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Tech ni cal pa per
https://doi.org/10.2298/NTRP180831015S

Ma jor ity of health in sti tu tions in Croatia do not have med i cal phys i cists in di ag nos tic ra di ol -
ogy. Re gard ing this, in the west re gion of Croatia col lab o ra tion be tween pub lic health in sti tu -
tion and Uni ver sity Hos pi tal Rijeka was ini ti ated in 2015.
Qual ity As sur ance pro gram was im ple mented in these pub lic health in sti tu tions dur ing 2015
and 2016 and the next step was to as sess pa tient doses for the most fre quent X-ray ex am i na -
tions.  This  in cluded  five pub lic health in sti tu tions: 1 uni ver sity hos pi tal, 1 gen eral hos pi tal,
1 spe cial hos pi tal, 2 pub lic health in sti tu tions with 13 fa cil i ties. The aim of this study was to
carry out as sess ment of pa tient doses and to es tab lish lo cal di ag nos tic ref er ence lev els of en -
trance sur face air kerma for ev ery in sti tu tion for six most fre quent X-ray ex am i na tions. Also,
lo cal di ag nos tic ref er ence lev els for the whole west re gion of Croatia were es tab lished and
com pared with the na tional di ag nos tic ref er ence lev els and lat est pub lished data. Me dian en -
trance sur face air kerma val ues for tho rax PA, tho rax LAT, cer vi cal spine AP, tho racic spine
AP, lum bar spine AP, pel vis AP and si nuses are 0.14 mGy, 0.50 mGy, 0.52 mGy, 1.50 mGy,
2.52 mGy, 2.03 mGy, and 1.03 mGy, re spec tively. Di ag nos tic ref er ence lev els pro posed for
our re gion were com pa ra ble with other stud ies.

Key words: di ag nos tic ref er ence level, ra di og ra phy, X-ray

IN TRO DUC TION

De spite tech no log i cal ad vances in other im ag ing 
tech niques, num ber of di ag nos tic X-ray ex am i na tions
is in creas ing ev ery year. Even though the sto chas tic
risk of low doses of ion iz ing ra di a tion is very small,
each ex po sure to ion iz ing ra di a tion needs to be jus ti -
fied and op ti mized in terms of ben e fits and risks [1].
The di ag nos tic ref er ence level (DRL) rep re sents an ef -
fi cient guide line for op ti mi za tion of ra dio graphic pro -
ce dure and for ra di a tion pro tec tion of pa tients [2]. Al -
though terms on use of ion iz ing ra di a tion for med i cal
pur poses are de fined by the Cro atian reg u la tory body
since 2009 [3] in di ag nos tic and interventional ra di ol -
ogy, this is still not fully im ple mented in most fa cil i -
ties. Ma jor ity of health in sti tu tions in Croatia do not
have a func tional qual ity as sur ance (QA) pro gram and
there is a lack of DRL of X-ray ex am i na tions as well.
The need for med i cal phys i cist in di ag nos tic ra di ol ogy
has been rec og nized by in ter na tional or ga ni za tions
and pro fes sional so ci et ies [4-6] but there is still a lack
of med i cal phys i cists in ra di ol ogy de part ments. At this 

mo ment in Croatia, eight med i cal phys i cists are in -
volved in this field.

The con cept of DRL was in tro duced by the In ter -
na tional Com mis sion on Ra dio log i cal Pro tec tion in
1996 [7]. En trance sur face air kerma (ESAK) was pro -
posed to be mon i tored in con ven tional ra di og ra phy.
Croatia has DRL val ues pro posed by leg is la tion [8]
but they were adopted from the Eu ro pean guide line RP 
109 [9]. This study was car ried out to as sess pa tient
doses and to es tab lish lo cal DRL for the most fre quent
X-ray ex am i na tions dur ing 2016 and 2017 in the west
re gion of Croatia, where com pre hen sive QA pro gram
is es tab lished in ma jor ity of pub lic health in sti tu tions
[10]. Lo cal DRL is de fined in ICRP135 pub li ca tion
[11] as a DRL set in a par tic u lar healthcare fa cil ity or
sev eral lo cal healthcare fa cil i ties for most com mon
pro ce dures.

