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PATIENT DOSES AND IMAGE QUALITY IN CHEST RADIOGRAPHY:

THE INFLUENCE OF DIFFERENT BEAM QUALITIES
by
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A simple method of assessing optimal X-ray beam quality in respect to patient exposure
and image quality in chest screen-film radiography is presented here. Different beam
qualities were generated by the use of various combinations of tube voltages (70 kV to
110 kV) and Al and Cu filter thicknesses. Patient doses were assessed by kerma-area
product measurements. Simultaneously, image quality was evaluated by a twofold
method: a clinical study applying European quality criteria for the radiographic tech-
nique of image on image of 126 patients and a multifunctional home-made dosimetric
phantom with embedded test objects. The quantification of image quality criteria yields
a simpler method of optimizing image quality and patient dose relationships.
Modifications of radiographic practice, based on image quality assessment and dose
measurements, resulted in significant dose reductions and preservation of image quality.
Through the use of harder beam quality, dose reduction of up to a value of factor 3 were
observed, compared to the doses from previously used radiographic techniques, imply-
ing that sufficient image quality does not necessarily imply higher doses. As a result of
the optimization process, an optimal radiographic technique was suggested.
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INTRODUCTION

The optimization of image quality vs. patient
dose is an important task in medical imaging. The ef-
fective use of ionising radiation in diagnostic radiol-
ogy involves the interplay of three factors: image qual-
ity, radiographic technique, and patient dose. The
maximal validity of optimization has to be based on
clinical images.

Based on the data of the frequency of radiologi-
cal examinations worldwide, chest radiography is one
of the most frequent examination techniques, with an
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overall contribution of above 30%. It is also demand-
ing (both in the physical and technical sense) because
of significant variations in tissue densities and thick-
nesses falling in the X-ray beam. Typically, chest radi-
ography is performed in a posterior-anterior (PA) pro-
jection, using the chest wall stand [1].

Previous results have pointed out significant
variations in patient doses during chest radiography as
a consequence of differences in examination tech-
niques and radiological practice [2, 3]. In Serbia, pa-
tient dose variation up to a factor of § has been re-
ported, while preliminary diagnostic reference level
(DRL) has been set to 0.8 mGy [1, 2]. The DRL has
been selected as a third quartile of the dose distribution
from seven randomly selected general hospitals. This
value is significantly higher then the European DRL,
which is 0.3 mGy, highlighting the need for the optimi-
sation of practice [4].

A range of techniques has been developed in
screen-film chest radiography because of the technical
difficulties in imaging and wide variation of tissue
densities. These techniques can differ in tube potential
selection, method of scatter reduction and exposure
settings. The application level of available methods
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for balancing dose and image quality varies signifi-
cantly among hospitals worldwide.

The enhancement of beam filtration is a well es-
tablished method of dose reduction in diagnostic radi-
ology [5]. The “hard-beam” technique is also recom-
mended in European Guidelines on Quality Criteria
for Diagnostic Radiographic Images [6]. Contrary to
this, radiographic practice in Serbia is mostly based on
the application on the “soft-beam” technique. This is
partially related to limited technical capabilities of im-
aging equipment and image receptors [2, 7].

MATERIALS AND METHODS

Simultaneous measurement of patient dose lev-
els and image quality assessment is used for investi-
gating the possibilities of dose reduction and
maintainance of image quality.

A simple method for assessing the optimal X-ray
beam quality in respect to patient exposure and image
quality in chest screen-film radiography is presented
here. The beam qualities were generated by the use of
various combinations of tube voltages (70 kV to 110 kV)
and Aland Cu filter thicknesses. The patient dose was as-
sessed by kerma-area product (K4P) measurement. Si-
multaneously, image quality was evaluated by a twofold
method: a clinical study applying the European quality
criteria for the radiographic technique of image on image
of 126 patients and by use of a multifunctional
home-made dosimetric phantom with embedded test ob-
jects.

