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In ves ti ga tions pre sented in this pa per rep re sent the first es ti ma tion of pa tient doses in chest
ra di og ra phy in Montenegro. In the ini tial stage of our study, we mea sured the en trance sur -
face air kerma and kerma area prod uct for chest ra di og ra phy in five ma jor health in sti tu tions
in the coun try. A to tal of 214 pa tients were ob served. We re ported the mean value, min i mum
and third quartile val ues, as well as max i mum val ues of sur face air kerma and kerma area
prod uct of pa tient doses. In the sec ond stage, the pos si bil i ties for dose re duc tion were in ves ti -
gated. Mean kerma area prod uct val ues were 0.8 ± 0.5 Gycm2 for the pos te rior-an te rior pro -
jec tion and 1.6 ± 0.9 Gycm2 for the lat eral pro jec tion. The max/min ra tio for the en trance sur -
face air kerma was found to be 53 for the pos te rior-an te rior pro jec tion and 88 for the lat eral
pro jec tion. Com par ing the re sults ob tained in Montenegro with re sults from other coun tries, 
we con cluded that pa tient doses in our med i cal cen tres are sig nif i cantly higher. Changes in ex -
po sure pa ram e ters and in creased fil tra tion con trib uted to a dose re duc tion of up to 36% for
pos te rior-an te rior chest ex am i na tions. The vari abil ity of the es ti mated dose val ues points to a
sig nif i cant space for dose re duc tion through out the pro cess of ra dio log i cal prac tice op ti mi sa -
tion.
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IN TRO DUC TION

The con tri bu tion of med i cal ex po sures to the
global pop u la tion dose is around 20% of the an nual
av er age. Di ag nos tic pro ce dures re sult in a per ca pita
ef fec tive dose of 0.62 mSv [1]. The pur pose of op ti mi -
za tion in di ag nos tic ra di ol ogy is to find tech ni cal pa -
ram e ters needed to pro duce high-qual ity im ag ing re -
sult ing in min i mal pa tient doses. Over the past cou ple
of de cades, in some low-dose im ag ing mo dal i ties such 
as ra di og ra phy, tech no log i cal ad vance ments have re -
sulted in con sid er able dose re duc tions [2].

In Montenegro, chest im ag ing is by far the most
fre quent ra dio log i cal prac tice, there fore, chest X-rays
are of ut most im por tance for dose as sess ment. Also,
glob ally, chest ra dio graphs rep re sent about 40% of all
ra di ol ogy tech niques [1]. Ini tially, mea sure ments of pa -
tient doses for the most fre quent X-ray pro ce dures were
car ried out in Montenegrin hos pi tals which per form ap -
prox i mately 290 .000 ra dio graphic ex am i na tions an nu -
ally. About 121 000 pro ce dures re lated to chest ra di og -
ra phy, rep re sent ing 43% of the to tal con ven tional
ra dio graphic pro ce dures, were ex am ined [3].

Over the past few de cades, ex am i na tion pro ce -
dures have un der gone im por tant changes re gard ing
beam qual ity and im age re cep tor types. Chest ra di og -
ra phy is a de mand ing ex am i na tion tech nique, due to
large vari a tions in pa tient tis sue den sity and thick ness
tra versed by the ra di a tion beam. A typ i cal chest ra di -
og ra phy is per formed in a stand ing po si tion, with two
chest wall po si tion ing pro jec tions: pos te rior-an te rior
(PA) and lat eral (LAT). In over 95% of the cases, PA
po si tion ing is the rule, with ad di tional LAT re quired
only ex cep tion ally. In Montenegro, like wise in the re -
gion, the low-tube-volt age tech nique for chest ra di og -
ra phy is ap plied in 20%  to 100% of fa cil i ties [2]. How -
ever, this re quires a mon i tor ing of pa tient doses which
is cur rently not the case and has no tra di tion in
Montenegrin ra dio log i cal prac tice. In this work, qual -
ity con trol of ra di ol ogy prac tice is elab o rated in much
de tail, the fi nal aim be ing the re duc tion of pa tient ex -
po sure to ion iz ing ra di a tion in the coun try. There are
sev eral ways of re duc ing pa tient doses to an ac cept -
able level: (1) in creas ing tube volt age, (2) de creas ing
the tube cur rent and time of ex po sure prod uct, (3) in -
creas ing fil tra tion, and (4) in creas ing screen-film sen -
si tiv ity [4].

