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In flu o ros copy guided interventional pro ce dures, a ceil ing sus pended screen is used to pro tect 
per son nel for scat tered X-ray ra di a tion aris ing from pa tient treat ment. The cor rect po si tion -
ing of the screen is cru cial for proper oc cu pa tional ra di a tion pro tec tion. The pro posed so lu -
tion in this pa per pro vides re li able and ef fi cient pro tec tion from scat tered ra di a tion, based on
an X-ray de vice and the pro tec tive screen merg ing into one sys tem via an ap pro pri ate in ter -
face. Af ter the ini tial man ual po si tion ing, au to matic re po si tion ing of the screen is ex e cuted,
by curv ing the screen lat er ally, clock wise or coun ter clock wise, and then with the up per or
lower edge for ward. All po ten tial clin i cal sit u a tions were an a lyzed, con sid er ing the need for
screen po si tion cor rec tion: the semi-au to matic so lu tion is de signed and re al ized to fol low
med i cal pro ce dure in or der to main tain an ef fi cient level of staff ra di a tion pro tec tion. Fur -
ther more, the as sess ment of the oc cu pa tional ra di a tion dose, pro vided for screen po si tion op -
ti mi za tion, will be in cluded into the ra di a tion dose struc tural re port. With ap pli ca tion of the
uni ver sal in ter face, the pre sented so lu tion can be ap plied not only to newly man u fac tured
ones, but to ex ist ing C-arm X-ray de vices as well.
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IN TRO DUC TION

Ra di a tion ex po sure of staff per form ing flu o ros -
copy guided pro ce dures in ra di ol ogy and car di ol ogy is 
among the high est oc cu pa tional ex po sure in med i cine. 
As sess ment of the oc cu pa tional ra di a tion dose in these 
interventional pro ce dures [1-3], is based on di rect
mea sure ment of suit able op er a tional do sim e try quan -
ti ties (es pe cially in Hp(3) [4-8]) or com pu ta tional do -
sim e try meth ods as Monte Carlo sim u la tions [9-14].
This is one of the most im por tant top ics in ra di a tion
pro tec tion of per son nel dur ing med i cal ap pli ca tion of
ion iz ing ra di a tion, in clud ing PET-CT di ag nos tics
[15-18]. A ma jor source of oc cu pa tional ex po sure here 
is ra di a tion scat tered from the pa tient [2, 8, 10, 11,
19-21]. In or der to keep the ra di a tion dose as low as
pos si ble, suit able per sonal and col lec tive pro tec tive
tools must be used, in clud ing the use of ceil ing sus -
pended screens. The cor rect po si tion of a ceil ing sus -
pended screen is es sen tial to achieve ad e quate staff
pro tec tion [22-25]. Se ri ous strides have been made to
im prove X-ray di ag nos tic de vices to emit less ra di a -
tion [26, 27] but, con trarily, the X-ray sys tems tend to
be more com plex and so phis ti cated. Clear guide lines

have been writ ten and con stantly adapted and im -
proved [28-32].

Pro tec tive lead trans par ent screens have been
used as pro tec tion against ion iz ing ra di a tion in med i cal
prac tice for over 100 years [33, 34]. The shape, di men -
sions, dis place ment mech a nisms, fin ish ing (rounded
edges etc.), ma te ri als have been per fected. Re gard ing
cur rent de vel op ment of dose re duc tion strat e gies, con -
sid er ing a ceil ing-sus pended pro tec tive screen, an ap -
proach for achiev ing sig nif i cant prog ress is pre sented.
Namely, at pres ent the screen is man u ally po si tioned
and this po si tion does not change dur ing the in ter ven -
tion, re gard less of whether the pos si ble change in con -
di tions (there is no com mu ni ca tion be tween the screen
and the C-arm X-ray de vice) also changed the dis tri bu -
tion of scat tered ra di a tion [1, 4, 9, 22-25, 35]. It surely
could be im proved with the re al iza tion of a con cep tual
so lu tion of screen man ag ing, re po si tion ing and con trol -
ling [36, 37], based on in te gra tion of the X-ray de vice
and the screen into a sin gle sys tem.

