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SaZetak

Cak i male doze zra¢enja mogu biti bioloski étetne zbog stohasti¢kih u¢inaka, kao
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sto je, na primjer, nastanak karcinoma koji moze potaknuti primljena koli¢ina radi-

jacije. Efektivne doze radijacije variraju izmedu 4 i16 uSv kod ortopanskih snimki,
pa od 33 do 150 pSv kada se pojedina¢no snima svaki zub u usnoj Supljini, narav-
no ovisno o primijenjenoj tehnici. Efektivne doze primljene kod CT-a s cone-bea-
mom znatno su razli¢ite, a ovise o opremi koja se koristi, no opéenito su vece nego
kod ortopanskih snimki, a manje nego kod multidetektorskih CT-a. Nacini na koje se
smanjuje doza tijekom stomatoloskih rendgenskih pretraga jesu ponajprije kriteriji
je li uopce potrebna rtg snimka, zatim primjena receptora koji brzo reagiraju i bolja

izoStrenost suzenoga snopa, posebice kod djece.
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Uvod

Ubrzo nakon $to su otkrivene rentgenske zrake
postalo je jasno da zracenje moZe biti opasno. No, u
tim ranim danima radiologije nisu se dovoljno shva-
¢ali efekti ionizirajuce radijacije, a napori da se izla-
ganje zracenju prati i drzi pod nadzorom temeljili su
se na analizi u¢inaka razmjerno velikih doza na ko-
Zu tijela.

Danas je neshvatljivo da bi se nekoga izlagalo
velikim dozama zraCenja, osim ako je rije¢ o jakim
lokalnim dozama u radioterapiji karcinoma ili pak
nezeljenoj izvrgnutosti u slucaju nuklearnog inci-
denta. Danas je pozornost usmjerena na uobicajene
razine doza u dijagnostic¢koj radiografiji, Sto uklju-
¢uje i rtg. snimke u stomatologiji.

Introduction

Shortly after x rays were discovered, it became
evident that radiation has the potential to cause
harm. However, understanding of the biological ef-
fects of ionizing radiation was limited in the early
days and attempts to monitor and control radiation
exposure were based on observation of the effects
of relatively large doses to the skin.

Today it is unlikely that anyone would be ex-
posed to large doses of radiation other than to local-
ized high doses used in radiotherapy for cancer or in
case of a nuclear accident. Attention now is focused
on doses of the level used in diagnostic imaging, in-
cluding dental x-rays.
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Radi boljeg razumijevanja, slijedi kratak pre-
gled vrsta efekata radijacije. Deterministicki ucin-
ci su oni kod kojih je ozbiljnost razmjerna primlje-
noj dozi. Pritom moZe, ali i ne mora, postojati prag
ispod kojega nema nikakvih efekata. Posljedice ta-
kvih deterministi¢kih, a moZemo ih nazvati i ne-sto-
hastickih efekata, jesu crvenilo koZe, gubitak kose
i smanjeno lugenje sline. Cest je i gubitak staniéne
funkcije ili stani¢na smrt, ovisno o primljenoj dozi.
Kod malih koli¢ina koje se koriste u dijagnostici,
vjerojatno nema deterministickih ucinaka.

Ipak, male doze radijacije mogu uzrokovati pro-
mjene unutar DNK stanice, no one ne moraju bi-
ti smrtonosne, ali mogu potaknuti mutacije koje,
pak, mogu zavrsiti karcinomom. Najveéi dio pro-
mjena u DNK-u obi¢no se otkrije i popravi i prije
nego §to po¢nu problemi, no taj korektivni meha-
nizam nije savrSen, pa neke promjene mogu ostati i
dalje se akumulirati. Nepopravljiva Steta vjerojatno
¢e se dogoditi kod velikih pojedinacnih ili akumu-
liranih doza, ali i mali pojedinacni udari radijacije
mogu stvoriti mutaciju koja moze uzrokovati kar-
cinom. Sto je neka osoba izloZenija jatoj radijaciji,
to ¢e joj prije biti oSte¢en DNK. Takva vrsta efek-
ta — kada je moguénost ucinka proporcionalna pri-
mljenoj dozi - zove se stohasticki efekt, a najcescée
su posljedice karcinom ili genetske promjene u bu-
duéim nara$tajima.

Zbog tih stohastickih efekata sve je vece zani-
manje za mjerenje koliina zraCenja koriStenih u
rtg-dijagnostici, kako bi se smanjile koliko god je
to moguce.

Kako tehnologija napreduje, sve su savrSeniji
rtg-uredaji i nove vrste filmova. Sada se vrlo Cesto
snima i digitalno, pa su doze potrebne za dijagno-
sticke slike znatno manje. No, u veéini zemalja go-
diSnji se broj pojedinacnih rtg-snimki kod svakog
pacijenta poveéava, tako da ukupno primljena do-
za zracenja zapravo ostaje ista, ili cak raste. Vje-
rojatno je to na svjetskoj razini jo§ izraZenije zbog
sve CeSc¢e uporabe kompjutorske tomografije (CT-a)
- tu posebice mislimo na CT s konusnim beamom
(CBCT)) za zubne implantate i ortodontske zahvate.
Sve to, ali i razumijevanje efekata zracenja na mole-
kularnoj razini, upucuje na vrijedno staro pravilo —
koliko god je razumno manje moguce, poznato pod
engleskim akronimom ALARA (As Low as Reaso-
nably Achievable).

Svrha je ovoga rada opcenito opisati tehnike
mjerenja radijacije te doze zracenja za uobicajene
pretrage u stomatologiji, zatim usporediti razine ko-
je se mogu postici optimalnim postupcima s onima
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To aid in understanding the reason for this, a
brief review of the types of radiation effects will be
provided. Deterministic effects are those in which
the severity of the effect is proportional to the dose.
There may or may not be a threshold, a dose be-
low which no effect is seen at all. Examples of de-
terministic (or non-stochastic) effects include skin
reddening, hair loss, and decreased salivary func-
tion. With this type of effect there is frequently loss
of cell function or cell death, depending on the dose.
The low doses used in diagnostic imaging are un-
likely to cause deterministic effects.

