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Abstract This study measured reading workstation moni-
tors and the viewing environment currently available within
BreastScreen New South Wales (BSNSW) centres to deter-
mine levels of adherence to national and international guide-
lines. Thirteen workstations from four BSNSW service
centres were assessed using the American Association of
Physicists in Medicine Task Group 18 Quality Control test
pattern. Reading workstation monitor performance and am-
bient light levels when interpreting screening mammograph-
ic images were assessed using spectroradiometer CS-2000
and chroma meter CL-200. Overall, radiologic monitors
within BSNSW were operating at good acceptable levels.
Some non-adherence to published guidelines included the
percentage difference in maximum luminance between pairs
of primary monitors at individual workstations (61.5 % or
30.8 % of workstations depending on specific guidelines),
maximum luminance (23.1 % of workstations), luminance
non-uniformity (11.5 % of workstations) and minimum
luminance (3.8 % of workstations). A number of ambient
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light measurements did not comply with the only available
evidence-based guideline relevant to the methodology used
in this study. Larger ambient light variations across sites are
shown when monitors were switched off, suggesting that
differences in ambient lighting between sites can be masked
when a standard mammogram is displayed for photometric
measurements. Overall, BSNSW demonstrated good adher-
ence to available guidelines, although some non-compliance
has been shown. Recently updated United Kingdom and
Australian guidelines should help reduce confusion gener-
ated by the plethora and sometimes dated nature of currently
available recommendations.

Keywords Mammography - Monitor performance -
Ambient light - BreastScreen - 5 M-pixel monitor

Introduction

Imaging modalities require high-quality electronic display
devices to convey precise and accurate information for diag-
nostic interpretation, clinical review, consultation or guidance
during surgical procedures. Suboptimal or inconsistent perfor-
mance of reading workstation monitors can prolong viewing
times, increase reader fatigue, reduce detection of abnormal-
ities and affect diagnostic performance [1-5]. Good displays
are of particular importance in the interpretation of mammo-
grams where subtle malignancies demonstrate little grey level
difference from normal breast tissues [6], and whilst much
emphasis is placed on innovations that maximise pathology
visualisation, the effectiveness of these developments rely on
high-quality image presentation.

The electronic era has introduced many benefits to med-
ical imaging such as rapid access to images at sites remote
from acquisition, through the use of picture archiving and
communication system (PACS) and other network systems
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[7]. With this wide access, however, certain challenges are
presented including ensuring that images, wherever they are
reported, are displayed at consistently high quality and that
the luminance limitations of widely available monitors (as
compared with the traditional transilluminators) do not com-
promise diagnostic efficacy. These quality issues not only
rely on the display but also dictate that the viewing envi-
ronment, in particular, ambient lighting is set so that visual
adaptation and perception is promoted [8—14].

The importance of these above-mentioned features is
well acknowledged within the Australian BreastScreen net-
work where state of the art display devices are evident
within locations that are designed for dedicated mammo-
graphic reading. However, monitor performance and view-
ing condition can change over time, and without appropriate
quality assurance (QA) procedures in place, reduction in
performance may be noted, regardless of manufacturer spec-
ifications. The Australasian College of Physical Scientists

Table 1 Summary of recommended QA schedule for LCD monitors

and Engineers in Medicine (ACPSEM) has recently pub-
lished an excellent position paper on digital mammography
QA [15], within which various recommendation levels sim-
ilar to the UK National Health Service Breast Screening
Programme (NHSBSP) equipment report 0604 [16] are
shown (Table 1). However, the largest challenge lies in the
lack of scientific publications upon which to base the available
recommendations. Therefore, the purpose of this study was to
explore if monitors and viewing environment currently avail-
able within BreastScreen New South Wales (BSNSW) centres
are operating at consistent levels and adhere to guidelines
available within national and international literature.

Methods and Materials

Thirteen workstations (nine pairs of Eizo Radiforce GS520
and four pairs of Barco MFGD-5621 HD; Table 2) from four

Weekly/monthly/quarterly/half-yearly

Annually

Monitor cleanliness, overall visual assessment
including artefact and contrast resolution

Monthly for the first quarter of operation and
subsequently on a quarterly basis if the system

Reflections, luminance measures,
resolution, noise, veiling glare,
chromaticity

Reflections, luminance measures, resolution

Luminance measures, greyscale

Daily
BSNSW [17] Monitor cleanliness Weekly
AAPM [18] Overall visual assessment
is proven to be stable.
EIZO [19] Overall visual assessment Every 3—6 months
BARCO [20] Manual: monitor cleanliness ~ Weekly

