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A sim ple method of as sess ing op ti mal X-ray beam qual ity in re spect to pa tient ex po sure
and im age qual ity in chest screen-film ra di og ra phy is pre sented here. Dif fer ent beam
qual i ties were gen er ated by the use of var i ous com bi na tions of tube volt ages (70 kV to
110 kV) and Al and Cu fil ter thick nesses. Pa tient doses were as sessed by kerma-area
prod uct mea sure ments. Si mul ta neously, im age qual ity was eval u ated by a two fold
method: a clin i cal study ap ply ing Eu ro pean qual ity cri te ria for the ra dio graphic tech -
nique of im age on im age of 126 pa tients and a multifunctional home-made dosimetric
phan tom with em bed ded test ob jects. The quan ti fi ca tion of im age qual ity cri te ria yields
a sim pler method of op ti miz ing im age qual ity and pa tient dose re la tion ships.
Modifications of ra dio graphic prac tice, based on im age qual ity as sess ment and dose
mea sure ments, re sulted in sig nif i cant dose re duc tions and pres er va tion of im age qual ity. 
Through the use of harder beam qual ity, dose re duc tion of up to a value of  fac tor 3 were
ob served, com pared to the doses from pre vi ously used ra dio graphic tech niques, im ply -
ing that suf fi cient im age qual ity does not nec es sar ily im ply higher doses. As a re sult of
the op ti mi za tion pro cess, an op ti mal ra dio graphic tech nique was sug gested.

Key words: chest ra di og ra phy, op ti mi za tion, dose, im age quality

IN TRO DUC TION

The op ti mi za tion of im age qual ity vs. pa tient
dose is an im por tant task in med i cal im ag ing. The ef -
fec tive use of ion is ing ra di a tion in di ag nos tic ra di ol -
ogy in volves the in ter play of three fac tors: im age qual -
ity, ra dio graphic tech nique, and pa tient dose. The
max i mal va lid ity of op ti mi za tion has to be based on
clin i cal im ages.

Based on the data of the fre quency of ra dio log i -
cal ex am i na tions world wide, chest ra di og ra phy is one
of the most fre quent ex am i na tion tech niques, with an

over all con tri bu tion of above 30%. It is also de mand -
ing (both in the phys i cal and tech ni cal sense) be cause
of sig nif i cant vari a tions in tis sue den si ties and thick -
nesses fall ing in the X-ray beam. Typ i cally, chest ra di -
og ra phy is per formed in a pos te rior-an te rior (PA) pro -
jec tion, us ing the chest wall stand [1].

Pre vi ous re sults have pointed out sig nif i cant
vari a tions in pa tient doses dur ing chest ra di og ra phy as
a con se quence of dif fer ences in ex am i na tion tech -
niques and ra dio log i cal prac tice [2, 3]. In Ser bia, pa -
tient dose vari a tion up to a fac tor of 8 has been re -
ported, while pre lim i nary di ag nos tic ref er ence level
(DRL) has been set to 0.8 mGy [1, 2]. The DRL has
been se lected as a third quartile of the dose dis tri bu tion 
from seven ran domly se lected gen eral hos pi tals. This
value is sig nif i cantly higher then the Eu ro pean DRL,
which is 0.3 mGy, high light ing the need for the op ti mi -
sa tion of prac tice [4].

A range of tech niques has been de vel oped in
screen-film chest ra di og ra phy be cause of the tech ni cal 
dif fi cul ties in im ag ing and wide vari a tion of tis sue
den si ties. These tech niques can dif fer in tube po ten tial
se lec tion, method of scat ter re duc tion and  ex po sure
set tings. The ap pli ca tion level of avail able meth ods
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for bal anc ing dose and im age qual ity var ies sig nif i -
cantly among  hos pi tals world wide.

The en hance ment of beam fil tra tion is a well es -
tab lished method of dose re duc tion in di ag nos tic ra di -
ol ogy [5]. The “hard-beam” tech nique is also rec om -
mended in Eu ro pean Guide lines on Qual ity Cri te ria
for Di ag nos tic Ra dio graphic Im ages [6]. Con trary to
this, ra dio graphic prac tice in Ser bia is mostly based on
the ap pli ca tion on the “soft-beam” tech nique. This is
par tially re lated to lim ited tech ni cal ca pa bil i ties of im -
ag ing equip ment and im age re cep tors [2, 7]. 

MA TE RIALS AND METH ODS

Si mul ta neous mea sure ment of pa tient dose lev -
els and im age qual ity as sess ment is used for in ves ti -
gat ing the pos si bil i ties of dose re duc tion and
maintainance of im age qual ity.