The survey was conducted in a local hospital re-
alizing more than 60 000 images annually and repre-
senting a typical Serbian practice. A total of 126 pa-
tients of average body mass 72 + 11 kg were divided
into six groups. At least 10 adult patients were fol-
lowed for each beam quality.

A conventional X-ray unit, TOP-X-HF (Innomed,
Budapest, Hungary), with a high-frequency generator,
150 kV X-ray tube with two focal spots (1.2/0.6 mm) and
an anti-scattering grid (grid ratio 7:1) was used for the
study. As an image receptor, a film-screen combination
of the speed class 400 was used. The unit was not
equipped with an Automatic Exposure Control setting.
Quality control tests were performed on the unit prior to
the study. A standard protocol was used [8]. The unit met
the stated criteria, with the exception of low beam filtra-
tion.

KAP was measured using the transmission ionis-
ing chamber KERMAX-Plus (Wellhofer, Scanditronix,
Sweden). Prior to these measurements, the calibration
of the KA P meter was performed by a solid-state dosim-
eter, the Barracuda R-100 (RTI Electronic AB,
Goteborg, Sweden) and screenless film. For organ and
effective dose assessment, a NRPB-SR 262 set of con-
version coefficients from KAP to the organ dose was
used [9].

Preliminary, image quality was assessed by two
experienced radiologists using “European Guidelines
on Quality Criteria for Diagnostic Radiographic Im-
ages” [5]. For chest PA radiography, six image quality
criteria related to the positioning and visualisation of
anatomical details were evaluated. The criteria being:
— symmetrical reproduction of the thorax, as shown

by the central position of the spinous process be-
tween the medial ends of the clavicles,

— medial border of the scapulae outside the lung
fields,

— visually sharp reproduction of the vascular pattern
of the whole lung, particularly the peripheral ves-
sels,

— visualisation of the spine through the heart shadow,

— visually sharp reproduction of the borders of the
heart and aorta, and

— visually sharp reproduction of the diaphragm and
lateral costo-phrenic angles.

The image criteria score (/CS) for each image
was calculated by using the following expression[10]:

zzzso,i,c
N,NN,

ICS = (1)

where the summation was performed according to the
number of observers (o), images (7), and criteria (c)
used; NV, being the number of observers, V; the number
of images, and N, the number of criteria applied. Each
of the criteria for a particular image, as given in Euro-
pean guidelines, was assessed as 0, 1, or 2, i. e., not ful-
filled, partially fulfilled, or fulfilled.

The optical density (OD) of the reference points
ofthe image was measured by means of a transmission
densitometer, Lullus 1.21, (Wellhofer, Scanditronix,
Schwarzenbruck, Germany). The contrast was calcu-
lated as a difference in OD of representative points of
the image [10].

RESULTS AND DISCUSSION

The characteristics of X-ray beams used for
chest PA radiography are given in tab. 1.

Individual characteristics of patients, number of
images per group and basic exposure parameters are
given in tab. 2. The correlation of the contrast regard-
ing the OD of images in the lung region are given in
fig. 1. The results of patient dose assessment in terms
of the kerma-area product and effective dose assess-
ment are presented in tab. 3.

Calculation results pertaining to the criteria
score and measured values of the OD of the images in
the regions of the lungs, heart and ribs, are given in tab.
4. It should also be noted that the assessments of both
radiologists on image quality and film acceptability
were found to be similar.
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Table 1. Characteristics of X-ray beams for various
thicknesses and types of filters: total filtration, half-value
layer (HVL), effective energy (cen), and radiation output

Spectrum Total HVL g« Radiation output at
PECUM  firation  |[mm Al] [keV] |80 kV [uGy/mAs]
A0 25mmAl | 27 42.5 65.2
Al 32mmAl| 3.1 43.8 51.1
A2 35mmAl | 3.1 443 47.6
A3 39mmAl | 3.5 44.9 48.6
3.5 mm Al
A4 + 4.7 48.4 304
0.1 mm Cu
2.5 mm Al
A5 + 5.3 50.4 19.42
0.2 mm Cu

