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De ter mine the level of knowl edge and aware ness of health pro fes sion als, med i cal stu dents
and par ents con cern ing pos si ble risks as so ci ated with ion iz ing ra di a tion in pe di at ric pop u la -
tion. A cross-sec tional study has been con ducted in two healthcare in sti tu tions and Fac ulty of
Med i cine, by fill ing out two anon y mous ques tion naires (ques tion naire 1 – med i cal staff and
med i cal stu dents, ques tion naire 2 – par ents of the chil dren). It in cluded 254 re spon dents.
The ma jor ity of examinees as sessed their knowl edge about ion iz ing ra di a tion as mod er ate.
Less than half cli ni cians, both spe cial ists and res i dents, were in formed about Im age gently
cam paign. Over 60 % of doc tors as sessed that di ag nos tic ra di ol ogy pro ce dures are of ten per -
formed un nec es sar ily in chil dren. Even though 60-80 % of cli ni cians claimed they do in form
par ents in ev ery day clin i cal prac tice, how ever over 70 % of par ents af firmed that they had
never been in formed about ef fects of ion iz ing ra di a tion be fore di ag nos tic pro ce dures. Be -
tween 50 % and 85 % of pe di a tri cians and pe di at ric sur geons greatly un der es ti mated the ef -
fec tive doses in com puted to mog ra phy and flu o ros copy pro ce dures. There were 58-100 % of
cli ni cians who were aware that com puted tomography in creases the risk of car ci noma de vel -
op ment. Gen eral knowl edge of med i cal staff, med i cal stu dents, and par ents about ion iz ing ra -
di a tion and po ten tial risks in pe di at ric pop u la tion is poor. There fore, or ga nized ed u ca tion is
re quired. 
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IN TRO DUC TION

Ra di a tion orig i nates from nat u ral sources (cos -
mic ra di a tion, ul tra vi o let ra di a tion, and nat u ral ra dio
iso topes) and ar ti fi cial sources where ra dio log i cal di ag -
nos tic pro ce dures dom i nate, and rep re sent about 15 %
of to tal ra di a tion [1]. In the USA the ef fec tive dose from
med i cal ex po sure al ready ex ceeded the con tri bu tion
from the nat u ral back ground [2]. Chil dren have a higher 
radiosensitivity com pared to adults due to: tis sues with
higher mi to sis rates, lon ger life ex pec tancy, ex po sure to
scat tered ra di a tion as a con se quence of body pro por -
tions, and large pro por tions of hematopoietic bone mar -
row in all parts of the body, in clud ing the ex trem i ties
[3]. There fore, ra di a tion pro tec tion in pe di at ric ra di ol -
ogy is es sen tial.

A num ber of stud ies have shown po ten tially
harm ful ef fects of ion iz ing ra di a tion, pre dom i nantly
com puted to mog ra phy (CT) and flu o ros copy among
pe di at ric pop u la tion [4]. There are stud ies that also in -
di cate high per cent age of un jus ti fied CT ex am i na tions
among chil dren, i. e., ex am i na tions with out ap pro pri -
ate in di ca tions [5]. La tent pe riod for oncogenic ef fect
of ra di a tion var ies de pend ing on the type of ma lig -
nancy (5-10 years for leu ke mia, about 30 years for
solid ma lig nant tu mors) [6]. With the same dose of
ion iz ing ra di a tion, a child has 10-15 times greater risk
of de vel op ing car ci noma than an adult [7].

Or ga nized ef fort in or der to re duce ex po sure of
pa tients to ion iz ing ra di a tion, as well as re duc tion of
ra di a tion doses the pa tients are ex posed to, is re flected
in op ti mi sa tion of prac tice out lined in the  As Low As
Rea son able Achiev able (ALARA) con cept and Im age
gently cam paign [8, 9], which sig nif i cantly raised con -
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science of med i cal staff about po ten tially harm ful ion -
iz ing ra di a tion ef fects. How ever, stud ies show that pa -
tients and re fer ring phy si cians are nei ther aware of the
amount of ra di a tion pa tients re ceive dur ing the ex am i -
na tions nor of con se quences that ra di a tion might cause 
[10-12]. There fore, this topic is one of the most cur rent 
in con tem po rary med i cine in gen eral, and es pe cially in 
pe di at ric ra di ol ogy.

The aim of this study was to de ter mine the level
of knowl edge and how well the med i cal staff, med i cal
stu dents and par ents in Ser bian prov ince Vojvodina
are in formed about use and po ten tially harm ful ion iz -
ing ra di a tion ef fects in pe di at ric ra di ol ogy. The ad di -
tional goal is to  eval u ate the stand point of doc tors,
radiographers, nurses, med i cal stu dents and par ents
con cern ing the use of di ag nos tic ra di ol ogy pro ce dures
based on ion iz ing ra di a tion in pe di at ric ra di ol ogy. 

MA TE RI ALS AND METH ODS

A cross-sec tional study has been con ducted at
the In sti tute for Child and Youth Health Care of
Vojvodina (Chil dren's Hos pi tal), Cen ter for Ra di ol -
ogy, Clin i cal Cen ter of Vojvodina, and Fac ulty of
Med i cine Novi Sad. The re search was ap proved by the 
Eth i cal Board (Feb ru ary 10, 2016, Pro to col No:
646-1). It in cluded pop u la tion of N-254 re spon dents
of both sexes, among who n-230 were med i cal stu -
dents and med i cal staff, and n-24 were par ents. For re -
search pur poses two ques tion naires were formed in
ac cor dance with the goals of the work. By ques tion -
naires sociodemographic char ac ter is tics of re spon -
dents have been col lected (sex, level of ed u ca tion,
years of ser vice), and the knowl edge level and re spon -
dents' stand points have been assessed. Ques tion naire
Num ber 1 (Ap pen dix A) con sisted of 34 ques tions and 
was in tended for:
– third year stu dents of med i cine (be fore pass ing ra -

di ol ogy course) and fourth year stu dents of med i -
cine (af ter pass ing ra di ol ogy course),

– doc tors spe cial ists: pe di at ric sur geons, pe di a tri -
cians, an es the si ol o gists and ra di ol o gists,

– doc tors res i dents in: pe di at rics, pe di at ric sur gery
and ra di ol ogy, and

– radiographers and nurses
Ques tion naire Num ber 2 (Ap pen dix B) con -

sisted of 30 ques tions and was in tended for par ents of
chil dren who were treated at the Chil dren's Hospital
and who were ex posed to some of the di ag nos tic pro -
ce dures based on the ion iz ing ra di a tion. 