Overall visual assessment

Manual: image quality

Inbuilt software: automatic I-guard check,
calibration setting, measure display white,
display test, mammo-compliance test

Monthly

Inbuilt software: measure quality level,

compliance test

NHSBSP [16]

EUREF [21] Visual assessment including  Half-yearly
contrast visibility, artefacts
display function
ACPSEM [15] Weekly

Monitor cleanliness, overall visual assessment
including artefact and resolution

ACRIN DMIST [22]  Monitor cleanliness Weekly

Overall visual assessment including

Luminance measures, visual
assessment including resolution,
artefact, overall imaging
performance

Resolution, luminance measures, greyscale

Luminance measures, overall visual
assessment including artefact and
resolution

Luminance measures, display
quality, resolution

contrast visibility

BSNSW BreastScreen NSW, AAPM American Association of Physicists in Medicine, NHSBSP National Health Service Breast Screening
Programme, EUREF European Reference Organisation for Quality Assured Breast Screening and Diagnostic Services, ACPSEM Australasian
College of Physical Scientists and Engineers in Medicine, ACRIN DMIST American College of Radiology Imaging Network Digital Mammo-

graphic Imaging Screening Trial
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BSNSW service centres (referred to as A, B, C and D)
were assessed in this study by the same radiographer
between the period of October 2011 and March 2012.
The sample assessed in this study, whilst not necessarily
representative, provides a preliminary overview of the en-
tire BSNSW network which consists of a total of 37 work-
stations and 35 BSNSW service centres. The reporting
monitor performance and ambient light levels used for
interpreting screening mammographic images were mea-
sured. Each workstation comprised of a pair of 5 M-
pixels primary reporting monitors, and each was warmed-up
for at least 30 min before any measurements were taken to
allow the monitor output to stabilise [26]. Details of the
date of assessment, date of monitor manufacture, most
recent QA performed, as well as results and actions taken by
the physicist based on the most recent QA are outlined in
Table 3.

Measurement of Monitors

The American Association of Physicists in Medicine
(AAPM) Task Group 18 Quality Control (TG18-QC) test
pattern (Fig. 1), available in the PACS (Sectra Imtec AB,
Sweden) and accessed from all investigated workstations,
was used to assess monitor performance [18].

A spectroradiometer CS-2000 (Konica Minolta, Japan)
was used to measure luminance in candela per metres
squared (cd/m?) [27]. All measurements were taken using
a 0.2° aperture with the front edge of the metal lens barrel at
a distance of 50 c¢cm from the display monitor [27].
Measurements were taken for the left (L) and right (R)
reporting monitor with all room lighting switched off. All
investigated parameters were measured four times, and a
mean value was calculated.

The following parameters were assessed:

1. Luminance response

Luminance response refers to “the relationship between
displayed luminance and the input values of a standardized
display system” [18] and is comprised of several compo-
nents including: maximum luminance (L,,,x), minimum lu-
minance (L.,;,), contrast ratio, Just-Noticeable-Difference
(JND), percentage difference between two primary moni-
tors, and luminance non-uniformity.

a. Lpax> Limin, and Contrast ratio

Lyax 1s the highest and L, the lowest luminance level
measured at the 100 % and 0 % regions on the TG18-QC pattern
denoted by black “X” and white “X”, respectively (Fig. 1).

Contrast ratio, describing the ratio of maximum and min-
imum luminance, was calculated for each monitor (L and R)
using the following formula [18]:

. Lmax
Contrast Ratio = ——

b. JND

A JND is defined as the difference in luminance of a
target that the average human observer can perceive under a
given viewing condition [28]. The L,.x and L., of each
monitor were mapped to the JND index which converts the
luminance values to JND integers, and the achievable JNDs
of each monitor was subsequently obtained with the differ-
ence between the JIND integers of L., and L;, [28].

