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Quality assessment in radiographic images
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Abstract—The main purpose of this work is the
assessment of quality performance of medical
imaging systems by using objective image quality
tests. To this aim, the influence of radiographic
parameters has been investigated in order to
reduce radiation dose to patients by assuring a
good quality of the images.
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I.  INTRODUCTION

Medical imaging systems are widely used in
radiological diagnosis. Their main benefits are more
accurate and faster exams, elimination of
exploratory surgery, availability of post processing
and computed aided detection, immediate images
availability, and ability to store and/or transmit the
images electronically [1], [2]. Opposite, the potential
risk of associated ionization radiation exposure from
medical imaging (such as Computed Tomography
and digital radiography) must be considered in risk
to benefit ratio assessment.

Growing concern expressed by Radiology
Community about the increasing exposure to
ionizing radiation, has led to investigate and develop
dose suitable strategies able to deliver the lowest
dose necessary to provide sufficient image quality
required for extracting the desiderate details and
diagnostic information.

Many studies have been proposed about the
comparison of performance of an imaging system
with another “reference” system to define the
amount of possible dose reduction to provide the
reference image quality. Using this approach, it is
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possible to optimize the system performance by
means of an appropriate selection of technical
parameters [3]-[6].

In this work, suitable and objective tests for
image quality evaluation have been performed
identifying the main parameters influencing the
radiographic performance.

1. IMAGE QUALITY IN DIAGNOSTIC RADIOLOGY

The goal in optimizing image quality is to
provide suitable image able to provide suitable
contrast details with the minimum radiation dose to
the patient.

There is a wide variety of approaches in the
assessment of radiological image quality. The most
applied techniques are based on the use of Test
Obijects, consisting on a set of standard objects able
to provide objective information about the capability
of imaging system under test to distinguish details at
different contrast and resolution values under
specific conditions.

Alternative methods for image quality evaluation
use anthropomorphic phantoms based on suitable
model for simulating the tissue composition of
human body. Their aim should be to reproduce as
closely as possible the behavior of x-ray energy
after passing through structures of standard sized
patients. These phantoms are more complex and
expensive and are unlikely available in the
departments of radiology.

The identification of an objective measurement
index for image quality assessment is a very crucial
issue which has led many researchers to develop
and propose different quality metrics that
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effectiveness depends on image characteristics and
specific applications.

In radiological diagnosis the image contrast is a
very important factor which allows distinguishing
the anatomical structures of interest from their
surrounding and then it is basic for the correctness
of the medical exams.

Another important factor is the resolution
including the capability to distinguish different
adjacent structures.

For these reasons the quality indexes taking into
account resolution and contrast are mainly used in
the radiological quality assessment.

1. MATERIALS AND METHOD

In the proposed study Test Objects were applied
evaluate the performance of a digital radiographic
system, KODAK DIRECTVIEW DR 7500, used for
routine radiographies in Hospital “Casa Sollievo
della Sofferenza” (San Giovanni Rotondo, Italy).
The tested device is equipped with an automatic
exposure control device (AEC) [7] which
automatically sets the x-ray parameters as function
of the selected beam potential and the patient’s
features. It has antiscatter grid placed close to the
entrance surface of an image receptor for reducing
the amount of scattered radiation reaching the
receptor, according to the European guidelines for
quality assurance in x-ray diagnosis [8].

The performance assessment of radiographic
systems was carried out by means of TOR CDR
(Leed Test Object) [9]. It was placed as close as
possible to the receptor with a focus to receptor
distance of 2 m, according to the Protocols for the
assessment of Quality Image of Radiography
Systems [10]. Then the phantom was exposed to x-
rays generated by different tube potentials ranging
in the typical values adopted in clinical use (110-
120 kV) and the resulting image was processed by
means of the available elaboration software
AutoPIA (Automatic Phantom Image Analysis)
[11].