Re spon dents were fill ing in the ques tion naires
anon y mously.

Sta tis ti cal anal y sis was per formed by us ing soft -
ware pack age SPSS (SPSS 21.0 for Win dows, Inc.,
Chi cago, Ill., USA). De scrip tive sta tis tics meth ods
and cor re la tion anal y sis have been used in data pro -
cess ing.

RE SULTS

Ques tion naire 1 was filled in by 230 re spon -
dents, or ga nized in 12 groups as it is shown in tab. 1.
Out of the to tal num ber of re spon dents, n-78 (34 %)
were males and n-152 (66 %) fe males. Ac cord ing to
the years of ser vice, re spon dents were di vided into 5
groups (tab. 2)

The Ques tion naire 2 was filled in by N-24 par -
ents, n-19 (79 %) fe males and n-5 (21 %) males.
Among the re spon dents in the Ques tion naire 2, n-15
(62.5 %) had high ed u ca tion, while n-9 (37.5 %) of
par ents had sec ond ary ed u ca tion.

How well the re spon dents were
in formed about ion iz ing ra di a tion

 On the ba sis of 17 ques tions we as sessed the
knowl edge of re spon dents about the char ac ter is tics,
ef fec tive doses (ED) and po ten tial harm ful ef fects of
ion iz ing ra di a tion in Ques tion naire 1. The av er age
num ber of cor rect an swers among the groups is shown
in fig. 1. There is sta tis ti cally sig nif i cant dif fer ence in
the num ber of cor rect an swers (p < 0.01) be tween
med i cal stu dents who passed the ra di ol ogy course and
those who have not at tended the course yet. Sta tis ti -
cally sig nif i cant dif fer ence be tween dif fer ent groups
of spe cial ists and res i dents was not de ter mined. Ra di -
ol ogy res i dents had the great est num ber of cor rect an -
swers. The worst scores were shown by those med i cal
work ers who had over 20 years of ser vice.

Most re spon dents as sessed their knowl edge
about ion iz ing ra di a tion as mod er ate n-133 (58.7 %).
Radiographers as sessed them selves best (56.5 % of
them as sessed their knowl edge as ex cel lent), while
only 18.2 % of ra di ol o gists had the same opin ion.
How ever, ra di ol ogy res i dents, ra di ol o gists, pe di at ric
sur geons and pe di at ric sur gery res i dents all showed
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Ta ble 1. The num ber of re spon dents by groups
in Ques tion naire 1

Group N [%]

Pe di at ric sur geons 8 3

Pe di a tri cians (Com mu nity health cen tre) 12 5

Pe di a tri cians (Chil dren's Hos pi tal) 15 7

An es the si ol o gists 5 2

Ra di ol o gists 11 5

Ra di ol ogy res i dents 13 6

Radiographers 26 11

Pe di at ric res i dents 12 5

Pe di at ric sur gery res i dents 4 2

Nurses 22 10

Stu dents who have not at tended ra di ol ogy
course 51 22

Stu dents who passed ra di ol ogy course 51 22

To tal 230 100



better  re sults  than  radiographers dur ing test ing.
50-80 % of cli ni cians as sessed their knowl edge as
mod er ate.

Al though two thirds of re spon dents in Ques -
tion naire 1 de clared that they had the chance to be in -
formed about ion iz ing ra di a tion (sci en tific ar ti cle,
lec ture), sta tis ti cally sig nif i cant dif fer ence in the
num ber of cor rect an swers be tween this group and
the  group of  other  med i cal work ers  was  not  found
(r = 0.725, p > 0.01).

With ALARA prin ci ple n-67 (29.1 %) of re spon -
dents  who  filled  in  ques tion naire  were  fa mil iar 
with, and only n-41 (18.7 %) of re spon dents were fa -
mil iar with Im age gently cam paign. The per cent age of
stu dents who passed ra di ol ogy course and were fa mil -
iar  with  ALARA  con cept  sig nif i cantly  in creased (2
%®25.5 %), as well as of those fa mil iar with Im age
gently cam paign (5.9 %®17.6 %), in com par i son with 

stu dents who still had not at tended ra di ol ogy course.
In the group of par ents an ex tremely small num ber of
re spon dents were in formed about these two cam -
paigns (up to 4.2 %). Fa mil iar ity of cli ni cians with
these prin ci ples of pro tec tion against ion iz ing ra di a -
tion is shown in fig. 2.

At ti tudes of re spon dents on the
use of ion iz ing ra di a tion

Most sur veyed re fer ring phy si cians and ra di ol o -
gists con sid ered that ra di ol ogy meth ods based on
X-ray ra di a tion have been ex ces sively and un jus ti fi -
ably of ten used in chil dren, pe di a tri cians from the In -
sti tute (n-9, 60 %), pe di at ric sur geons (n-6,75 %), an -
es the si ol o gists (n-5,100 %), ra di ol o gists (n-8, 72.7
%). Only n-3 (12.5 %) of par ents share this at ti tude.
Ac cord ing to the opin ion of n-140 (60.4 %) Ques tion -
naire 1 re spon dents, both ra di ol o gist and cli ni cian are
re spon si ble for jus ti fi ca tion of CT ex am i na tion per -
formed on a child.

At ti tudes of the doc tors about the need to in form
par ents about po ten tially harm ful ef fects of ion iz ing
ra di a tion, and the real sit u a tion in ev ery day clin i cal
prac tice are shown in fig. 3. 