West re gion of Croatia en closes two coun ties
with 504250 in hab it ants (11.7 % of Croatia pop u la -
tion). The study in cluded pub lic health in sti tu tions in
this re gion. These in sti tu tions do not have med i cal
phys i cist on-site but col lab o rate with Uni ver sity Hos -
pi tal Rijeka, Med i cal Phys ics De part ment in par tic u -
lar, which has med i cal phys i cist ded i cated to di ag nos -
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tic and interventional ra di ol ogy. QA programme was
im ple mented in these re gional in sti tu tions dur ing
2015 and 2016 [10]. 

MA TE RI ALS AND METH ODS

The study was car ried out in five pub lic health
in sti tu tions: 1 uni ver sity hos pi tal cen tre, 1 gen eral
hos pi tal, 1 spe cial hos pi tal, and 2 pub lic health in sti tu -
tions with 13 fa cil i ties. In this work, ra di og ra phy prac -
tice for 5 dig i tal ra di og ra phy (DR) units, 7 com puted
ra di og ra phy (CR) units, and 5 film-screen (FS) ra di -
og ra phy units was analyzed. Pe ri od i cal Qual ity Con -
trol (QC) tests are reg u larly per formed on all units.
Reproducibility and lin ear ity of re spec tive X-ray
tubes are tested twice per year and for some units even
four times per year. Prior to analyzing data for ESAK
cal cu la tions, qual ity con trol tests were per formed and
all re sults were within cri te ria [10]. 

In this study six most fre quent X-ray ex am i na -
tions per formed in this re gion were in cluded. All ex -
am i na tions are per formed in each fa cil ity. Data for dif -
fer ent ex am i na tion anat o mies and pro jec tions were
ana lysed: tho rax posteroanterior (PA) and lat eral
(LAT), pel vis anteroposterior (AP), si nuses AP, cer vi -
cal spine AP, tho racic spine AP, and lum bar spine AP.
For each pro jec tion in cluded in the study, fol low ing
data were col lected: pa tient mass, pa tient height, tube
volt age (kV), cur rent-time prod uct (mAs), dose area
prod uct (DAP) – if avail able, fo cus to im age re cep tor
dis tance (FDD), fo cus to skin dis tance (FSD) and field
size. Im age qual ity ac cept abil ity was ver i fied by the
ra di ol o gist. Data were col lected in the pe riod from
Feb ru ary 2017 till No vem ber 2017. Where pos si ble,
only stan dard pa tients (70 ± 10 kg) [11] were in cluded
– 30 pa tients for ev ery cat e gory. The ESAK value for
each pa tient was cal cu lated us ing fol low ing ex pres -
sion

ESAK Y
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FSD
BSFD=

æ

è
ç

ö

ø
÷mAs
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where YD is X-ray tube out put at dis tance, D, nor mal -
ized by mAs (mGy/mAs), mAs is the prod uct of the
tube cur rent and the ex po sure time, FSD is dis tance be -
tween the tube fo cal spot and pa tient sur face and BSF
is the back scat ter fac tor [12]. Dose out put (YD) was
mea sured at 1 m dis tance for dif fer ent X-ray tube volt -
age in 10 kVp steps in the range of 50-120 kV us ing a
cal i brated solid state de tec tor Black Pi ra nha (RTI
Elec tron ics, Swe den). To ob tain ESAK value from air
kerma, the back scat ter fac tor used was 1.35 as sug -
gested in Eu ro pean Guide lines [13].

Lo cal DRL for ESAK val ues were cal cu lated as
me di ans for each in volved in sti tu tion as rec om -
mended in the lat est ICRP 135 Pub li ca tion [11]. This is 
also a method for deal ing with the lack of pa tient mass
in for ma tion from some fa cil i ties. Lo cal DRL for the
whole west re gion of Croatia were cal cu lated as a me -

dian value of the dis tri bu tion of me dian ESAK val ues
for each fa cil ity. De rived val ues were com pared with
the na tional DRL and lat est data pub lished in the doc u -
ment Ra di a tion Pro tec tion 180 (RP180) – DRL in
thirty-six Eu ro pean Coun tries [14]. Com par i son with
other pub li ca tions cal cu lat ing lo cal DRL val ues was
also made. 

RE SULTS

Me dian val ues of ESAK for all X-ray units and
ev ery pro jec tion for ex am i na tions of in ter est with the
range and max/min ra tio are pre sented in tab. 1.