¢. Maximum luminance difference between two primary
monitors in each workstation

Percentages difference between the maximum luminance
of the two primary reporting monitors at each workstation
was calculated using the following formula:

Table 2 Information and specifications of monitors in four BSNSW service centres

Monitor information Service centres

A B C D
Number of reading workstations 3 1 5 4
Monitor type and model Eizo Radiforce GS520 Eizo Radiforce GS520 Eizo Radiforce GS520 Barco MFGD-5621 HD
Screen size (cm) 54 54 54 54
Display resolution 2,048%2,560 2,048%2,560 2,048%2,560 2,048%2,560
Screen type Monochrome LCD Monochrome LCD Monochrome LCD Monochrome LCD
Maximum luminance (cd/m?) 700 700 700 800
Maximum contrast ratio 800:1 800:1 800:1 900:1 without PPU* 700:1

with PPU*

Self-calibrating No No No Yes (I-guard technology)

Specifications shown were obtained from manufacturing company’s website [23, 24]

LCD liquid crystal display
Per pixel uniformity technology [25]
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Table 3 Details of the date of assessment, date of monitor manufacture, most recent QA performed as well as result and action taken by the
physicist based on the most recent QA

Location and Date of assessment Date of monitor Most recent QA Result/action taken by physicist based on the
workstation (current study) manufacture performed by physicist most recent QA
Al 16/3/2012 1/11/2008 21/9/2011 Fail on L, matching between two primary monitors

due to wrong setting selected (CAL instead of
DICOM); settings adjusted and locked

A2 16/3/2012 1/11/2008 21/9/2011 Pass

A3 16/3/2012 1/10/2008 - -

B1 21/10/2011 19/5/2009 - -

Cl 9/3/2012 1/8/2008 6/12/2011 Pass

C2 9/3/2012 12/6/2008 6/12/2011 Fail on L, of right monitor; recalibrated by Eizo

C3 9/3/2012 5/10/2010 6/12/2011 Fail on L,,,x matching between two primary monitor;
recalibrated by Eizo

C4 9/3/2012 18/3/2009 6/12/2011 Pass

Cs5 9/3/2012 1/2/2011 6/12/2011 Pass

D1 16/3/2012 1/7/2006 16/8/2012 Pass

D2 16/3/2012 1/12/2007 11/2/2010 Pass

D3 16/3/2012 1/12/2008 11/2/2010 Lnax matching failed; Barco informed

D4 16/3/2012 1/1/2009 11/2/2010 Pass

CAL calibration, DICOM Digital Imaging and Communications in Medicine, en dash indicates information not available

Lmax (L) - Lmax (R)

1009
The higher Ly (L or R) % &

Percentage Difference =

Fig. 1 AAPM TG18-QC test
pattern [18]. Maximum lumi-
nance and minimum luminance
measured over region denoted
by black “X” and white “X”,
respectively. Luminance non-
uniformity was assessed over
areas identified by arrows
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d. Luminance non-uniformity

This refers to the maximum deviation of luminance
across a monitor displaying a uniform pattern [18].
Luminance non-uniformity was assessed by comparing the
luminance of four regions on the monitor screen (see arrows
in Fig. 1) and expressed as a percentage using the following
formula [18]:

. . Linax — Limi
Percentage Uniformity = —~— "% x 200%
Lmax + Lmin
where L.« and L., in this instance is the maximum bright-
ness value and lowest brightness value respectively amongst
the four regions assessed.

2. Measurement of spatial resolution

This refers to the ability of a monitor to display and
separate small details, and a visual evaluation approach
was taken for this assessment. The Cx patterns on four
regions of the TG18-QC pattern was assessed and given a
score through the comparison of its appearance with the
scale at the test pattern centre, with a score of 0 being most
desirable and 4 being the maximum limit before the monitor
would be deemed unacceptable [18].

Measurement of Ambient Lighting

Ambient lighting of each screen reading workstation was
measured using a chroma meter (Konica Minolta, Japan) at
a typical reading distance of 70 cm from the monitor under
normal working conditions with the monitor either display-
ing a standard mammogram or switched off. As all work-
stations assessed in this study have an integrated lighting
system (Planilux® Eltrono, Germany) which allows adjust-
ment to ambient light level as well as a sensor-controlled
automatic light function that varies light level depending on
brightness of the reporting monitors, measurements were
made under four different desk light levels: automatic,
brightest, dimmest, and switched off.

Results

An evaluation of data produced in this study was made with
reference to currently available guidelines [12, 13, 15, 16,
18, 21, 22, 29] as shown in Tables 4 and 5.

Measurement of Luminance Response

Values describing luminance response of each monitor
assessed in this study are demonstrated in Table 4 with the
mean and maximum/minimum ratios along with current
guidelines [15, 16, 18, 21, 29].