A sim ple method for as sess ing the op ti mal X-ray
beam qual ity in re spect to pa tient ex po sure and im age
qual ity in chest screen-film ra di og ra phy is pre sented
here. The beam qual i ties were gen er ated by the use of
var i ous com bi na tions of tube volt ages (70 kV to 110 kV)
and Al and Cu fil ter thick nesses. The pa tient dose was as -
sessed by kerma-area prod uct  (KAP) mea sure ment. Si -
mul ta neously, im age qual ity was eval u ated by a two fold
method: a clin i cal study ap ply ing the Eu ro pean qual ity
cri te ria for the ra dio graphic tech nique of im age on im age
of 126 pa tients and by use of a multifunctional
home-made dosimetric phan tom with em bed ded test ob -
jects.

The sur vey was con ducted in a lo cal hos pi tal re -
al iz ing more than 60 000 im ages an nu ally and rep re -
sent ing a typ i cal Ser bian prac tice. A to tal of 126 pa -
tients of av er age body mass 72 ± 11 kg were di vided
into six groups. At least 10 adult pa tients were fol -
lowed for each beam qual ity.

A con ven tional X-ray unit, TOP-X-HF (Innomed,
Bu da pest, Hun gary), with a high-fre quency gen er a tor,
150 kV X-ray tube with two fo cal spots (1.2/0.6 mm) and 
an anti-scat ter ing grid (grid ra tio 7:1) was used for the
study. As an im age re cep tor, a film-screen com bi na tion
of the speed class 400 was used. The unit was not
equipped with an Au to matic Ex po sure Con trol set ting.
Qual ity con trol tests were per formed on the unit prior to
the study. A stan dard pro to col was used [8]. The unit met
the stated cri te ria, with the ex cep tion of low beam fil tra -
tion.

KAP was mea sured us ing the trans mis sion ion is -
ing cham ber KERMAX-Plus (Wellhofer, Scanditronix, 
Swe den). Prior to these mea sure ments, the cal i bra tion
of the KAP me ter was per formed by a solid-state do sim -
e ter, the Bar ra cuda R-100 (RTI Elec tronic AB,
Göteborg, Swe den) and screenless film. For or gan and
ef fec tive dose as sess ment, a NRPB-SR 262 set of con -
ver sion co ef fi cients from KAP to the or gan dose was
used [9].

Pre lim i nary, im age qual ity was as sessed by two
ex pe ri enced ra di ol o gists us ing “Eu ro pean Guide lines
on Qual ity Cri te ria for Di ag nos tic Ra dio graphic Im -
ages” [5]. For chest PA ra di og ra phy, six im age qual ity
cri te ria re lated to the po si tion ing and visu ali sa tion of
an a tom i cal de tails were eval u ated. The cri te ria be ing:
– sym met ri cal re pro duc tion of the tho rax, as shown

by the cen tral po si tion of the spinous pro cess be -
tween the me dial ends of the clav i cles,

– me dial bor der of the scap u lae out side the lung
fields,

– vi su ally sharp re pro duc tion of the vas cu lar pat tern
of the whole lung, par tic u larly the pe riph eral ves -
sels,

– visu ali sa tion of the spine through the heart shadow,
– visually sharp re pro duc tion of  the bor ders of the

heart and aorta, and
– visually sharp re pro duc tion of the di a phragm and

lat eral costo-phrenic an gles.
The im age cri te ria score (ICS) for each im age

was cal cu lated by us ing the fol low ing ex pres sion [10]:

ICS
S
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=
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where the sum ma tion was per formed ac cord ing to the
num ber of ob serv ers (o), im ages (i), and cri te ria (c)
used; No be ing the num ber of ob serv ers, Ni   the num ber 
of im ages, and Nc the num ber of cri te ria ap plied. Each
of the cri te ria for a par tic u lar im age, as given in Eu ro -
pean guide lines, was as sessed as 0, 1, or 2, i. e., not ful -
filled, par tially ful filled, or ful filled.

The op ti cal den sity (OD) of the ref er ence points
of the im age was mea sured by means of a trans mis sion
den si tom e ter, Lullus 1.21, (Wellhofer, Scanditronix,
Schwarzenbruck, Ger many). The con trast was cal cu -
lated as a dif fer ence in OD of rep re sen ta tive points of
the im age [10].

RE SULTS AND DIS CUS SION

The char ac ter is tics of  X-ray beams used for
chest PA ra di og ra phy are given in  tab. 1.

