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- Short Communication

Image Quality Assessment of the Digital Radiography Units in Tabriz,

Iran: A Phantom Study

Abstract

Creating a high-quality image with the low patient dose is one of the most important goals in
medical X-ray imaging. In this study, the image quality parameters of the digital radiographic units
in Tabriz city were considered and compared with the international protocols. The image quality
parameters were measured at 11 high workload digital radiography (DR) imaging centers in Tabriz
city, and the results were compared to DINN 6868/58 standards. All centers equipped with the
direct DR units passed the spatial resolution, low contrast detectability, contrast dynamic range,
and noise tests, while the computed radiography (CR) units only could pass the two last tests. The
highest spatial resolution was observed 3.2 Ip/mm in the DR unit while the lowest one was 1.8 Ip/
mm in the CR unit. The highest noise was measured to be 0.03 OD that was observed in the DR
unit. The most difference between the nominal and measured peak kilovoltage and mAs was 3.1%
and 6.8%, respectively. The entrance surface air kerma in all units was obtained <0.63 mGy. The
measured half-value layer range was between 2.4 and 3.54 mmAl. The physical parameters of image
quality such as spatial resolution, contrast, and noise are robustness quantitative parameters for the
assessment of the image quality performance of the units. Therefore, measurement and control of
these parameters using two-dimensional phantoms are very critical.

Keywords: Contrast, digital radiography, entrance surface air kerma, image quality, noise, spatial
resolution

Introduction the qualitative criteria for the subjective

. o methods for several times.
The concept of image quality is a very

complex and ambiguous term so that a
quantitative assessment is very challenging. ~ parameters for the assessment of the
Image quality depends not only on the  radiographic image quality are spatial
physical and technical parameters but resolution, contrast, and noise which are

Generally, the physical quantitative

also, most importantly, on the observer
perception and experience.'? In general,
image quality is evaluated by visual
assessment which included objective and
subjective methods. None of these two
methods has priority and integrity to each
other.®) The objective methods are far
from real anatomical organ condition and
the subjective approaches are strongly
dependent on the observer experience so
that the perception of the radiologists for
one image can be very different. Moreover,
the performance and integrity of the
subjective methods strongly depend on
the distinct and explicit definition of the
quality criteria."*! Therefore, the European
Commission has changed the definition of
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measured by the quality control phantom.
These parameters are currently the first
and most important tool for quantitative
estimating and comparing the performance
of the imaging units.[*]

The quality control programs for
radiography units are essential procedures
to produce the desirable image quality,
reduce patient dose, as well as reduce
the number of repeated radiographic
examinations.™® Digital radiography quality
control guidelines have been provided
by authorized international organizations
such as the National Council on Radiation
Protection and Measurements (NCRP)
99 and the American Association of
Physicists in Medicine (AAPM) task group
number 74.5° It is noted that the routine
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quality control tests in the radiography centers are often
included the analysis of output parameters such as peak
kilovoltage (kVp), mAs, half-value layer (HVL), total
filtration, and also reproducibility and linearity of these
parameters. Many studies have been conducted about the
importance of image quality control and management of
patient dose.”%!%121 [n this regard, a feasible quality control
program for digital and conventional radiography units was
introduced in the Netherlands.[®! Other studies’ findings
confirmed that the skin dose was significantly reduced
after the routine image quality control.”"¥] Moreover, some
studies have been conducted on the quality control of the
output parameters of the diagnostic radiography devices.
514151 Other research works have been carried out using the
subjective methods on radiographic images of the patients.
1791617 However, the results of the subjective methods are
not suitable for evaluation of the unit performance.l13-20
On the other hand, image quality assessment using the
standard phantoms can provide explicit consideration of the
main physical image quality parameters and radiography
unit performance.

The main purpose of this study was to fulfill an image
quality control program in the digital radiography (DR)
units in Tabriz city and to assess of the DR image quality
using a two-dimensional (2D) phantom.

Materials and Methods

A total of the 11 DR units with the high workload
including the eight direct DR units (A-H) and three
computed radiography (CR) units (I-K) located
in the clinical imaging centers in Tabriz city were
considered in terms of the image quality. The spatial
resolution, low contrast detectability, contrast dynamic
range, and radiation field homogeneity (noise) for all
units were measured using DIGRAD A + K DR 2D
phantom (Pehamed, Germany).

To obtain the spatial resolution acceptance level according
to the phantom manual, the air kerma on the image
receptor (K,) was measured using a semiconductor
dosimeter (Piranha RTI Electronic AB, Sweden) that had
been calibrated in RTI Electronics Calibration Laboratory
with 172F53058 certification number. This dosimeter was
also used for the measurement of the entrance surface air
kerma (ESAK). To determine the spatial resolution and low
contrast detectability, 16 radiology technology students who
were completely blind to the study were participated in the
study. The contrast dynamic range and noise were obtained
using Densonorm 21E densitometer (Pehamed, Germany).
To accurate measurement of the contrast dynamic
range, the stepped-wedge direction on the phantom
was set to be perpendicular to the longitudinal axis
of the X-ray tube. The exposure and technical
parameters including kVp = 80 kV, mA = 320, exposure
time = 20 ms, focus film distance = 100 cm, and
radiation field size = 26 cm x 26 cm were applied for all

radiographic units. Since DIGRAD phantom fully meets

the requirements of TECHSTREET DIN 6868/58, the

results were considered with the standard criteria of “image

quality assurance in X-ray diagnosis — Part 58 (DIN

6868/58): Acceptance testing for X-ray units with digital

image receptor units in projection radiography.”!