Au to matic con trol, in or der to most ef fec tively
po si tion the struc tural pro tec tion against ion iz ing ra di -
a tion, has al ready been ap plied, such as an X-ray im ag -
ing sys tem which has two in de pend ently ar tic u lated
arms, sup port ing X-ray tube and X-ray de tec tor [38],
re spec tively, but not in the field of interventional
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X-ray pro ce dures, where the prob lem is com plex and
lay ered, due to the fact that their per for mance re quires
ad e quate work ing space be tween the pa tient's body
and the de tec tor and that the ra di a tion source and the
pa tient ta ble can move dur ing the in ter ven tion. Re -
search in this do main goes in the di rec tion of im prov -
ing  shield ing ef fi ciency or in tro duc ing ad di tional bar -
ri ers. In the first case, con nect ing ad di tional drapes,
at ten tion is re quired to avoid plac ing the drapes within
the pri mary beam, which may in crease pa tient and op -
er a tor ex po sure [1], at the lower end of the screen
seemed to be best [39, 40]. The other ap proach in -
volves the use of an ad di tional mo bile pro tec tion sys -
tem [41, 42] – which should not be viewed com pet i -
tively with the pres ent in ven tion, or the con cept of
ad di tional pro tec tion of the first (the most ex posed)
op er a tor [43, 44]. There have also been at tempts to in -
cor po rate ad di tional pro tec tion against the ra di a tion
source [45] (they have sev eral dis ad van tages, such as
col li sions in oblique pro jec tions, the im pos si bil ity of
im ple men ta tion with flat panel de tec tors, the im pact
on the med i cal im age – ar ti facts, the lack of vi sual con -
tact of the op er a tors with the pa tient).

The ob jec tive of this work is to im prove oc cu pa -
tional ra di a tion pro tec tion in flu o ros copy guided
interventional pro ce dures re lated to the con cept of the
pat ented so lu tion [36, 37] for op ti mized semi-au to -
mated (ceil ing sus pended) screen po si tion ing.

PRO TEC TIVE SCREEN IN TE GRATED
WITH THE C-ARM X-RAY DE VICE

The pro posed so lu tion [36, 37] con nects the
X-ray de vice and the screen into one sys tem, in such a
way that the screen is part of the de vice or there is a
spe cial de vice (screen with a con trol unit) that con -
nects the screen to the X-ray de vice via the ap pro pri ate 
in ter face.

One of ex ist ing stan dard de signs of the (ceil -
ing-sus pended) pro tec tive screen (fig. 1, [46]) is used,
with a body shaped cut-out for better po si tion ing [5, 22,
23, 31] above the pa tient, which has the re quired de grees
of free dom of move ment (with mov ing mech a nisms in
joints A, B, and C so that through the mov ing mech a nism 
in joint A the screen can ro tate around the y-axis clock -
wise (CW) or coun ter clock wise (CC), and through mov -
ing mech a nisms in the joints B and C, the screen can be
moved with the up per edge for ward (FM) or with lower
edge for ward (BM) around the X-axis. 

It is en vis aged that, at first, which is cur rent first
and last prac tice, the screen is set man u ally, but then
the au to matic screen re po si tion ing should be ac ti -
vated, which should lead to curv ing the shield lat er ally 
by the ap pro pri ate an gle in a clock wise/coun ter clock -
wise di rec tion and, di rectly af ter that, curv ing the
shield by the ap pro pri ate an gle around x-axis, with the
up per edge for ward/lower edge for ward.

Be sides the ini tial phase, be fore the start of clin i -
cal work, the so lu tion con sid ers cases of im por tance to
cor rect the po si tion of the screen in real time, dur ing the
in ter ven tion pro ce dure, as well as re lated nec es sary
con di tions and the de ci sions about man ner for do ing so, 
in ac cor dance with po ten tial clin i cal situations. The
fun da men tal prin ci ples of re al iza tion of au to matic
screen con trol are de scribed in de tail by the pat ent doc -
u men ta tion [36], in clud ing pro vid ing a so lu tion to the
prob lem of col li sion of the screen with the pa tient's
body and ur gent safety as pects.

