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Abstract
Objectives To compare diagnostic accuracy in the detec-
tion of subtle chest lesions on digital chest radiographs
using medical-grade displays, consumer-grade displays,
and tablet devices under bright and dim ambient light.

Methods Five experienced radiologists independently
assessed 50 chest radiographs (32 with subtle pulmonary find-
ings and 18 without apparent findings) under bright (510 lx)
and dim (16 lx) ambient lighting. Computed tomography was
used as the reference standard for interstitial and nodular le-
sions and follow-up chest radiograph for pneumothorax. Di-
agnostic accuracy and sensitivity were calculated for assess-
ments carried out in all displays and compared using the
McNemar test. The level of significance was set to p<0.05.
Results Significant differences in sensitivity between the as-
sessments under bright and dim lighting were found among
consumer-grade displays in interstitial opacities with, and in
pneumothorax without, Digital Imaging and Communication
in Medicine-Grayscale Standard Display Function (DICOM-
GSDF) calibration. Compared to 6 megapixel (MP) display
under bright lighting, sensitivity in pneumothorax was lower
in the tablet device and the consumer-grade display. Sensitiv-
ity in interstitial opacities was lower in the DICOM-GSDF
calibrated consumer-grade display.
Conclusions A consumer-grade display with or without
DICOM-GSDF calibration or a tablet device is not suitable for
reading digital chest radiographs in bright lighting.No significant
differences were observed between five displays in dim light.
Key Points
• Ambient lighting affects performance of consumer-grade
displays (with or without DICOM-GSDF calibration).

• Bright light decreases detection of pneumothorax on non-
medical displays.

• Bright light decreases detection of interstitial opacities on
DICOM-GSDF-calibrated, consumer-grade displays.

• Dim light is sufficient to detect subtle chest lesions from all
displays.
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Abbreviations
LCD Liquid Crystal Display
Lx Lux
MP Megapixels
CT Computed Tomography
DICOM Digital Imaging and Communications in Medicine
GSDF Grayscale Standard Display Function
PACS Picture Archiving and Communication Systems
AAPM American Association of Physicists in Medicine
CR Computed Radiography
DR Direct Radiography

Introduction

The quality of the display has an important role in interpreta-
tion in digital radiology. Medical-grade displays offer signifi-
cant advantages for diagnostic imaging compared with
consumer-grade displays or tablet devices. Consumer-grade
displays offer limited resolution and typically lower maximum
luminance. For many applications, contrast is even more im-
portant than luminance. The number of available shades of
gray on most consumer-grade displays is limited to 256 (8
bit). Medical-grade displays have a grayscale range of up to
4096 shades of gray (12 bit). The medical-grade displays also
contain look-up tables calibrated for viewing images, and
these systems are supported by the proper configuration and
quality control tools. These tools are lacking in consumer-
grade displays and tablet devices. In addition, the size of the
tablet devices is much smaller (e.g. 9.7 inches) than medical-
grade displays (e.g. 23 inches), which means that the image
cannot be assessed as full size (pixel to pixel).

To optimize the usage of grayscale value, gamma correc-
tion of images is used by taking advantage of the non-linear
manner in which humans perceive light and colour. The
American Association of Physicists in Medicine (AAPM)
has provided national guidelines regarding acceptable gray-
scale calibration to be used for radiographic interpretation
[1, 2]. This guideline provides requirements that determine
whether a display is suited for medical use. The basic principle
is that the displays must show grayscale images according to
the DICOM (Digital Imaging and Communication in Medi-
cine) standard, using the Grayscale Standard Display Function
(GSDF) [3]. This relationship ensures that the differences in
grayscale are optimized for the human eye. The GSDF curve
was derived from Barten’s experiments with human observers
determining their contrast thresholds over the complete gray-
scale range [4]. In contrast to the medical-grade displays,
consumer-grade displays and tablet devices are not adjusted
according to the DICOM-GSDF standard, which can compro-
mise image interpretation. Most of these displays are designed
based on a gamma value of 2.2.