Whilst 20 out of 26 tested monitors shown good compli-
ance to even the strictest available guidelines [15, 16], six
monitors did not provide sufficient maximum luminance as
indicated by recommendation published by ACPSEM [15]
and NHSBSP [16]. In addition, one out of 26 tested mon-
itors had an excessive minimum luminance, and three out of
26 monitors failed to comply with the luminance non-
uniformity recommendation [15, 16, 18, 21]. The percent-
age difference between primary monitors at individual
workstations was above recommended levels in eight out
of the 13 workstations setups when reference was made to
several standards published [15, 16, 21, 29] and four out of
the 13 workstations according to AAPM guidelines [18].

Although all other tested monitors demonstrated compli-
ance to current guidelines (wherever available), some varia-
tions across monitors were observed for all parameters
measured, with the largest demonstrated for percentage dif-
ference between monitors (at each workstation as described
above) and luminance non-uniformity with maximum/mini-
mum ratio of 20.3 and 4.6, respectively (Table 4 and Fig. 2).

Measurement of Spatial Resolution

Spatial resolution of all workstations reached the highest
achievable score (Cx=0) within the standards given by
AAPM [18].

Measurement of Ambient Lighting

Variations were demonstrated amongst workstations with
86.5 % of the ambient light measurements not complying
with the only available evidence-based guideline for our
methodology (albeit for a different type of examination) of
2540 Ix [12, 13], with 81.1 % of these non-adherent values
being lower than the stated range (Table 5). The measure-
ments demonstrated a lower level of variation when a stan-
dard mammogram was displayed (maximum/minimum ratio
1.89-3.7) as opposed to when it was switched off (maxi-
mum/minimum ratio 2.1-15.92).

Discussion

Poor performance of reporting monitors can affect radiologic
interpretation [30], therefore acceptance procedures must be
rigorous, and with regular quality assurance tests carried out to
ensure optimal display. This is particularly relevant in breast
imaging where small changes in the brightness characteristics
of a display may have a significant impact on the visibility of a
subtle lesion in a dense region of the breast or on the contrast
required to identify an asymmetric density [31]. In the current
work, whilst it was reassuring that most tested monitors dem-
onstrated adherence to current guidelines (wherever available),
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Table 4 Measured values from 13 pairs of monitors in four BSNSW service centres

Measurement of luminance response

Linax (cd/m?) Linin (cd/m?)

Contrast ratio

Luminance
non-uniformity

Just-noticeable-
difference (JND)

Percentage difference
between two primary

monitors (%) (%)
Location and Left Right Left Right Left Right Left Right Between L. of Left Right
workstation both monitors®
Al 42463 462.00 1.19 1.19 356.98 387.34 603 616 8.09 [R] 13.14 20.50
A2 497.50 476.53 1.18 1.22 42340 39196 627 620 4.22 [L] 10.41 7.33
A3 425.00 45395 122 1.24 34744  365.79 599 608 6.38 [R] 19.21 9.13
Bl 442.03 534.00 1.19 1.30 372.70 41124 611 632 17.22 [R] 23.08 24.35
Cl 481.43 48555 1.14 1.20 421.38 403.28 623 624 0.85 [R] 8.27 10.46
C2 431.83 38578 121 1.22 356.59 316.79 607 588 10.66 [L] 16.66 25.11
C3 469.53 479.60 1.52 1.16 309.36 41247 607 620 2.10 [R] 10.61 17.74
Cc4 516.15 469.58 139 1.30 371.53  360.59 623 616 9.02 [L] 20.08 20.38
C5 491.18 470.08 1.19 1.12 411.97 42093 627 620 4.30 [L] 16.68 19.31
D1 490.20 470.10 1.01 091 483.67 51545 627 632 4.10 [L] 37.75 24.39
D2 499.00 44240 1.05 1.02 47558 43479 631 612 11.34 [L] 31.61 31.99
D3 57475 53505 136 1.19 423.62 451.52 639 640 6.91 [L] 21.75 21.41
D4 54198 480.25 1.17 1.08 465.21 44478 639 624 11.39 [L] 22.33 11.71
Mean 483.48 472,68 122 1.17 401.49  409.00 620.23 619.38 743 19.35 18.75
Max/min ratio 1.35 1.39 1.50 143 1.56 1.07 1.05 20.26 4.56 4.36
Current guidelines  >170 [18] <1.5[16] >250 [18,21] b <5 % [15,16,21,29] <30 %

>450 [15,16] >300 [16]

<10 % [18] [15,16,18,21]

Independent values for left and right monitors are presented for Lmax, Lmin, contrast ratio, JND and luminance non-uniformity. Current guidelines
indicated in table for LCD monitors. Brackets indicate reference for the specific guideline

#Monitor with greater Lmax value indicated by left [L] or right [R]
®No available guideline

some inconsistent features were observed, most notably the
luminance difference between primary monitors positioned at
the same workstation.

