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Purpose

In film-screen radiography, the density depends on a correct exposure and processing
of the film. This result is a permanent record and it cannot be manipulated. (1) Transition
to digital detectors was a major innovation for medical imaging departments. (1-6) The
fixed correlation between film density and detector-air-kerma (DAK) has vanished in the
digital world. (1,4,7) The larger dynamic range tolerates a wider DAK range without an
adverse effect on the image quality. Higher DAK's do not only lower the noise levels in
the radiography, they also deliver a crisp and sharp appearance, which is favoured by
the radiologist. (4,7) The wide dynamic range offers the possibility to further 'tailor' the
patient dose and image quality for a specific task. (4,8) This paradigm shift demands new
guidelines and illustrates the challenge for practitioners to regain control over de relation
between dose and image quality. (4,9)

Not many authors tried to define the concept of image quality, notwithstanding the
widespread use of the term. (10,11) The Image quality needed is closely related to the
clinical question, as not all imaging tasks demand the same diagnostic information. These
differences illustrate the relation between the diagnostic task ahead and the published
dose reductions. (1,4,11-13) The possibility to detect pathological structures correlates to
the reproduction of normal anatomy. (10,14) Therefore well-defined clinical image quality
criteria are needed for a given type of examination. (9,10,12,14,15)

If one could predict this detectability one could optimize x-ray units without the exposure
of patients. Many radiology departments need such an optimization procedure, what
accentuates the need for a cost-effective solution. Objective imaga quality measurements
(DQE, NNPS, SNR) are often technically complex and difficult to implement on a routine
basis. Furthermore, they don't include the effect of scatter radiation or the influence of
specific characteristics of the observer. (6,16,17)

The CDRAD phantom, developed for the quantification and psychophysical evaluation of
image detectors, could be a cost-effective alternative. (6,16) Due to the lack of anatomical
noise the CDRAD phantom can't directly predict the clinical image quality. (5,16) But it
provides useful information on the contrast detail detectability and allows comparing the
visualisation of low-contrast structures (fissures in bony structures) among different x-
ray units. (5,16,18)

The purpose of this study is to evaluate the ability of the CDRAD phantom to predict
the systems ability visualize anatomic structures. General difference between Computed
Radiography (CR) and Digital Radiography (DR) are expected as evidence shows that
even at the lowest DAK DR provides a better CDRAD and IQFInv. The question remains
if CDRAD can predict the visibility between different CR and DR systems. (5,6,13,16)
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Methods and Materials

To asses the image quality 168 anterior-posterior (AP) radiographs of the knee were
collected in 17 radiology centres across Flanders. The radiographs were anonymized and
stored on optical carriers. Next to the radiograph, additional information on positioning,
patient's morphology and technique were recorded. Subgroups are defined based on
detector technology: CR and DR. An absolute Visual Grading Analysis (VGA) was used to
judge and quantify the visibility of different anatomic structures. (14,19,20) The anatomic
structures to evaluate where collected from the guidelines published by the European
Commission, radiography textbooks and different publications with a similar purpose.
(10,14,21-23) Moreover, five radiologists reviewed the 2 sets of criteria during structured
interviews until saturation. ( Table 1)

Table 1: Criteria for the evaluation of the radiographs

Knee AP Pelvis AP

• Visualization of the patella
• Visually sharp reproduction of

the tibial plateau
• Visually sharp reproduction

of the intercondylar eminence
and fossa

• Visually sharp reproduction of
the femoral condyles

• Visually sharp reproduction of
the caput fibulae

• Transition of cortical to
trabecular bone

• Visualization of sacroiliac joints
• Visualization of the middle third

of the iliac crest
• Visualization of the pubic and

ischial rami
• Visually sharp reproduction of

the collum femoris
• Visually sharp reproduction of

the trochanters
• Visually sharp reproduction of

the Shenton's line

Subsequently, six experienced radiologists scored both datasets with ViewDex® (Version
2.0) on a five-point scale (from 1 'bad' to 5 'excellent') where the mid-point was equalized
to diagnostic image quality or the image quality that would be expected routinely when
imaging cooperative patients. (11,14,19,20) All observations took place in a controlled
environment on a standard workstation (Windows7-64bit) equipped with a Barco's®
Coronis display and Barco® QAWeb. The display operated with in the boundaries of the
AAPM TG18. Options such as window/level, pan and zoom where available. (4,26) Prior
to the VGA, each observer received a training dataset. Moreover, twenty radiographs
were repeated during the VGA to determine intra-observer variability. Results from the
training dataset were discarded.