As much as n-17, 70.8 % of ques tioned par ents
claimed that they have never been warned about po -
ten tially harm ful ef fects of ra dio log i cal ex am i na tions
and risk mag ni tude.

J. Lovrenski, et al.: Ion iz ing Ra di a tion in Pe di at ric Ra di ol ogy Do Med i cal  ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2019, Vol. 34, No. 2, pp. 189-200 191

Fig ure 1. The av er age
num ber of cor rect
an swers ac cord ing
to groups in
ques tion naire

Fig ure 2. Cli ni cians' knowl edge of
ALARA prin ci ple and
Im age gently cam paign

Ta ble 2. The num ber of re spon dents ac cord ing to the
years of ser vice in ques tion naire 1

Years of ser vice N [%]

With no ex pe ri ence (stu dents) 102 44

Up to 5 years 29 13

From 6 to 10 years 33 14

From 11 to 20 years 21 9

Over 20 years 45 20

To tal 230 100



 Ra di ol o gists – 72.2 %, an es the si ol o gists – 60 %
and up to 26 % of pe di at ric sur geons and pe di a tri cians
con sid ered that de tailed in form ing of par ents might
cause prob lems in ev ery day clin i cal work.

Great ma jor ity of par ents (n-17,70.8 %) de clared 
that there is lit tle prob a bil ity for them re ject ing the ex -
am i na tion if they knew about its po ten tial harm ful ef -
fects in ad vance. More than half of the par ents (n-14,
58.3 %) would blame them selves if their child suf fered 
harm be cause of re fus ing some po ten tial harm ful di ag -
nos tic pro ce dures, while only 4.2 % would blame doc -
tors.

 The at ti tude of doc tors about whether the ef fec -
tive dose of ion iz ing ra di a tion (cal cu la tion based on
DLP and CTDI val ues avail able on the each CT de vice), 
a child was ex posed to dur ing hos pi tal iza tion, should be 
placed on the dis charge list, is shown in the fig. 4.

The knowl edge of re spon dents in ques tion naire
con cern ing the in creas ing risk of can cer de vel op ment
as a re sult of CT scan is pre sented in tab. 3. 

That there are doses of ra di a tion car ry ing no risk
for chil dren con sider 37.5 % of pe di at ric sur geons,
41.7 % of pe di a tri cians in Com mu nity health cen tre,
40 % of pe di a tri cians at the In sti tute, 20 % of an es the -
si ol o gists, 18.2 % of ra di ol o gists and as much as 50 %
of pe di at ric res i dents.

How well the re spon dents are in formed about the 
ef fec tive doses of ion iz ing ra di a tion

Doc tors' at ti tude about the re la tion of mag netic
res o nance im ag ing (MRI) ex am i na tion and ion iz ing
ra di a tion are shown in fig. 5. Re spon dents eval u ated

the equiv a lence of one phase of head CT ex am i na tion
in chil dren, one phase of ab dom i nal and pel vic CT ex -
am i na tion, and bar ium meal ex am i na tion with the
equiv a lent num ber of chest X-rays (CXR). Doc tors'
an swers are shown in figs. 6-8 (pil lars 2 rep re sent cor -
rect an swers).

DIS CUS SION

Ev ery day search for the bal ance be tween po ten -
tial ben e fits and po ten tial post poned ad verse ef fects
which may arise when us ing di ag nos tic pro ce dures
based on ion iz ing ra di a tion, is one of the main goals of
con tem po rary pe di at ric ra di ol ogy. This ought to be
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Fig ure 3. At ti tudes of doc tors on
in form ing par ents about po ten tially
harm ful ef fects of ion iz ing ra di a tion

Fig ure 4. Per cent age of doc tors from
dif fer ent groups who con sider that
the ef fec tive dose of ion iz ing
ra di a tion de rived from ra dio log i cal
pro ce dures should be writ ten on the
pa tient re cords

Ta ble 3.  Per cent age of af fir ma tive an swers in dif fer ent
groups of re spon dents to the ques tion whether CT in creases 
the risk of can cer de vel op ment

Group N [%]

Pe di at ric sur geons 8 100

Pe di a tri cians (Com mu nity health cen tre) 7 58,3

Pe di a tri cians (Chil dren's Hos pi tal) 11 73,3

An es the si ol o gists 5 100

Ra di ol o gists 11 100

Ra di ol ogy res i dents 12 92,3

Radiographers 24 64

Pe di at ric res i dents 11 91

Pe di at ric sur gery res i dents 4 100

Nurses 14 63,3

Stu dents who have not at tended ra di ol ogy 
course 25 49

Stu dents who passed ra di ol ogy course 35 68,6
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Fig ure 5. Per cent age dis tri bu tion of an swers in dif fer ent groups of med i cal doc tors to the ques tion about the
equiv a lence of MRI ex am i na tion with the num ber of CXR

Fig ure 6. Per cent age
dis tri bu tion of an swers in
dif fer ent groups of med i cal
doc tors to the ques tion about
the equiv a lence of one phase of
head CT ex am i na tion in
chil dren with the num ber of
CXR (col umn 2 shows the cor -
rect an swers)

Fig ure 7. Per cent age
dis tri bu tion of an swers in
dif fer ent groups of med i cal
doc tors to the ques tion about
the equiv a lence of one phase of
ab dom i nal and pel vic CT
ex am i na tion in chil dren with
the num ber of CXR (col umn 2
shows the cor rect an swers)



one of the ba sic top ics in mu tual com mu ni ca tion and
co op er a tion among re fer ring phy si cians, e. g. pe di at -
ric sur geons, pe di a tri cians and pe di at ric ra di ol o gists,
as well as other med i cal work ers in volved in di ag nos -
tic pro cess and in treat ment of pe di at ric pop u la tion,
but also among par ents them selves who surely have
the right to know about po ten tial risks of di ag nos tic
pro ce dures their chil dren are ex posed to. An im por tant 
ques tion is whether con scious ness about harm ful ef -
fects of ion iz ing ra di a tion is suf fi ciently pres ent in all
these groups and the goal of this study was in fact to
eval u ate the real sit u a tion on the spot i. e. to ob tain
more de tailed ac cess to the level of knowl edge and at -
ti tudes of med i cal and non-med i cal staff (par ents) on
this topic. To the best of our knowl edge, this is the first
study of its kind not only in Ser bia, but also in South -
east ern Eu rope, deal ing with this topic for pe di at ric
pop u la tion.

