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a b s t r a c t

Introduction: Optimal positioning in mammography and subsequent image quality can be impacted by
thorax variability, breast size and the chosen image receptor (IR) angles. This study aims to explore the
impact of the female thoracic size, breast size and IR angle on the volume of missing breast tissue (MBT)
in mammographic imaging.
Methods: Sixty-three images were recorded: one craniocaudal (CC) at an IR angle of 0� for three sized
breast phantoms attached to three sized thoracic models; and six mediolateral obliques (MLOs) at IR
angles of 30�, 40�, 45�, 50�, 55�, 60� for three sized breast phantoms attached to three sized thorax
models. Breast size was determined using the posterior nipple line (PNL) measurement and were
recorded in millimetres. Breast volume was recorded in cubic centimetres.
Results: The breast size and breast tissue volume of a small thorax and large breasts was better visualised
with increasing IR angles. Optimal MLO IR angles were determined for the combined average thorax with
average breast at 55� and large thorax with large breast at 40� with minimum MBT values of 51.33 cm3

and 75.07 cm3, respectively. Female thoracic size, IR angle, and breast size are significant (p < 0.01) and
have a positive impact on the volume of MBT.
Conclusion: Optimal MLO IR angles were determined for the three breast phantoms attached to three
thoracic models. Female thoracic size positively impacts the volume of MBT and in terms of clinical
practice it is vital to adjust the MLO IR angle to ensure maximum breast tissue coverage.
Implications for practice: These findings can be modelled in current clinical practice on women presented
for mammography examinations with varying thorax and breast sizes, allowing optimal IR angle se-
lection and therefore resulting in improved breast tissue inclusion and subsequently a more accurate
breast cancer diagnosis.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of The College of Radiographers. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Breast cancer is a disease that affects millions of women
worldwide and leads to death if not diagnosed and treated early.
The World Health Organization (WHO) estimated that annually
more than 500,000 women worldwide die from breast cancer.1
ier Ltd on behalf of The College
Cancer develops when new abnormal cells, tissues or structures
grow uncontrollably and deviate from the normal function of the
breast. If not detected early, breast cancer may travel through the
lymphatic and/or vascular systems and metastasise to other parts
of the body, often resulting in death.2 Mammography is central in
breast cancer detection.

Mammographic imaging comprises two strategies: screening
and diagnostic. Screening mammography was introduced in the
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1980's, targeting healthy women to check for early signs of
breast cancer.3 It is organised through systematic population-
based screening programs and is undertaken at regular in-
tervals to detect pre-clinical cancers.1,2 Diagnostic mammog-
raphy focuses on women with breast symptoms related to cancer
and may trigger appropriate diagnostic investigations and
treatment to improve outcomes.1 Mammography is the most
common imaging modality for the early detection of breast
cancer and other breast diseases.2 There are two routine posi-
tioning views in mammographic imaging. The craniocaudal (CC)
view is the first routine view. It is perpendicular to the breast at
an angle of 0� and clearly demonstrates most tissues of the
breast,4 excepting the most lateral regions of breast tissue.5,6 The
mediolateral oblique (MLO) view is the second routine view in
mammography and when adequately performed, nearly all the
breast tissue is imaged including the upper outer quadrant of the
breast which is the location of the majority (over 75 %) of breast
pathology.7e10 Importantly, the MLO view uses a range of image
receptor (IR) angles at 30�-70�3e11 to maximise the inclusion of
most breast tissue on the image. Although previous studies12,13

reported a range of optimal IR angles at 40�-60� selected by
radiographers during positioning for varied body habitus to
maximise image quality, these same studies did not quantify the
size and shape of female body habitus including the thorax to
determine its impact on breast tissue inclusion. Whilst missing
imaged tissue in the CC view can be improved by better posi-
tioning techniques and extended views,3,7 it is only on the MLO
view that the IR angle can make a difference in minimising the
potential of missing breast tissue.3e11 Optimal positioning in
mammographic imaging is critical to the success of maximising
breast tissue inclusion on the image and improve image qual-
ity.3,7 However, optimal positioning in mammography and sub-
sequent image quality evaluation (IQE) can be impacted by
several anatomical factors including the female body hab-
itus,14e16 true thoracic size and its relationship to breast
size6,10,17 and the selection of optimum IR angles.3e11

