a convex contour. 

9 PecSigmoid 
 

On either MLO projection image, the edge of the pectoralis major 
muscle has a sigmoid contour. 

10 FoldsUpper On either MLO projection, skin fold(s) visible over the upper part 
of the breast or overlying the pectoralis major muscle. 

11 FoldsLower On either MLO projection, skin fold(s) visible over the lower part 
of the breast, including at the infra-mammary angle. 

12 AirGapMLO* An air gap can be seen in association with any skin fold on either 
MLO projection image.  

13 MuscleOther On either MLO projection, a muscle other than pectoralis major is 
visible, e.g. pectoralis minor. 

14 AnatOther On a MLO projection, extraneous anatomy is visible, e.g. shoulder, 
arm or chin. 

15 Blur Movement unsharpness is seen on any image. 
Table 1: Items within the proposed "adverse positioning" construct 
*This feature only applies in the presence of one or more 
of a skin fold. 

 mammogram was reviewed by a single expert radiographer [initials blinded] for 
the presence or absence of the features listed in Table 1. Scoring was at mammogram level rather 
than individual image level, to facilitate comparison with a single overall pain score for each 
examination. A subset of the mammograms (n=50) was read by a second observer  a highly 
experienced breast radiologist [initials blinded] - to assess reproducibility of the classifications. 

observers and binary response data. 

Analysis 

Using the response data generated by examining the mammograms, we then attempted to validate 
 by conducting a psychometric analysis within the 

Rasch measurement framework [13]. Rasch analysis, in its simplest form (Dichotomous Rasch Model 
used in this analysis) performed using Winsteps® software [14], mathematically models the 
probability of a positive response to a given item (e.g. question) in a given measurement instrument 
(e.g. questionnaire/test) level on the underlying construct 
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measured. If the data adequately fit the Rasch model, valid measurement has been achieved. In the 
presence of adequate fit, the Rasch techniques then allow ordinal/categorical raw data (from a set 
of items/questions) to be converted to a continuous measure (representing the underlying 
construct), facilitating further statistical analysis using the scores that have been produced.  

Statistical indices comparing the observed data to the (Rasch) model enable assessments of various 
aspects of validity; in other words they describe the fit of the items to the model. For example, item 
fit statistics and principal components analysis of the residuals (dimensionality analysis) examine 
whether the items capture a single coherent construct. Item separation and reliability indices can 
verify the item hierarchy (i.e. spread of items in relation to the overall construct being measured), 
and the reproducibility of that ordering/hierarchy. Meanwhile, person separation and reliability 

this case), and the reproducibility of that differentiation across different samples of participants. 
Differential item functioning assessments are used to assess and establish measurement invariance 
when the instrument is to be used to compare groups of participants; i.e. they can help to identify 
sources of potential construct-irrelevant bias relating to participant characteristics.  

The application of the Rasch measurement framework in healthcare research, and its advantages 
compared to the well- is, have been 
described in detail in a seminal monograph [15]. For the present study, the validation process and its 
results are described in detail in a companion article in Data in Brief [citation to Data in Brief article 
to be inserted].  

Following validation and transformation of the data to a continuous variable through Rasch 
procedures, one-way analysis of variance (ANOVA) and Pearson correlations were performed to test 
for relationships between the adverse positioning score and pain, as well as key patient, breast and 
technique variables with theoretical potential to be related to the score. Further exploration with 
linear regression modelling was conducted, with scores on 

-informed step-wise procedure 
guiding the selection of explanatory variables. Correlation and regression analyses were conducted 
using Stata (Stata Statistical Software: Release 14. College Station, TX: StataCorp LP). These analyses 
serve as a predictive validity check of the continuous score produced through the Rasch analysis, as 
well as being of interest per se.  

Self-reported height and weight from the patient questionnaires were used to compute body mass 
index [16]. Patient age, breast thickness and compression force were extracted from the Digital 
Imaging and Communications in Medicine (DICOM) headers of the mammographic images by 
VolparaDataManager® software (Volpara Health Technologies Ltd, Wellington, New Zealand), 
algorithm version 1.5.2. Breast volume and breast density (volumetric percentage of fibro-glandular 
tissue) were estimated by the Volpara algorithm. 