The purpose of a radiologist’s work is to detect and iden-
tify findings in an imaging examination, leading to a correct
diagnosis and subsequent treatment. If diseases are not dis-
covered, the consequences for patients can be dramatic.
Chest radiography is a common examination and is often
used as the initial diagnostic tool. Also, subtle lesions such
as small pneumothorax or subtle interstitial disease may
have important diagnostic value. Digital chest radiographs
are viewed from various types of displays in various condi-
tions, especially by clinicians. However, there is a limited
knowledge of how the type of consumer-grade displays,
with or without DICOM-GSDF calibration, or tablet de-
vices, or levels of bright ambient light affect observer per-
formance in chest radiography.

To our knowledge, four studies have determined or com-
pared the diagnostic accuracy of displays to detect chest le-
sions in optimal ambient light level (20–50 lx) [5–8]:
MacEntee et al concluded that for the task of identifying pul-
monary nodules, the use of tablet device does not significantly
change performance in a DICOM-GSDF calibrated off-the-
shelf LCD [6]. Salazar et al compared a medical-grade gray-
scale display and two consumer grade colour displays with
respect to accuracy performance with and without DICOM-
GSDF calibration. For the chest conditions (interstitial opaci-
ties, pneumothorax, and nodules) and selected observers in-
cluded in their study, no significant differences were observed
[7]. Yin et al concluded that the observers’ performances in
detecting pulmonary nodules by radiologists were comparable
between 2 MP, 3 MP, and 5 MP medical-grade displays [8].
Abboud et al reported that there is no difference in optimal
lighting conditions between a consumer-grade display and a
tablet device (second-generation iPad) in the reader's decision
when diagnosing tuberculosis from digital chest radiographs;
however, reading on the tablet device (a second-generation
iPad) was slower [5]. There has been no study of how a more
advanced tablet device (a third-generation iPad) affects the
diagnostic accuracy of observing pulmonary nodules in chest
radiographs. Moreover, the effect of bright ambient light, dis-
play type, and display calibration methods in chest radio-
graphs have not been investigated within a single study.
Therefore, the aim of this study was to compare observer
performance in the detection of subtle chest lesions in digital
chest radiographs using five different displays including a
more advanced tablet device, in two different ambient light
conditions: bright (510 lx) and dim (16 lx). There are a num-
ber of other studies which are focused on tablet devices and
consumer-grade displays (with or without DICOM-GSDF cal-
ibration), but these studies are associatedwithmodalities other
than digital chest radiography, e.g. [9–12].

The research hypothesis was that the sensitivity and accu-
racy of the medical-grade displays are better than those of
consumer-grade displays and tablet devices in dim and espe-
cially in bright ambient light conditions. The aim of this study
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was to investigate the link between set technical display spec-
ifications and ambient light and the detectability of subtle
chest lesions.

Material and methods

Image acquisition

Fifty digital chest radiographs were acquired with various
computed radiography (CR) and direct radiography (DR) sys-
tems, and all the images were archived at a minimum 10 bits to
the PACS (Picture Archiving and Communication System) of
Department of Diagnostic Radiology, *BLINDED* (Table 1).
The minimummatrix size was 3.1 megapixels (MP) and max-
imum 15.1 MP. Images were archived with lossless packing.
The digital archives, PACS systems (neaPACS, Neagen Ltd,
Finland), a custom-made case selection system (Neagen Ltd,
Oulu, Finland), and a digital patient information system
(ESKO, Oulu University Hospital, Oulu, Finland) were used
in conjunction with an HTML4/5 viewer software (neaLink,
Neagen Ltd, Oulu, Finland).

Displays and calibration

For the evaluation of chest radiographs, two identical sets of
five displays were used for convenience and to save interpre-
tation time. A standard PC (Lifebook S-761 VPro, Fujitsu,
Japan, integrated graphic card: Esprimo C5731E) was con-
nected to the consumer-grade displays. The consumer-grade
displays (Fujitsu P23T6IPS) were adjusted according to the
DICOM-GSDF standard and γ 2.2 (gamma 2.2) in prepara-
tion for this study using the manufacturer’s internal adjust-
ments [3, 13]. The tablet device used was the third-
generation model (MD368KS/A, Apple Inc., Cupertino, CA,
USA), iPad3. A 6 MP display was connected to the computer
(Fujitsu Celsius R570, Fujitsu, Japan) with graphic card Barco
5200, and a 3 MP display was connected to the computer
(Fujitsu Celsius R570, Fujitsu, Japan) with graphics card
Nvidia Quadro FX 1800 (Table 2). In all the displays (includ-
ing tablet devices) IPS (In-Plane Switching) technology was
used. These displays were chosen because they are the typical
products on the market.