The  great est  per cent age  of  med i cal  staff (50-80
%) es ti mated their knowl edge about the ion iz ing ra di a -
tion as mod er ate. An eval u a tion of the level of knowl -
edge about ion iz ing ra di a tion in all ex am ined groups
was based on the num ber of cor rect an swers to 17 ques -
tions in Ques tion naire 1. Among the doc tors not one
group has sta tis ti cally sin gled out sig nif i cantly, but the
best re sults were shown by the ra di ol ogy res i dents,
which was quite ex pected, con sid er ing that they are
prob a bly in the sit u a tion to have to fol low all up-to-date
in for ma tion in ra di ol ogy. Med i cal staff with over 20
years of ser vice had the least num ber of cor rect an swers
which is also ex pected since the in ter est of the doc tors
about con tem po rary up-to-date top ics from their pro -
fes sion very of ten de creases with the in crease of years
of ser vice. This is in ac cor dance with the Salerno et al.
study [13] where youn ger doc tors also showed better
knowl edge than their older col leagues, but not in con -
cor dance with Dehghani et al., [14] study in which the
level of ra di a tion aware ness was not as so ci ated with job 
ex pe ri ence. We also wanted to show the level of teach -
ing qual ity on this topic, in clud ing med i cal stu dents in
our sur vey. Our study has shown sta tis ti cally sig nif i cant 
dif fer ence among groups of stu dents be fore at tend ing
ra di ol ogy course and af ter pass ing the same (5:8 cor rect 
an swers). But, even though they passed the ra di ol ogy
exam,  a  small  num ber  of  med i cal stu dents (up to 25.5
%) had been in formed about el e men tary prin ci ples and
cam paigns con nected with pro tec tion from ex ces sive
us age of ion iz ing ra di a tion in di ag nos tic pur poses
(ALARA and Im age gently). This in di cates great po ten -

tial for fur ther im prove ment of work with stu dents in ra -
di ol ogy course. Our study has shown ex cep tion ally low
knowl edge about Im age gently cam paign and ALARA
prin ci ple among all other groups, ex cept ra di ol o gists
and ra di ol ogy res i dents. The cam paign Im age gently
which had been ini ti ated by pe di at ric ra di ol o gists in
2006 has its aim to raise aware ness about the main prin -
ci ples of ra di a tion pro tec tion such as med i cal ex am i na -
tion jus ti fi ca tion, pro tec tion op ti mi za tion and in di vid -
ual doses and risks lim i ta tions, while ALARA prin ci ple
ad vo cates re duc tion of ra di a tion doses that pa tients and
med i cal staff re ceive to the low est pos si ble level [8, 9].
Not even 20 % of pe di a tri cians, e. g. re fer ring phy si -
cians who in di cate ra dio log i cal di ag nos tic pro ce dures
al most ev ery day, are fa mil iar with Im age gently cam -
paign, while only 37.5 % of  pe di at ric  sur geons  are  in -
formed  about  it. Up to 8.3 % of pe di a tri cians and 25 %
of pe di at ric sur geons have been fa mil iar with ALARA
prin ci ple. Low level of knowl edge about ALARA prin -
ci ple has been shown in the Salerno et al.  [13] study
where only 27 % of sur veyed doc tors have heard of this
prin ci ple, in the Heyer et al. [15] study, only 15 % of pe -
di a tri cians, and in Hamarsheha et al. [16] study in
which only 6.1 % of med i cal doc tors were fa mil iar with
this prin ci ple, while we could not man age to find a sur -
vey in avail able lit er a ture, which dealt with Im age
gently fa mil iar ity.

Be ing in formed about ion iz ing ra di a tion from
the sci en tific lit er a ture or lec ture have re ported three
quar ters of re spon dents, but no sta tis ti cal sig nif i cant
dif fer ence in the num ber of cor rect an swers in re la tion
to the group of re spon dents who did not have the
chance to com ple ment their knowl edge in this way
was found. Sig nif i cantly lower per cent age of re spon -
dents (20 %) who have read sci en tific ar ti cle about
ion iz ing ra di a tion is men tioned in the study by
Abdullah et al. [17].

Ex tremely high per cent age of sur veyed med i cal
doc tors in our study con sid ers that ra di ol ogy meth ods
based on ion iz ing ra di a tion have been used ex ces -
sively of ten in chil dren (41-100 % re spon dents in
groups). This is con trary to the opin ion of par ents
among who only 12.5 % con sid ered that ra di ol ogy
meth ods have been used ex ces sively in chil dren. This
fact points out an out stand ing trust of par ents in med i -
cal de ci sions and as sess ments. 

A high per cent age of med i cal doc tors in our
study con sid ered that par ents should be in formed
about po ten tially harm ful ef fects of ion iz ing ra di a tion
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Fig ure 8. Per cent age dis tri bu tion of
an swers in dif fer ent groups of
med i cal doc tors to the ques tion
about the equiv a lence of bar ium
meal ex am i na tion with the num ber
of CXR (col umn 2 shows the cor rect
an swers)