According to the current guidelines [15, 16, 18, 21, 29], it is
recommended that the percentage difference between two
primary monitors at the same workstation should not exceed
5% [15, 16, 21, 29] or 10 % [18]. However, results from the
current study demonstrate that 61.5 % (when reference made to
UK and Australian guidelines [15, 16]) or 30.8 % (when
referring to AAPM guidelines [18]) of the workstations
assessed did not provide a sufficiently consistent luminance
response between adjacent displays. In mammography where
careful and precise diagnostic interpretation requires a constant
comparison between the radiographic images of both breasts as
well as between current and prior mammographic images,
luminance discrepancies of up to 17 % between monitors
appears sizeable. In addition, some tested monitors failed to
demonstrate compliance for maximum luminance (23.1 %
when reference made to 450 Ix), luminance non-uniformity
(11.5 %) and minimum luminance (3.8 %) guidelines [15, 16,
18, 21]. Tt is interesting to note that amongst the tested
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monitors, the oldest monitors (D1 and D2) were the ones
demonstrating non-adherence to the luminance non-
uniformity guidelines (Tables 3 and 4), which had otherwise
shown compliance to the majority of the remaining parameters.
Whilst all other tested monitors adhered to the available guide-
lines, some variations between maximum and minimum values
were recorded across monitors for all parameters measured,
particularly for the aforementioned percentage differences as
well as luminance non-uniformity (maximum/minimum ratio
4.56). The impact of variations similar to that described here
remains unclear and further work is required to evaluate the
clinical relevance.

In addition to the performance of reporting monitors, pre-
vious literature has also shown that inappropriate ambient
lighting under which radiologic images are interpreted affects
diagnostic performance [4, 9, 10, 13]. Bright lighting affects
visualization of normal and abnormal structures on radiologic
images [8—11] through increased monitor reflection, resulting
in higher luminance in dark areas of the images [14] and thus
lower contrast ratios. At the opposite end, low levels of
ambient lighting can cause visual adaptation difficulties
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Table 5 Ambient light levels of 13 workstations in four BSNSW service centres
Workstation Standard mammographic image displayed on monitor Monitor switched off

Workstation desk lighting (lux) Workstation desk lighting (lux)

Auto Brightest Dimmest Off Auto Brightest Dimmest Off
Al 11.10 39.65 10.33 10.05 3.05 36.63 1.70 1.33
A2 14.40 53.50 13.33 10.90 3.75 42.43 2.55 1.73
A3 41.13 55.48 12.08 11.93 35.10 41.35 3.80 2.85
Bl 28.95 73.23 18.25 18.10 12.18 61.15 10.33 9.55
Cl 27.53 58.13 10.90 9.78 7.78 47.15 4.95 0.60
Cc2 20.18 51.78 13.13 13.05 35.09 44.85 4.37 343
C3 13.98 30.95 11.68 9.03 3.69 29.17 2.53 1.75
Cc4 13.85 41.98 12.38 12.08 4.90 32.63 3.88 2.93
C5 19.65 41.08 18.15 15.34 10.09 36.48 9.15 8.95
Dl 10.38 43.73 9.65 9.25 4.20 34.40 2.90 2.38
D2 10.10 46.40 10.05 9.53 3.53 36.48 3.00 2.70
D3 11.75 43.83 11.28 10.40 3.23 38.00 2.43 1.88
D4 18.75 44.19 10.58 9.75 12.08 37.95 2.55 2.18
Median 14.40 44.19 11.68 10.40 4.90 37.95 3.00 2.38
Max/min ratio 3.70 2.37 1.89 1.96 11.51 2.10 6.07 15.92

Current guidelines

2-10 [18]; <10 [16%21,22]; <20 [15]; 25-40 [12,13]

# Guideline depends on reflection characteristics. Brackets indicate reference for the specific guideline

between brighter monitor surface and darker surroundings
[32]. Visual acuity is highest at the level of light to which
the eyes are adapted, and if ambient lighting is too low, then
the eye will adapt to a level below the brightness of the image
since the visual field is substantially larger than the image
display [33]. Whilst this concept is well proven, this is rarely
considered by clinicians and authors of guidelines and is not
considered in the recent UK and ACPSEM guidelines [15,
16]. The 81.1 % of non-adherent values which are lower than
the evidence-based guideline of 2540 Ix (using our method-
ological approach) [12, 13], may be an affirmation to this
although this guideline is based on orthopaedic images.
It should be acknowledged, however, that applying the

