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Majority of health institutions in Croatia do not have medical physicists in diagnostic radiol-
ogy. Regarding this, in the west region of Croatia collaboration between public health institu-
tion and University Hospital Rijeka was initiated in 2015.

Quality Assurance program was implemented in these public health institutions during 2015
and 2016 and the next step was to assess patient doses for the most frequent X-ray examina-
tions. This included five public health institutions: 1 university hospital, 1 general hospital,
1 special hospital, 2 public health institutions with 13 facilities. The aim of this study was to
carry out assessment of patient doses and to establish local diagnostic reference levels of en-
trance surface air kerma for every institution for six most frequent X-ray examinations. Also,
local diagnostic reference levels for the whole west region of Croatia were established and
compared with the national diagnostic reference levels and latest published data. Median en-
trance surface air kerma values for thorax PA, thorax LAT, cervical spine AP, thoracic spine
AP, lumbar spine AP, pelvis AP and sinuses are 0.14 mGy, 0.50 mGy, 0.52 mGy, 1.50 mGy,
2.52 mGy, 2.03 mGy, and 1.03 mGy, respectively. Diagnostic reference levels proposed for
our region were comparable with other studies.
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INTRODUCTION

Despite technological advances in other imaging
techniques, number of diagnostic X-ray examinations
is increasing every year. Even though the stochastic
risk of low doses of ionizing radiation is very small,
each exposure to ionizing radiation needs to be justi-
fied and optimized in terms of benefits and risks [1].
The diagnostic reference level (DRL) represents an ef-
ficient guideline for optimization of radiographic pro-
cedure and for radiation protection of patients [2]. Al-
though terms on use of ionizing radiation for medical
purposes are defined by the Croatian regulatory body
since 2009 [3] in diagnostic and interventional radiol-
ogy, this is still not fully implemented in most facili-
ties. Majority of health institutions in Croatia do not
have a functional quality assurance (QA) program and
there is a lack of DRL of X-ray examinations as well.
The need for medical physicist in diagnostic radiology
has been recognized by international organizations
and professional societies [4-6] but there is still a lack
of medical physicists in radiology departments. At this

* Corresponding author; e-mail: slaven.jurkovic@medri.uniri.hr

moment in Croatia, eight medical physicists are in-
volved in this field.

The concept of DRL was introduced by the Inter-
national Commission on Radiological Protection in
1996 [7]. Entrance surface air kerma (ESAK) was pro-
posed to be monitored in conventional radiography.
Croatia has DRL values proposed by legislation [8]
but they were adopted from the European guideline RP
109 [9]. This study was carried out to assess patient
doses and to establish local DRL for the most frequent
X-ray examinations during 2016 and 2017 in the west
region of Croatia, where comprehensive QA program
is established in majority of public health institutions
[10]. Local DRL is defined in ICRP135 publication
[11] as a DRL set in a particular healthcare facility or
several local healthcare facilities for most common
procedures.

West region of Croatia encloses two counties
with 504250 inhabitants (11.7 % of Croatia popula-
tion). The study included public health institutions in
this region. These institutions do not have medical
physicist on-site but collaborate with University Hos-
pital Rijeka, Medical Physics Department in particu-
lar, which has medical physicist dedicated to diagnos-



D. Segota, et al.: Establishment of Local Diagnostic Reference Levels for ...
Nuclear Technology & Radiation Protection: Year 2019, Vol. 34, No. 1, pp. 102-106 103

tic and interventional radiology. QA programme was
implemented in these regional institutions during
2015 and 2016 [10].

MATERIALS AND METHODS

The study was carried out in five public health
institutions: 1 university hospital centre, 1 general
hospital, 1 special hospital, and 2 public health institu-
tions with 13 facilities. In this work, radiography prac-
tice for 5 digital radiography (DR) units, 7 computed
radiography (CR) units, and 5 film-screen (FS) radi-
ography units was analyzed. Periodical Quality Con-
trol (QC) tests are regularly performed on all units.
Reproducibility and linearity of respective X-ray
tubes are tested twice per year and for some units even
four times per year. Prior to analyzing data for ESAK
calculations, quality control tests were performed and
all results were within criteria [10].