On the other hand, low doses of radiation can
cause changes in the DNA of the cell that may not be
lethal but that could cause the mutations that could
lead to cancer. Most of these DNA changes are dis-
covered and repaired before they cause problems,
but the repair mechanism is not perfect and some
of the changes may persist and accumulate. Non-re-
pairable damage is more likely to occur with higher
doses or dose rates but there is a chance that even a
single small “hit” of radiation could produce a mu-
tation that could cause cancer. The more radiation a
person is exposed to, the more chances he has of re-
ceiving a non-repaired DNA injury. This type of ef-
fect in which the probability of an effect is propor-
tional to the dose is described as a stochastic effect,
with the most common examples being carcinogen-
esis and genetic effects seen in future generations.

It is because of stochastic effects that there is an in-
terest in quantifying radiation doses used in diagnostic
imaging and reducing them whenever possible.

As technology has improved, with new x-ray
machines, films, and digital imaging, the doses re-
quired to produce diagnostic images in dentistry
have significantly declined. However, the number
of radiographs made each year has been increas-
ing in most countries, such that the total radiation
dose to the public is stable or even increasing. This
is expected to be even more so with the increased
use of computed tomography (CT), especially cone-
beam CT (CBCT), throughout the world for den-
tal implant and orthodontic imaging. This, coupled
with our increasing knowledge of the effects of ra-
diation on a molecular level, suggests that the radi-
ation safety principle of ALARA (As Low as Rea-
sonably Achievable) is as important today as it has
ever been in the past.

The objective of this paper is to review the tech-
niques of radiation measurement in general and then
to present radiation doses for commonly used exam-
inations in dentistry, contrasting the dose levels that
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koje se doista primaju u stomatoloSkoj praksi te na
kraju istaknuti tehnike kojima moZemo postiéi Ze-
ljeni cilj ALARA-e, a to je — koliko god je razumno
manje mogude.
Mjerenje radijacije

Mnogo je razlicitih razina zracenja koje se mo-
gu mjeriti, a dvije naj¢esce vrste kod dijagnosticke
radiologije su ulazna povrSinska izloZenost (ESE) i
efektivna doza. Kao §to samo ime kaze, ulazna po-
vrsinska izloZenost (ESE) je koli¢ina zracenja koja
pogada neko tkivo. MoZe se jednostavno izmjeriti
tako da se mjerac - obi¢no neka ioniziraju¢a komo-
rica - izloZi rentgenskim zrakama. Tu dozu obi¢no
odreduje ovlastena institucija kao osnovu za prepo-
ruke o razini izloZenosti, kad je rije¢ o pojedinim
vrstama rtg-pretraga. Tako je, na primjer, prihvacen
dokument o “referentnim dozama” za intraoralne
zubne rtg-snimke za razlicite vrste rtg-filmova (1).

Takve vrste mjerenja mogu se S pravom opre-
mom jednostavno obaviti i omogucuju korisne po-
datke, no imaju i velika ogranienja. Tako se kod
metode ESE ne uzima u obzir veli¢ina podrucja za-
hvaéenog zrakom, ni specificna osjetljivost kon-
kretnog tkiva. Na primjer, rtg-snimka prsnog kosa
povrsinom je znatno veca nego ugrizna snimka, ali
je ukupna ESE-doza mnogo manja zbog koriStenja
kaseta s pojacavajuéim zaslonima i manje gustoce
izvrgnutoga tkiva (rebra, pluca i druga meka tkiva).
Ne bi li i koli¢ina ukupno izloZenoga tkiva trebala
utjecati na razmjere moguce Stete od zracenja?

Odgovor je, naravno, potvrdan i to je razlog da
se danas sve CeSce koristi pojam efektivna doza,
premda ju je teze izracuna(va)ti. Jednostavno rece-
no - efektivna doza je ona izmjerena prosjecna do-
za na lokalnom tkivu, preracunana i raspodijeljena
preko cijeloga tijela, Sto omoguéuje usporedbu ra-
dioaktivne kontaminacije nakon niza rtg-pregleda i
tzv. pozadinskog zracenja. Efektivna doza najcesce
se izraCunava tako da se mjeri zracenje apsorbira-
no u razli¢itom tkivima tijekom rtg-pregleda, a za to
se koriste posebni fantomski i termosvjetleéi dozi-
metri. Kad se izmjere, te se doze klasificiraju prema
tome kolika je koli¢ina kojega tkiva bila u vidnom
polju i zatim pomnoZe sa specifi¢nim faktorom koji
uzima u obzir osjetljivost konkretnog tkiva na zra-
cenje — zapravo njegovu sklonost za nastanak kar-
cinoma. Izmjerene doze po tkivima zatim se zbro-
je 1 daju jedinstvenu brojcanu veli€inu - efektivnu
dozu.

Efektivna doza izrazava se jedinicom zvanom
Sievert (Sv), to¢nije njezinim manjim jedinicama
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can be obtained with optimum protocols with levels
that are frequently used in dental practice, and then
to summarize the techniques that we can use to put
the ALARA principle into effect.

Radiation Measurement

There are a number of quantities of radiation that
can be measured, but the two most common mea-
surements for diagnostic radiology are the Entrance
Surface Exposure (ESE) and the effective dose. As
is suggested by the name, the ESE measures the
amount of radiation that strikes a tissue. This is easy
to measure simply by exposing a meter, usually an
ionization chamber, in the x-ray beam. This dose is
frequently used by advisory or regulatory agencies
to make recommendations on appropriate exposure
levels for different types of imaging examinations.
For example, there are Dose Reference Levels pub-
lished for intraoral dental radiographs with various
types of films (1).