The main ob jec tive of this study was to eval u ate
a con stant im age qual ity re sult ing from a rea son ably
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low dose in pa tients un der go ing chest ra di og ra phy and 
to de velop and im ple ment an op ti mal pro ce dure in
pos si ble dose re duc tion tech nol o gies.

MA TE RI ALS AND METH ODS

Ac cord ing to the stan dard dosimetric pro to col
[5], pa tient dose as sess ment is per formed on adult pa -
tients of both gen ders, most of them hav ing an av er age
mass of 70 ± 10 kg. Our as sess ments in cluded two
chest  pro jec tions  (PA and LAT) for at least 10 pa -
tients. A  to tal  of  214  pa tients  of  an  av er age  body 
mass, 71 ± 8 kg for the PA pro jec tion and 74 ± 8 kg for
the LAT pro jec tion, from five med i cal in sti tu tions,
were stud ied.

For each ex am i na tion, the fol low ing data about
the pa tient and ap plied ra dio log i cal tech nique were
col lected : (1) in sti tu tion, de part ment/room and equip -
ment, (2) gen der, age, weight, height and pa tient thick -
ness, (3) type of pro ce dure, (4) main ra dio graphic data
for each pa tient: tube po ten tial, cur rent-time prod uct
(It), film size, and (4) fo cus-film dis tance.

De tailed in for ma tion about pa tient age, weight
and their gen der dis tri bu tion by hos pi tal and ex po sure
pa ram e ters are shown in tab. 1. 

So as to ob tain a re al is tic over view of the ex ist -
ing ra dio log i cal prac tice, our ex po sure anal y ses in -
cluded 6 di ag nos tic de part ments with 6 X-ray units in

5 health in sti tu tions. Qual ity control tests were
per formed in all units, prior to the study. Stan dard pro -
to col was used [6, 7]. In tab. 2, char ac ter is tics of the
X-ray units are given.

Ac cord ing to the In ter na tional Atomic En ergy
Agency  Tech ni cal Re ports Se ries No. 456 (IAEA TRS 
457) [5] meth od ol ogy adopted in this study, there are
two prin ci pal dosimetric quan ti ties to be mea sured in
gen eral ra di og ra phy: en trance sur face air kerma (Ke)
and the air kerma-area prod uct, PKA. To cal cu late Ke,
the X-ray tube out put in terms of air kerma was mea -
sured us ing a semi con duc tor dose de tec tor (Bar ra -
cuda, MPD, RTI Elec tron ics AB, Gothenburg, Swe -
den) [8].

PKA was mea sured with a plan-par al lel ion iz ing
cham ber (DOSEGUARD100, RTI Elec tron ics, Swe -
den) placed at the X-ray tube light-beam di a phragm.
The cal i bra tion of kerma air prod uct me ters was per -
formed in a clin i cal en vi ron ment, by do sim e ter and
screenless film. The de vice was cal i brated with a Bar -
ra cuda multi-pur pose de tec tor (MPD), from Ra di a tion 
to In for ma tion Elec tron ics (RTI electronics) Elec tron -
ics semi con duc tor do sim e ter for each X-ray unit con -
sid ered in this work, ac cord ing to the Code of Prac tice
[5].