The mi cro com puter, through the soft ware for the 
as sess ment of op ti mal angulation, in or der to most ef -
fec tively pro tect all oc cu pa tion ally ex posed per sons
[1, 2, 6, 9, 10, 29, 30], pro cesses the fol low ing in put
data:
1. the cur rent po si tion of the screen in space (in clud -

ing the cor re spond ing cur va tures in the two axes
(fig. 1),

2. in for ma tion on the dis tri bu tion of scat tered ra di a -
tion, for all ref er ence points and all angu la tions
[10-12, 18-20],

3. the cur rent angulation of the in te grated sys tem,
which con sists of the X-ray tube and the de tec tor,
in re la tion to the cen tral axis of the pa tient's ta ble –
in mul ti ple planes,

4. the cur rent po si tion of the pa tient ta ble – which
can be moved ver ti cally (up and down) as stan -
dard, and de pend ing on the model of the de vice –
hor i zon tally and an gu larly,

5. mass and height of the pa tient [47, 48],
6. geo met ric scheme that cor re sponds to the po si -

tion ing of the operators (the so lu tion stip u lates
that it is nec es sary to have ap pro pri ate, clearly vis -
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Fig ure 1. Dis play of the dis place ment of the pro tec tive
screen lat er ally in the clock wise (CW)/coun ter clock wise
(CC) di rec tion, around the y-axis, i. e. the up per edge
for ward (FM)/the lower edge for ward (BM) move ment
around the x-axis. The S and S* are pre dicted push
but tons for man ual un lock ing/lock ing



i ble mark ings on the floor, in ac cor dance with the
scheme, which in di cate where the staff should be
po si tioned (sev eral op tions, con sid er ing the type
of pro ce dure and men tioned in ter nal plan ning de -
ci sions), and

7. op er a tor heights (cor re spond to the geo met ric
scheme: the ba sic, min i mum num ber of op er a tors 
pro vided for a cer tain med i cal pro ce dure  are pro -
cessed) [49].

In for ma tion on the dis tri bu tion of scat tered ra di -
a tion for all ref er ence points and all angu la tions is de -
fined be fore clin i cal work and the cor re spond ing val -
ues are changed only in case of in con sis tency, af ter
off-sched ule or reg u lar dosimetric ex am i na tions,
whereby a con trol set of mea sure ments would de ter -
mine the ne ces sity to com plete the mea sur ing pro cess.
The en try of this data is in tended for a site med i cal
phys i cist or do sim e try ser vice, in a spe cial soft ware
mode, while the en try of data 5, 6, and 7 are per formed
in the in ter nal clin i cal mode, by the de part ment em -
ploy ees, be fore the start of the in ter ven tion pro ce dure,
thus es tab lish ing the soft ware ini tial iza tion of the in te -
grated sys tem con sist ing of an X-ray de vice and the
screen, which is a pre req ui site for the op er a tional work 
of the sys tem and, con se quently, the start ing flu o ros -
copy guided pro ce dure it self [36, 37].

The sub ject screen con trol also in cludes an un -
lock/lock but ton (in cor po rated into or added to the
com mand board) and safety re dun dant but tons (one
cer tainly po si tioned in joint B, on the side where the
phy si cian and med i cal tech ni cian are usu ally lo cated
dur ing the in ter ven tion (marked S in fig. 1), but op -
tion ally also in joint C screen (marked S*, fig. 1).

As al ready men tioned, it is en vis aged that, ini -
tially, as be fore, the screen is set man u ally and then, af -
ter the cal cu la tion, the pre sented an gu lar move ments
are per formed and con trolled via an ap pro pri ate elec -
tronic cir cuit [36], with in de pend ent au to matic con trol 
lines, es pe cially tak ing into ac count po ten tial col li -
sions. This brings the screen to the ref er ence po si tion.
Flu o ros copy is dis abled, i. e., the X-ray tube can not
emit ra di a tion un til the screen is blocked. The screen

re mains in the locked, sta ble state, as long as there is no 
need to change:
– the angulation of the sys tem con sisted of the X-ray 

tube and the de tec tor, in re la tion to the cen tral axis
of the pa tient ta ble and/or the cor re spond ing spa -
tial plane in which the X-ray tube-de tec tor sys tem
is po si tioned, or

– the set po si tion of the pa tient ta ble.
The flow con trol di a gram is made [36], which

cov ers all the pre vi ous ac tions, from en ter ing the nec -
es sary data, through sys tem ini tial iza tion, test ing in -
for ma tion about the sta tus of the de scribed rel e vant pa -
ram e ters (which the mi cro com puter re ceives in real
time) and rel e vant screen con trol as a re sult of their
change, ex ter nal com mands de pend ing on the clin i cal
sit u a tion and com ple tion (study clo sure).