In di vid ual char ac ter is tics of pa tients, num ber of
im ages per group and ba sic ex po sure pa ram e ters are
given in tab. 2. The cor re la tion of the con trast re gard -
ing the OD of  im ages  in the lung re gion are given in
fig. 1. The re sults of pa tient dose as sess ment in terms
of the kerma-area prod uct and ef fec tive dose as sess -
ment are pre sented in tab. 3.

Cal cu la tion re sults per tain ing to the cri te ria
score and mea sured val ues of the OD of the im ages in
the re gions of the lungs, heart and ribs, are given in tab. 
4. It should also be noted that the  as sess ments of both
ra di ol o gists on im age qual ity and film ac cept abil ity
were found to be sim i lar.
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Fig ure 1 con tains the com par i son be tween OD
in the lung re gion, ICS, and pa tient doses for dif fer ent 
beam qual i ties. The in ter de pen dence of pre sented pa -
ram e ters has dem on strated a sig nif i cant po ten tial for
dose re duc tion by use of harder beam qual i ties in
chest PA ra di og ra phy. In par al lel, suf fi cient im age
qual ity is main tained. In spite of the de crease in OD
in the lung re gion for a heavy fil tered beam (0.2 mm
Cu), the ICS value, which is a con se quence of the ob -
server’s in di vid ual pref er ences, re mains con stant.

This fact high lights the sig nif i cance of par al lel con -
trol of both sub jec tive and ob jec tive im age qual ity
pa ram e ters. While the ICS can be re lated to the sub -
jec tive as sess ment of an ob server, op ti mal den sity
shall be 1.2 ± 0.8 [10].

With the re sults of nu mer ous stud ies which have
pointed out the non-ex is tence of a cor re la tion be tween
phys i cal pa ram e ters such as tube volt age, speed class
of screen-film com bi na tion and meth ods for the pre -
ven tion of scat tered ra di a tion and pa tient dose and im -
age qual ity in mind, ICS and OD were as sessed in this
work. By com par ing the val ues of the kerma-area
prod uct, OD and the ICS for dif fer ent beam qual i ties, it 
has been con cluded that, in this par tic u lar case, a to tal
fil tra tion of 3.5 mm Al and 0.1 mm Cu is op ti mal for
chest PA ra di og ra phy.

From the re sults pre sented in the tab. 3, it is ap -
par ent that an ef fec tive dose does not have the same
trend as a kerma-area prod uct. Also, solely by a mod i -
fi ca tion of ex po sure pa ram e ters in group A0, a dose re -
duc tion of a fac tor 4 value has been achieved. Ad di -
tion ally, with the in crease of beam fil tra tion, the dose
has been de creased by a fac tor of  3. Fi nally, the sam ple 
of 126 pa tients failed to dem on strate a sig nif i cant cor -
re la tion among im age qual ity and pa tient doses. This is 
in ac cor dance with the find ings of other au thors
[10–12].

The soft beam tech nique is pre dom i nant in chest
ra di og ra phy in Ser bian prac tice. Pref er ence for softer
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Ta ble 1. Char ac ter is tics of X-ray beams for var i ous
thick nesses and types of  fil ters: to tal fil tra tion, half-value
layer (HVL), ef fec tive en ergy (eeff), and ra di a tion out put

Spectrum
Total

filtration
HVL

[mm Al]
eeff

[keV]
Radiation output at 
80 kV [mGy/mAs]

A0 2.5 mm Al 2.7 42.5 65.2

A1 3.2 mm Al 3.1 43.8 51.1

A2 3.5 mm Al 3.1 44.3 47.6

A3 3.9 mm Al 3.5 44.9 48.6

A4
3.5 mm Al

+
0.1 mm Cu

4.7 48.4 30.4

A5
2.5 mm Al

+
0.2 mm Cu

5.3 50.4 19.42

Ta ble 2. In di vid ual char ac ter is tics of pa tients, body mass 

in dexes (BMI) and ba sic ex po sure pa ram e ters for chest

PA ra di og ra phy for var i ous beam qual i ties

Spectrum N m [kg] BMI U [kV] Q [mAs]

A0 20 76 ± 14 25 ± 4 48 ± 4 46 ± 5

A1 21 70 ± 12 25 ± 4 69 ± 5 5 ± 1

A2 31 72 ± 13 24 ± 3 67 ± 4 5 ± 1

A3 18 70 ± 8 24 ± 4 68 ± 4 5 ± 1

A4 18 72 ± 7 26 ± 3 69 ± 3 5 ± 1

A5 18 71 ± 8 24 ± 3 71 ± 4 5 ± 1

Fig ure 1. Com par i son be tween OD in the lung re gion,
ICS, and pa tient doses for dif fer ent beam qual i ties