Table 2. Individual characteristics of patients, body mass
indexes (BMI) and basic exposure parameters for chest
PA radiography for various beam qualities

Spectrum N m [kg] BMI U [kV] | QO [mAs]
A0 20 76+14 | 25+4 | 48+4 | 46%5
Al 21 70+£12 | 25+4 | 69+5 5+1
A2 31 72+13 | 24+3 | 674 5+1
A3 18 70+8 | 24+4 | 68+4 5+1
A4 18 72+7 | 26+£3 | 693 5+1
A5 18 71+£8 | 24+£3 | 7114 5+1

Figure | contains the comparison between OD
in the lung region, /CS, and patient doses for different
beam qualities. The interdependence of presented pa-
rameters has demonstrated a significant potential for
dose reduction by use of harder beam qualities in
chest PA radiography. In parallel, sufficient image
quality is maintained. In spite of the decrease in OD
in the lung region for a heavy filtered beam (0.2 mm
Cu), the /CS value, which is a consequence of the ob-
server’s individual preferences, remains constant.
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Figure 1. Comparison between OD in the lung region,
ICS, and patient doses for different beam qualities

Table 3. Mean values, standard deviation, minimum and
maximum of KAP for different beam qualities, followed
by the effective dose (E) estimates

KAP [Gyen’]
Spectrum Mean Min Max E [uSv]
A0 1.45£0.59 0.69 2.71 100 + 48
Al 0.34+0.14 0.19 0.75 35+16

A2 0.28 £0.09 0.14 0.51 32+12
A3 0.23£0.07 0.12 0.37 29+11
A4 0.14 £ 0.04 0.06 0.23 207
A5 0.11 £0.05 0.06 0.24 20+ 15

Table 4. ICS and OD in different regions of the chest for
different beam qualities

Spectrum 1Cs ODyyg OD:ips ODheart
A0 1.72 1.73 £0.35/0.79 £ 0.21]0.23 £ 0.05
Al 1.77 1.50 £ 0.24/0.65 £ 0.15/0.26 £ 0.05
A2 1.87 1.45 +0.35/0.69 £ 0.20|0.28 £ 0.07
A3 1.78 1.38 £ 0.31]0.68 £ 0.08|0.31 £ 0.23
A4 1.91 1.47 £ 0.30/0.78 £ 0.19/0.32 £ 0.10
A5 1.81 1.16 £ 0.39/0.65 £ 0.21|0.27 £ 0.06

This fact highlights the significance of parallel con-
trol of both subjective and objective image quality
parameters. While the /CS can be related to the sub-
jective assessment of an observer, optimal density
shall be 1.2 £ 0.8 [10].

With the results of numerous studies which have
pointed out the non-existence of a correlation between
physical parameters such as tube voltage, speed class
of screen-film combination and methods for the pre-
vention of scattered radiation and patient dose and im-
age quality in mind, /CS and OD were assessed in this
work. By comparing the values of the kerma-area
product, OD and the /CS for different beam qualities, it
has been concluded that, in this particular case, a total
filtration of 3.5 mm Al and 0.1 mm Cu is optimal for
chest PA radiography.

From the results presented in the tab. 3, it is ap-
parent that an effective dose does not have the same
trend as a kerma-area product. Also, solely by a modi-
fication of exposure parameters in group A, a dose re-
duction of a factor 4 value has been achieved. Addi-
tionally, with the increase of beam filtration, the dose
has been decreased by a factor of 3. Finally, the sample
of 126 patients failed to demonstrate a significant cor-
relation among image quality and patient doses. This is
in accordance with the findings of other authors
[10-12].

The soft beam technique is predominant in chest
radiography in Serbian practice. Preference for softer
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images was used to justify the application of low kV
values. Often, operators are not even aware that it is
possible to use a hard-beam technique. There was also
a degree of non-compliance with a few specific crite-
ria. An outstanding example of this, when chest PA ra-
diography is concerned, are the criteria on the “visuali-
sation of the spine through the heart shadow”. By
using high kV values, this particular criteria were not
fulfilled. However, it appears that this is not critical for
overall image quality assessment. It should also be
noted that the equipment for the quality control of
viewing boxes was not available during the survey.