The an i ma tion [37], con tin u ously fol lowed by ex -
pla na tions in the sub ti tles, shows the pro cess of au to -
matic re po si tion ing of the screen, with dy namic mon i -
tor ing of changes through rel e vant sta tus in di ca tors.
Fig ures 2 and 3 pres ent ex am ples of in di ca tions and rel -
e vant so lu tions of screen man age ment, exstracted from
the movie [37].

The ap pli ca tion of the so lu tion stip u lates that the
struc tural re port on the ra di a tion dose will be reg u larly
in cor po rated into the as sess ment of cu mu la tive ra di a -
tion ex po sure of oc cu pa tion ally ex posed per sons in the
DICOM RDSR for mat [1, 50-55], pre cisely on the ba sis 
of the re solved in te gra tion of the X-ray de vice and pro -
tec tive screen, and rel e vant ra di a tion ex po sure as sess -
ment (whose pri mary goal is to es ti mate the ref er ence
po si tion ing of the screen) that can be ob tained in this
way.

CON CLU SIONS

The pre sented so lu tion can be ap plied to all ex -
ist ing C-arm X-ray de vices and on newly man u fac -
tured ones, in or der to im prove ra di a tion pro tec tion
and for more ex plicit es ti ma tion of per son nel ex po sure 
dur ing interventional pro ce dures.
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Fig ure 2. Ex am ple of screen re po si tion ing in case the X-ray tube-de tec tor sys tem moves to the caudo-cra nial po si tion:
(a) the ini tial po si tion of the screen, (b) the state of the screen po si tion, af ter ro ta tion by the cor re spond ing an gle lat er ally, 
in the clock wise/coun ter clock wise di rec tion, and (c) con di tion af ter curv ing the screen around the x-axis, by the ap pro pri -
ate an gle, with the up per edge for ward/lower edge for ward



Staff will be un re strained per form ing med i cal
ac tiv i ties, know ing that the pro tec tive screen will be
po si tioned and re po si tioned dur ing the pro ce dure, to
pro vide the best pos si ble pro tec tion.

The over all re sult will surely have a mas sive in -
flu ence on the fun da men tal re search de vel op ment in
ra di a tion pro tec tion and do sim e try, and, con se quently, 
will lead to re lated prod ucts and ad vance ments.
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Vojislav M. ANTI]

POLUAUTOMATSKI  POSTUPAK  POZICIONIRAWA  ZA[TITNOG  EKRANA
NA  BAZI  INTEGRACIJE  SA  RENDGEN  URE\AJEM  SA  S-LUKOM

Pri fluoroskopski pra}enim interventnim procedurama, vise}i ekran se koristi za
za{titu osobqa od rasejanog zra~ewa od pacijenata. Pravilno pozicionirawe ekrana je kqu~no za
adekvatnu za{titu od jonizuju}ih zra~ewa profesionalno izlo`enih lica. Predlo`eno re{ewe u
ovom radu obezbe|uje pouzdanu i efikasnu za{titu od rasejanog zra~ewa, na bazi integracije
rendgen ure|aja i vise}eg ekrana u jedan sistem preko odgovaraju}eg interfejsa. Nakon inicijalnog 
manuelnog pozicionirawa, izvr{i se automatsko repozicionirawe ekrana, zakrivqewem
lateralno, u smeru ili suprotno smeru skazaqke na satu, pa onda gorwom ili dowom ivicom napred.
Sve potencijalne klini~ke situacije su analizirane, sa obzirom na potrebu za korekcijom
pozicije ekrana: poluautomatski na~in je osmi{qen i realizovan da prati medicinsku proceduru
sa ciqem da zadr`i efikasan nivo za{tite osobqa od jonizuu}ih zra~ewa. Osim toga, procena
radijacione doze za osobqe, obezbe|ena preko optimizacije pozicije ekrana, }e se ukqu~iti u
strukturalni izve{taj o radijacionoj dozi. Primenom univerzalnog interfejsa,  prezentovano
re{ewe se mo`e primeniti ne samo na novoproizvedenim ve} tako|e i na postoje}im rendgen
ure|ajima sa S-lukom.

Kqu~ne re~i: za{titni ekran, rendgen ure|aj, intergracija, poluautomatsko pozicionirawe, 
.........................procena doze za profesionalno izlo`ena lica