Pain during mammography was measured using established validated pain scales [17] within the 
patient questionnaires. There were two pilot phases within the study, the second taking place after 
initial testing and refinement of the questionnaires. For the purposes of this analysis, relevant data 
from both phases were compatible and were merged. However, the pain scale used in Pilot 1 was a 
0-10 numerical rating scale (NRS), whereas a four-point (None, Mild, Moderate, Severe) verbal rating 
scale (VRS) was used in Pilot 2, because there had been too many redundant categories with the 
NRS. Pain data were therefore combined and collapsed into three categories for analysis, based on 
the findings of Woo and colleagues regarding NRS cut-points for VRS values: 0-4 = none or mild; 5-6 
= moderate; 7-10 = severe [18]. 
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Results

Sample description 

Study recruitment is shown in Figure 2 and participant characteristics in Table 2. 

 

Figure 2: Participation flowchart 
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Variable Categories Frequencies Percentages 
Highest 
Educational 
Level 

1  Schooled to age 16 
2  Schooled post-16 
3  Completed further education/ 
vocational training 
4  Undergraduate Degree 
5 - Postgraduate Degree 
Missing 

121 
19 
 
97 
36 
35 
2 

39% 
6% 
 
31% 
12% 
11% 
1% 

BMI category Underweight range (below 18.5) 
Healthy weight range (18.5-24.9) 
Overweight range (25-29.9) 
Obese range (30 and above) 
Missing 

- 
87 
99 
90 
34 

- 
28% 
32% 
29% 
11% 

Age 50 to 59 years old 
60 to 69 years old 
70 and older 

140 
138 
32 

45% 
45% 
10% 

Parity Has not given birth to any children 
Has given birth to at least one child 
Missing 

52 
253 
5 

17% 
81.5% 
1.5% 

Previous breast 
cancer 

No 
Yes 
Missing 

283 
15 
12 

91% 
5% 
4% 

Previous breast 
surgery 

No 
Yes 
Missing 

245 
56 
9 

79% 
18% 
3% 

Table 2: Participant characteristics  

Inter-observer agreement on mammogram feature ratings 

In the subset of mammograms classified by a second reader (50 mammograms, 15 parameters each, 
totalling 750 observations), 
(p<0.001). This kappa statistic can be interpreted as ood   
specification [19]. For some of the individual features, there were insufficient observations of the 
feature being present in the subset to calculate kappa statistics but there did appear to be some 
variability in agreement levels by feature. For example, there was good agreement when identifying 
skin folds but moderate agreement in identifying whether the image receptor was positioned too 
high for the woman.  

Measure validation results 

The results of validation of the new measure via the Rasch Model are provided in detail in our 
companion article in Data in Brief [citation to Data in Brief article to be inserted]. In summary, there 
was good evidence of unidimensionality (ability of the measure to capture a single, coherent 

range of responses across items but the sensitivity of the measure to differences between the 
mammograms was suboptimal. The measure functioned reliably across different participant age 
groups but some items functioned differently according to patient BMI and mammographer. This 
differential functioning was considered likely to indicate genuine differences rather than bias, and 
was therefore investigated as part of further statistical analysis.  
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Figure 3 shows positions on the scale produced via the Rasch 
procedures. On the left side of the figure, the logit scale (
scale for both items and persons patients . On the right-
hand-side of the , the items that constitute the scale are presented, ranging from the 
most frequently observed at the bottom to the least frequent at the top. On the left of the map, the 
mammograms  distribution on the scale is presented. The higher the place in that 
scale, the more adverse the positioning (as scored by the observer). It is the scores on this logit scale 
which are taken forward in further statistical analysis concerning substantive research questions. 

 

Figure 3: Person-item map  

Further Statistical Analysis using the new measure 
We matched the logit scores to the rest of the dataset which included further information about the 
patients and their mammograms. We investigated correlations between adverse positioning and: (1) 
pain; (2) patient, breast and technique characteristics that may be expected to affect positioning. 
We particularly included patient BMI and (anonymised) mammographer identity, on account of the 
DIF identified during measure validation (see our companion article in Data in Brief [citation to Data 
in Brief article to be inserted]) and the theoretical likelihood of real effects on adverse positioning 
score. 
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Frequencies per pain category [18] were: 1 (none/mild): 233 (75%); 2 (moderate): 40 (13%); 3 
(severe): 32 (10%); missing data: 5 (2%). Patient-reported mammography pain category was not 
associated with adverse positioning score according to one-way ANOVA (F(2,302) = 0.08, p=0.93).  

Pearson correlations between adverse positioning score and key patient and technique 
characteristics (Table 3) show that some but not all indicators of breast size were significantly 
associated with adverse positioning score. While compression pressure was associated with adverse 
positioning, compression force was not.  