be fore ex am in ing a child, but there was a smaller num -
ber of those who ap ply this in ev ery day clin i cal prac -
tice. De spite that, we were sur prised by the high per -
cent age of those med i cal doc tors who claimed that
they in form par ents about these facts and which was
over 60 % for al most all groups. It seemed to us that
this was in col li sion with ev ery day clin i cal ex pe ri ence
which was proved by an a lyz ing ques tion naire filled in
by par ents. Over 70 % of them stated that they have
never been in formed about po ten tial con se quences be -
fore ra dio log i cal di ag nos tic pro ce dures were per -
formed in their chil dren. It seems that on this is sue ra -
di ol o gists have been the sin cer est, ad mit ting that they
very rarely in form par ents or pa tients, i. e. only 9 % of
them an swered this ques tion af fir ma tively. In the Lee
et al. [18] study ap prox i mately sim i lar per cent age of
ra di ol o gists claimed that they in form the pa tients be -
fore ex am i na tion it self (15 %), while that per cent age
among med i cal doc tors in other fields was 22 %. We
think that com mu ni ca tion about the po ten tial risks of
X-ray based di ag nos tic mo dal i ties be tween par ents or
other care givers and re fer ring phy si cians/ra di ol o gist
should be a stan dard pre-ex am i na tion pro ce dure in all
chil dren's hos pi tals. A proper com mu ni ca tion seems a
right way to es tab lish the re la tion ship of trust be tween
par ents and med i cal staff. How ever, high per cent age
of ra di ol o gists (72.7 %) and an es the si ol o gists (60 %)
con sid ered that more de tailed in form ing of par ents
might cause prob lems in ev ery day work, while per -
cent age of pe di at ric sur geons and pe di a tri cians with
this opin ion was sig nif i cantly lower (up to 27 %). It is
re al is tic to ex pect that if this in form ing was to be in tro -
duced in ev ery day di ag nos tic pro to col, it might lead to
prob lems in terms of re ject ing nec es sary di ag nos tic
pro ce dures be cause of par ents' fear of their po ten tial
harm ful ef fects in chil dren, but, in our opin ion this is a
risk we should take be cause no one has more rights to
get all in for ma tion about one's child than the par ent
him self. We should, of course, think of a sub tle way to
pres ent po ten tial risks to par ents, but not to cause fear
among them or to at tract neg a tive me dia at ten tion. En -
cour ag ing fact is that over 70 % of par ents in our study
would agree with in di cated med i cal ex am i na tion de -
spite the risks men tioned be fore it was car ried out. We
con sider that we have no right do dis able par ents'
choice. If par ents re fused a cer tain di ag nos tic pro ce -
dure to be per formed on their child, and if, be cause of
that, cer tain con se quences oc curred for their child,
more than half of the par ents in our re search claimed
that they would blame them selves for it, but only 4 %
would blame the doc tors. Nev er the less, this in for ma -
tion must be taken into con sid er ation with a cau tion,
be cause cog i ta tion and the state of con scious ness is
sig nif i cantly dif fer ent in the ory (ques tion naire) and in
re al ity.

Over 70 % of ra di ol o gists con sid ered that the to -
tal ef fec tive dose of ion iz ing ra di a tion de riv ing from
ra dio log i cal di ag nos tic pro ce dures per formed dur ing

hos pi tal iza tion  should  be re corded, while only up to
50 % of pe di at ric sur geons and pe di a tri cians shared
this opin ion. This is, surely, the ques tion which at tracts 
nu mer ous med ico-le gal as pects and would cer tainly
open wide pos si bil i ties for law suits against med i cal
doc tors, but, on the other hand, it would sig nif i cantly
in crease the re spon si bil ity and aware ness of all the
par tic i pants who take part in in di cat ing di ag nos tic pro -
ce dures, pri mar ily of cli ni cians and ra di ol o gists. The
risk of not per form ing the ex am i na tion should be part
of de ci sion-mak ing [19].

Stud ies have shown that CT ex am i na tions form
about 13 % of all ra dio log i cal pro ce dures, but are re -
spon si ble for as much as 70 % of to tal ex po sure to ra di -
a tion, which makes them the car ri ers of ra di a tion in
med i cine [20, 21]. As much as 30-40 % of CT ex am i -
na tions in pe di at ric pop u la tion did not have ap pro pri -
ate in di ca tions [5]. In spite of ev i dent harm ful ef fects
of ion iz ing ra di a tion, there is an in creas ing num ber of
CT ex am i na tions in chil dren's hos pi tals of about 23 %
[22]. This might be avoided by us ing im ag ing guide -
lines, such as the pe di at ric trauma pro to col [23].

All ra di ol o gists, an es the si ol o gists, pe di at ric sur -
geons and pe di at ric sur gery res i dents knew that CT in -
creases the risk of car ci noma de vel op ment in chil dren, 
while pe di a tri cians were aware of this fact in 58-73 %,
de pend ing on the place of em ploy ment. This can be
ex plained by the fact that a lec ture was or ga nized on
two oc ca sions for pe di at ric sur geons and an es the si ol o -
gists on the topic of ion iz ing ra di a tion in pe di at ric ra di -
ol ogy. The study of Madrigano et al. [24] also showed
a con nec tion be tween teach ing ac tiv i ties and su pe rior
knowl edge about ion iz ing ra di a tion. Yurt et al. [25]
study has shown that 93.5 % of sur veyed med i cal staff
knew that CT ex am i na tion in creases the risk of car ci -
noma de vel op ment, which showed greater aware ness
of med i cal work ers com par ing it with ours, pri mar ily
among the doc tors spe cial ists. A rel a tively large num -
ber of pe di at ric sur geons and pe di a tri cians (about 40
%) are not aware that there are no doses of ion iz ing ra -
di a tion with out risk for chil dren. The stud ies have
how ever shown that three ra dio graphs in chil dren's
age are al ready enough to in crease the risk of acute
lymphoblastic leu ke mia de vel op ment for about three
times [26].

It was sur pris ing that in ev ery group of doc tors
there was at least one who was not fa mil iar with the
fact that MRI is not based on ion iz ing ra di a tion, which
is, by all means, a better re sult than in Abdellah et al.
[17] study in which 65 % out of 80 sur veyed doc tors
did not know that MRI does not emit X-rays. There
was also a study by Faggioni et al. [27] re veal ing a
high per cent age of med i cal stu dents, who did not cor -
rectly, iden ti fied MRI, and even ul tra sound as ra di a -
tion-free pro ce dures. 