The digital radiographs were evaluated on a 3 MPmedical-
grade grayscale display (Eizo Radiforce GX320-CL) and 6
MP medical-grade colour display (Barco Coronis Fusion
6MP DL), both adjusted according to the DICOM-GSDF
standard.

Prior to the study, comparable maximum luminance was
set by adjustments of the displays between identical displays,
i.e. maximum luminance of display pairs was adjusted accord-
ing to the lower maximum luminance of a display-pair. Dis-
plays luminance ranges were adjusted, which is typical of the

respective display type. Constant luminance was adjusted on
the consumer-grade displays and tablet device using a lumi-
nance meter (RaySafe Xi; Unfors; Billdal; Sweden). Lumi-
nance for the diagnostic displays was used with factory set-
tings. In accordance with the objectives of the study, the same
luminance without auto-adjusting, as they were adjusted at the
beginning of the study, was used in order to determine dis-
plays differences in characteristics at dim and bright ambient
light conditions. Characteristics of the displays are summa-
rized in Table 2. Displays were acceptance-tested for charac-
terization purposes by a medical physicist using the AAPM
TG18 test patterns [1].

Case selection and image reading

The images were taken as part of patient treatment at the
Department of Diagnostic Radiology, Oulu University Hospi-
tal. The inclusion criteria for the routine digital chest radio-
graphs for the study were that the lesions were subtle, but still
distinctly visible, had clinical importance and could be vali-
dated either by computed tomography (CT) or follow-up chest
radiographs. An experienced chest radiologist evaluated the
suitability of the images according to the inclusion criteria and
retrospectively selected 42 postero-anterior digital chest radio-
graphs and eight antero-posterior bedside digital chest radio-
graphs (N=50), including 32 radiographs (64 %) with lung
disease findings and 18 (36 %) without apparent findings
(Table 3). Cases were randomly selected without repetition
and were included in the sample if chest CT scans were avail-
able to establish the reference standard. There were 18 normal
cases to achieve a sample distribution similar to the patient
distribution in our hospital. The total number of images se-
lected in our study was based on previous studies containing
30–100 chest X-ray images [6, 14, 15]. All patients with in-
terstitial lung disease and nodular opacities and one with

Table 1 Computed radiography systems and stored from chest
radiographs

Bits stored

Manufacturer Radiography
system

Frequency 10 12 14

Agfa CR 4 0 4 0

Agfa-Gevaert AG CR 3 0 3 0

Canon Inc. DR 2 0 2 0

Fujifilm Co. CR 16 16 0 0

Fujifilm Corporation CR 13 0 10 3

Philips Medical Systems DR 10 0 10 0

Siemens DR 2 0 2 0

Total 50 16 31 3

CR Computed Radiography, DR Direct Radiography
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pneumothorax had chest CT scans in order to establish the
reference standard. Four of the pneumothorax patients were
treated with pleural drainage tubes and three were treated con-
servatively. All the patients with pneumothorax had follow-up
chest radiography to ensure recovery. The size of the nodular
opacities, as determined from the CT, varied from 6 mm to
25 mm (three cases under 7 mm, three cases 7-15 mm and
three cases larger than 15 mm). The size of the pneumothorax
varied from 8 mm to 28 mm. The group of interstitial diseases
consisted of three cases with interstitial oedema, four cases
with interstitial pneumonia, seven patients with interstitial
pneumonitis (i.e. usual interstitial pneumonia, non-specific
interstitial pneumonia, or desquamative interstitial pneumo-
nia), one case with sarcoidosis, and one case with vasculitis.

Five radiologists with more than eight years of experience
in general radiology were recruited. In previous studies five to
eight radiologists have been used [6, 14, 15]. The radiologists
were blinded to the patients’ identities, conditions and find-
ings. Each observer evaluated 50 radiographs from five dis-
plays in two ambient lighting conditions. The observers wrote
their statements of findings which were later dichotomized as
a finding or not a finding.