For each image, a VGA score (VGAS) was calculated using following equation:
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Fig. 1
References: Medical Imaging, PRAGODI - Centre for Practice-based Research and
Services, HUBrussel - Brussels/BE

where Gi,s,o is the grading for image i, structure s and observer o. De denominator is
formed by I, the total number of images, S for the number of evaluated structures and O
the number of observers in the study. (27) This numeric expression, the Visual Grading
Analysis Score (VGAS), defines the mean score over all observations. (14) Hereby the
VGAS can serve as an indicator for the image quality as appreciated by the radiologists.

A CDRAD phantom (University Medical Center Nijmegen, Nijmegen, The Netherlands)
was used to quantify the image quality, independent of the diagnostic question and
characteristics of the radiologists. (5,6) The CDRAD is polymethylmethacrylate (PMMA)
plate divided in a matrix of 15x15-squared cells containing logarithmically varied holes in
depth and diameter. (18,29) To simulate the object thickness and absorption the CDRAD
was enveloped with 15cm of PMMA. (16) In order to quantify the image quality eight
radiographs for each x-ray unit where produced with the same clinical protocol used to
produce the collected images. The radiographs were processed with a flat field algorithm
and a speed class according the clinical program. The radiographs were processed with
the CDRAD Analyser (version 12.1.12, Artinis Medical Systems B.V.) (5,16) The analyzer
delivered a CDCurve and IQFInv. (13)

Statistical analyses of the VGAS and IQFInv between groups were performed with a
one-way ANOVA followed by post hoc tests with Bonferroni correction using SPSS 19.0.
A p-value < 0.05 denotes a significant difference between two data points. To analyse
intra-observer variability a Pearson correlation test is used. The inter-observer variability
is investigated with a non-parametric, rank-invariant Spearman correlation. The relation
between the VGAS and the general appreciation of the radiography is investigated with a
Paired-Samples T-test. Correlation between IQFInv, VGAS and DAK are assets with the
Spearman correlation. The Detector Air Kerma (DAK) was specified for each included x-
ray unit using the Signal Transfer Properties (STP) of the detector. These calculations
where performed conform the protocol defined by the IPEM. (28)
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Results

3. Results

The complete dataset for the knee AP was analysed by six radiologists with a minimum of
five year reporting experience in judging digital radiographs. Subgroups of radiographs,
based on detector technology, are comparable in composition: a similar distribution in sex
and no significant BMI was noted. For the other factors (Table 2) a significant difference
(p<0.01) is observed.

Table 2: Results for the knee AP

SexN

Male Female

BMI Tube
Voltage

[kV]

Tube
Load

[mAs]

FRA

[cm]

DAK

[µGy]

VGAS IQFInv

CR 96 48 48 25.65
± 4.8

69.63
± 4.8

30.39
± 62

103.44
± 5.95

4.08 ±
1.47

3.82 ±
0.38

3.72 ±
0.63

DR 72 38 34 25.73
± 3.45

64.28
± 2.58

8.82 ±
3.97

115.16
± 4.5

2.99 ±
2.14

4.07 ±
0.32

4.98
±0.75

Total 168 86 82 25.68
± 4.23

67.33
± 4.79

20.56
± 47

108.46
± 7.92

3.63 ±
1.85

3.91 ±
0.39

4.27 ±
0.93

The anterior-posterior radiograph of the knee obtained an average VGAS of 3.91 and an
average IQFInv of 4.27. A significant (p < 0.01) difference between CR and DR was noted.
The difference in IQFInv is also graphically demonstrated in the CDCurves. (Figure 2)

According to the Spearman's Rho, scores of each observer correlated strongly and
significant (p < 0.01) with the total VGAS-score. Only 1 observer had a rather weak,
but still significant at the 0.01 significance level, correlation (0.394) between her general
appreciation of each image and the VGAS of the images. The intra-observer variability
was not significant. No significant correlation between the DAK and the VGAS was
found, nor for CR (-0.005; p = 0.985; 1.61µGy-5.48µGy) or DR (-0.109; p = 0.365;
0.43µGy-6.18µGy). Neither was there a significant correlation between VGAS and IQFInv
for CR (0.137; p = 0.189) or for DR (-0.149; p=0.215). A strong, significant negative
correlation (-0.780; p<0.01) was present between DAK and IQFInv for CR. In DR this
correlation (0.339; p<0.05) was weak but significant. A possible origin of the difference
is graphically demonstrate by the CDCurve and lies in the zone of the lower contrasts.
(Figure 3-4)
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Images for this section:

Fig. 2: CDCurve of the CR and DR subgroups for the knee AP
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Fig. 3: CDCurve of the diferente DR untis
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Fig. 4: CDCurve of the diferente CR units
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Conclusion

As expected, a significant difference in VGAS rated image quality between the CR and
DR was noted. The VGA revealed an image quality higher than diagnostic necessary
in both datasets with a high correlation between observers. No correlations supporting
the hypothesis of predicting the appreciation with CDRAD were found in this dataset.
These results substantiate the argument that in this dataset the relation between DAK
and image quality is non-existent.
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