CONCLUSION

The quantification of image quality criteria
yields a simpler method of optimizing image quality
and patient dose relationships. Modifications in radio-
graphic practic, based on image quality assessment
and dose measurements resulted in a significant re-
duction of the patient dose while maintaining image
quality at the same time. By using harder beam quali-
ties, a patient dose reduction of up to factor 3 was ob-
served, in comparison to the doses from previously
used radiographic techniques, implying that sufficient
image quality does not always imply higher patient
doses. As a result of the optimization process, an opti-
mal radiographic technique can be suggested.

Significant dose savings that did not compro-
mise the diagnostic information were found for some
examination types, proving that this simple method is
a very efficient dose reduction tool in conventional di-
agnostic radiology. The usefulness of European qual-
ity criteria, too, was demonstrated. Also, the need for
staff training is of utmost importance when Serbia is
concerned.
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Omusepa HUPAJ BJEJTAIL, Munan TOHYAP, Tymko KOIIYTHU,
Munojko KOBAYEBW, Nanujenra APAHLBUH

INAIIMJEHTHE JO3E U KBAJIUTET CIUKE Y PAAINOTPA®UIN IITYHA:
YTHUIIAJ KBAJIMTETA CHOIIA 3PAYEIbA

Y papy je nmpukasaH jeJHOCTaBaH METOJ 3a ofpebuBame ONTHMaJHOI KBajluTeTa CHONA Y
MorJiefly OfHOCa MaljeHTHa J103a — KBaJUTeT ciauke y paguorpaduju miyha. CHONOBU pa3iuyuTOr
KBaJMTETa FeHEePUCaHK Cy KOMOMHAIjaMa HallOHa peHjreHcke nesu y omncery o 70 kV mo 110 kV u
ANyMUHU)YMCKHX U OakapHUX (puiTapa pa3nnuuTux aedspuHa. [lanujeHTHe 03e ofpebene cy Mmepemem
[IPOM3BOfia KepMe U NoBpIIKHE. VICTOBpeMEeHO, KBAIUTET CIMKE OLEHEH je Ha ABa HauuHA: KIMHUIKUM
ucnutuBameM 126 cHMMaka ofpacaux nanujeHata kopucrehm EBponcke kpurepujyme 3a OUEHY
KBaJIMTETa PaguorpacKux CIuKa U OPUMEHOM MYJITU(YHKIUMOHATHOT [O3UMETPHjCcKOr (paHTOMA ca
yrpabeHum anatuma 3a oleHy kBanuTeTa ciuke. KpanTudukanyja KpanureTa KIMHUYKUX CIUKa IoMohy
He(bI/IHI/IcaHI/IX KpUTEepHjyMa IpeficTaB/ba jeHOCTABHUjH M €(PUKACHU]N HAYMH 32 ONTHMH3AIN]y OHOCA
MalUjeHTHUX 032 U KBAJIUTETA CIHKE. Mo;mcpI/IKauH] OM IIpaKkce, KOpI/ICTehI/I pe3yaTare olleHe KBaJuTeTa
CIIUKE M Mepema 03¢ IOCTUTHYTO je 3HA4YajHO CMameHkhe MAlUjeHTHX A03a Y3 OuyBame KBaJIUTETa
pujarHoctuuke uHpopmanuje. [IpuMeHoM MHTEH3UBHUjEe (DUITpUpaHUX CHONoOBa Moryhe je moctuhu
CMameHe MalujeHTuX 103a 10 akTopa 3, MITO yKa3yje 1a KBaJuTeTHA ANjarHOCTHYKa nH(OpMaIja He
nojpasymeBa 1 nosehamwe manujeHTHUX fo3a. Kao pesynrar mpoueca ontuMm3anyje NpefsiokKeHa je
ONTHMAaJHa pajuorpagcka TexHUKa.
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