Me dian ESAK val ues for tho rax PA, tho rax
LAT, cer vi cal spine AP, tho racic spine AP, lum bar
spine AP, pel vis AP and si nuses are 0.14 mGy, 0.50
mGy, 0.52 mGy, 1.50 mGy, 2.52 mGy, 2.03 mGy, and
1.03 mGy, re spec tively. Cal cu lated DRL val ues for
west re gion of Croatia and com par i son with the na -
tional DRL and lat est Eu ro pean pub lished data are pre -
sented  in  tab. 2. Our data is com pared both to the Eu -
ro pean DRL and the avail able na tional DRL val ues of
the coun tries that were in cluded in the RP180 pub li ca -
tion. 

The ESAK val ues for all ex am i na tions of in ter -
est did not ex ceed na tional and lat est Eu ro pean pub -
lished data. 

Lo cal DRL val ues from our re gion were also
com pared with cal cu lated lo cal DRL and stud ies from
other coun tries. The re sults are given in tab. 3. Com -
par i son was made with mean val ues of ESAK dis tri bu -
tion from Ser bia and Montenegro [12], It aly [15], Iran
[16], and Tur key [17]

The local DRL pro posed for our re gion were
com pa ra ble with other stud ies. The ESAK value from
this study for tho rax LAT was higher from Ser bia and
Montenegro and It aly studies. The ESAK value for
pel vis was slightly higher than value from Ser bia and
Montenegro. All other val ues were be low val ues pub -
lished else where. Other stud ies do not pro pose DRL
val ues for si nuses so there were no data to com pare it
with. This ex am i na tion is per formed very of ten in our
re gion which mo ti vated us to in ves ti gate prac tice re -
lated to this ex am i na tion.

The range of the ESAK val ues is high: max/min
ra tio for tho rax PA, tho rax LAT, cer vi cal spine AP, tho -
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Ta ble 1. Me dian ESAK val ues for typ i cal ex am i na tions

Ex am i na tion Me dian [mGy] Range [mGy] Max/min

Tho rax PA 0.14 0.06-1.80 30.0

Tho rax LAT 0.49 0.27-1.42 5.2

Cer vi cal spine AP 0.52 0.16-1.24 7.6

Tho racic spine AP 1.50 0.77-3.61 4.7

Lum bar spine AP 2.52 1.12-7.22 6.4

Pel vis AP 2.03 0.91-5.00 5.5

Si nuses 1.03 0.56-3.21 5.7



racic spine AP, lum bar spine AP, pel vis AP and si nuses 
is 30, 5.2, 7.6, 4.7, 6.4, 5.5, and 5.7, re spec tively. Al to -
gether lo cal DRL from 4 fa cil i ties ex ceeded na tional
DRL only for PA chest. ESAK val ues re corded were
0.96 mGy, 0.41 mGy, 1.80 mGy, and 0.76 mGy. In or -
der to in ves ti gate the rea son for this large vari abil ity in
ESAK val ues, a com par i son of ra dio graphic tech -

niques was per formed. It showed a lot of va ri ety
re gard ing ex po sure pa ram e ters. Range of ex po sure
fac tors used per ex am i na tion are given in tab. 4. For
each fa cil ity ex po sure pa ram e ters used were com -
pared with rec om men da tions given in Eu ro pean
Guide lines on Qual ity Cri te ria for Di ag nos tic Ra dio -
graphic Im ages (EG) [13].
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Ta ble 2. Com par i son of DRL of west re gion of Croatia with the na tional DRL and ex am i na tion

Tho rax PA Tho rax LAT Cer vi cal spine AP Tho racic spine AP Lum bar spine AP Pel vis AP Si nuses

Lo cal DRL (this study) [mGy] 0.14 0.5 0.52 1.5 2.52 2.03 1.03

Na tional DRL [mGy] [8] 0.3 1.5 n/a 7 10 10 n/a

RP180 [mGy] [14] 0.3 1.5 n/a 7 10 10 n/a

Bel gium [14] 0.25 1.2

Bul garia [14] 0.5

Swit zer land [14] 0.15 0.75

Cy prus [14] 0.3 1.5

Czech Re pub lic [14] 0.4 1.5

Spain [14] 0.3 1.5

Fin land [14] 0.2 0.8

France [14] 0.3 1.2

Ire land [14] 0.3 1.5

It aly [14] 0.4 1.5

Lith u a nia [14] 0.3 1.7

Moldova [14] 0.6 2

Romania [14] 0.3 1.5

Slovakia [14] 0.4 1.5

United King dom [14] 0.2 1

Ta ble 3. Com par i son of lo cal DRL of ESAK val ues in mGy with other pub li ca tions