In this study six most frequent X-ray examina-
tions performed in this region were included. All ex-
aminations are performed in each facility. Data for dif-
ferent examination anatomies and projections were
analysed: thorax posteroanterior (PA) and lateral
(LAT), pelvis anteroposterior (AP), sinuses AP, cervi-
cal spine AP, thoracic spine AP, and lumbar spine AP.
For each projection included in the study, following
data were collected: patient mass, patient height, tube
voltage (kV), current-time product (mAs), dose area
product (DAP) — if available, focus to image receptor
distance (FDD), focus to skin distance (FSD) and field
size. Image quality acceptability was verified by the
radiologist. Data were collected in the period from
February 2017 till November 2017. Where possible,
only standard patients (70 £ 10 kg) [11] were included
— 30 patients for every category. The ESAK value for
each patient was calculated using following expres-
sion D
ESAK =Y, mAs(

ESD

2
) BSF

where Yp is X-ray tube output at distance, D, normal-
ized by mAs (LGy/mAs), mAs is the product of the
tube current and the exposure time, FSD is distance be-
tween the tube focal spot and patient surface and BSF
is the backscatter factor [12]. Dose output (¥Yp) was
measured at 1 m distance for different X-ray tube volt-
age in 10 kVp steps in the range of 50-120 kV using a
calibrated solid state detector Black Piranha (RTI
Electronics, Sweden). To obtain ESAK value from air
kerma, the backscatter factor used was 1.35 as sug-
gested in European Guidelines [13].

Local DRL for ESAK values were calculated as
medians for each involved institution as recom-
mended in the latest ICRP 135 Publication [11]. This is
also a method for dealing with the lack of patient mass
information from some facilities. Local DRL for the
whole west region of Croatia were calculated as a me-

dian value of the distribution of median ESAK values
for each facility. Derived values were compared with
the national DRL and latest data published in the docu-
ment Radiation Protection 180 (RP180) — DRL in
thirty-six European Countries [14]. Comparison with
other publications calculating local DRL values was
also made.

RESULTS

Median values of ESAK for all X-ray units and
every projection for examinations of interest with the
range and max/min ratio are presented in tab. 1.

Median ESAK values for thorax PA, thorax
LAT, cervical spine AP, thoracic spine AP, lumbar
spine AP, pelvis AP and sinuses are 0.14 mGy, 0.50
mGy, 0.52 mGy, 1.50 mGy, 2.52 mGy, 2.03 mGy, and
1.03 mGy, respectively. Calculated DRL values for
west region of Croatia and comparison with the na-
tional DRL and latest European published data are pre-
sented in tab. 2. Our data is compared both to the Eu-
ropean DRL and the available national DRL values of
the countries that were included in the RP180 publica-
tion.

The ESAK values for all examinations of inter-
est did not exceed national and latest European pub-
lished data.

Local DRL values from our region were also
compared with calculated local DRL and studies from
other countries. The results are given in tab. 3. Com-
parison was made with mean values of ESAK distribu-
tion from Serbia and Montenegro [12], Italy [15], Iran
[16], and Turkey [17]

The local DRL proposed for our region were
comparable with other studies. The ESAK value from
this study for thorax LAT was higher from Serbia and
Montenegro and Italy studies. The ESAK value for
pelvis was slightly higher than value from Serbia and
Montenegro. All other values were below values pub-
lished elsewhere. Other studies do not propose DRL
values for sinuses so there were no data to compare it
with. This examination is performed very often in our
region which motivated us to investigate practice re-
lated to this examination.

The range of the ESAK values is high: max/min
ratio for thorax PA, thorax LAT, cervical spine AP, tho-

Table 1. Median ESAK values for typical examinations

Examination Median [mGy]| Range [mGy] | Max/min
Thorax PA 0.14 0.06-1.80 30.0
Thorax LAT 0.49 0.27-1.42 5.2
Cervical spine AP 0.52 0.16-1.24 7.6
Thoracic spine AP 1.50 0.77-3.61 4.7
Lumbar spine AP 2.52 1.12-7.22 6.4
Pelvis AP 2.03 0.91-5.00 5.5
Sinuses 1.03 0.56-3.21 5.7
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Table 2. Comparison of DRL of west region of Croatia with the national DRL and examination

Thorax PA | Thorax LAT |Cervical spine AP| Thoracic spine AP | Lumbar spine AP | Pelvis AP | Sinuses
Local DRL (this study) [mGy] 0.14 0.5 0.52 1.5 2.52 2.03 1.03
National 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
Belgium [14] 0.25 1.2
Bulgaria [14] 0.5
Switzerland [14] 0.15 0.75
Cyprus [14] 0.3 1.5
Czech Republic [14] 0.4 1.5
Spain [14] 0.3 1.5
Finland [14] 0.2 0.8
France [14] 0.3 1.2
Ireland [14] 0.3 1.5
Italy [14] 0.4 1.5
Lithuania [14] 0.3 1.7
Moldova [14] 0.6 2
Romania [14] 0.3 1.5
Slovakia [14] 0.4 1.5
United Kingdom [14] 0.2 1