Gen er ally ac cepted Brit ish rec om men da tions
were fol lowed, with third quartiles (Q3) of the pa tient
dose dis tri bu tion adopted as na tional di ag nos tic ref er -
ence lev els (DRL) [9]. Upon ana lys ing the ra dio log i -
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Ta ble 1. In di vid ual char ac ter is tics of pa tients and radiologial pro ce dures for chest ra di og ra phy ex am i na tions in
five in sti tu tions in Montenegro

In sti tu tions Pro jec tion Num ber of pa tients F/M Pa tient age [years] Pa tient mass [kg] U [kVp] It [mAs]

A (room 3)
PA 37 17/20 62 (22-78) 69 (50-84) 105 (66-141) 20 (1.0-40)

LAT 22 4/18 60 (22-79) 76 (56-85) 110 (77-150) 22 (2.0-40)

A (room 11)
PA 10 4/6 51 (16-79) 76 (60-85) 129 (125-141) 1.7 (1.0-2.0)

LAT 10 2/8 67 (52-83) 75 (60-85) 128 (125-141) 2.1 (2-3.20)

B
PA 35 21/14 55 (21-84) 69 (56-85) 82 (75-87) 2.7 (2.0-3.0)

LAT 13 6/7 52 (29-82) 70 (56-80) 106 (100-115) 4.6 (4.0-5.0)

C
PA 14 9/5 57 (34-89) 76 (61-81) 73 (70-85) 37 (30-70)

LAT 10 5/5 48 (34-69) 77 (67-87) 83 (80-90) 91 (70-125)

D
PA 25 12/13 64 (23-83) 73 (55-86) 79 (73-90) 2.5 (1.6-2.5)

LAT 10 5/5 55 (24-83) 76 (59-85) 96 (90-102) 2.1 (1.6-3.2)

E
PA 18 12/6 50 (19-81) 74 (60-84) 61 (60-66) 29 (20-32)

LAT 10 4/6 66 (40-81) 73 (60-88) 72 (66-81) 63

Ta ble 2. Char ac ter is tics of X-rays units in dif fer ent med i cal institutions

In sti tu tions Man u fac turer X-ray gen er a tor Out put at 80 kVp [mGy mA–1s–1] HVL* at 80 kVp [mm Al]

A (room 3) Philips bucky diagnost High fre quency 0.08 3.2

A (room 11) Philips bucky diagnost High fre quency 0.06 3.1

B Villa sistem MEDICALI High fre quency 0.10 2.6

C Superix 1000 3-phase/6-pulse 0.05 2.8

D Philips duo diagnost High fre quency 0.07 3.4

E Superix 712 MP 3-phase/12-pulse 0.08 3.0

*HVL – half value layer



cal prac tice, some pos si bil i ties for pa tient ex po sure re -
duc tion are sug gested. Fol low ing an ini tial dose
as sess ment in one hos pi tal, a pos si bil ity for dose re -
duc tion was in ves ti gated. An in crease in to tal beam
fil tra tion is among the best known meth ods for low er -
ing pa tient ex po sures in di ag nos tic ra di ol ogy. It is
well-known that ad di tional fil ters on X-ray tubes are
ef fec tive in re duc ing ex po sure. In ac cor dance with this 
ob ser va tion, we used in creased fil tra tion as a means of
achiev ing our ob jec tive. A con sid er able pa tient dose
re duc tion was ac com plished us ing Cu and Al fil ters of
var i ous thick nesses and tube volt ages of 80 kVp. At
least  ten  pa tients  have  been  ex posed  to  con stant
con di tions of PA chest ra di og ra phy, in clud ing 80 kVp,
20 mAs and 150 cm fo cus-film dis tance (FFD) [4, 10].

The afore men tioned re sults of pa tient dose mea -
sure ments in di cated sig nif i cant vari a tions in pa tient
ex po sures. In ad di tion, the im pact of the ap plied ra di -
og ra phy tech nique and pa ram e ters on pa tient doses
were also an a lyzed. Within the scope of this work, we
can con clude that, in gen eral, low ef fec tive en ergy di -
ag nos tic ra di ol ogy spec tra (“soft beam” tech niques)
are in use in chest ra di og ra phy in the coun try. This
served as the mo ti va tion be hind the drive for the op ti -
mi sa tion of the ex ist ing ra dio log i cal prac tice in
Montenegro. When ad di tional fil ters were used, it was
im por tant to strike a bal ance be tween the re duc tion of
ex po sure to pa tients, load on equip ment and main te -
nance of im age qual ity.