When eval u at ing the ef fec tive doses of ra di a tion
used for head, ab do men and pel vic CT ex am i na tion, as 
well as for bar ium meal ex am i na tions, and which are
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ex pressed in the equiv a lent  num ber of CXR, the high -
est per cent age of cli ni cians and ra di ol o gists un der es ti -
mated ion iz ing ra di a tion doses. The only ex cep tion
was the ques tion about the dose for head CT in chil -
dren which was cor rectly an swered by most ra di ol o -
gists. Among the doc tors who mostly un der es ti mated
ra di a tion doses in CT ex am i na tions of head, and ab do -
men and pel vis in chil dren, pe di a tri cians were in great -
est num ber (75-90 %). Only 10-20 % of ra di ol o gists
could eval u ate ra di a tion doses in CT ex am i na tions of
ab do men and pel vis and in bar ium meal ex am i na tions
ac cu rately, which is in com pli ance with Lee et al. [18]
study in which ra di a tion doses have been un der es ti -
mated by as much as 71 % of sur veyed ra di ol o gists and 
66 % of the rest of sur veyed doc tors spe cial ists [18].
Our study is also in con cor dance with Salerno et al.
[13] study which has shown that high per cent age of
pe di a tri cians, as much as 78 % un der es ti mated ra di a -
tion doses in ab dom i nal CT ex am i na tions. In our re -
search, ref er ence doses for CT ex am i na tions were de -
ter mined on the base of an an nual in ves ti ga tion
whereby it should be em pha sized that we use ex -
tremely de vel oped and ad vanced pe di at ric CT pro to -
cols. The ef fec tive dose eval u a tion for bar ium meal
fluoroscopic ex am i na tion was based on lit er a ture in -
for ma tion [28].

The ma jor draw back of our re search rep re sents a 
rel a tively small num ber of re spon dents. We con sider
that sim i lar re search should be car ried out on the
whole ter ri tory of our coun try, which would en able
more com pre hen sive in sight into cur rent knowl edge
of both med i cal staff and par ents about ion iz ing ra di a -
tion, but it would also cre ate guide lines for fur ther
steps in ed u ca tion on this topic and in mod ern iza tion
of di ag nos tic al go rithms, pri mar ily in terms of more
rig or ous cri te ria for in di ca tion of CT pro ce dures, but
also for other di ag nos tic pro ce dures in pe di at ric ra di -
ol ogy.

CON CLU SIONS

Med i cal staff has not shown a sat is fac tory level
of knowl edge about ion iz ing ra di a tion in pe di at ric ra -
di ol ogy, which was es pe cially il lus trated by un der es ti -
ma tion of ef fec tive doses for CT and flu o ros copy ex -
am i na tions by al most all cli ni cians, as well as by an
ex tremely low per cent age of cli ni cians, es pe cially pe -
di a tri cians, who have not even heard about ALARA
prin ci ple and Im age gently cam paign. An ex ten sive,
or ga nized ed u ca tion is re quired for med i cal staff,
since the aware ness of po ten tial ad verse ef fects of ion -
iz ing ra di a tion in pe di at ric pop u la tion might have an
im por tant in flu ence on ev ery day clin i cal prac tice and
in di ca tions for ra dio log i cal di ag nos tic pro ce dures.
Our study also showed that there is still room for im -
prove ment of com mu ni ca tion skills, in or der to share
in for ma tion about the po ten tial risks of X-ray based

ra dio log i cal pro ce dures with par ents/care givers. Ra -
di ol o gists and re fer ring phy si cians should be much
more fa mil iar with all po ten tial ad verse ef fects of ion -
iz ing ra di a tion, the ap prox i mate ef fec tive doses of
pro ce dures they in di cate, as well as with re fer ral pe di -
at ric di ag nos tic guide lines. This might re duce a gen -
eral med i cal ra di a tion ex po sure of chil dren, one of the
most vul ner a ble pop u la tions to ra di a tion effects. 
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AP PEN DIX A Ques tion naire 1

Cir cle just one an swer to ev ery of fered ques tion.

1) I be long to the fol low ing group of re spon dents:
a) pe di at ric sur geon
b) pe di a tri cian (Com mu nity health cen tre)
c) pe di a tri cian (Chil dren's hos pi tal)
d) an es the si ol o gist
e) ra di ol o gist
f) ra di ol ogy res i dent
g) ra di og ra pher
h) pe di at ric res i dent 
i) pe di at ric sur gery res i dent
j) nurse
k) stu dent who has not at tended ra di ol ogy course
l) stu dent who passed ra di ol ogy course

2) Sex:
a) male
b) fe male

3) Years of ser vice:
a) up to 5
b) 6 to 10
c) 11 to 20
d) over 20

4) De gree of ed u ca tion:
a) sec ond ary school
b) col lege
c) uni ver sity
d) mas ter's de gree/ doc tor ate

5) How would you as sess your knowl edge on ion iz ing
ra di a tion used for most fre quent ra dio log i cal di ag nos -
tic pro ce dures:

a) ex cel lent
b) mod er ate
c) weak
d) it is com pletely ir rel e vant for ev ery day clin i cal work

6) Have you ever read sci en tific ar ti cle about po ten tially
harm ful ra di a tion ef fects in med i cine:

a) yes
b) no

7) Have you heard of ALARA prin ci ple:
a) yes
b) no

8) Have you been ac quainted with Im age gently cam -
paign:

a) yes
b) no

9) The larg est source of man-made ra di a tion in ev ery day 
life is the one which orig i nates from:

a) cos mic ra di a tion
b) in ha la tion of ra dio ac tive sub stances
c) med i cal di ag nos tic pro ce dures
d) nu clear power plant