Table 3. Comparison of local DRL of ESAK values in mGy with other publications

Examination This study | Serbia and Montenegro (2005) [12] | Italy (2005) [15] Iran (2016) [16] | Turkey (2018) [17]

Thorax PA 0.14 0.4 0.15 0.34 0.33

Thorax LAT 0.50 0.30 0.45 - 0.73
Cervical spine AP 0.52 1.30 - 3.02 -
Thoracic spine AP 1.50 1.50 - - -
Lumbar spine AP 2.52 2.80 3.14 3.26 -
Pelvis AP 2.03 2.00 441 3.21 -
Sinuses 1.03 - - - -

Table 4. Range of exposure factors and FDD for each projection across all radiological departments for adult patients an

comparison with EG [13]

Examination Tube voltage [kV] Tube current-exposure Focus to image European guidelines
g time product [mAs] |receptor distance [cm]| Tube voltage [kV] FDD [cm]
Thorax PA 65-125 1.24-47 150-200 125 180 (140-220)
Thorax LAT 65-125 4.3-64 180-200 125 180 (140-220)
Cervical spine AP 58-80 8.8-25 100-150 n/a n/a
Thoracic spine AP 60-85 12-80 100-150 n/a n/a
Lumbar spine AP 70-85 16-90 100-115 75-90 115 (100-150)
Pelvis AP 65-85 16-80 100-150 75-90 115 (100-150)
Sinuses 65-80 12-64 100-150 n/a n/a

racic spine AP, lumbar spine AP, pelvis AP and sinuses
is30,5.2,7.6,4.7,6.4,5.5,and 5.7, respectively. Alto-
gether local DRL from 4 facilities exceeded national
DRL only for PA chest. ESAK values recorded were
0.96 mGy, 0.41 mGy, 1.80 mGy, and 0.76 mGy. In or-
der to investigate the reason for this large variability in
ESAK values, a comparison of radiographic tech-

niques was performed. It showed a lot of variety
regarding exposure parameters. Range of exposure
factors used per examination are given in tab. 4. For
each facility exposure parameters used were com-
pared with recommendations given in European
Guidelines on Quality Criteria for Diagnostic Radio-
graphic Images (EG) [13].
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DISCUSSION

The DRL are a part of the quality criteria as de-
scribed in EG [13]. Their establishment, regular revi-
sion and comparison with the recommended national
and European DRL are stated in 'Euratom Basic Safety
Standards' [2]. The importance of DRL is also empha-
sized by the International Commission on Radiologi-
cal Protection and by the International Atomic Energy
Agency [1, 6, 18, 19].

All the calculated DRL in west region of Croatia
were well below national values and in good agree-
ment with the recently published European data. The
values for thorax PA and thorax LAT were slightly
higher than the values published in some other studies.
The differences can be seen also in cervical spine
which is far below available values. This comparison
showed also that the local DRL values from different
countries were quite different. Wide range of ESAK
values could be due to different technologies and dif-
ferent radiographic techniques used.

Even though our local DRL were in good agree-
ment with the published data, comparison between fa-
cilities showed a great variation of ESAK values for
the same examination. The ESAK values calculated in
this region ranged from a factor 4.7 to a factor 30. The
first assumption for this wide range in ESAK values
between facilities was that it is related to technical lim-
itations of the equipment since some X-ray units
where rather old. However, further investigation
showed that higher doses are not always related to the
technological level of the equipment, so comparison
ofradiographic techniques was performed. Therefore,
for each facility kV, mAs, and FDD for every examina-
tion were analyzed and compared with European
Guidelines. The highest variation was found for tho-
rax PA (30). Analysis of techniques used for thorax,
both PA and LAT showed that different radiographic
techniques are used in different facilities and some of
them are not in accordance with the EG recommenda-
tions. Namely, 38 % of the facilities were using soft ra-
diation qualities for thorax examination and in one fa-
cility FDD was far below 150 cm. The main reason for
this is lack of continuous education of the staff in some
radiological departments. Besides incorrect technique
used, few institutions did not use automatic exposure
control even though the units were equipped with this
system. At facilities that had considerably higher
doses than the others due to inappropriate technique
used, corrective actions were performed immediately,
and additional education of the radiographers was pro-
vided. Also, their practice is adjusted according to rec-
ommendations so now it is more standardized across
the region. In contrast to thorax, the examination of si-
nuses showed the lowest variation in radiographic
techniques, probably because it is easier to standardize
due to small differences in anatomical dimensions
across the patients. Radiographic techniques used for

cervical spine, thoracic spine, lumbar spine, pelvis and
sinuses were similar and mostly in accordance with
European Guidelines.