Image quality evaluation (IQE) is undertaken using well-known
criteria. These criteria have been formalised into image evaluation
systems (IES) used by BreastScreen programs worldwide.18e26 One
such criteria is the posterior nipple line (PNL) measurement.
Bassett et al.7 defined the PNL measurement on the CC view as a
reference line drawn directly posterior from the nipple to the
pectoral muscle (PM) (Fig. 1A) or to the posterior edge of the
image when the PM is not visualised (Fig. 1B). On the MLO view,
Bassett et al.7 defined the PNL as a reference line drawn at a 45�

angle from the nipple extending to the anterior margin of the PM
(Fig. 2A). The PNL measurement on the CC and the MLO images
depict the two-dimensional size of the breast. This measurement
is commonly used by the majority (70.8 %) of radiographers to
evaluate image quality in the clinical setting.27 The breast, due to
differences in its anatomical presentation, cannot be imaged in its
entirety at a single IR angle, which presents a unique challenge for
IQE. Radiographers specialising in mammographic practice are
taught to “standardise” their positioning so that the image is
positioned the same the next time enabling an accurate compar-
ison with previous images. Given the challenge of imaging the
maximum volume of breast tissue for all women and the impact of
the human body on the resultant image quality, there is the
possibility of missing breast tissue in some patients even if all
radiographers use the same or varied angle for MLOs. The aim of
this study is to explore the impact of the female thoracic size,
breast size and IR angle on the volume of missing breast tissue
(MBT) in mammographic imaging.
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Methods

Calculation of three female thoracic (rib cage) sizes

Calculation of three female thoracic (rib cage) sizes (small,
average and large) were performed using a total of 347 computed
tomography (CT) chest axial scans to determine statistical signifi-
cance and were retrieved from the Medical Imaging and Data
Resource Center (MIDRC) open access database28 with exclusion
criteria.29 Calculations are detailed in Appendix A and B.

Calculation of three female breast sizes, weights and volumes

Calculation of three female breast sizes (small, average and
large), weights and volumes using a total of 360 mammograms of a
Chinese female screening population were downloaded from The
Chinese Mammography Database (CMMD)30 and are detailed in
Appendix C.

Mammographic exposures of three thoracic models and three breast
phantoms at selected IR angles

A Hologic Selena tomography machine (Hologic Incorporated,
Bedford, MA, USA) with selection of 2D imaging was calibrated to
give compression force in Newtons (N)with a 24� 30 cm flexed and
rigid paddle was used.31 The breast phantomwas compressed using
the foot paddle then hand compression was applied to a pressure of
approximately 50 N (48.2 N and 53.6 N).31 The study recorded 63
exposures using 100e120 mAs and 28 kVp: one CC image at an
angle of 0� for each small, average and large sized breast phantoms
attached to small, average and large sized thoracic models; and six
MLO images of each combination at angles of 30�, 40�, 45�, 50�, 55�,
60� for small, average and large sized breast phantoms attached to
small, average and large sized thorax models. Since human breasts
are usually almost visually symmetrical10 and the phantom pair of
breasts used for imaging were symmetrical, including the same
amount of compressionwould be applied, exposures of both CC and
MLO views were acquired with only one of the breast and CC in the
right MLO position. The weight of one breast phantom of each size
was then converted to volume of tissue using the standard formula
that 1 g of breast tissue equals 1 cm3 of tissue.32,33 Hence, the total
known volume of one breast phantom for each size acts as controls
and include: a) small ¼ 252 cm3; b) medium ¼ 402 cm3; and c)
large ¼ 499 cm3.