Ex am i na tion This study Ser bia and Montenegro (2005) [12] It aly (2005) [15] Iran (2016) [16] Tur key (2018) [17]

Tho rax PA 0.14 0.4 0.15 0.34 0.33

Tho rax LAT 0.50 0.30 0.45 – 0.73

Cer vi cal spine AP 0.52 1.30 – 3.02 –

Tho racic spine AP 1.50 1.50 – – –

Lum bar spine AP 2.52 2.80 3.14 3.26 –

Pel vis AP 2.03 2.00 4.41 3.21 –

Si nuses 1.03 – – – –

Ta ble  4. Range of ex po sure fac tors and FDD for each pro jec tion across all ra dio log i cal de part ments for adult pa tients an
com par i son with EG [13]

Ex am i na tion Tube volt age [kV] Tube cur rent-ex po sure
time prod uct [mAs]

Fo cus to im age
re cep tor dis tance [cm]

Eu ro pean guide lines

Tube volt age [kV] FDD [cm]

Tho rax PA 65-125 1.24-47 150-200 125 180 (140-220)

Tho rax LAT 65-125 4.3-64 180-200 125 180 (140-220)

Cer vi cal spine AP 58-80 8.8-25 100-150 n/a n/a

Tho racic spine AP 60-85 12-80 100-150 n/a n/a

Lum bar spine AP 70-85 16-90 100-115 75-90 115 (100-150)

Pel vis AP 65-85 16-80 100-150 75-90 115 (100-150)

Si nuses 65-80 12-64 100-150 n/a n/a



DIS CUS SION

The DRL are a part of the qual ity cri te ria as de -
scribed in EG [13]. Their es tab lish ment, reg u lar re vi -
sion and com par i son with the rec om mended na tional
and Eu ro pean DRL are stated in 'Euratom Ba sic Safety 
Stan dards' [2]. The im por tance of DRL is also em pha -
sized by the In ter na tional Com mis sion on Ra dio log i -
cal Pro tec tion and by the In ter na tional Atomic En ergy
Agency [1, 6, 18, 19]. 

All the cal cu lated DRL in west re gion of Croatia
were well be low na tional val ues and in good agree -
ment with the re cently pub lished Eu ro pean data. The
values for tho rax PA and tho rax LAT were slightly
higher than the val ues pub lished in some other stud ies. 
The dif fer ences can be seen also in cer vi cal spine
which is far be low avail able val ues. This com par i son
showed also that the lo cal DRL val ues from dif fer ent
coun tries were quite dif fer ent. Wide range of ESAK
val ues could be due to dif fer ent tech nol o gies and dif -
fer ent ra dio graphic tech niques used.

Even though our lo cal DRL were in good agree -
ment with the pub lished data, com par i son be tween fa -
cil i ties showed a great vari a tion of ESAK val ues for
the same ex am i na tion. The ESAK val ues cal cu lated in
this re gion ranged from a fac tor 4.7 to a fac tor 30. The
first as sump tion for this wide range in ESAK val ues
be tween fa cil i ties was that it is re lated to tech ni cal lim -
i ta tions of the equip ment since some X-ray units
where rather old. How ever, fur ther in ves ti ga tion
showed that higher doses are not al ways re lated to the
tech no log i cal level of the equip ment, so com par i son
of ra dio graphic tech niques was per formed. There fore,
for each fa cil ity kV, mAs, and FDD for ev ery ex am i na -
tion were analyzed and com pared with Eu ro pean
Guide lines. The high est vari a tion was found for tho -
rax PA (30). Anal y sis of tech niques used for tho rax,
both PA and LAT showed that dif fer ent ra dio graphic
tech niques are used in dif fer ent fa cil i ties and some of
them are not in ac cor dance with the EG rec om men da -
tions.  Namely, 38 % of the fa cil i ties were us ing soft ra -
di a tion qual i ties for tho rax ex am i na tion and in one fa -
cil ity FDD was far be low 150 cm. The main rea son for
this is lack of con tin u ous ed u ca tion of the staff in some
ra dio log i cal de part ments. Be sides in cor rect tech nique
used, few in sti tu tions did not use au to matic ex po sure
con trol even though the units were equipped with this
sys tem. At fa cil i ties that had con sid er ably higher
doses than the oth ers due to in ap pro pri ate tech nique
used, cor rec tive ac tions were per formed im me di ately,
and ad di tional ed u ca tion of the radiographers was pro -
vided. Also, their prac tice is ad justed ac cord ing to rec -
om men da tions so now it is more stan dard ized across
the re gion. In con trast to tho rax, the ex am i na tion of si -
nuses showed the low est vari a tion in ra dio graphic
tech niques, prob a bly be cause it is eas ier to stan dard ize 
due to small dif fer ences in an a tom i cal di men sions
across the pa tients. Ra dio graphic tech niques used for

cer vi cal spine, tho racic spine, lum bar spine, pel vis and 
si nuses were sim i lar and mostly in ac cor dance with
Eu ro pean Guidelines.