In the first session, the observers assessed images from the
consumer-grade display without DICOM-GSDF calibration
and tablet device, in the second session from the DICOM-
GSDF-calibrated consumer-grade display, and in the third ses-
sion from the DICOM-GSDF-calibrated 6 MP colour display
and a 3 MP monochrome display (Table 4). The observations
were made under standardized conditions, in bright (510 lx)
and dim (16 lx) ambient lighting conditions. Ambient light was
measured from the surface of the display in the direction of the
viewer using a luminance meter (RaySafe Xi; Unfors; Billdal;
Sweden). The radiographs were displayed in random order in
each evaluation so as to minimize the memory effect. An eval-
uation time of 1 min per image was allowed. Prior to the study,
the observers were familiarized with the software interface and
the score sheets. To prevent potential learning bias on the part
of the observers, an interval of at least 2 weeks was respected
between successive evaluation sessions. Each observer evalu-
ated each of the 50 radiographs altogether 10 times (Table 4).

Table 3 Findings of chest radiographs used in this study

Findings Age of patients (years)

n (%) Mean
(SD)

Range

Nodular opacities 9 (18) 68.9 (48-83)

Reticular opacities and pleural fluid 16 (32) 63.8 (19-81)

Pneumothorax 7 (14) 62.3 (36-85)

No findings 18 (36) 44.1 (24-65)
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Statistical methods

Frequency distributions of the diagnostic findings were calcu-
lated. Sensitivity, specificity, and accuracy (i.e. any finding vs.
no finding) were calculated, as well as sensitivity within each
diagnostic finding separately, for all the displays in both am-
bient lighting conditions. Only the images that were success-
fully read, i.e. were given a statement of a finding by an ob-
server, in each display in both ambient lighting conditions
were included in order to assure comparable results in separate
analyses. The differences in sensitivities, specificities and ac-
curacies, and sensitivity within different diagnostic findings,
between dim and bright lighting were analysed using
McNemar’s test, as well as between the 6 MP display and
other displays and between the consumer-grade display with
and without DICOM-GSDF calibration. Kappa for multiple
raters was calculated in order to evaluate the reliability be-
tween the observers [16]. Kappa statistics were interpreted
as follows: 0.00–0.20, slight; 0.21–0.40, fair; 0.0.41–0.60,
moderate; 0.61–0.80, substantial; 0.81–0.99, almost perfect
agreement [17].

Results

Fifty images were read by five radiologists (i.e. 250 in total) in
bright and dim ambient lighting. Because of technical prob-
lems, especially at the first reading session in which only 88%
of the image readings resulted in successful ratings, altogether

129/160 (81 %) images with findings, [34/45 (76 %) with
nodular opacities, 66/80 (83 %) with interstitial opacities,
and 29/35 (83 %) with pneumothorax], and 73/90 (81 %)
images without findings, 202/250 (81%) images in total, were
used in the analyses.

Overall diagnostic accuracy

Sensitivities, specificities, and accuracies are presented in Ta-
ble 5. Overall, sensitivity was significantly higher in dim com-
pared to bright lighting with a consumer-grade display (70 %
vs. 57 %, p<0.001) and DICOM-GSDF-calibrated consumer-
grade display (69 % vs. 58 %, p=0.004), and non-
significantly higher in dim compared to bright lighting with
a tablet device (67 % vs. 62 %, p=0.263). On 6 MP or 3 MP
displays there were no differences between the ambient light-
ing conditions (71 % vs. 70 % and 72 % vs. 71 %, respective-
ly). The accuracies were concordant with the sensitivities,
with higher accuracy in dim compared to bright lighting with
a consumer-grade display (75 % vs. 67 %, p=0.005) and a
DICOM-GSDF-calibrated consumer-grade display (75 % vs.
68 %, p=0.016). There were no statistically significant differ-
ences between the ambient lighting conditions in specificity in
any of the displays.

With 6 MP in bright lighting, the sensitivity was 70 %,
which was significantly higher as compared to the sensitivity
with consumer-grade display (p=0.004) and a DICOM-
GSDF-calibrated consumer-grade display (p=0.004). There
were no statistically significant differences when other dis-
plays were compared with 6 MP, or between consumer-
grade and DICOM-GSDF-calibrated consumer-grade
displays.

Inter-reader agreement between the observers was mainly
moderate (Table 5).