Results

PNL measurement and calculation of missing breast tissue by two
mammography expert raters

Considering the absence of the pectoral muscle (PM) on the
breast phantom images, two expert raters (Rater 1 [R1] & Rater 2
[R2]) in mammography with over 18 years of clinical experience,
measured the PNL for both the CC view (Figs. 1B& 3A) and the MLO
views (Figs. 2B & 3B) as defined by the American College of Radi-
ology (ACR),18 Bassett et al.7 and the Royal Australian and New
Zealand College of Radiologists (RANZCR)25 independently and
collaboratively. Both raters used their clinical experience to esti-
mate a 45� angle to determine the PNL measurement on the MLO
views (Figs. 2B & 3B). The inter-rater reliability of both raters is
excellent with an intraclass correlation coefficient value of .976
[95 % CI .96e.985] for the single measures. The PNL measurements
for both raters were quite similar with few mm's differences in



Figure 1. Posterior nipple line (PNL) measurement for the craniocaudal (CC) view. (A) Optimal positioning for the CC view demonstrates midline location of the nipple, inclusion of
the pectoralis muscle (white arrow) on the image (some images may not include the pectoralis muscle), and depiction of retromammary fat (asterisk) posterior to the medial
fibroglandular tissue. Note that some posterior lateral tissue often extends beyond the edge of the film. The PNL is drawn directly posterior from the nipple to the muscle; (B) or to
the posterior edge of the image when the muscle is not visualized.7 Source: Images A & B adapted from The Chinese Mammography Database (CMMD).30

Figure 2. Posterior nipple line (PNL) measurement for the mediolateral oblique (MLO) view. (A) The PNL is drawn at a 45� angle from the nipple extending to the anterior margin of
the pectoralis muscle7; (B) or to the posterior aspect of the image whichever comes first.18,25 Source: Images A, B & C adapted from The Chinese Mammography Database (CMMD).30

Note: ACR, American College of Radiology18; RANZCR, The Royal Australian and New Zealand College of Radiologists.25
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missing breast tissue (MBT) (Table 3). The majority (n ¼ 60) of the
volume values of differences in MBT rated by R1 and R2 were below
the total known volume values of breast tissue for the small
(252 cm3), average (402 cm3) and large (499 cm3) size breast
phantoms and were considered optimal values (Table 3). Hence an
average value of both rater's PNL measurements were calculated
using the formula: PNL value for Rater 1 þ PNL value for Rater 2
divided by 2 (Table 1).
3

Breast phantom volume calculation

The current study calculated breast volume using both the CC
and MLO views and were recorded in cubic millimetre (mm3). To
convert mm3 to cubic centimetre (cm3), the standard formula
was used: 1 mm3 ¼ .001 cm3 or the volume values were divided
by 1000. Considering the breast shape as being oval, volume for
the CC view was based on the algebraic formula of a circular



Figure 3. Posterior nipple line (PNL) measurement for the craniocaudal (CC) view (A) and the mediolateral oblique (MLO) view (B) on the breast phantom images. (A) The PNL is
drawn directly posterior from the nipple to the posterior edge of the image when the pectoral muscle is not visualized.7 (B) The PNL is drawn at a 45� angle from the nipple
extending to the posterior aspect of the image as the anterior margin of the pectoral muscle is not visualized.7,18,25 Note: ACR, American College of Radiology18; RANZCR, The Royal
Australian and New Zealand College of Radiologists.25

Table 1
Shows the PNL measurements of three breast phantoms and three thorax model sizes relative to CC and MLO IR angles by two raters in x-ray mammographic imaging.