According to DIN 6868/58, the acceptance level for each

tests is given below:

* Spatial resolution >2.4 Ip/mm for Kb <5 uGy and
>2.8 Ip/mm for Kb <10 uGy

* Low contrast detectability: Visibility of at least the three
low contrast elements

» Contrast dynamic range: Separately visualization of all
seven steps

* Noise: Deviation of film optical density (OD) <0.2 OD.

In addition, the kVp, mAs, HVL, and total filtration of the
units were considered as the exposure output parameters.

Results

A sample of radiographic image of DIGRAD A + K
phantom is seen in Figure 1. Location of the different
parts of the phantom related to the spatial resolution, low
contrast detectability, contrast dynamic range, and noise is
demonstrated in Figure 1.

As it is seen in Figure 2, K values for all units were
much <5 uGy with the highest amount for unit C
(0.34 pGy). Therefore, based on DINN 6868/58 criteria,
the spatial resolutions of the three CR units (I-K) were
not acceptable [Figure 3]. The lowest spatial resolution
belonged to unit K with 1.8 lp/mm, while it was 2.2 Ip/mm
for units I and J. On the other hand, units C, E, and G
with 3.2 Ip/mm showed the highest values of the spatial
resolution, respectively.

In the low contrast detectability test, all of the six low
contrast elements in the phantom image were visible using

Figure 1: The radiographic image of DIGRAD A + K digital radiography
phantom. Location of the different parts of the phantom: (1) spatial
resolution, (2) low contrast detectability, (3) contrast dynamic range and
(4) noise are seen

138 Journal of Medical Signals & Sensors | Volume 9 | Issue 2 | April-June 2019



[Downloaded free from http://www.jmssjournal.net on Saturday, September 28, 2019, IP: 10.232.74.23]

Gharehaghaji, et al.: Image quality in digital radiography in Tabriz

the DR units, while for J and K CR units, only five and
four of the elements were seen, respectively.

The contrast dynamic range results showed that all seven
contrast steps were separately seen in all units, except
unit E with only five separate steps.

The noise of the units was in the range of 0.02-0.03 OD
with the highest value for unit C.

Figure 4 depicts measured ESAK of the radiography
units. The maximum value of ESAK was obtained for
unit C (0.63 mGy).

Figure 5 shows the measured kVp of the radiography units.
The difference between the nominal kVp (80 kVp) and
measured value was maximum for unit F with a value of 3.1%.

According to Figure 6, all units could pass mAs acceptance
criteria except unit C, with a discrepancy of 6.8%.

The measured HVL and total filtration of the units are
demonstrated in Figure 7. HVLs of all units were obtained
within 2.4-3.54 mmAl. These results are higher than
the minimum permissible HVLs recommended by the
International Electro-technical Commission (IEC 2000).2%!
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Figure 2: Air kerma on the image receptor (K,) for different digital
radiographic units
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Figure 4: The measured entrance skin air kerma for the different digital
radiography units

Discussion

Diagnostic value of the radiographic images is highly
dependent on the image quality. The results of the present
study confirmed that the most of the radiography units
successfully passed the radiographic image quality control
tests. The only exception was about the spatial resolution
of the three CR units. However, two of these CR units
(I and J) had a little difference with the acceptance level
of the spatial resolution [Figure 3]. The highest spatial
resolution was obtained for units C, E, and G with
3.1 lp/mm. The high spatial resolution of unit C may be
related to its high K, while in the case of units E and
G, intrinsic performance of these units can cause the
high spatial resolution. The spatial resolution of a DR
unit is affected by the detector material and thickness,
pixel size, and pre- and post-processing. Moreover, laser
beam width affects the spatial resolution in the CR units.
According to Figure 3, the spatial resolution in the CR
units was found to be lower than the DRs which is in
agreement with the other studies findings.'* It can be due
to the photo-stimulated phosphor plates and laser readout
system characteristics.’®! The efficiency of the phosphor
plates of the CR units is reduced by their frequent use and
environmental conditions.['#23
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Figure 3: The spatial resolution for different digital radiography units. The
bold horizontal line at 2.4 Ip/mm demonstrates the acceptance level of
spatial resolution for k, <5 uGy
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Figure 5: The measured peak kilovoltage and errors for different digital
radiography units. Bold line across 80 peak kilovoltage shows the nominal
peak kilovoltage
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Figure 6: The measured mAs and errors for different digital radiography
units. Bold line across 6.40 demonstrates the nominal mAs

Diagnostic-demanded spatial resolution limit depends on
the diagnostic purpose and organ of interest. For instance,
reduction of the pixel size to increase spatial resolution has
only a little impact on the image visualization of the large
organs. There is a negligible difference in better diagnosis of
the thorax lesions with reducing of the pixel size from 200
to 100 pum. On the other hand, the small pixel size strongly
improves the diagnostic accuracy in the breast lesions.*"

Spatial resolution of a DR wunit also depends on the
detective quantum efficiency (DQE). DQE is affected by
the X-ray beam energy, X-ray photon quantities in detector
area, detector material, and spatial frequency. Because of
the high X-ray attenuation in the low kVp range, the spatial
resolution and DQE of the digital detectors are better than
the high kVp.