TOR CDR consists on a plane sheet of perspex
and metal including a set of standard objects
designed to evaluate contrast and resolution.

Measurement tests for low contrast evaluating
were performed by using an array of 17 circular
objects placed on TOR CDR each having a diameter
of 11 mm (with manufacturing uncertainty of 5%)
and with different low contrast values varying in
decreasing order. TABLE 1. lists the nominal
contrast values for all discs.

TABLE I. CONTRAST VALUES FOR DISCS WITH 11 MM
DIAMETER
N uDr:1sk(): or Contrast N Er::tl)(e r Contrast

1 7.5% 10 1.5%
2 6.7% 11 1.3%
3 5.3% 12 1.1%
4 4.5% 13 0.9%
5 3.9% 14 0.7%
6 3.2% 15 0.5%
7 2.7% 16 0.3%
8 2.2% 17 0.2%
9 1.7%

These values have been calculated as the
intensity difference relative to the background for
beam condition of 70 kV.

After the phantom is imaged, the elaboration
software counts the number of circular details which
are distinguished from background providing the
threshold contrast for the radiographic device under
test. This value depends on both the exposure
conditions and the level of radiographic noise. Then,
the elaboration software provides the value of
Contrast-to-Noise Ratio (CNR) for each detected
detail by means of the following expression:

CNR=Ha —Ho (1)
Op
where pgand U, are the mean pixel value of detail
and of the background, respectively, and oy is the

standard deviation of pixel values of background
[11].

Fig 1 shows a TOR CDR radiography obtained in
the experimental tests.

Measurement  test for spatial resolution
evaluating were performed by means of a set of 30
groups of bar patterns each comprising 5 radio-
opaque bars and 4 radiolucent spaces with different
spatial frequencies varying in increasing order and
expressed as line pair per unit of distance (Ip./mm).
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. Radiography of TOR CDR

Figure 1

Moreover, TABLE II. lists the spatial frequency
values for all bar patterns.

After the test pattern is imaged, the elaboration
software counts the number of bar patterns which
are visible providing the highest spatial frequency
that can be resolved by the radiographic device
under test.

TABLE 1. SPATIAL FREQUENCY VALUES FOR BAR PATTERNS
Spatial Spatial
Group Number fF:'eq. N?Jrrgggr fF:'eq.
[Ip./mm] [Ip./mm]
1 0.50 16 2.80
2 0.56 17 3.15
3 0.63 18 3.55
4 0.71 19 4.00
5 0.80 20 450
6 0.90 21 5.00
7 1.00 22 5.60
8 1.12 23 6.30
9 1.25 24 7.10
10 1.40 25 8.00
11 1.60 26 8.90
12 1.80 27 10.0
13 2.00 28 11.1
14 2.24 29 12.50
15 2.50 30 14.30
The resolution limit is an indicator of

radiographic unsharpness which is fully specified by
Modulation Transfer Function (MTF).
Fundamentally, this parameter measures the contrast
for different spatial frequencies and then empathizes
the capability of distinguishing structures of
different sizes. The elaborating software calculates
the MFT for all resolved bar patterns by means of
the following set of expressions based on the
technique developed by Droegeand Morin [12]:

72 M(f) if f>f/3
4 M,

MTF(f)= 5 . _ : @)
T 2.\/M2(f)_|v| (3f) M°(5f) M'(7f) e

4M, 9

M(f)=Jo? —N?;
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Mo=lur—ub|z,/nr_r:’i
r b

2 2
_0,+05,

2

NZ

whereop is the standard deviation of pixel values
inside the bar pattern region (detail), p, and p, are
the mean pixel value bars reference and background

25 49

regions, respectively. In (2), or and o represent the
standard deviation of pixels inside the bars reference
and the background regions, respectively, and n; and
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np are the number of pixels inside the bars reference
and background regions. Finally, f. is the spatial
frequency of the bar pattern.