CC view (1�) vs MLO views (6�) LTLB LTMB LTSB MTLB MTMB MTSB STLB STMB STSB

CC vs MLO IR angle PNL (mm) PNL (mm) PNL (mm) PNL (mm) PNL (mm) PNL (mm) PNL (mm) PNL (mm) PNL (mm)

CC 0� (R1þR2/2) * 44.04 46.06 32.29 53.87 42.98 32.08 57.39 44.11 28.12
MLO 30� (R1þR2/2) * 57.95 55.23 38.67 61.78 57.47 44.1 70.33 62.66 53.84
MLO 40� (R1þR2/2) * 67.74 62.76 43.69 64.95 60.21 49.08 72.36 64.56 53.12
MLO 45� (R1þR2/2) * 55.76 62.17 44.64 65.18 60.47 46.99 71.05 64.69 53.5
MLO 50� (R1þR2/2) * 61.83 63.51 42.83 64.75 61.82 49.59 69.65 68.48 55.13
MLO 55� (R1þR2/2) * 59.92 64.39 54.41 67.11 63 51.55 71.28 67.71 54.48
MLO 60� (R1þR2/2) * 59.60 66.93 52.44 67.60 62.44 53.23 72.78 66.37 53.73

Abbreviation: CC, craniocaudal; MLO, mediolateral oblique; IR, image receptor; PNL, posterior nipple line; mm, millimetre; LTLB, large thorax large breast; LTMB, large thorax
medium breast; LTSB, large thorax small breast; MTLB, medium thorax large breast; MTMB, medium thorax medium breast; MTSB, medium thorax small breast; STLB, small
thorax large breast; STMB, small thorax medium breast; STSB, small thorax small breast; R1þR2/2*, Average calculation (Rater 1 plus Rater 2 divided by 2).
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base using the Katariya et al.34 method: volume ¼ Pi (3.14) x
(radius CC)2 x height (PNL CC)/3 (Table 2). The PNL represented
the breast height, the breast width (BW) represented the dis-
tance from the most lateral point of breast tissue to the most
medial point of breast tissue, and the radius was recorded as
half the BW32,34 (Fig. 4). Volume for the MLO view used the
same calculations as the CC view except BW was defined as the
distance from the most inferior aspect of the breast tissue to the
Table 2
Shows the volumes of three breast phantoms and three thorax model sizes relative to C

CC view (1�) vs MLO views (6�) LTLB LTMB LTSB MTLB

CC vs MLO IR angle Volume (cm3) Volume (cm3) Volume (cm3) Volume

CC 0� (R1þR2/2) * 186.92 203 102.94 236.32
MLO 30� (R1þR2/2) * 325.27 289.81 151.10 374.43
MLO 40� (R1þR2/2) * 423.93 342.14 191.66 416.09
MLO 45� (R1þR2/2) * 332.72 333.22 201.37 399.93
MLO 50� (R1þR2/2) * 396.10 337.55 189.66 413.17
MLO 55� (R1þR2/2) * 364.73 339.31 268.63 415.06
MLO 60� (R1þR2/2) * 361.36 345.23 265.81 419.72

Abbreviation: CC, craniocaudal; MLO, mediolateral oblique; IR, image receptor; Volume in
breast; LTSB, large thorax small breast; MTLB, medium thorax large breast; MTMB, med
large breast; STMB, small thorax medium breast; STSB, small thorax small breast; R1þR
Note: a. Formula for volume of a circular base (breast shape): Volume ¼ Pi (3.14) x (rad
b. To convert mm3 to cm3, the standard formula was used: 1 mm3 ¼ .001 cm3 or the vo
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junction between the most superior aspect of the breast tissue
at the posterior edge of the image (Fig. 5). Shanley et al.32

defined their BW as the distance from the most inferior point
of breast tissue to the most superior point of breast tissue
including that beyond the thoracodorsal artery. The differing
methods in BW calculation in the current study compared to the
Shanley et al.32 is due to the absence of a PM on the breast
phantom.
C and MLO IR angles by two raters in x-ray mammographic imaging.

MTMB MTSB STLB STMB STSB

(cm3) Volume (cm3) Volume (cm3) Volume (cm3) Volume (cm3) Volume (cm3)

180.68 105.09 235.51 190.79 88.18
322.57 198.94 417.94 319.03 245.43
337.95 225.50 444.04 334.43 249.70
342.24 227.92 437.66 342.38 249.20
339.82 232.03 434.14 348.66 259.14
350.67 241.20 440.85 341.68 239.00
338.98 238.99 423.82 332.03 229.13

cm3, cubic centimetre; LTLB, large thorax large breast; LTMB, large thorax medium
ium thorax medium breast; MTSB, medium thorax small breast; STLB, small thorax
2/2*, Average calculation (Rater 1 plus Rater 2 divided by 2).
ius CC/MLO)2 x height (PNL CC/MLO)/332,34.
lume values were divided by 1000.