Positioning correlation with: Pearson 
correlation 

p-value 
(*sig) 

Breast characteristics:   
Mean breast thickness 0.0235 .6801 
Volpara mean breast volume 0.1174 *.0391 
Volpara mean breast density -0.1577 *.0055 

Technique characteristics:   
Mean compression force 0.0286 .6166 
Volpara mean compression pressure  -0.1587 *.0052 

Patients  characteristics:   
BMI 0.1270 *.0349 
Weight 0.1078 .0711 
Height -0.0222 .7037 

Table 3: Correlations between adverse positioning score and key breast, technique and patient characteristics 
Adverse positioning scores by mammographer are shown in Figure 4. Mean adverse positioning 
scores appear to differ by mammographer. The variation was statistically significant as determined 
by one-way ANOVA (F(11,298) 2.38, p=0.0078). 

 

Figure 4: Box plot showing variance in adverse positioning score by mammographer (person performing the mammogram) 
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Results of multiple linear regression modelling (Table 4) show the variables that significantly relate 
to adverse positioning, after accounting for the rest of the variables. BMI is positively related (i.e. the 
greater the BMI, the higher the adverse positioning score), while breast thickness and breast 
pressure are negatively related. The positive coefficients for operators should be interpreted in 
comparison to the reference category (Operator 1). 

The presented model was chosen due to theoretical reasons for the included variables and better 
model fit compared to other models, but still only explains a small proportion (14%) of the variance 
in adverse positioning score.  

Variable Coefficient St. error z P>z 
Constant 
Mean breast thickness 
BMI 
Mean compression force 
Volpara mean compression pressure 
Operator (Ref: Operator_1)  

Operator 2 
Operator 3 
Operator 4 
Operator 5 
Operator 6 
Operator 7 
Operator 8 
Operator 9 
Operator 10 
Operator 11 
Operator 12 

-1.62 
-0.02 
0.03 

-0.01 
-0.05 

 
1.94 
1.83 
2.41 
1.25 
1.72 
1.33 
1.78 
1.43 
1.85 
1.97 
1.47 

1.054 
0.007 
0.011 
0.005 
0.019 

 
0.866 
0.881 
0.925 
1.047 
0.886 
0.996 
0.881 
0.889 
0.896 
0.868 
0.871 

-1.53 
-2.78 
2.66 

-1.49 
-2.80 

 
2.24 
2.08 
2.61 
1.19 
1.94 
1.33 
2.02 
1.61 
2.06 
2.27 
1.69 

.127 
*.006 
*.008 

.137 
*.005 

 
*.026 

039 
*.010 

.233 
053 

.184 
*.045 

.109 
*.040 
*.024 

.093 
Model Fit Information: 

Number of observations 
F(15, 259) 
Probability > F (significance) 
R2 
Adjusted R2 

 
275 
2.75 
<0.001 
0.14 
0.09 

   

Table 4: Results of regression modelling for outcome "adverse positioning score" (*statistically significant result) 

Discussion 
The primary aim of this work was to develop and validate a new measure of mammographic 
positioning with particular reference to features hypothesised to be linked to pain experienced by 
patients during mammography. A measure has been developed and evidence has been generated 
which supports its unidimensionality, i.e. ability to measure a coherent construct (latent variable). 
We have called the construct . Although there is good evidence that the 
measure is valid, its discriminatory capacity could potentially be improved by further refinement.  

Pearson correlations indicated possible relationships between the adverse positioning score and 
breast volume and BMI (positive correlations), as well as breast density and mean compression 
pressure (negative correlations). With higher breast density and higher compression pressure (force 
per unit area) expected to be related to lower BMI and smaller breast size [20], these findings 
together suggest that adverse positioning is more likely in patients with higher BMI and larger 
breasts. In regression analysis, the positive relationship between BMI and adverse positioning score 
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persisted whereas breast volume did not add to the model and breast thickness was negatively 
associated with adverse positioning. Higher compression pressure remained negatively related. 
Overall, these results could conceivably indicate that our measure specifically captures BMI-related 
adverse positioning. 

Our analysis indicated a relationship between mammographer and adverse positioning score, which 
is intuitively likely and therefore adds to the validity arguments for our measure. In regression 
modelling, relationships between positioning score and some of the individual mammographers 
were seen, while also accounting for breast size and BMI. These results indicate potential utility of 
the new measure for assessing and monitoring staff and service performance and identifying training 
needs.  

Using ANOVA to compare measure with patient-reported 
pain score categories did not reveal any significant differences. This may be a result of insufficient 
sample size, and low numbers in two of the three pain categories used for analysis. It may also be a 
result of the suboptimal discriminatory capacity of the new measure.  