While this type of measurement is easy to do
with the right equipment and it provides some use-
ful information, there are some significant limita-
tions. With the ESE there is no consideration for the
size of the area covered by the beam nor for the sen-
sitivity of the tissues exposed. For example, a chest
radiograph is significantly larger in area than a den-
tal bitewing but the ESE is much smaller because
of the use of cassettes with intensifying screens
and the low density of the structures exposed (ribs,
lungs, other soft tissues). Shouldn’t the amount of
tissue exposed also affect the amount of potential
damage from the radiation?

The answer, of course, is yes, which is why the
effective dose is more commonly used today, even
though it is much more difficult to calculate. In sim-
ple terms, the effective dose is a weighted average
of the dose to a local tissue over the entire body,
making it easier to compare radiation detriment
from a variety of x-ray examinations and also from
background radiation. The effective dose is most
commonly calculated by measuring the amount of
radiation absorbed in various tissues during a ra-
diographic examination, using a special phantom
and thermoluminescent dosimeters (TLDs). Once
the doses are measured, they are adjusted by the
amount of that tissue in the field of view, and mul-
tiplied by a weighting factor that takes into account
the radiation sensitivity of the tissue, essentially the
likelihood of developing cancer. The weighted tis-
sue doses are then summed to provide a single num-
ber, the effective dose.
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milisievertima (mSv) i mikrosievertima (ySv). Za
ulaznu povrSinsku izloZenost (ESE) obi¢no se ra-
bi jedinica zvana Gray (Gy), odosno mGy ili xGy.
Prije su se koristile druge mjerne jedinice, najcesce
milirentgeni (mR) ili miliradi (mrad). Jedan mR ili
mrad odgovara 10 Gy odosno 0,01 mGy.

Medunarodno povjerenstvo za radioloSku zasti-
tu - International Commission on Radiological Pro-
tection (ICRP) — kao savjetodavna medunarodna or-
ganizacija, objavilo je faktore za pojedina tkiva za
izraCunavanje efektivne doze (2,3). Kod rtg-pretra-
ga glave, tkiva koja se trebaju zastiti su: povrSina
kostiju, koStana srz, mozak, Stitna zZlijezda, Zlijezde
slinovnice i1 koZa. Mjere se, naravno, i koliCine za
ostale organe, ali one su obi¢no vrlo male, jer se ti
dijelovi tijela ne nalaze na izravnom putu zrake.

Kad se izracuna, efektivna doza moze se lako us-
poredivati s onima iz razli¢itih pretraga, ¢ak i kada
su one pokrile razlicite povrSine tkiva. Na primjer,
zbog veliCine i vrsta izloZenih tkiva, rtg-snimka pr-
snog kosa ima vecu efektivnu dozu u odnosu prema
ESE-u, nego §to je to slu¢aj kod snimke zuba.

Osim $§to se efektivne doze mogu usporediva-
ti izmedu razli¢itih obavljenih pretraga, mogu se
koristiti i za usporedbu koli¢ine zraenja primlje-
nog dijagnosti¢kim pregledom s onim koje se tije-
kom odredenog broja dana primi pozadinskim zra-
¢enjem. Tako se moze predvidjeti ukupna koli¢ina
zraCenja. U prosjeku, prirodno pozadinsko zracenje
u SAD-u iznosi 3000 uSv/god (4), a razlike su zbog
razli¢itih nadmorskih visina te ima li ili ne u tlu pri-
rodno rasporedenih radioaktivnih tvari. Podaci su
sli¢ni i u drugim zemljama.

Doze za uobicajene stomatoloske preglede

Tijekom godina tiskano je mnogo tekstova u ko-
jima se izvjeStavalo o dozama za Sirok raspon uobi-
¢ajenih stomatoloskih pregleda, ukljucujudi ugriznu
snimku, snimku statusa zubala i ortopan(ogram) kod
razli¢itih brzina filma, a sada i za digital(izira)na
snimanja. U nekima su objavljene doze (ESE) ko-
je omoguéuju laganu usporedbu s referentnim vri-
jednostima. No, u novijim se studijama uglavnom
navode doze u smislu efektivne doze. Tablica 1.
prikazuje raspon primljenih (ESE) doza i efektiv-
nih koli¢ina za razliCite preglede. Razlike u doza-
ma mogu biti i zbog razlika u na¢inu mjerenja, kao
Sto je, na primjer, broj i tocan raspored dozimeta-
ra na fantomu, ili tehnicki parametri samoga ure-
daja (potencijal katodne cijevi izraZen u kV-u, stru-
ja u katodnoj cijevi u mA-ima) ili, pak, ukupan broj
filmova uporabljenih za snimanje. Osim toga, bilo
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The effective dose is reported in units of Sieverts
(Sv) or milli- (mSv) or microsieverts (uSv). En-
trance exposure doses are frequently given in Grays
(Gy) or mGy or uGy. Earlier reports used older units,
typically the mR (milliroentgen) or mrad (millirad).
One mR or mrad equals 10 ¢Gy or 0.01 mGy.

The International Commission on Radiological
Protection (ICRP), an international advisory orga-
nization, has published tissue-weighting factors for
calculating effective doses (2,3). For examinations
of the head, tissues of interest include bone surface,
bone marrow, brain, thyroid gland, salivary glands,
and skin. Doses to other organs are measured also,
but the doses are usually quite small because the or-
gans are not in the direct path of the beam.

Once the effective dose has been calculated, it be-
comes easy to compare the doses of various examina-
tions, even if they cover different amounts of tissue.
For example, because of its size and the tissues ex-
posed, a chest radiograph has a higher effective dose
compared with its ESE than does a dental bitewing.

In addition to comparing the dose of one exami-
nation to another, the effective dose can be used to
compare the amount of radiation from a diagnostic
examination to that from a certain number of days
of background radiation. That may help put the
amount of radiation into perspective. The average
natural background radiation in the United States
of America (USA) is 3000 uSv/year (4), with most
variations in levels depending on altitude and the
presence of naturally occurring radioactive materi-
als in the soils. This is similar to most other coun-
tries in the world.