Figure 4. Breast phantom demonstrating measurements needed to calculate volume
of breast tissue on the craniocaudal (CC) view including the posterior nipple line (PNL)
or breast height (distance ¼ X to Y) and the BW (distance ¼ A to B).

Figure 5. Breast phantom demonstrating measurements needed to calculate volume
of breast tissue on the mediolateral oblique (MLO) view including the posterior nipple
line (PNL) or breast height (distance ¼ X to Y) and the BW (distance ¼ A to B).
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The impact of IR angles, thorax sizes and breast sizes on the volume
of missing breast tissue

The linear regression analysis (Table 4) tests were undertaken to
show the impact of image receptor (IR) angles, thorax sizes and
5

breast sizes on the volume of missing breast tissue (MBT). IR angle
impact is significant (p< 0.01), and the study hypothesis is accepted.
IR angle has a positive impact on the volume ofMBT. Thorax size has
a positive impact on the volume of MBT, demonstrating a significant
impact (p < 0.01), as was hypothesised by this study. The impact of
breast size is also significant (p < 0.01), demonstrating that breast
size has a positive impact on the volume of MBT.

Discussion

Body habitus, breast size and breast tissue volume

This study determined the breast size and breast tissue volume
(BTV) of three breast phantoms attached to three thoracic model
sizes after imaging individually using the CC andMLO IR angles. The
findings revealed that for all seven IR angles (one CC and six MLO),
the breast size and BTV demonstrated for a small thorax and large
breast combination was increased with increasing IR angles
(Tables 1 and 2). Although most women may have a slight variation
in breast symmetry, indicating that the size, volume, shape and
position on the thoracic wall varies slightly from right to left,10 the
findings in this study showed that the breast size and BTV
demonstrated for a small thorax and large breast was increasedwith
increasing IR angles. Recent studies revealed that body habitus af-
fects radiographic image quality,35,36 and specifically women
exhibiting a larger body habitus may produce poor mammographic
image quality.15 However, these same studies do not confirm that
women with larger body habitus have larger breast size or women
with smaller body habitus have smaller breast size. Generally, it is
expected that women exhibiting a smaller body habitus may have
smaller breast sizes and subsequently produce good quality images.
However, another study contradicts this perception indicating that
womenwith larger body habitusmay have small breasts that spread
laterally around the wider curved thorax, and additional mammo-
graphic views such as an exaggerated CC or a CC with slight oblique
may be required to adequately image missing lateral tissue.15

Importantly, the findings in this study align with the mammog-
raphy literature documenting a range ofMLO IR angles3e11 preferred
to image a small thorax and large breast at 55� and 60� IR angles
which demonstrated increased breast size and BTV whilst a large
thorax and small breast demonstrated decreased breast size and
BTV at 30�, 40� and 45� IR angles. These findings suggest that the
preferred range of MLO IR angles for a small thorax (55� and 60�)
and a large thorax (30�, 40� and 45�) used in this study could
minimise the potential of missing breast tissue in women with an
increased or decreased breast size and BTV, respectively, and sub-
sequently enhance early breast cancer detection.

Volume of missing breast tissue and optimal IR angle

In this study, volume of missing breast tissue (MBT) for the three
female breast phantoms attached to the three thorax models were
determined by calculating the difference of the average volume of
the small, average and large breast images for rater 1 (R1) and rater
2 (R2) from the total known volume of the small, average (medium)
and large breast phantoms (Table 3). Although the pectoral muscle
(PM) was not captured on both the CC and MLO breast phantom
images, this (absence of PM) did not fail to demonstrate the po-
tential of MBT and its impact on thoracic curvature. The findings
highlighted in Table 3 revealed optimal MLO IR angles for the three
breast phantoms attached to the three thorax models with mini-
mumMBT. Particularly, optimal MLO IR angles were determined for
the combined small thorax with small breast (40�), average thorax
with average breast (55�) and large thorax with large breast (40�)
with minimum MBT. These findings are novel in mammographic



Table 3
Shows the volume of missing breast tissue of three breast phantoms and three thorax model sizes relative to CC and MLO IR angles by two raters in x-ray mammographic
imaging.