Visibility of different diagnostic findings

Results of the visibility of nodular opacities, interstitial opac-
ities and pneumothorax are shown in Table 6. There were no
significant differences in sensitivities between dim and bright
lighting in detecting nodular opacities in any of the displays.
Sensitivity was significantly higher in dim compared to bright
lighting in detecting interstitial opacities with a consumer-
grade display (76 % vs. 61 %, p=0.002) and pneumothorax
in DICOM-GSDF-calibrated consumer-grade display (76 %
vs. 55 %, p=0.031). There were no other significant differ-
ences between dim and bright lighting in detecting interstitial
opacities or pneumothorax in other displays.

In bright lighting, the sensitivity of detecting interstitial
opacities was significantly higher with 6 MP compared to
DICOM-GSDF-calibrated consumer-grade display (68 %
vs. 56 %, p=0.039), and for detecting pneumothorax it
was significantly higher with 6 MP compared to

Table 4 Reading sessions and viewing conditions

Viewing conditions
(Gamma correction of displaysb)

Session Reading Imagesa Bright (510 lx) Dim (16 lx)

1 1 51 CG (γ2.2)

2 51 Tablet device (γ2.2)

3 51 CG (γ2.2)

4 51 Tablet device (γ2.2)

2 5 51 CG (GSDF)

6 51 CG (GSDFb)

3 7 51 6MP (GSDF)

8 51 3MP (GSDF)

9 51 6MP (GSDF)

10 51 3MP (GSDF)

Total 510

CG Consumer-grade display, MP megapixels, γ2.2 gamma2.2, GSDF
Grayscale Standard Display Function
a Images including QC-test and digital chest radiographs
b γ.2.2 and GSDF refer to the respective calibration (association) be-
tween pixel grayscale value and pixel intensity on display surface

Eur Radiol (2016) 26:3171–3179 3175



consumer-grade display (72 % vs. 41 %, p=0.012) and
tablet device (72 % vs. 48 %, p=0.039). There were no
other significant differences in detecting specific findings
when a 6 MP display was compared with the other

displays. In dim lighting, sensitivity of detecting intersti-
tial opacities was significantly higher with a consumer-
grade display compared to a DICOM-GSDF-calibrated
consumer-grade display (76 % vs. 65 %, p=0.039).

Table 5 Overall diagnostic accuracy in different displays under bright and dim lighting conditions

129 finding/202 images Positives (“finding”), n=129 Negatives (“no finding”), n=73 Total, n=202 Kappa

N Sensitivity
(95 % CI)

p N Specificity
(95 % CI)

p N Accuracy
(95 % CI)

p

Consumer grade <0.001 >0.999 0.005

Bright 74 0.57 (0.49-0.66) 61 0.84 (0.73-0.90) 135 0.67 (0.60-0.73) 0.40

Dim 90 0.70 (0.61-0.77) 61 0.84 (0.73-0.90) 151 0.75 (0.68-0.80) 0.48

Tablet PC 0.263 0.125 >0.999

Bright 80 0.62 (0.53-0.70) 67 0.92 (0.83-0.96) 147 0.73 (0.66-0.78) 0.47

Dim 86 0.67 (0.58-0.74) 62 0.85 (0.75-0.91) 148 0.73 (0.67-0.79) 0.37

Dicom calibrated consumer grade 0.004 >0.999 0.016

Bright 75 0.58 (0.50-0.66) 62 0.85 (0.75-0.91) 137 0.68 (0.61-0.74) 0.42

Dim 89 0.69 (0.61-0.76) 62 0.85 (0.75-0.91) 151 0.75 (0.68-0.80) 0.40

6 MP >0.999 >0.999 >0.999

Bright 90 0.70 (0.61-0.77) 62 0.85 (0.75-0.91) 152 0.75 (0.69-0.81) 0.46

Dim 91 0.71 (0.62-0.78) 61 0.84 (0.73-0.90) 152 0.75 (0.69-0.81) 0.46

3 MP 0.791 0.453 >0.999

Bright 91 0.71 (0.62-0.78) 61 0.84 (0.73-0.90) 152 0.75 (0.69-0.81) 0.45

Dim 93 0.72 (0.64-0.79) 58 0.79 (0.69-0.87) 151 0.75 (0.68-0.80) 0.40

N Number of readings concordant with golden standard, p Significance of the difference between bright and dim lighting conditions from McNemar’s
test, Kappa Fleiss’ multirater kappa, 95 % CI 95 % confidence interval, MP megapixels

Table 6 Sensitivity under different light conditions for three different findings