CON CLU SION

The DRL are a use ful tool in the op ti mi za tion
pro cess which can con trib ute to im prove ment in qual -
ity of di ag nos tic pro ce dures. The most im por tant pur -
pose of DRL is to ver ify that most of ra dio log i cal ex -
am i na tions are hav ing ESAK val ues be low na tion ally
de fined val ues and to iden tify those de part ments that
are not per form ing ap pro pri ately hav ing ESAK val ues 
much higher than rec om mended. This study showed
the im por tance of es tab lish ing DRL val ues at each di -
ag nos tic ra di ol ogy de part ment. Also, it pointed out the 
im por tance of pe ri od i cal re vi sion of pa tient doses and
ra dio graphic prac tice as well. The results also showed
the in flu ence of dif fer ent prac tice and tech nol ogy to
pa tient dose. As such this made med i cal staff more
aware of their re spon si bil i ties and the need for con tin -
u ous ed u ca tion.

AU THORS' CON TRI BU TIONS

The idea was ini ti ated by D. Šegota. Data col lec -
tion and sta tis ti cal anal y sis was car ried out by D.
Šegota and A. Dikli}. S. Jurkovi} su per vised pre -
sented re search and helped with its de vel op ment that
re sulted in this pa per. All the au thors par tic i pated in
the dis cus sion of the pre sented re sults.
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Do ris [EGOTA, Ana DIKLI], Slaven JURKOVI]

USPOSTAVQAWE  LOKALNIH  DIJAGNOSTI^KIH  REFERENTNIH
NIVOA  ZA TIPI^NE  RADIOGRAFSKE  PREGLEDE  U  ZAPADNOJ

REGIJI  REPUBLIKE HRVATSKE

Ve}ina zdravstvenih ustanova koje se bave radiolo{kom dijagnostikom u Republici
Hrvatskoj nema zaposlene medicinske fizi~are. Iz tog razloga je 2015. godine zapo~eta saradwa
javno-zdravstvenih ustanova u zapadnoj regiji Republike Hrvatske i Klini~ko ‡ bolni~kog centra
Rijeka.

U saradni~kim ustanovama je tokom 2015. i 2016. godine implementiran Pro gram
osigurawa kvaliteta te je slede}i korak bio registrovawe doza pacijenata za naju~estalije
radiografske preglede. To je ukqu~ivalo pet javno-zdravstvenih ustanova: jednu sveu~ili{nu
bolnicu, jednu op{tu bolnicu, jednu specijalnu bolnicu i dva ̀ upanijska doma zdravqa sa trinaest
ispostava. Ciq ovog istra`ivawa bio je da se procene doze pacijenata i utvrde lokalni
dijagnosti~ki referentni nivoi za ulaznu kermu u vazduhu, za svaku ustanovu i {est naju~estalijih
radiografskih pregleda. Tako|e, uspostavqeni su lokalni dijagnosti~ki referentni nivoi za
celu zapadnu regiju Republike Hrvatske koji su upore|eni s nacionalnim dijagnosti~kim
referentnim nivoima i novije objavqenim me|unarodnim podacima. Vrednosti medijana za ulaznu
kermu u vazduhu za toraks PA, toraks LAT, cervikalnu ki~mu AP, torakalnu ki~mu AP, lumbalnu
ki~mu  AP,  karlicu  AP  i  sinuse  su  0.14  mGy,  0.50  mGy,  0.52  mGy, 1.50 mGy, 2.52 mGy, 2.03 mGy, i
1.03 mGy, respektivno. Dijagnosti~ki referentni nivou predlo`eni za na{u regiju su u skladu s
nama dostupnim podacima iz drugih me|unarodnih studija.

Kqu~ne re~i: dijagnosti~ki referentni nivo, radiografija, X-zra~ewe