Doses for common dental examinations

Over the years there have been many publications
reporting doses for a variety of common dental ex-
aminations, including bitewing, full-mouth intraoral
examinations (FMX), and panoramic radiographs,
with different film speeds and now with digital imag-
ing. Some of these report the dose in terms of ESE,
which makes it easy to compare with reference dose
levels. Most of the recent reports, however, give the
dose in terms of effective dose. Table 1 shows the
range of entrance and effective doses for a variety
of examination types. Differences in doses may re-
flect differences in measuring technique, for example
the number and exact placement of the dosimeters in
the phantom, or imaging parameters (tube potential
[kVp], tube current [mA]) or number of films in the
examination. In addition, there have been changes in
the way effective dose is calculated, particularly with
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je nekih promjena u na¢inu izracunavanja efektivne
doze, osobito u vezi s tretiranjem doze kod Zlijezda
slinovnica. U najnovijim preporukama, ICRP doda-
je Zlijezdama slinovnicama poseban faktor i one se
viSe ne navode zajedno s ostalim organima (2). Bu-
duéi da su tijekom stomatoloskih rtg-pretraga sli-
novnice obi¢no na izravnom putu zrake, efektiv-
na doza kod njih obi¢no je viSa kada im se pridruzi
njihov faktor. To se uocava i na tablici. Kada cita-
mo ¢lanke o dozama zradenja, vazno je znati jesu li
(ICRP 2007. (2)) ili nisu (ICRP 1990. (3)) u efektiv-
ne doze bile urac¢unane i slinovnice, kako bi se toc-
no mogle usporediti doze.

Na Tablicama 1. i 2. uocava se da se i ulazna i
efektivna doza smanjuju ako se koristi ve¢a brzina
filma (na primjer brzina E ili F umjesto brzine D)
ili u slucaju digital(izira)nog snimanja. Osim toga,
pravokutno suzavanje snopa zrake takoder smanju-
je efektivnu dozu, jer je tada ukupno izloZeno manje
tkiva. Ortopantomogrami zahtijevaju manju efek-
tivhu dozu, nego status-snimke.

I dok su vec objavljene optimalne doze za ra-
zli¢ite pretrage, neke studije pokazuju da su stvar-

Tablica 1. Srednja povrsinska izloZzenost za ugrizne snimke*
Table 1
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respect to treatment of the dose to the salivary glands.
In the latest ICRP recommendations, salivary glands
are given their own weighting factor instead of be-
ing group with the rest of the “remainder” organs (2).
Since the salivary glands are usually in the direct path
of the x-ray beam with dental radiographic examina-
tions, the effective dose tends to be higher when the
salivary glands are given their own weight. This is
reflected in the table. When reading papers on radi-
ation doses, it is important to know whether the ef-
fective doses include the salivary glands (ICRP 2007
(2)) or not (ICRP 1990 (3)) in order to make an accu-
rate comparison of doses.

It can be seen from Table 1 and 2 that, in gen-
eral, both entrance and effective doses are reduced
when higher film speed (E-speed or F-speed instead
of D-speed) or digital imaging is used. In addition,
rectangular collimation of the beam also reduces the
effective dose because less tissue is exposed in to-
tal. Panoramic radiographs require a lower effective
dose than a full-mouth intraoral examination.

While optimal doses for various examinations
have been published, other studies have shown that

Median Entrance Surface Exposure for Dental Bite-Wing*

Napon katodne cijevi (kV) ¢ Tube Potential (kVp)
50-59 60-69 70-79
Film brzine “D” ¢ D-speed film 419 mR 287 mR 258 mR
Film brzine “E” ¢ E-speed film 240 mR 155 mR 149 mR
Digitalno snimanje * Digital imaging 193 mR 87 mR 88 mR

*Stvarno provedeno mjerenje u stomatoloskim ustanovama u saveznoj drzavi Michiganu, SAD, 2003.-2007. Rasponi su vrlo veliki.
MoZe se pogledati na: http://www.michigan.gov/mdch ¢ *Actual exposures measured in dental facilities in State of Michigan, USA,
2003-2007. The ranges were very large. Available at http://www.michigan.gov/mdch.
Skinuto s interneta 13. kolovoza 2008. ¢ Accessed 13 August 2008

Tablica 2. Efektivne doze za maksilofacijalne snimke, intraoralne, panoramske i kraniograme

Table 2  Effective Doses for Maxillofacial Imaging - Intraoral, Panoramic, Cephalometric
. .. E uSv E uSv Referenca ¢
Vrsta pretrage » Examination (bez sal gl) * (without sal gl) (sa sal gl) « (with sal gl) Reference

FMX, brzina filma “D”, kruzni kolimator ¢ 150 Pogledati pod 4 ¢
FMX, D-speed, round collimator Reported in 4
FMX, brzina filma “E”, pravokutni kolimator ¢ 33 Pogledati pod 4
FMX, E-speed, rectangular collimator Reported in 4
Panoramska (film) ® Panoramic (film) 4.0-10.0 9.0-16.4 16
Panoramska (digitalno) ® Panoramic (digital) 2.4-6.2 5.5-22.0 16
Kraniogram (film) * Cephalometric (film) 2.3 17
Kr'aI.uo gram(digitalno) ¢ Cephalometric 16-1.7 292.34 18
(digital)

. NI L 3 mSv/godisnje, ~8 uSv/po Pogledati pod 4 ¢
Prirodno zracenje ® Background radiation danu * 3 mSv/yr, ~8 uSv/day Reported in 4