Nodular opacities, n=34 Interstitial opacities, n=66 Pneumothorax, n=29

N Sensitivity (95 % CI) p N Sensitivity (95 % CI) p N Sensitivity (95 % CI) p

Consumer-grade >0.999 0.002 0.063

Bright 22 0.65 (0.48-0.79) 40 0.61 (0.49-0.71) 12 0.41 (0.26-0.59)

Dim 23 0.68 (0.51-0.81) 50 0.76 (0.64-0.84) 17 0.59 (0.41-0.74)

Tablet 0.250 >0.999 0.687

Bright 22 0.65 (0.48-0.79) 44 0.67 (0.55-0.77) 14 0.48 (0.31-0.66)

Dim 25 0.74 (0.57-0.85) 45 0.68 (0.56-0.78) 16 0.55 (0.38-0.72)

Dicom-calibrated consumer-grade 0.625 0.146 0.031

Bright 22 0.65 (0.48-0.79) 37 0.56 (0.44-0.67) 16 0.55 (0.38-0.72)

Dim 24 0.71 (0.54-0.83) 43 0.65 (0.53-0.76) 22 0.76 (0.58-0.88)

6MP >0.999 >0.999 >0.999

Bright 24 0.71 (0.54-0.83) 45 0.68 (0.56-0.78) 21 0.72 (0.54-0.85)

Dim 25 0.74 (0.57-0.85) 45 0.68 (0.56-0.78) 21 0.72 (0.54-0.85)

3MP 0.500 0.289 0.125

Bright 24 0.71 (0.54-0.83) 47 0.71 (0.59-0.81) 21 0.69 (0.51-0.83)

Dim 26 0.76 (0.60-0.88) 43 0.65 (0.53-0.76) 20 0.83 (0.65-0.92)

NNumber of true positives, p Significance of the difference between bright and dim lighting conditions fromMcNemar’s test, 95% CI 95% confidence
interval, MP megapixels
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Discussion

Recently, many studies have attempted to determine the appli-
cability of new display devices in radiology [5, 7, 8, 10, 12,
14, 15, 18–20]. However, to date, there has been no study of
how a more advanced tablet device (a third-generation iPad)
affects the diagnostic accuracy of observing pulmonary nod-
ules in chest radiographs. Moreover, the effects of bright am-
bient light, display type, and display calibration methods in
chest radiographs have not been studied within a single study.

The results provide evidence that in the case of consumer-
grade display with or without DICOM-GSDF calibration, the
ambient light conditions have a significant impact on the ob-
server’s performance. With these displays, sensitivity and ac-
curacy were significantly better in dim compared to bright
ambient lighting conditions. This is similar to previous studies
which indicated that ambient light that is too bright degrades
the quality of the image on the display by lowering contrast
and causing reflections [21–23].

In bright light conditions, sensitivity was significantly bet-
ter with 6 MP and 3 MP displays compared to the consumer-
grade displays with or without DICOM-GSDF calibration. On
the other hand, the ambient light conditions had no influence
on the tablet device, 3 MP and 6 MP displays, or else this was
negligible. In addition, ambient light conditions had no influ-
ence on specificity with any displays.

The backlight for the 6 MP displays was a cold cathode
fluorescence lamp (CCFL) while the other displays used light-
emitting diode (LED) backlights. In a previous study on the
effect of backlight, the researchers found no differences be-
tween CCFL and LED backlights in terms of diagnostic per-
formance in chest radiology [24]. It is noteworthy that maxi-
mum luminance varied between displays, being highest for
the medical-grade displays.

In the present study, nodular opacities were detected equal-
ly well in all displays in bright and dim ambient lighting. This
is coherent with Pollard et al [14]. They suggest that a con-
trolled increase of ambient lighting within 1 to 50 lx does not
appear to have a statistically significant effect on nodule de-
tection performance with a 5 MP medical-grade monochrome
display. In the present study, the quality of some displays was
poorer than in the study by Pollard et al, and the disparity
between the lighting conditions to be compared was larger
(16 lx vs. 510 lx). Moreover, McEntee et al [6] concluded that
there are no significant differences between second-generation
tablet devices (iPad2) compared with consumer-grade dis-
plays with DICOM-GSDF calibration in terms of identifying
lung nodules on digital chest radiographs. It is noteworthy
that a second-generation tablet device and in this study
the third-generation tablet device used differ technically
primarily in respect of the resolutions (1024×768 and
2048×1536, respectively) and pixels per inch (PPI) (132
and 264, respectively) (Table 2).