20.00
15.00
B Percentage
difference
10.00 between
Max
Luminance
500 of b(?th
monitors
0.00 +

Cl C3 D1 A2 C5 A3 D3 Al C4 C2 D2 D4 B1

Fig. 2 Percentage difference between coupled primary monitors from
13 workstations. Horizontal bolded reference lines indicate the 5 %
and 10 % luminance response limit between two primary monitors

mammographic-specific guidelines of 2—10 Ix [18], less than
10 1x [16, 21, 22] and less than 20 Ix [15] could significantly
change the interpretation of ambient light results; however,
without clear instruction on methodology approaches support-
ing a number of the existing recommendations, it is sometimes
difficult to state which values in Table 5 should be used. The
importance of having a standardised methodological approach
to ambient light measurements as described in the UK
NHSBSP equipment report 0604 [16] is shown by the large
variations across sites, particularly when the monitors were
switched off, suggesting that differences in ambient lighting
between sites can be masked when a standard mammogram is
displayed for photometric measurements.

The aim of regular high-quality QA programs is to ensure
optimal monitor and ambient light conditions in the report-
ing environment and reduce performance discrepancies be-
tween centres. Whilst results obtained from the sites
assessed in this study do not provide any evidence of non-
adherence to the BSNSW QA guideline (Table 1), it only
included weekly QA on monitor cleanliness and overall
visual assessment, and therefore, it is recommended for
measurements of luminance response (as assessed in
Table 4) to be built into the BSNSW QA schedule and
performed at least once a year to ensure the adherence to
other existing recommendations [15, 16, 18, 21, 29].
National and international recommendations however for
QA scheduling are inconsistent as can be seen from the
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guidelines issued by bodies across the US, Europe, UK and
Australia (Table 1). These variations in guidelines may at
least in part contribute to some of the non-adherence and
variations reported in this work. In addition, even when our
values demonstrated good adherence for a variety of param-
eters for the majority of tested monitors such as Lyax, Liin,
contrast ratio and luminance non-uniformity, the relevance
of some available recommendations to modern technology
is unclear. AAPM guidelines [18] were last revised in 2005,
and the minimum recommendation for maximum luminance
for example appears to be quite low for current monitors, the
capabilities of which have advanced substantially over the
last 7 years. This issue is well addressed by two latest
publications in the UK and Australia [15, 16]; however,
the importance of regular updating of recommendations to
reflect technological advancements is emphasised.

Previously, there has been no published review of mon-
itor standards in BSNSW, and therefore, the information
provided in this work would be useful as it demonstrated
gross acceptability and areas that require further improve-
ment. Similarly, the authors of this study would encourage
other workers to publish findings obtained from their QA
data in order to improve existing knowledge as well as to
increase the number of papers from which recommendations
could be made. Whilst all parameters assessed in this work
were found to be important, the appropriateness of toleran-
ces set in guidelines is worth considering, especially for the
5 % limit in place between two primary monitors at the same
workstation [15, 16, 21, 29]. Whilst the tolerance limit is
achievable, there should be a balance between what is
achievable on a system and what actually makes a difference
in clinical practice. Therefore, further work should be per-
formed to assess the level of difference between monitors at
the same workstation to determine the actual difference that
would actually affect radiologists’ ability to detect breast
abnormalities. In addition, further work should also be done
to assess how long before reporting monitors go out of
calibration so that the appropriateness of existing QA sched-
ules may be revisited.

It should be acknowledged that the three main limi-
tations to this work relate to the fact that firstly, the full
range of QA tests recommended for LCD monitors were
unable to be performed due to the lack of resources
such as unavailability of other dedicated TGI8 test
patterns and specialized equipment. Secondly, equipment
used in this study (spectroradiometer and chroma meter)
is not commonly available, and therefore results from
this study may be difficult to replicate in future studies.
Lastly, it is not known whether monitors assessed in
this study were in calibration at the most recent QA due
to unavailability of information, or whether it was even
in calibration at installation since medical physicists
were only employed in BSNSW after December 2009.

@ Springer

Conclusion

This work has demonstrated that, for the majority of tested
monitors, the Breast Screen service in New South Wales
demonstrated good adherence to available guidelines, al-
though some non-compliance has been shown. Recent pub-
lished guideline documents in the UK and Australia will
contribute importantly to the optimisation of radiologic
viewing conditions.
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