RE SULTS

Dose as sess ment

Dose as sess ment is based on ra di a tion out put
val ues and data on the ob served ra di og ra phy tech -
niques. Ke es ti ma tion is cal cu lated from min i mum,
mean, third quartile (Q3) and max i mum val ues. In tab.
3, mean val ues, me di ans, third quartiles Ke and PKA

val ues are given for the two pro jec tions in five
healthcare in sti tu tions.

The doses ob tained for chest ra di og ra phy are
sum ma rized in tab. 3. Dis tri bu tions for in di vid ual pa -
tient's mean Ke val ues with as so ci ated stan dard de vi a -
tions have been cal cu lated for each X-ray tube. The
max/min ra tio for Ke was found to be 53 for PA and 88
for the LAT pro jec tion.

Com bined mea sure ment un cer tainty for Ke and
PKA are de ter mined for groups of pa tients in the ob -
served ex am i na tion tech nique. Mea sure ment un cer -
tainty is de ter mined ac cord ing to Pro to col TRS No.
457 [5] us ing the sce nario which in cludes tech ni cal
char ac ter is tics of the X-ray units, ex po sure pa ram e ters 
and pa tient char ac ter is tics. Com bined mea sure ment
un cer tain ties for Ke and PKA are de ter mined for groups
of pa tients in the ob served ex am i na tion tech nique.

Ac cord ing to the anal y sis of re sults ob tained, 
mea sure ment un cer tainty of Ke re ceived by the pa tient
dur ing chest ra di og ra phy (both pro jec tions) is better
than the 32% stated as the ex panded un cer tainty with a
cov er age fac tor of k = 2. In the case of nor mal dis tri bu -
tion, it cor re sponds to a con fi dence level of 95%. Ex -
panded  un cer tainty  for  PKA  is  es ti mated  as  20%  (for 
k = 2).

The in sight into the re la tion ship be tween im age
qual ity and dose val ues is a pre req ui site for ev ery op ti -
mi za tion prac tice in chest ra di og ra phy. Di ag nos tic im -
age qual ity was as sessed mainly by sub jec tive meth -
ods and vi sual com par i son of real pa tients' im ages and
proven to be clin i cally ac cept able.

Di rect com par i son be tween ra dio graphic tech -
niques in ob served health in sti tu tions via mean val ues
and ranges of the cor re spond ing pa ram e ters of ra dio -
graphic tech niques used is shown in tab. 4. Fi nally, we
can con clude that, in gen eral, low-ef fec tive en ergy di -
ag nos tic ra di ol ogy spec tra (“soft beam” tech niques)
are used in chest ra di og ra phy.

One can also note that tube volt age val ues can be
cat e go rized as:
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Ta ble 3. Mea sured Ke and PKA for chest ra di og ra phy ex am i na tions in five in sti tu tions in Montenegro

In sti tu tions Pro jec tion
Ke [mGy] PKA [mGycm2]

Minimum Mean ± SD Third quartile Max i mum Min i mum Mean ± SD Max i mum

A (room 3)
PA 0.05 0.4 ± 0.3 0.6 1.1 120 400 ± 650 1014

LAT 0.05 1.8 ± 1.7 3.8 4.0 180 1019 ± 780 4487

A (room 11)
PA 0.04 0.3 ± 0.1 0.7 1.0 274 330 ± 40 390

LAT 0.05 0.6 ± 0.1 1.0 1.4 355 510 ± 40 564

B
PA 0.2 0.6 ± 0.2 0.7 0.9 238 480 ± 70 789

LAT 1.6 2.0 ± 0.3 2.1 2.4 810 1680 ± 85 1810

C
PA 0.6 0.8 ± 0.4 0.9 2.1 518 853 ± 153 1498

LAT 1.7 2.6 ± 0.8 2.9 4.3 1387 1929 ± 308 4120

D
PA 0.4 0.5 ± 0.1 0.5 0.7 115 350 ± 20 398

LAT 0.4 0.6 ± 0.2 0.8 0.8 194 480 ± 24 530

E
PA 0.8 1.1 ± 0.2 1.2 1.5 610 833 ± 244 1289

LAT 3.0 3.7 ± 0.7 4.4 4.4 1854 2421 ± 206 2876

Av er age
PA 0.05 0.9 ± 0.8 0.9 2.1 313 781 ± 470 896

LAT 0.05 2.0 ± 1.4 3.1 4.4 797 1620 ± 920 2387



(1) Low volt age; the tube volt age mean value is 68 kVp
(60-85) kVp for PA and 79 kVp  (66-90) kVp for the
LAT chest pro jec tion; in this group, tech ni cians
man u ally ad just ra dio graphic pa ram e ters which are
usu ally not ad justed to the pa tient's weight.