We found that contrary to the 6 MP and 3 MP displays, the
bright ambient lighting (510 lx) had a significant impact on
detecting interstitial opacities with a consumer-grade display
and pneumothorax with a DICOM-GSDF-calibrated
consumer-grade display and tablet device. In these cases, it
is more advisable to use a 6 MP or 3 MP medical-grade dis-
play rather than a tablet device or a consumer-grade display. In
conclusion, nine more images (out of 21) detect pneumotho-
rax on a medical-grade display than with a consumer-grade
display, and seven more images (out of 21) on a tablet device
(Table 6).

Our results indicate that there are no significant differ-
ences between displays in dim light conditions. This is iden-
tical with the two studies by Salazar et al [15, 25]. They
compared a medical-grade grayscale display and two
consumer-grade colour displays with and without DICOM-
GSDF calibration with respect to accuracy performance. For
the chest lesions and a method to quantify pneumothorax
size, with selected observers included in their study, no sig-
nificant differences were observed. In their study, ambient
light was set to 20 lx, while for our study it was set to 16 lx
in dim light conditions. In their studies no third-generation
tablet device was compared.

Some previous studies suggest the potential application of
a tablet device for clinical purposes, such as radiological im-
age evaluation. In these studies, the versatility of a tablet de-
vice regarding image quality and diagnostic performance was
assessed for the review of tuberculosis diagnosis from digital
chest radiographs [5], CT/MRI images [9–11, 26], and dental
radiography [19, 20]. Hammon et al [12] concluded that the
third-generation tablet device could be more useful for patient
consultation, clinical demonstration or educational, and teach-
ing purposes rather than diagnostic practice.

In this study, evaluation of the images was divided into
three sessions between which there was a period of more than
2 weeks. In addition, in every session and every reading (from
different displays) the images were randomized. Despite this,
some kind of learning bias may have occurred because the
observers evaluated the same images altogether 10 times. An
attempt was made to reduce learning bias by determining the
evaluation order such that the first evaluated display was tech-
nically of the lowest quality and the last evaluated display
technically was of the highest quality, i.e. medical-grade dis-
plays. Learning biasmay affect the results improving accuracy
of medical-grade displays. However, another kind of viewing
order would have resulted in more learning bias. Moreover,
the loss of cases might have had an effect on the significance
of outcomes.

In this study, experienced radiologists were selected be-
cause they have learned to use displays with different quality
in different ambient light conditions. The aim of this study
was not to compare the impact of radiologists’ experience on
the results. For this reason, in this study, we have not stated

Eur Radiol (2016) 26:3171–3179 3177



how inexperienced radiologists and other physicians detect
lesions in the different quality of displays.

We use in this study both CR and DR systems. It has been
concluded that DR performs better than CR in terms of dose
and image quality [27] and has a higher detection rate than
film-screen mammography in dense breasts and for tumours
of high grade [28]. However, the purpose of this study was to
compare the diagnostic accuracy of displays, regardless of the
system used to produce the images. After all, it would have
been interesting to study how a different system affects the
results in this kind of a study design. All CR and DR systems
used to produce images for this study were subject to regular
quality assurance tests.

Today, the major issue with using a tablet device for view-
ing radiological images is the lack of calibration and quality
assurance and screen size, despite the fact that some applica-
tions have been developed to calibrate tablet devices to con-
form to the DICOM standard [29]. In the present study, we
conclude that the third-generation tablet device or consumer-
grade display (with or without DICOM-GSDF calibration) are
not suitable replacements for medical-grade displays in chest
radiology practice.

Conclusions

Subtle chest lesions may have as much clinical impor-
tance as more apparent findings and, consequently,
consumer-grade display with or without DICOM-GSDF
calibration or the third generation tablet device are not
suitable for reading digital chest radiographs in bright
ambient light conditions. For the chest conditions and
selected observers included in this study, no significant
differences were observed between five different displays
in dim light. The effect of ambient light on observer per-
formance with diagnostic displays was negligible as com-
pared to consumer-grade displays with or without
DICOM-GSDF calibration.
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