10) Does by mov ing away from the source of ion iz ing ra -
di a tion the ef fec tive dose re ceived by med i cal staff or
par ents change if they are not be hind the lead wall:

a) yes
b) no

11) Is body mass im por tant pa ram e ter which in flu ences
on ef fec tive dose of ion iz ing ra di a tion a child will
recieve:

a) yes
b) no
c) I don't know

12) Is the age im por tant pa ram e ter that af fects ef fec tive
dose of ion iz ing ra di a tion the child re ceives:

a) yes
b) no
c) I don't know

13) Do you think that ra dio log i cal meth ods based on
X-rays (e.g. CT or ra dio graphs) are ex ces sively used
in chil dren:

a) yes
b) no
c) some times
d) I don't know

14) Are chil dren more sen si tive to ion iz ing ra di a tion than
adults:
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a) yes
b) no
c) I don't know

15) Are there doses of ion iz ing ra di a tion that carry no risk
for chil dren:

a) yes
b) no
c) I don't know

16) If the same CT pro to col is used for chil dren as for
adults, the ef fec tive dose is:

a) the same for a child and for an adult
b) slightly higher for a child
c) 2 to 3 times higher for a child
d) up to 10 times higher for a child

17) CT ex am i na tion in creases the risk of de vel op ing can -
cer:

a) yes
b) no
c) I don't know

18) Who is re spon si ble for jus ti fi ca tion of per formed CT
ex am i na tion in chil dren:

a) com pe tent cli ni cian (pe di a tri cian/pe di at ric
sur geon/neu rol o gist/physiatrist)
b) ra di ol o gist
c) re spon si bil ity is mu tual

19) Do you think that par ents should be in formed about
po ten tially harm ful ef fects of ion iz ing ra di a tion in
chil dren be fore ex am i na tion:

a) yes
b) no
c) maybe
d) I don't know

20) Do you in form the par ents about po ten tially harm ful
ef fects of ion iz ing ra di a tion:

a) al ways
b) of ten
c) rarely
d) never

21) Do you con sider that par ent has the right in de cid ing
about per form ing po ten tially harm ful di ag nos tic pro -
ce dure:

a) yes
b) no

22) Do you con sider that de tailed in form ing of par ents
could cause prob lems in ev ery day work:

a) yes
b) no
c) maybe
d) I don't know

23) Do you con sider that de tailed in form ing of par ents
could en dan ger ben e fit of the pa tient:

a) yes
b) no
c) maybe
d) I don't know

24) Who do you think should an nounce the di ag no sis to
par ent con cern ing his child:

a) ra di ol o gist
b) doc tor who treats the child
c) it does n't mat ter

25) Do you think that the ef fec tive dose of ion iz ing ra di a -
tion that the child re ceived dur ing hos pi tal iza tion
should be put on the dis charge list:

a) yes
b) no
c) I don't know

26) For re ceiv ing iden ti cal dose of ion iz ing ra di a tion, one
year old child has greater risk of de vel op ing car ci -
noma than adult:

a) twice
b) 10 to 15 times
c) 50 times
d) 3 times

27) The la tency pe riod for ra di a tion-in duced leu ke mia is
ap prox i mately:

a) 5 years
b) 15 years
c) 40 years
d) 30 years

28) The la tency pe riod for ra di a tion-in duced solid ma lig -
nant tu mors is at least:

a) 30 years
b) 20 years
c) 50 years
d) 10 years

29) 2-3 head CT scans in chil dren up to 15 years of age:
a) in crease the risk of de vel op ing a brain tu mor 10 times
b) don't in crease the risk of de vel op ing a brain tu mor
c) in crease the risk of de vel op ing a brain tu mor 3 times

30) One phase of head CT scan in chil dren is equiv a lent to
up to:

a) 30 chest X-rays
b) 80 chest X-rays
c) 140 chest X-rays
d) 280 chest X-rays

31) One phase of ab do men and s pel vis CT scans in chil -
dren is equiv a lent to up to:

a) 100 chest X-rays
b) 200 chest X-rays
c) 400 chest X-rays
d) 600 chest X-rays

32) Head MRI scan in chil dren is equiv a lent to up to:
a) 5 chest X-rays
b) 1 chest X-ray
c)  0 chest X-rays
d) 10 chest X-rays

33) Void ing cystourethrography is equiv a lent with up to:
a)  5 chest X-rays
b) 15 chest X-rays
c)  60 chest X-rays
d) 150 chest X-rays

34) Gastroduodenal ra di og ra phy is equiv a lent to about:
a) 30 chest X-rays
b) 80 chest X-rays
c) 130 chest X-rays
d) 350 chest X-rays

AP PEN DIX B Ques tion naire 2

1) Sex: 
a) male
b) fe male

2) De gree of ed u ca tion:
a) sec ond ary school
b) col lege
c) uni ver sity
d) mas ter's de gree/doc tor ate

3) Have you ever heard or read about po ten tially harm ful 
ra di a tion ef fects in med i cine:

a) yes
b) no
c) I'm not sure

4) Have you ever heard of ALARA prin ci ple:
a) yes
b) no

5) Have you been ac quainted with "Im age gently" cam -
paign:

a) yes
b) no

6) Does by mov ing away from the source of ion iz ing ra -
di a tion, the ef fec tive dose re ceived by med i cal staff or 
par ents change if they are not be hind the lead wall:

a) yes
b) no

7) Which of the fol low ing pro ce dures your child was ex -
posed to:
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a) ra di og ra phy
b) flu o ros copy
c) CT (com puted to mog ra phy)
d) MRI (mag netic res o nance im ag ing)
e) US (ul tra sound)

8) CT scan in creases the risk of de vel op ing car ci noma:
a) yes
b) no
c) I don't know

9) Are chil dren more sen si tive to ion iz ing ra di a tion than
adults:

a) yes
b) no
c) I don't know

10) Are there doses of ion iz ing ra di a tion that carry no risk
for chil dren:

a) yes
b) no
c) I don't know

11) Have you asked for ex pla na tion from your doc tor
about why a cer tain ra dio log i cal di ag nos tic pro ce dure
has to be per formed on your child:

a) al ways
b) of ten
c) rarely
d) never

12) Do you think that you have the right in mak ing de ci -
sion on per form ing ra dio log i cal di ag nos tics based on
X-ray ra di a tion on your child:

a) yes
b) no
c) I don't know

13) Have you ever asked your doc tor if there was some
other di ag nos tic method which was not based on ra di -
a tion, but which could give sim i lar di ag nos tic re sult
on your child:

a) yes
b) no
c) I don't know

14) Had the doc tor al ways ex am ined the child be fore
send ing him/her to do a ra di og ra phy:

a) yes
b) no
c) I don't know
d) the child has never been sent to do a ra di og ra phy