(2) High volt age; the tube volt age mean value is 133 kVp
(110-141) kVp for the PA pro jec tion and 129 kVp
(125-141) kVp for LAT pro jec tion chest ra di og ra phy;

(3) Me dium volt age; the tube volt age mean value is
81 kVp (73-95) kVp for the PA pro jec tion and
102 kVp (90-115) kVp for the LAT pro jec tion.

These re sults mo ti vated us to op ti mize the ob -
served ra dio log i cal prac tice in Montenegro. When ad -
di tional fil ters are used, it is im por tant to strike a bal -
ance be tween the re duc tion of ex po sure to pa tients,
load on the equip ment and main te nance of im age qual -
ity. The pi lot study [4, 10] has con firmed that there
usu ally is a con sid er able scope for dose re duc tion in
di ag nos tic ra di ol ogy and that sim ple and low-cost
meth ods can be used to achieve sig nif i cant dose re duc -
tions with out loss of the di ag nos tic in for ma tion of the
X-ray im age. This phase of our study in volved mod i -
fy ing the tech nique pa ram e ter used in the stan dard
tech nique. The pa ram e ter that was changed in volved
beam fil tra tion. Mea sure ments were per formed in In -

sti tu tion A (rooms 3 and 11). We no ticed that
radiographers work ing on X-ray ma chines de ter mined 
for dose re duc tion were fre quently changed and not
will ing to ac cept the op ti mi za tion of ex po sure pro ce -
dures. This was the main rea son we de cided to in -
crease the fil tra tion.

The spec trum with per ma nent in her ent fil tra tion
of 2.5 mm Al (A0) is lo cated in the sec ond col umn of
tabs. 5 and 6, while the other spec tra (A1, A2, and A3)
in clude  ad di tional  fil tra tion:  2  mm  Al  for  A1; 1 mm
Al + 0.1 mm Cu for A2, and 1 mm Al + 0.2 mm Al for
A3. Ac cord ing to these, re sult ing to tal fil tra tion are: for
A0 – 2.5  mm Al; for A1 – 4.5 mm Al; for A2 – 3.5 mm
Al + 0.1 mm Cu, and for A3 – 3.5 mm Al + 0.2 mm Cu.
The changes are sum ma rized in the re sults of pi lot in -
ves ti ga tions, tabs. 5 and 6. Val ues in tabs. 5 and 6 in di -
cate a sig nif i cant de crease in pa tient ex po sures with an
in crease of X-ray beam fil tra tion. The re sults are nor -
mal ized to the value of the ra di a tion out put beam of to -
tal  fil tra tion  of  2.5  mm  Al,  mea sured  at a volt age of
80 kVp (spec trum A0).

The pi lot study of ad di tional fil tra tion ap plied to
two X-ray units showed a sig nif i cant dose re duc tion
27-36% for the PA pro jec tion in chest ex am i na tion
pro ce dures.
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Ta ble 4. Mea sured Ke and PKA for chest ra di og ra phy ex am i na tions for three types of tech niques

Tech niques Pro jec tion of chest
Ke [mGy] PKA

[mGycm2]Min i mum Mean ± SD Third quartile Maximum

Tube volt age (low)
PA 0.6 1.1 ± 0.8 1.0 2.1 998 ± 390

LAT 0.9 3.5 ± 0.9 4.0 4.5 1911 ± 412

Tube volt age (me dium)
PA 0.2 0.5 ± 0.1 0.6 0.8 409 ± 251

LAT 0.4 1.4 ± 0.7 2.1 2.4 1164 ± 602

Tube volt age (high)
PA 0.05 0.2 ± 0.1 0.3 0.4 175 ± 86

LAT 0.05 0.5 ± 0.1 0.7 1.3 390 ± 175

Ta ble 5. Char ac ter is tics of X-ray beams for var i ous fil ter types and thick nesses, to tal fil tra tion (TF),
half-value layer (HVL), ra di a tion out put and PKA of the X-ray unit in In sti tu tion A (room 3)