FMX: puna intraoralna rtg. snimka; E ySv (bez sal gl): efektivna doza izraZena u uSv temeljena na ICRP-u 1990.; E uSv (sa sal gl):
efektivna doza izraZena u pSv temeljena na ICRP-u 2007. « FMX: full-mouth intraoral x-ray examination; E ySv (without sal gl):
effective dose in pSv based on ICRP 1990; E pSv (with sal gl): effective dose in pSv based on ICRP 2007
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ne doze za dobivanje zubnih snimki Cesto veée od
ocekivanih u idealnim situacijama. Tako je, na pri-
mjer, u studiji nedavno tiskanoj u Spanjolskoj u ko-
joj je analizirana ulazna doza (ESE) u nekoliko ti-
suca zubnih ordinacija, istaknuto da Cesto nije bilo
nikakve razlike u koli¢ini zracenja kada se mjerilo
prema razli¢itim uporabljenim filmovima i razli¢i-
tim mjestima u usnoj Supljini (5). Autori te studije
pretpostavili su da bi se ti problemi mogli dovesti u
vezu s nac¢inom razvijanja filmova, no nisu uspjeli
pronaci znatnije razlike izmedu rucno i automatski
razvijenih filmova. Zakljucili su kako je jedini na-
¢in da se smanji koli¢ina zracenja dosljedan prijelaz
s filmskoga na digitalno snimanje.

Zubni implantati u mnogim zemljama sve brZze
postaju najsuvremeniji nacin na koji se nadomjesta-
ju izgubljeni prirodni zubi. Pritom je za odredivanje
koli¢ine i kvalitete rezidualnog grebena na planira-
nom mjestu usatka potreban neki od oblika dijagno-
sticke vizualizacije. I dok se neki stomatolozi u tom
slucaju i dalje koriste samo periapikalnim i ortopan-
skim rtg-snimkama, sve se CeSce rabe neke vrste po-
precnih snimki kojima se mogu odrediti Sirina i visi-
na grebena. Kako bi se dobio taj podatak, potrebna
je trodimenzionalna vizualizacija - bilo da se radi o
standardnoj ili kompjutorskoj tomografiji. Neki ort-
pantomogramski rtg-uredaji imaju i posebne pro-
grame koji odreduju tomografiju linearnih i kombi-
niranih kretnji na razli¢itim mjestima u ¢eljusti, $to
je prikladno za procjenjivanje implantacije. Osobito
su dobri za ona mjesta na kojima se ugraduje samo
jedan umjetni zub.

No, ako je potrebno vise implantata, ili u nekim
kompliciranim slucajevima, nuzne su potanke infor-
macije, a njih se moze dobiti samo uz pomo¢ kom-
pjutorizirane tomografije (6). Kako je CT opcenito
metoda s visokom dozom zracenja, preporucuje se
- kad god je to moguce - koristiti se CBCT-om. Na-
ime, doze kod CBCT-a opcenito su niZze nego kod
standardnih CT-uredaja (v. Tablicu 3.), premda ima
tehnika kojima se doza primljena od medicinskog
CT-a moZe smanjiti gotovo na razinu CBCT-a. Po-
sljednjih nekoliko godina mnogobrojni proizvodaci
prodaju CBCT-uredaje. No, podaci o dozama zrace-
nja dostupni su samo za neke (7,8,9). lako ¢e usko-
ro biti poznati i za ostale uredaje, ne treba ocekiva-
ti znatnije odstupanje od sadasnjih CBCT uredaja,
premda Ce senzori i filtri za zrak te promjene u bro-
ju baznih snimki potrebnih za rekonstrukciju slike u
odredenoj mjeri smanjiti doze. Ostaje Cinjenica da
¢e CBCT i dalje imati vecu dozu zraenja nego stan-
dardni ortopanografski uredaj.

Doze zracenja kod stomatoloskih radioloskih pretraga

the doses actually used to obtain dental radiographs
are frequently higher than what can be obtained in
ideal situations. For example, a recent study done in
Spain that measured entrance doses in several thou-
sand dental offices reported that there was frequent-
ly no difference in radiation dose with different films
and in different locations within the mouth (5). The
authors postulated that the problems were related to
the way the films were processed, although they did
not find significant differences between manual and
automatic film processing. They concluded that the
only way to reduce radiation dose consistently was
to switch from film to digital imaging.

Dental implants are rapidly becoming state-of-
the-art treatment for the replacement of missing teeth
in many parts of the world and some type of diagnos-
tic imaging is required for the evaluation of the quan-
tity and quality of the residual ridge in the prospec-
tive implant site. While some dentists continue to
use only periapical or panoramic radiographs for this
purpose, it is becoming more common to use some
type of cross-sectional imaging so that ridge width,
as well as ridge height, can be determined. Some
type of three-dimensional imaging is required to pro-
vide this information, either conventional tomogra-
phy, computed tomography, or cone-beam computed
tomography. Some panoramic x-ray machines have
special programs that will produce linear or complex-
motion tomography of sites in the jaws, suitable for
dental implant evaluation. These are particularly use-
ful for single implant sites.

However, for multiple implant sites or in com-
plex situations, the more detailed information pro-
vided by some type of computed tomography is
needed (6). Since CT in general is a high-dose tech-
nique, CBCT is preferred when it is available. The
doses for CBCT are generally lower than for stan-
dard or medical CT (see Table 3), although there are
techniques available that can lower the dose of med-
ical CT almost to the level of CBCT. In the last few
years many Xx-ray machine manufacturers have in-
troduced CBCT units to the market. However, pub-
lished dose information is available only for some
of the machines (7,8,9). While reports of radiation
doses for the rest of the newer machines should be
available soon, they may not differ much from the
doses from the other CBCT machines, although new
sensors and beam filters and changes in the number
of basis images required for image reconstruction
will allow some dose reduction. However, CBCT
will still require a higher radiation dose than stan-
dard dental panoramic imaging.
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Tablica 3. Efektivne doze za maksilofacijalne snimke (CT i CBCT),
Table 3  Effective Doses for Maxillofacial Imaging - Computed Tomography (CT), Cone-Beam Computed Tomography (CBCT)