CC view (1�) vs MLO
views (6�)

LTLB LTMB LTSB MTLB MTMB MTSB STLB STMB STSB

CC vs MLO IR angle Volume MBT
(cm3)

Volume MBT
(cm3)

Volume MBT
(cm3)

Volume MBT
(cm3)

Volume MBT
(cm3)

Volume MBT
(cm3)

Volume MBT
(cm3)

Volume MBT
(cm3)

Volume MBT
(cm3)

CC 0� (R1þR2/2) * 312.08 199 149.06 262.68 221.32 146.91 263.49 211.21 163.82
MLO 30� (R1þR2/2) * 173.73 112.19 100.9 124.57 79.43 53.06 81.06 82.97 6.57
MLO 40� (R1þR2/2) * 75.07 59.86 60.34 82.91 64.05 26.5 54.96 67.57 2.3
MLO 45� (R1þR2/2) * 166.28 68.78 50.63 99.07 59.76 24.08 61.34 59.62 2.8
MLO 50� (R1þR2/2) * 102.9 64.45 62.34 85.83 62.18 19.97 64.86 53.34 �7.14
MLO 55� (R1þR2/2) * 134.27 62.69 �16.63 83.94 51.33 10.8 58.15 60.32 13.0
MLO 60� (R1þR2/2) * 137.64 56.77 �13.81 79.28 63.02 13.01 75.18 69.97 22.87

Abbreviation: a. CC, craniocaudal; MLO, mediolateral oblique; IR, image receptor; Volume in cm3, cubic centimetre; LTLB, large thorax large breast; LTMB, large thoraxmedium
breast; LTSB, large thorax small breast; MTLB, medium thorax large breast; MTMB, medium thorax medium breast; MTSB, medium thorax small breast; STLB, small thorax
large breast; STMB, small thoraxmedium breast; STSB, small thorax small breast; MBT, missing breast tissue; R1þR2/2*, Average calculation (Rater 1 plus Rater 2 divided by 2).
Note: a. The total known volume of one breast phantom for each size include: a) Large ¼ 499 cm3; b) medium ¼ 402 cm3; and c) small ¼ 252 cm3.
b. To determine the MBT by the three thorax sizes (large, medium and small) for each IR angles, calculate the difference of the average volume of the large, medium and small
breast images for R1 and R2 from the total known volume of the large, medium and small breast phantoms.
c. Light gold colour demonstrates optimal MLO IR angles for the three breast phantoms attached to the three thorax models with minimum MBT.
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imaging and may reflect the amount of breast tissue not demon-
strated in real female breasts attached to a real female thorax. The
CC IR angle at 0� is always defined as perpendicular to the breast and
whilst MBT in the CC view can be improved by better positioning
skills and an extended CC view,3e11,15 it is only on theMLO view that
the IR angle can make a difference to maximise the potential of
breast tissue inclusion on the image. Although the mammography
literature documents that a variety of MLO IR angles at 30�-70�3-11

are selected for individuals with varied body habitus and varied
breast sizes, the findings of this study have demonstrated a quan-
tified definition of optimal MLO IR angle for specific female thoracic
sizes, breast sizes and MBT. Hence, further research using these
documented optimalMLO IR angles for each individual body habitus
and specific breast sizes as experienced routinely in the clinical
setting representing thewidermammography screening population
should be undertaken to validate these findings.