Spec trum To tal fil tra tion HVL
[mm Al]

Out put at 80 kVp
[mGy mA–1s–1]

PKA [Gycm2] Dose re duc tion
[%]Min i mum Mean Max i mum

A0 2.5 mm Al 3.2 80.0 0.3 0.9 ± 0.2 1.3 0

A1 4.5 mm Al 4.2 51.0 0.2 0.3 ± 0.1 0.4 36

A2 3.5 mm Al + 0.1 mm Cu 5.3 35.6 0.05 0.1 ± 0.04 0.2 30

A3 3.5 mm Al + 0.2 mm Cu 5.9 25.2 0.05 0.06 ± 0.03 0.1 29

Ta ble 6. Char ac ter is tics of X-ray beams for var i ous fil ter types and thick nesses, to tal fil tra tion (TF),
half-value layer (HVL), ra di a tion out put and PKA of the X-ray unit in In sti tu tion A (room 11)

Spec trum To tal fil tra tion HVL
[mm Al]

Out put at 80 kVp
[mGy mA–1s–1]

PKA [Gycm2] Dose re duc tion
[%]Min i mum Mean Maximum

A0 2.5 mm Al 3.2 65.0 0.2 0.5 ± 0.2 0.9 0

A1 4.5 mm Al 4.2 43.3 0.1 0.2 ± 0.1 0.4 33

A2 3.5 mm Al + 0.1 mm Cu 5.3 30.7 0.06 0.06 ± 0.02 0.1 29

A3 3.5 mm Al + 0.2 mm Cu 5.9 22.4 0.04 0.06 ± 0.02 0.1 27



DIS CUS SION

Ra dio graphic prac tice in Montenegro is pri mar -
ily based on Eu ro pean ref er ence lev els for low-ef fec -
tive en ergy spec tra tech niques. Also, doses for the
LAT pro jec tion ex ceed the ref er ence value of 1.5 mGy, 
the  value  for  this  pro jec tion  in  Montenegro  be ing
2.0 ± 1.4 mGy. Mean PKA value was 0.8 ± 0.5 Gycm2

for PA pro jec tions and 1.6 ± 0.9 Gycm2 for the LAT
pro jec tion. The val ues of max/min fac tors in chest ra -
di og ra phy for all ob served in sti tu tions were 53 for the
PA and 88 for the LAT pro jec tion.

It can, thus, be con cluded from tab. 7 that the
mean dose for chest ra di og ra phy in Montenegro is
much higher than the cor re spond ing es ti mated doses
in other coun tries. These re sults in di cate a slightly
poorer ra dio graphic prac tice in Montenegro than else -
where.

It can be con cluded that pa tient doses in di ag nos -
tic ra di ol ogy de pend on a large num ber of pa ram e ters.
Large vari a tions found in dose val ues in di cate that a
sig nif i cant re duc tion in pa tient doses can be achieved
with out loss of di ag nos tic in for ma tion by ad e quate
changes of pa ram e ters such as tube volt age, cur rent
time prod uct, fil tra tion and field size.

Based on re sults given in tab. 4, we have con -
cluded that pa tient ex po sure var ies from hos pi tal to
hos pi tal. Sig nif i cant vari a tions in pa tient doses were
ob served be tween in di vid ual radiographers han dling
the same di ag nos tic equip ment (In sti tu tion A). How -
ever, a small group of them adopted the rec om mended
trend of hard tech niques yield ing lower pa tient doses
(In sti tu tions A and B). Ad di tion ally, in some de part -
ments, a wide range of pa tient sizes were be ing in ves -
ti gated us ing the same ex po sure pa ram e ters.