Vrsta pretrage * Examination 177257 1975 L83 110
(bez sal gl) ¢ (without sal gl) (sa sal gl) ¢ (with sal gl) Reference
CBCT (Large FOV)
NewTom 3G 42 68
CB MercuRay 464-806* 569-1073
New generation i-CAT 37 74 9
Tluma 50-252 98-498
CBCT (Medium FOV)
CB MercuRay 264 560
Classic i-CAT 29 69
Next generation i-CAT 36 87 9
Galileos 28-52 70-128
CBCT (Small FOV)
CB MercuRay 156 407
Promax 3D 151-203 488-652 9
PreXion 3D 66-154 189-388
Multidetector CT
Somaton 64 453 860 9

FOV: vidno polje; E uSv (bez sal gl): efektivne doza izraZena u uSv temeljena na ICRP-u 1990.; E uSv (sa sal gl): efektivna doza

izraZzena u uSv temeljena na ICRP-u 2007. « FOV: field of view; E uSv (without sal gl): effective dose in uSv based on ICRP 1990; E
uSv (with sal gl): effective dose in #Sv based on ICRP 2007
* neki CBCT uredaji omogucuju razlicite postavke za kvalitetu slike koje utjecu na efektivnu dozu ¢ * Some CBCT machines provide

different image quality settings, which can affect dose

Smanjivanje doze zraenja

Budu¢i da je i najmanja doza zraCenja u stoma-
tologiji potencijalno bioloSki Stetna, vazno je rabiti
najmanju koli¢inu zracenja potrebnu za dijagnostic-
ku informaciju. Neke od tih nac¢ina smanjivanja pro-
pisuju drZavna tijela, a neke ovlastene ustanove kao
obvezujuce preporuke.

Mozda bi najvaznija takva tehnika smanjivanja
doze zraenja bila odluka o tome koju vrstu snima-
nja valja primijeniti i je li snimanje doista potreb-
no. Postoje smjernice koje stomatolozima poma-
Zu u odabiru najbolje tehnike u odredenom slucaju
(1,10), a nazivaju se i kriteriji odabira ili referalni
kriteriji. Kako bi se njima koristio, stomatolog mo-
ra najprije odrediti kakvu informaciju zapravo treba
- na primjer, ima li pacijent zubni karijes, ili kakve
su dimenzije i anatomska ograni¢enja predloZenog
mjesta za implantat. Sljedeci je potez izabrati teh-
niku snimanja kako bi se dobila potrebna informa-
cija. Da bi se, na primjer, procijenio zubni karijes
na proksimalnim plohama, bolja je ugrizna snimka,
a ne periapikalna ili ortopanogram. Odabir najbolje
tehnike za zubne implantate je sloZeniji, jer ovisi o
broju i mjestu planiranih usadaka te o koli¢ini ras-
polozive kosti, a to se odreduje drugim sredstvima,
ukljucujudi i klinicka mjerenja te uporabu modela.
Snimanje za ugradnju usadaka zahtijeva ortopano-
gram i poprecne snimke.

Kad se odluci da je rtg-snimka potrebna, to se
mora uciniti $ najmanjom moguc¢om dozom zracCe-

Reducing radiation dose

Because even the small radiation doses used in
dentistry have the potential to cause biological dam-
age, it is important that the least amount of radia-
tion be used that is compatible with the need for di-
agnostic information. Some of the dose reduction
techniques are mandated by governmental organi-
zations, while others are highly recommended by
advisory groups.

Perhaps the most important dose reduction tech-
nique is the decision of which imaging technique
to use —if any — to provide the desired information.
There are some decision-making guides available
that help the dentist determine the best technique to
use in a given situation. (1,10) These guidelines are
sometimes called selection criteria or referral crite-
ria. To use them, the dentist first determines what
type of information is needed, for example, the pres-
ence or absence of dental caries or the dimensions
and anatomical limitations of a proposed dental im-
plant site. The next step is to determine which imag-
ing technique can provide the desired information.
For example, to assess dental caries on proximal
surfaces, a bitewing radiograph is better than a peri-
apical or panoramic radiograph. Selecting the best
technique for implant imaging is more complicat-
ed because it depends on the number and location
of implants planned, as well as the amount of bone
available as determined by other means, including
clinical measurements and the use of models. Im-
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nja, a da se ipak dobije potreban podatak. Ako je
odabrana intraoralna snimka, poZeljno je koristiti se
najbrzim filmom, ili izabrati digitalno snimanje. U
mnogim se studijama upozorava da nema razlika u
dobivenim dijagnostickim podacima kod uporabe
filmova, uz uvjet da se s njima ispravno postupa-
lo, Sto se odnosi i na razvijanje (11). Valja paziti na
to da se kemikalije za razvijanje filmova mijenjanju
dovoljno Cesto da ne bi izgubile jakost, a mora se
postovati i vrijeme razvijanja kako se sporije razvi-
janje ne bi kompenziralo predugom ekspozicijom.

Neki suvremeni rtg-uredaji imaju precizan elek-
tronicki brojac, odgovarajudi potencijal katodne ci-
jevi izrazen u kV-u i filtriranje zrake, kako bi sliku
proizveli s prihvatljivom koli¢inom zracenja. No,
neki stariji uredaji s niZim potencijalom katodne ci-
jevi, ili mehanickim brojacima-*“tajmerima”, mogu
emitirati viSe zracenja nego Sto je potrebno. U ne-
kim je zemljama propisan redovit pregled rtg-ureda-
ja, obi¢no jedanput na godinu, a obavlja ga fizicar,
struénjak za zraenja. Cak i kada se to ne zahtije-
va izricito, duznost je stomatologa paziti na to da
rtg-uredaj bude ispravan. To je i jedna od sastavnica
prije spomenutog nacela ALARA-e.