Although we are not aware of any previous published work attempting to quantify relationships 
between patient positioning and mammography pain, qualitative work has identified that 
mammographers believe positioning can affect experiences of pain [21,22]. However, pain is a 
complex phenomenon and it is possible that physical technique factors are less important than 
patient factors and practitioner-patient communication. Previous lack of evidence for compression 
force being a reliable predictor of mammography pain [6] also supports the possibility that physical 
technique factors do not predominate in determining mammography pain. As our ANOVA analysis 
did not reveal any significant differences between adverse positioning and pain, we have not 
explored this question by multiple regression modelling at this time. We plan a further manuscript 
reporting on a more extensive dataset from our study, including multiple co-variables with potential 
to affect pain.  

We can find only one previous published report of a study using psychometric methods to validate a 
measure of mammography image quality. Preliminary evidence of validity via a classical test theory 
(CTT) approach was presented [23]. We can find no examples of modern psychometric approaches, 
such as the Rasch model, being used to validate image quality evaluation measures in diagnostic 
images, although the Rasch approach has been applied in scoring radiological images for the 
presence of clinical conditions [24]. The appropriateness of using psychometric methods to test a 
measure derived from image features which are considered to reflect physical realities can be 
questioned. However, the fact that the features are conceptualised and observed by humans 
provides justification.  

Rasch analysis has several advantages over CTT, including insensitivity to missing data, non-reliance 
on simple summation of item scores, and the ability to produce scales at the interval level of 
measurement, facilitating parametric statistical analysis using the scores produced [25]. 

One of the limitations of our study concerns subjectivity in visual classification of image features, a 
well-recognised problem in mammographic image quality assessment [9]. We used only one 
observer to classify the images, which is acceptable for a preliminary investigation, but more 
observers and investigation of observer variability will be included in future work after further 
refinement of the measure. However, in the subset of mammograms that we subjected to a second 
read, agreement between two readers was good, comparing well with other relevant recent work 
where moderate agreement between experts was achieved [11]. 
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Another limitation of our study is the sample size. With over 300 participants, numbers were
adequate for investigating the measurement properties of a new measure but small in the context of 
high-volume breast screening. The analyses conducted using the new measure should therefore be 
considered as preliminary work and as part of the validation of the measure.  

Our measure is not a complete clinical image quality measure for mammography, having been 
purposely limited to parameters with theoretical potential for association with pain experienced 
during the examination. Indeed, at least one of the parameters  pectoral muscle visible on the CC 
projection  would normally be considered an indicator of good rather than poor quality. It was 
incorporated because inclusion of chest wall tissues in the compressed field may in theory increase 
examination painfulness. However, it did not show poor fit within the measure so we did not 
remove it at this stage. 

Valid mammographic clinical image quality measures have long been recognised as both important 
and difficult to develop [9], and the lack of optimised measures still persists. Even one of the most 
notable recent studies on measuring mammographic clinical image quality, which relied heavily 
upon inter-rater agreement as evidence of validity, produced an instrument which the authors 
acknowledged still needed further evaluation and validation [11]. The continuing need for a robust 
and valid measure of observed clinical image quality in mammography is currently heightened by the 
emergence of computerised mammographic positioning assessment methods which themselves 
require validation against human concepts of image quality if they are to be trusted. 

Summary, conclusions and future work 
In this first example of the Rasch model being applied to the evaluation of radiographic positioning, 
we have developed a measure with generally good measurement properties. The measure has 
enabled possible relationships to be highlighted between adverse positioning score and patient BMI, 
as well as showing potential to differentiate positioning performance among mammography 
practitioners.  

No association between positioning features on mammography images and pain experienced during 
the examination was found. However, the relatively small study size and the suboptimal 
discriminatory power of our measure, as well as the fact that the pain scores in this particular 
sample of women were skewed to low levels of pain raise the possibility of a false negative finding. 
Therefore, a larger study after further refinement of the measure is warranted. 

The largely good measurement properties of our new measure suggest that it merits expansion, 
refinement and further testing to evaluate its potential as a comprehensive measure of clinical 
image quality. Our approach has the potential to provide measurement reliability and validity where 
they have hitherto proved highly elusive.   
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Figure captions

Figure 1: A comprehensive measurement and modelling framework 

Figure 2: Participation flowchart 

Figure 3: Person-item map 

Figure 4: Box plot showing variance in adverse positioning score by mammographer (person 
performing the mammogram) 
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