A wide range of dose val ues used for the same
type of ex am i na tions sug gests a  ne ces sity of prac tice
op ti mi za tion. In this work, we have used fil tra tion for
dose re duc tion. Based on the anal y sis of ex am ined ra -
dio log i cal prac tices, some pos si bil i ties for the re duc -
tion of pa tient ex po sure are sug gested. Re sults ob -
tained in in sti tu tion A show that a dose re duc tion
27-36% can be achieved by in creas ing fil tra tion in PA
chest ex am i na tions. By com par ing the val ues of the
kerma area prod uct, PKA, it has been con cluded that, in 
this case, a to tal fil tra tion of 4.5 mm Al was op ti mal for 
chest PA  ra di og ra phy. It should be em pha sized that,
by mod i fy ing the ex am i na tion tech nique in the A0
spec trum, a low er ing of the pa tient dose up to the fac -
tor of 3 is achieved by in creas ing beam fil tra tion [17,
18]. 

CON CLU SIONS

Us ing harder beam qual i ties (in creas ing fil tra -
tion), it is pos si ble to achieve a re duc tion of the pa tient
dose up to a fac tor of 3, in com par i son to the rou tinely
used ra dio graphic tech niques. This dose re duc tion
does not af fect im age qual ity. As a re sult of the op ti mi -
za tion pro cess, an op ti mal im ag ing ra dio graphic chest
tech nique is pro posed.

Our study im plies that di ag nos tic ra di ol ogy in
Montenegro ur gently needs prac tice op ti mi sa tion –
through reg u lar pa tient ex po sure mea sure ment, as -
sess ment of di ag nos tic im age qual ity, mod i fi ca tion of
ra dio graphic tech niques, as so ci a tion of mea sure ment
un cer tain ties to each mea sure ment and con tin u ous
train ing of per son nel. All these pa ram e ters are cru cial
for the proper func tion ing of chest radoigraphy in the
coun try.
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Aleksandra A. MILATOVI], Vesna M. SPASI]-JOKI], Slobodan I. JOVANOVI]

ODRE\IVAWE  PACIJENTNE  DOZE  I
SMAWEWE  DOZE  U  RADIOGRAFIJI  PLU]A

Istra`ivawa prikazana u ovom radu predstavqaju prvu procenu pacijentskih doza u
radiografiji grudnog ko{a u Crnoj Gori. U inicijalnoj fazi ove studije merili smo ulaznu
povr{insku kermu u vazduhu Ke i proizvod kerme u vazduhu i povr{ine PKA pri radiografiji plu}a u 
pet glavnih zdravstvenih centara u zemqi. U studiju je bilo ukqu~eno ukupno 214 pacijenata.
Prikazane su sredwe vrednosti, minimalne i vrednost tre}eg kvartila kao i maksimalne
vrednosti  povr{inske kerme u vazduhu i proizvoda kerme u vazduhu i povr{ini. U drugoj fazi su
istra`ivane  mogu}nosti  za  smawewe  doza.   Sredwe  vrednosti  proizvoda  kerme  i  povr{ine  su
0.8 ± 0.5 Gycm2 za pos te rior-an te rior projekciju i 1.6 ± 0.9 Gycm2 za lateralnu projekciju. Odnosi
maksimalne i minimalne vrednosti za povr{insku kermu u vazduhu su 53 za pos te rior-an te rior  i 88 
za lateralnu projekciju. Pore|ewem rezultata dobijenih u Crnoj Gori sa rezultatima iz drugih
zemaqa zakqu~ili smo da su pacijentne doze u na{im medicinskim centrima zna~ajno vi{e.
Promenom parametara ekspozicije i pove}awem filtracije dosti`e se smawewe doze do 36% za
pos te rior-an te rior ispitivawa grudnog ko{a. Procewene vrednosti doza  i wihova razli~itost
ukazuju na postojawe znatnog prostora za smawewe doze kroz proces optimizacije radiolo{ke
prakse.

Kqu~ne re~i: radiografija plu}a, X-zra~ewe, doza zra~ewa, ulazna povr{inska kerma u vazduhu 