15) Had the doc tor al ways ex am ined the child be fore he
send ing him/her to CT scan:

a) yes
b) no
c) I don't know
d) the child has never been sent to CT scan

16) Had the doc tor al ways ex am ined the child be fore
send ing him/her to ul tra sound ex am i na tion:

a) yes
b) no
c) I don't know
d) the child has never been sent to ul tra sound ex am i na tion

17) Have any of the doc tors warned you about the po ten -
tial harm ful ef fects of di ag nos tic pro ce dures based on
ra di a tion your child has been ex posed to:

a) al ways
b) of ten
c) rarely
d) never

18) Would you like to be warned:
a) yes
b) no
c) I don't know

19) If some one should talk to you about po ten tial harm ful
ef fects of ra di a tion on your child, that would be:

a) cli ni cian
b) ra di ol o gist
c) nurse
d) any of them

20) The prob a bil ity that you would re fuse the ex am i na -
tion on your child based on X-ray ra di a tion if some -
one pointed to the po ten tial risks is:

a) high
b) low
c) it de pends on ur gency
d) the doc tors know what they are do ing and I do not
ques tion their opin ion

21) Which of the of fered meth ods are not based on po ten -
tially harm ful X-ray ra di a tion:

a) X-ray scans
b) CT scans
c) ul tra sound
d) MRI scans
e) cor rect an swers are c and d

22) If your child needed an ex am i na tion which car ried a
high dose of ra di a tion, would you give your con sent to 
it:

a) yes, if that ex am i na tion is re ally nec es sary and there is
no al ter na tive, less harm ful ex am i na tion
b) if there is ex am i na tion that would give sim i lar di ag nos tic 
re sults and is not harm ful, but it is not avail able in the
hos pi tal, I would be even ready to pay for that ex am i na tion 
some where else, only to avoid to ex pose my child to
ra di a tion
c) I would n't give my con sent
d) I don't know

23) Are, in yur opin ion, ra dio log i cal meth ods based on
X-ray ra di a tion (e. g. ra di og ra phy or CT) ex ces sively
and un rea son ably of ten used in chil dren:

a) yes
b) no
c) some times
d) I don't know

24) If you re fused per form ing some po ten tially harm ful
di ag nos tics and if your child suf fered harm due to de -
layed di ag nos tics or be cause of the lack of proper di -
ag nos tics, who would you blame for that:

a) my self
b) doc tors
c) no body
d) I don't know

25) Would you like to learn more about harm ful ef fects of
ra di a tion in med i cine:

a) yes
b) no

26) Who do you think should tell the par ent di ag no sis of
his child:

a) ra di ol o gist
b) the doc tor who is treat ing the child
c) any one, as far as one tells me the whole thruth

27) Do you think that the dose of ra di a tion a child re -
ceived dur ing hos pi tal iza tion should be put on the dis -
charge list:

a) yes
b) no
c) I don't know 

28) One phase of head CT scan in chil dren is equiv a lent
with up to:

a) 30 chest X-rays
b) 80 chest X-rays
c) 140 chest X-rays
d) 280 chest X-rays

29) One phase of ab do men and pel vis CT scans in chil -
dren is equiv a lent with up to:

a) 100 chest X-rays
b) 200 chest X-rays
c) 400 chest X-rays
d) 600 chest X-rays

30) Head MRI scan in chil dren is equiv a lent with up to:
a) 5 chest X-rays
b) 1 chest X-ray
c) 0 chest X-rays
d) 10 chest X-rays
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JONIZUJU]E  ZRA^EWE  U  PEDIJATRIJSKOJ  RADIOLOGIJI
Da li medicinsko osobqe i roditeqi znaju dovoqno – regionalna studija u Srbiji

Ciq istra`ivawa bio je da se utvrdi nivo znawa i svesti zdravstvenih radnika,
studenata med i cine i roditeqa o potencijalno {tetnom dejstvu jonizuju}eg zna~ewa. Sprovedena je 
studija preseka u dve zdravstvene ustanove i Medicinskom fakultetu, pomo}u dva upitnika koji su
konstruisani za potrebe ovog istra`ivawa (upitnik 1 su popuwavali zdravsvtveni radnici i
studenti med i cine, a upitnik 2 roditeqi dece koja su bila izlo`ena radiolo{kim dijagnosti~kim
procedurama). Obuhvatila je 254 ispitanika. Ve}ina ispitanika procenila je svoje znawe o
jonizuju}em zra~ewu kao osredwe. Mawe od polovine klini~ara, specijalista i lekara na
specijalizaciji je upoznato sa kampawom "Im age gently". Vi{e od 60 % lekara smatra da se
radiolo{ke pro ce dure ~esto neopravdano koriste kod dece. Iako 60-80 % klini~ara tvrdi da
informi{u roditeqe, oko 70 % roditeqa je potvrdilo da nikada nisu bili informisani o
efektima jonizuju}eg zra~ewa pre radiolo{kog dijagnosti~kog postupka. Izme|u 50 % i 85 %
pedijatara i de~jih hirurga zna~ajno je potcenilo efektivnu dozu kod kompjuterske tomografije i
rendgenoskopskih pregleda. Od 58 % do 100 % klini~ara je svesno da kompjuterska tomografija
pove}ava rizik od razvoja karcinoma. Znawe ispitanika o jonizuju}em zra~ewu i wegovim
potencijalnim {tetnim efektima u pedijatrijskoj populaciji je nedovoqno, te je potrebna
organizovana edukacija.

Kqu~ne re~i: jonizuju}e zra~ewe, pedijatrija, upitnik, medicinsko osobqe, roditeqi, Srbija