Daljnji nacin smanjivanja doze zracenja jest
usmjeravanje zrake na najmanju upotrebljivu veli-
¢inu, jer se tako smanjuje opseg izloZenog tkiva, a
time i koli¢ina upijene radijacije, te konacno i razi-
na opasnosti od nastanka bioloske Stete. U SAD-u
je standardni stomatoloski rendgenoloski kolimator
valjak promjera 7,5 centimetara, a u mnogim europ-
skim zemljama njegov je promjer 6 centimetara. Jo$
je bolje umjesto okrugloga koristiti se pravokutnim
kolimatorom — on je dimenzijama tek nesto veci od
zubnog rtg-filma. Na taj se nacin moZe smanyjiti ko-
li¢inu zracenja za oko 50 posto u usporedbi s kruz-
nim kolimatorom promjera 7 centimetara, ponajpri-
je zato $to je tada Stitnjaca izvan dometa primarne
zrake (12). Kod male zrake, bilo da se radi o cilin-
dru promjera 6 centimetara ili o pravokutniku, vaz-
no je koristiti se nekom vrstom vodilice za zrake i
uredajem za pridrZavanje filma, kako bi se na naj-
manju mjeru svele moguénosti da se “izreze” neki
vazan dio informacije zbog nepodudaranja (smjera)
zrake i filma.

Neki moderni ortopanski rtg-uredaji imaju po-
sebne programe za rtg-snimanja djece. Na njima se
moze smanjiti veli¢ina vidnog polja, kako bi se ne-
ke osjetljive organe - kao $to su oci i Stitna Zlijez-
da - udaljilo od primarne zrake. Mogu se dodati i
posebni kolimatori na kefalometrijske uredaje ka-
ko bi se smanjilo zraCenje prema mozgu i Stitnjaci.

Doze zracenja kod stomatoloskih radioloskih pretraga

plant imaging may require a panoramic radiograph
and some type of cross-sectional imaging.

Once the decision is made to take a radiograph,
the next important step is to do it with the lowest
dose possible that will provide the needed informa-
tion. If intraoral imaging is selected, using the fast-
est film available or digital imaging is appropriate.
There have been many studies that have demonstrat-
ed no differences in diagnostic information with the
various film types, provided the films are handled
appropriately, including appropriate film processing
(11). Care to make sure that processing chemicals
are changed often enough so their strength is not
depleted and that the correct processing time is used
will help prevent under processing of film and thus
the need for overexposure to compensate.

Most modern x-ray machines have an accurate
electronic timer and adequate tube potential (kVp)
and beam filtration to produce radiographs with a
reasonable dose. However, some older machines
that operate at lower tube potential or have mechan-
ical timers may deliver more radiation to the patient
than is necessary. Some countries require that x-ray
machines be checked periodically, sometimes annu-
ally, by a radiation physicist. Even if it is not a legal
requirement, making sure that the x-ray machine is
working properly is the responsibility of the dentist
and an important component of ALARA.

Another method to reduce radiation dose is to
collimate the beam to the smallest size practical be-
cause limiting the volume of tissue exposed reduces
the amount of radiation absorbed and thus the poten-
tial for biological damage. In the USA, the standard
dental x-ray collimator is a cylinder of 7 cm diame-
ter, while in many European countries, the diameter
of the cylinder is 6 cm. It is even better to replace
the round collimator with a rectangular one that is
only slightly larger than the dental film. This per-
mits a reduction of the effective dose by about 50%
compared to the 7 cm round collimator, primari-
ly by removing the thyroid gland from the primary
beam (12). With a small beam, whether 6 cm round
or rectangular, it is important to use some kind of
beam-guiding, film-holding instrument to minimize
chances of cutting off some of the desired informa-
tion due to misalignment of beam and film.

Some modern panoramic x-ray machines have
special programs for pediatric radiographs that de-
crease the size of the field of view to remove some
sensitive organs, such as the eyes and thyroid gland,
from the primary beam. Special collimators can be
added to cephalometric machines to reduce dose to
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Osobito je vazno smanjivanje doza na ortodontskim
snimkama, jer su djeca najosjetljivija na ucinke zra-
¢enja (13).

Kad je rije¢ o CBCT-uredajima, oni najcesce
imaju mehanizam za smanjivanje skeniranog volu-
mena, tako da mnogu pokriti samo onu Celjust za
koju je potrebna pretraga. Ako se kolimator ostavi
Sirom otvoren da bi pokrio glavu, a bez ocitog ra-
zloga kao S$to bi bila sumnja u neku bolest, to se ne
smatra dobrom radioloskom praksom.

Kako bi se smanjila koli¢ina zracenja, vazno je
ne ponavljati snimanja. Naprave za izravnanje zra-
ke, osim Sto sprjecavaju konusne rezove, mogu po-
modéi radiologu da dobije geometrijski ispravne
snimke bez preklapanja zuba ili iskrivljavanja nji-
hove duljine, $to omoguéuje dobru rtg-sliku iz pr-
vog pokusaja.

Digitalno snimanje moZda manje zraci nego kla-
sic¢an film, ali se ¢esto mora ponoviti nekoliko pu-
ta, jer se slike odmah pregledaju, pa ako ne zadovo-
ljavaju postupak se odmah ponavlja. Vazno je imati
na umu da se i kod digitalnog snimanja jo§ koriste
x-zrake i valja nastojati da se ve¢ iz prvog pokuSaja
dobije dobra snimka.

Razlikuju se misljenja o valjanosti olovne pre-
gace kod smanjivanja izloZenosti pacijenta x-zraka-
ma. U mnogim je zemljama, medu njima i u SAD-
u, uporaba olovne pregace uobicajena, a u nekima je
stvar izbora, ili se uopée ne koristi. Njezina je svrha
zastititi tkiva spolnih Zlijezda od sekundarnog zra-
¢enja. No, ako se koriste suvremeni uredaji, spolne
Zlijezde ionako nisu ozracene, jer se ne nalaze na
izravnom putu zrake. Mogu primiti tek sekundar-
no zracenje koje se rasprSeno odbija od lica paci-
jenta. Sve Sto smanjuje facijalnu dozu (a to vrijedi
i za brze filmove i za digitalno snimanje te za male
kolimatore), smanjuje i gonadalnu dozu. U SAD-u
je Nacionalno vijece za radioloSku zastitu (NCRP)
ustvrdilo da olovna pregaca nije potrebna ako se
stomatolog koristi svim drugim na¢inima kojima se
smanjuje koli¢ina zracenja (14). No, kako se mno-
gi jo$ ne koriste pravokutnom kolimacijom i filmo-
vima brzine F, a ni digitalnim snimanjem, pregaca
se i dalje preporucuje. U nekim drzavama mogu biti
na snazi drugacije preporuke u vezi s koriStenjem ili
nekoristenjem pregace. No, bez obzira na to koliko
bila izgledom dojmljiva, pregaca je najmanje efika-
sna u smanjivanju doze zraCenja.