Ta ble 3. Mean val ues, stan dard de vi a tion, min i mum and

max i mum of KAP for dif fer ent beam qual i ties, fol lowed

by the ef fec tive dose (E) es ti mates

KAP [Gycm2]

Spectrum Mean Min Max E [mSv]

A0 1.45 ± 0.59 0.69 2.71 100 ± 48

A1 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 20 ± 7

A5 0.11 ± 0.05 0.06 0.24 20 ± 15

Ta ble 4. ICS and OD in dif fer ent re gions of the chest for
dif fer ent beam qual i ties

Spectrum ICS ODlung ODribs ODheart

A0 1.72 1.73 ± 0.35 0.79 ± 0.21 0.23 ± 0.05

A1 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



im ages was used to jus tify the ap pli ca tion of low kV
val ues. Of ten, op er a tors are not even aware that it is
pos si ble to use a hard-beam tech nique. There was also
a de gree of non-com pli ance with a few spe cific cri te -
ria. An out stand ing ex am ple of this, when chest PA ra -
di og ra phy is con cerned, are the cri te ria on the “visu ali -
sa tion of the spine through the heart shadow”. By
us ing high kV val ues, this par tic u lar cri te ria were not
ful filled. How ever, it ap pears that this is not crit i cal for 
over all im age qual ity as sess ment. It should also be
noted that the equip ment for the qual ity con trol of
view ing boxes was not avail able dur ing the sur vey. 

CONCLUSION

The quan ti fi ca tion of im age qual ity cri te ria
yields a sim pler method of op ti miz ing im age qual ity
and pa tient dose re la tion ships. Modifications in ra dio -
graphic practic, based on im age qual ity as sess ment
and dose mea sure ments re sulted in a sig nif i cant  re -
duc tion of the pa tient dose while main tain ing im age
qual ity at the same time. By us ing harder beam qual i -
ties, a pa tient dose re duc tion of up to fac tor 3 was ob -
served, in com par i son to the doses from pre vi ously
used ra dio graphic tech niques, im ply ing that suf fi cient
im age qual ity does not al ways im ply higher pa tient
doses. As a re sult of the op ti mi za tion pro cess, an op ti -
mal ra dio graphic tech nique can be sug gested.

Sig nif i cant dose sav ings that did not com pro -
mise the di ag nos tic in for ma tion were found for some
ex am i na tion types, prov ing that this sim ple method is
a very ef fi cient dose re duc tion tool in con ven tional di -
ag nos tic ra di ol ogy. The use ful ness of Eu ro pean qual -
ity cri te ria, too, was dem on strated. Also, the need for
staff train ing is of ut most im por tance when Ser bia is
con cerned.
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PACIJENTNE  DOZE  I  KVALITET  SLIKE  U  RADIOGRAFIJI  PLU]A:
UTICAJ  KVALITETA  SNOPA  ZRA^EWA

U radu je prikazan jednostavan metod za odre|ivawe optimalnog kvaliteta snopa u
pogledu odnosa pacijentna doza – kvalitet slike u radiografiji plu}a. Snopovi razli~itog
kvaliteta generisani su kombinacijama napona rendgenske cevi  u opsegu od 70  kV do 110 kV i
aluminijumskih i bakarnih filtara razli~itih debqina. Pacijentne doze odre|ene su merewem
proizvoda kerme i povr{ine. Istovremeno, kvalitet slike ocewen je na dva na~ina: klini~kim
ispitivawem 126 snimaka odraslih pacijenata koriste}i Evropske kriterijume za ocenu
kvaliteta radiografskih slika i primenom multifunkcionalnog  dozimetrijskog fantoma sa
ugra|enim alatima za ocenu kvaliteta slike. Kvantifikacija kvaliteta klini~kih slika pomo}u
definisanih kriterijuma predstavqa jednostavniji i efikasniji na~in za optimizaciju odnosa
pacijentnih doza i kvaliteta slike. Modifikacijom prakse, koriste}i rezultate ocene kvaliteta
slike i merewa doze postignuto je zna~ajno smawewe pacijentih doza uz o~uvawe kvaliteta
dijagnosti~ke informacije. Primenom intenzivnije filtriranih snopova mogu}e je posti}i
smawewe pacijentih doza do faktora 3, {to ukazuje da kvalitetna dijagnosti~ka informacija ne
podrazumeva i pove}awe pacijentnih doza. Kao rezultat procesa optimizacije predlo`ena je
optimalna radiografska tehnika.

Kqu~ne re~i: radiografija plu}a, optimizacija, doza, kvalitet slike