The impact of volume of missing breast tissue (MBT) on IR angles,
thorax sizes and breast sizes

In this study, the linear regression analysis (Table 4) was un-
dertaken to show the impact of image receptor (IR) angles, thorax
sizes and breast sizes on the volume of missing breast tissue (MBT).
The IR angle selected has a significant impact (p < 0.01), indicating
that IR angle has a positive impact on the volume of MBT imaged.
This result demonstrated that as the IR angle increases, the volume
of breast tissue not demonstrated on the image also increases.
Thorax size also has a significant positive impact on the volume of
MBT (p < 0.01). This result demonstrated that female body habitus
(thorax size) affects the volume of breast tissue not demonstrated
and that in terms of clinical practice it is vital to adjust the IR angle
on the MLO to ensure maximum breast tissue coverage. Breast size
Table 4
The linear regression analysis table to show the impact of image receptor (IR) angles, th

Coefficientsa

Model Unstandardized Coefficients

B Std. Error

1 (Constant) 82.628 15.182
Angles �2.682 0.194
Thorax 16.592 4.436
Breast 38.398 4.436

a Dependent Variable: Volume (MBT).
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impact on MBT was also found to be significant (p < 0.01), indi-
cating that breast size has a positive impact on the volume of MBT.
This result demonstrated that as the breast size increases, the
volume of breast tissue not demonstrated on the image also in-
creases. These findings are novel in mammographic imaging and
confirm that female body habitus,14e16 true thoracic size and its
relationship to breast size6,10,17 and the selection of optimal IR
angles3e11 impact the amount of breast tissue not demonstrated on
the image. These findings should be applicable to current clinical
practice on real women presenting for mammographic examina-
tion to enhance the potential of maximising breast tissue inclusion.

Strengths and limitations

This is the first study adding to the limited body of mammog-
raphy knowledge by demonstrating that the IR angle, female model
thoracic size, and breast size are significant and have a positive
impact on the volume of MBT in mammographic imaging.
Furthermore, this study documented the optimal MLO IR angle
withminimumMBT for each of the three breast phantoms attached
to the three thoracic models. The limitations in the study
acknowledge that the 63 images captured include female breast
phantoms attached to female thoracic models and may not reflect
real female breasts or the real female thorax which can limit the
accuracy and generalisability of the findings. This was mitigated
through a rigorous experimental study design, data collection,
reliability of breast size measurement using expert raters, and data
analysis process. The role of the expert raters as mammographers
may be a potential bias in this study. Finally, the databases used for
thorax shapes and breast sizes reflect White Caucasian, Black or
African American and Chinese female population which may not
represent a wider global female population.
orax sizes and breast sizes on the volume of missing breast tissue (MBT).

Standardized Coefficients t Sig.

Beta

5.443 <0.001
�0.751 �13.854 <0.001
0.203 3.740 <0.001
0.470 8.657 <0.001
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Implications for practice

This study facilitated a good understanding of the female body
habitus, thoracic size, breast size, IR angles and how these impact
on the volume of MBT on the resultant mammographic image. In
terms of clinical relevance, a chart of the optimal MLO IR angles for
each of the three breast phantom sizes attached to the three
thoracic model sizes can be created and displayed within the
mammography room, acting as a quick guide for practitioners to
determinewhich IR angle is best served for the current patient. This
would improve breast tissue inclusion and reduce MBT, improving
image quality and subsequently breast cancer detection.

Conclusion

This experimental study proved the hypothesis that IR angle,
female thoracic size and breast size have a positive impact on the
volume of breast tissue not demonstrated on the image. The study
documented optimal MLO IR angles for the combined small thorax
with small breast (40�), average thorax with average breast (55�)
and large thorax with large breast (40�) with minimum MBT.
Importantly, the results in this study demonstrated that female
body habitus (thorax size) positively impacts the volume of breast
tissue not demonstrated on the image. Future recommendations for
clinical practice is to emphasise the importance of adjusting the
MLO IR angle to ensure maximum breast tissue coverage and
subsequent breast cancer diagnosis. Finally, future studies should
be undertaken to validate findings of this study on real-world
clinical imaging data.
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