A very important issue to be mentioned here is that during
the analysis of the spatial resolution data, different amounts
were reported by the observers. However, the value
with the highest abundance was selected as the spatial
resolution of each unit. This issue implies that although
image assessment condition for all observers was similar,
the results were affected by their visual characteristics.
Therefore, it is concluded that even in the cases where
image quality tests are performed using an objective
phantom, the results are dependent on the observer’s
perception. Hence, it is important that each clinic according
to its diagnostic goals and personnel’s experiences performs
an annual clinical quality control plan.

In this study, all units passed low contrast detectability
test. Improvement of the image contrast causes increasing
of the diagnostic details, especially in low contrast organs
such as liver and kidney. Moreover, the low contrast
detectability seriously depends on the system noise and
background OD.['®! Furthermore, the contrast dynamic
range of the image receptor affects the image contrast. The
results showed that the 10 units had acceptable level of the
contrast dynamic range.
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Figure 7: The measured half value layer and total filtration for different
digital radiography units. The minimum permissible half value layer for the
measured total filtration are mentioned at the top of the columns

In our study, the maximum noise among the units found to
be 0.03 OD (unit D) which was considerably lower than
the acceptance level of the noise (0.2 OD). Noise is the
most destructive factor in the image quality that reduces
the perception of the image. A slight increase in the noise
causes drastic reduction of spatial resolution and contrast.
However, the human visual system is almost insensitive
to little changes of noise. Noise decreases with increasing
the X-ray photon quantity and DQE. Noise can be reduced
with the post-processing filters. However, spatial resolution
and contrast of the images are suffered, and diagnostic
evaluation is declined. In this study, the quantum noise
and image receptor noise were measured as homogeneity
of the images. However, the anatomical noise arising from
anatomic organs overlying cannot be evaluated with the 2D
phantoms.

According to Figure 4, the ESAK values for all units were
significantly lower than the value extracted by CalDose X 5.0
software (Departamento de Energia Nuclear, Universidade
Federal de Pernambuco) which was approximately 1 mGy
for a fixed 35 cm x 40 cm field size.? It can be related to
the lower field size (26 cm x 26 cm) in our study which
was selected based on the phantom dimensions. Low ESAK
values of the units can lead to reduction of patient dose and
consequently radiation-induced cancer risk.

Both of the image quality and patient dose are affected
by kVp and mAs. According to the AAPM report TG.74,
the kVp and mAs variations should be less than +5%.5
In this study, all kVp and the most mAs variations were
less than this acceptance level [Figures 5 and 6]. Since the
photon number is proportional to kVp*, a small change in
the kVp leads to a dramatic increase in the patient dose.
According to Figure 5, since the measured kVp in all units
except unit G was less than the nominal kVp, patient dose
reduction can be resulted. Besides, other studies confirmed
that kVp reduction not only leads to patient dose decrease
but also causes the image quality increase, especially in the
case of the lumbar and chest posteroanterior images.!'+!”
Increasing of mAs leads to the improvement of DQE,
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spatial resolution, and contrast as well as decline of noise.
Unfortunately, on the other hand, it drastically increased
patient radiation dose.

HVL and total filtration have an important role in the
image quality and patient dose. According to the IEC
2000, minimum permissible HVL depends on kVp and
total filtration. As it is seen in the Figure 7, the minimum
permissible HVL of all units in the determined total
filtrations were inside the acceptable range.”” NCRP99
suggests that increasing the HVL from 2.3 to 3 mmAl at
80 kVp will reduce the exposure to the patient by 25%.
This increase has a minimal effect on image contrast and
density.

The study of Schaetzing showed that addition of a very
thin layer of copper filter reduces the entrance skin dose
by 40%.! Furthermore, addition of 1 mmAl +0.1 or
0.2 mmCu was recommended for pediatrics dose reduction
in the other study.'® However, adding of a thin layer of
filter has not a significant impact on the image quality.?62"

Despite the rapid development of medical imaging
technology, radiography has still kept its role as the first
medical imaging step. In the current study, the image
quality parameters of the DR units in Tabriz city were
considered and compared with the international protocols.
The results of this study showed that most of the units
successfully passed the radiographic image quality control
tests. Moreover, all of them showed low ESAK which
can lead to low patient radiation dose. The DR units had
higher spatial resolution and contrast as well as lower noise
than the CR units. The physical parameters of the image
quality have important role in assessment of image quality
performance of radiography units. Therefore, measurement
and control of these parameters using 2D phantoms are
recommended.
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