Godine 2004. objavljen je ¢lanak o povezano-
sti male tjelesne teZine tek rodene djece i rtg-snim-
ki majke dok je bila trudna (15). Autori su istaknu-
li da je za to kriva promijenjena funkcija majcine
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the brain and thyroid gland. Dose reduction in orth-
odontic imaging is particularly important because
children are more vulnerable to the effects of radia-
tion (13).

With respect to CBCT, most of the machines have
a mechanism to reduce the height of the volume
scanned to cover only the jaw of interest. Leaving the
collimator wide open to cover the head without a spe-
cific reason to do so, such as the suspicion of disease,
is not considered good radiation practice.

Reducing the number of “retakes” is important
in reducing the amount of radiation the patient re-
ceives. Beam alignment devices, in addition to pre-
venting “cone cuts”, can help the operator produce
geometrically correct radiographs with no overlap-
ping of teeth or distortion of tooth length, thus en-
suring a good radiograph on the first attempt.

The use of digital imaging can lead to a lower ra-
diation dose than with film, but it can also lead to
a higher number of retakes because of the ease in
which images can be viewed and retaken immediate-
ly if they are not perfect. It is important to remember
that digital imaging still uses x rays and care should
be used to obtain a correct image the first time.

There are differences of opinion on the value of
the leaded apron in reducing x-ray exposure to the
patient. In many countries, including the USA, the
use of the leaded apron is standard practice while in
others it is optional or not used at all. The purpose
of the leaded apron was to protect the gonadal tis-
sues from stray radiation, but with modern dental x-
ray machines and films the gonads receive almost
no radiation since they are not in the direct beam
and receive only secondary radiation scattered off
the patient’s face. Anything that reduces the facial
dose, including fast films or digital imaging and
small collimators, reduces the gonadal dose. In the
USA the National Council on Radiation Protection
(NCRP) has stated that the leaded apron is not nec-
essary if dentists use all other available dose reduc-
tion techniques (14). However, since most dentists
do not use rectangular collimation and F-speed film
or digital imaging, the apron is still recommended.
Other countries may have different recommenda-
tions about the use of the apron or not. While it is
the most visible, the apron is probably the least ef-
fective dose reduction technique.

In 2004 a paper was published linking low birth
weight of newborns to dental radiographs of the
mother taken while she was pregnant (15). The au-
thors postulated that the effect was due not to di-
rect exposure of the fetus but rather to changes in
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Stitne Zlijezde zbog njezine izloZenosti zraenju, Sto
je utjecalo na smanjenu tjelesnu teZinu ceda. Ni je-
dan drugi autor nije to potvrdio, no ipak je Americ-
ka stomatoloS$ka udruga (ADA) kao mjeru opreza
preporucila uporabu olovnih Stitnika za Stitnu Zli-
jezdu za svu djecu i sve trudnice (10).

I na kraju, budu¢i da x-zrake, ¢ak i u vrlo malim
koli¢inama, mogu uciniti bioloSku Stetu, stomatolo-
zi moraju s radijacijom postupati oprezno i mudro.
To znaci da trebaju procijeniti kakve dijagnosticke
informacije Zele i zatim prema tome odabrati tehni-
ku snimanja koja ¢e tu informaciju pruZiti uz najma-
nju stopu zracenja. To takoder znaci da se oprema,
ukljucujudi i uredaje i kemijske otopine za razvija-
nje filmova, mora odrZavati te da valja primijeniti
dobre tehnike snimanja kako bi se izbjegla ponav-
ljanja. Uporaba brzih filmova ili digitalnih nacina
snimanja te mala kolimacija gdje god je to mogu-
¢e, takoder ¢e pomoci da dozu zracenja odrzimo na
najniZoj mogucoj razini, kao §to to sugerira nacelo
ALARA-e, a to je cilj kojemu moramo teZiti.

Doze zracenja kod stomatoloskih radioloskih pretraga

thyroid function of the mother due to radiation ex-
posure, leading to a reduction in weight gain of the
fetus. The study has not been replicated and oth-
ers have refuted the proposed mechanism, but this
study led the American Dental Association to rec-
ommend the use of leaded thyroid shields on all
children and young women of childbearing age as
a precaution (10).

In summary, because x-rays have the potential to
cause biological harm, even in small amounts, it is
our responsibility as dentists to use radiation wise-
ly. That means to evaluate the diagnostic informa-
tion we need and to select the imaging technique
that will provide that information with the lowest
radiation dose. It also means that we must keep our
equipment in good condition, including our film
processing apparatus and solutions, and use good
technique to avoid retakes. Using fast film or digital
imaging and small collimation, whenever feasible,
will also keep the radiation dose As Low As Rea-
sonably Achievable, a goal worth pursuing.

Abstract

Even low doses of radiation have the potential to cause biologic harm by way of sto-
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chastic effects, those, like carcinogenesis, whose probability of occurrence is depen-

dent on radiation dose. Effective radiation doses range from 4-16 pSv for panoram-
ic radiographs to 33-150 pSv for a full-mouth intraoral series, depending on exact
technique used. Effective doses from cone-beam CT vary significantly, depending
on the specific equipment used, but in general are much higher than for panoram-
ic radiographs but less than for multidetector CT. Methods to reduce the dose from
dental x-ray examinations include the use of selection criteria to determine whether
a radiograph is needed, the use of fast image receptors, and increased beam colli-

mation, particularly for children.
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