CONCLUSION

The DRL are a useful tool in the optimization
process which can contribute to improvement in qual-
ity of diagnostic procedures. The most important pur-
pose of DRL is to verify that most of radiological ex-
aminations are having ESAK values below nationally
defined values and to identify those departments that
are not performing appropriately having ESAK values
much higher than recommended. This study showed
the importance of establishing DRL values at each di-
agnostic radiology department. Also, it pointed out the
importance of periodical revision of patient doses and
radiographic practice as well. The results also showed
the influence of different practice and technology to
patient dose. As such this made medical staff more
aware of their responsibilities and the need for contin-
uous education.
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Hopuc LIETOTA, Ana IUKJIN'R, Cnasen JYPKOBUh

YCIIOCTAB/BAILE JTOKAJTHUX JUJATHOCTUYKUX PEOGEPEHTHUX
HUBOA 3A TUIIMYHE PAJIUOIPA®CKE IIPETVIEJE Y 3AITATHOJ
PETUJU PEINIYBJIUKE XPBATCKE

Behuna 3apaBcTBeHHX ycTaHOBaA Koje ce 0aBe pajiiOJIONIKOM AMjarHOCTUKOM Yy PemyOmuim
XpBaTckOj HEMA 3anociiene MeunuacKe pu3nyape. M3 Tor pasmnora je 2015. roguHe 3anoveTa capajima
jaBHO-3[IpaBCTBEHUX YCTaHOBA Yy 3anajiHoj peruju Penyonuke XpBarcke u KINMHUYKO — GOTHIUYKOT LEHTPa
Pujexka.

Y capapHuuykuM ycraHoBama je TokoMm 2015. m 2016. rogusne ummiemeHtupaH IIporpam
ocurypama KBanmuTeTa Te je ciefchm kKopak OMO permcrpoBame 03a MalyjeHaTa 3a HajydecTaiuje
papuorpadceke nperiefe. To je yK/byuyuBajio MET jaBHO-3IPABCTBEHUX YCTAHOBA: jeIHY CBEYUYMIMILIHY
OOJTHHUILY, jeAHY OMIITY GOJHUILY, jeHY CIEIHjaTHy OOJIHUILY U BA KYNaHUjCKA IOMAa 3paBJba ca TPUHAECT
ucnocraBa. lnib oBOr mWcTpakuBama OHMO je Jla ce MpolieHe [03€ MalujeHaTa W YTBpAE JIOKalHU
ANjarHOCTUYKY peepeHTHI HUBOU 32 YlIa3HY KEPMY y Ba3yXy, 3a CBaKy YCTaHOBY U ILI€CT Hajy4yecTalInjux
papuorpadcekux npernena. Takobe, ycnocraB/beHU Cy JIOKAJTHU AMjarHOCTHYKU peepeHTHN HUBOHU 3a
ueny 3amagHy perujy PemyOnmuke XpBaTcke Koju cy ynopebeHM ¢ HallMOHAHUM IMjarHOCTHYKUM
pedepeHTHIM HUBOUMA U HOBHje 00jaBlbeHUM MebyHapoaHuM nofanuma. BpegHnocru menujana 3a yiasHy
KepMy y Ba3ayxy 3a Topakc PA, ropakc LAT, uepBuxkanny kuumy AP, Topakanny kuumy AP, nymGanny
knumy AP, kapnuny AP u cunyce cy 0.14 mGy, 0.50 mGy, 0.52 mGy, 1.50 mGy, 2.52 mGy, 2.03 mGy, u
1.03 mGy, pecnieKTuBHO. [IMjarHOCTHYKY pepepeHTHN HUBOY NPETIOKEHHN 32 HAIly PErujy Cy y CKIIagy ¢
HaMa AOCTYITHUM TIOflalliMa U3 IPYTUX MehyHapOogHuUX CTyAmja.

Kmwyune peuu: oujaznociiutku pegpepenitinu Huso, paouozpaghuja, X-apauere