TABLE IIl. ~ CNR VALUES FOR LOW CONTRAST TESTS
KODAK System |3 mAs|4 mAs|5 mAs|6 mAs|8 mAs
il Nominal
11r.T(])m contrast (%) CNR | CNR | CNR | CNR | CNR
1 7,5 3,08 | 334|379 349 | 3,89
2 6,7 2,72 1285 34 | 321 | 394
3 53 2,09 | 2,23 | 2,63 | 2,67 | 2,96
4 45 1,631 183 | 2,04 | 1,74 | 2,24
5 3,9 2241 25 | 289 | 261 3,35
6 3,2 15 | 156 | 186 | 1,97 | 2,26
7 2,7 1531 16 | 1,77 | 1,77 | 1,99
8 2,2 1,081 12 | 142|092 | 161
9 1,7 0841088 105 | 1,07 | 1,15
10 15 08110890911 103] 111
11 1,3 0,67 | 0,741 0,85 | 0,87 | 0,88
12 11 0,48 | 052 | 0,61 | 0,59 | 0,63
TABLE IV. MFT FOR RESOLUTION TESTS
KODAK 3 mAs | 4 mAs | 5mAs | 6 mAs | 8 mAs
5 A$¢ERRN ?If) /Fn:fﬁ) MTF | MTF | MTF | MTF | MTF

Bar Pattern 1 0,5 8331871 ] 839|818 | 84,3
Bar Pattern 2 0,56 79,8 83 80,3 | 79,4 | 81,3
Bar Pattern 3 0,63 7751803 | 772 | 76,6 79

Bar Pattern 4 0,71 72,4 76 733 | 71,2 | 735
Bar Pattern 5 0.8 689 | 72 | 684 | 66,7 | 68,9
Bar Pattern 6 0,9 61,7 | 64,7 | 619 | 618 | 624
Bar Pattern 7 1 55,8 | 58,9 | 56,4 | 56 | 57,1
Bar Pattern 8 1,12 49,4 52,1 | 50,2 | 48,6 | 50,5
Bar Pattern 9 1,25 45 | 488 | 459 | 45,1 | 46,8
Bar Pattern 10 1,4 36,1 38 | 374 | 355 | 37,3
Bar Pattern 11 1,6 278 | 305 | 29,6 | 28,6 | 30

Bar Pattern 12 1,8 27312941299 | 30,1 | 289
Bar Pattern 13 2 11 144 13 129 | 138

TABLE Ill. and TABLE 1V. list the results of
experimental tests, showing that the threshold
contrast is 1.3% while the resolution limit is 2
pl./mm. These threshold values do not vary with the
tube loading .

To evaluate the performance of Kodak system,
different experimental tests have been carried out by
setting five different values of the product of
exposure time and tube current - often referred as
the tube loading (Q) - and keeping constant the tube
voltage at 125 kV, representing the most used
value in chest digital radiographies.

Finally, to correlate the quality indexes with the
radiation dose, the absorbed dose to air (Dair) [13]
was measured using a RTI Piranha dosimeter [14] at
a focus-to-detector distance of 2 m.

Then, experimental results allow studying the
behavior of CNR and MFT as function of Dg;, so that
to identify correlation between image quality
indexes and radiographic parameters as shown in
Figures 2.
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Figure2 Experimental behavior of CNR (a) and MFT (b)
versus Dy
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IV. CONCLUSION

In the proposed work, an analysis of imaging
performance of digital radiographic system was
presented.

Digital x-ray systems can induce an excessive
dose to the patient in the medical examinations.
With this premise, an in-depth analysis is advisable
to identify the optimal technical parameters for
reducing the levels exposure and assuring a suitable
image quality. The experimental tests based on the
use of Leed Test Object allow identifying the
correlation between the radiation dose and the main
radiographic parameters such as to obtain a fixed
image contrast level.

Preliminary results were encouraging and seem to
confirm the validity of the proposed idea.
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