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Direct Induced Effects of Standard and Modified Radiotherapy 
Protocol on Surface Structure of Hard Dental Tissue

Izravno inducirani učinci standardnoga i modificiranog 
radioterapijskog protokola na površinsku strukturu tvrdih 
zubnih tkiva

Uvod

Novotvorine glave i vrata bolesti su koje zahvaćaju sluzni-
cu i čvrsta tkiva u tom području, uključujući i usnu šupljinu 
(1). U usporedbi s različitim zloćudnim bolestima, prevalen-
cija tih karcinoma ubrzano raste, najviše rak jezika, žlijezda 
slinovnica i hipofarinksa (2, 3). Terapija zračenjem primje-
njuje se u kombinaciji s kemoterapijom, a najčešće nuspo-
jave su bol, oteklina i osjetljivost sluznica te hiposalivacija, 
što može potaknuti rani razvoj cervikalnog karijesa, ošteće-
nje parodontnog tkiva i na kraju smanjiti kvalitetu života (4, 
5). Slina ima mnogobrojne zaštitne učinke, pa njezin mogući 
nedostatak ili potpuni gubitak u pacijentovim ustima može 
završiti ubrzanom pojavom karijesa zbog povećane kiselosti 
i niskoga pH te manjom mogućnošću osiguranja normalne 

Introduction

Head neoplasms are conditions that involve mucosa and 
hard structures of that area, including the oral cavity (1). In 
comparison to different malignant diseases, the prevalence of 
this carcinoma has been rapidly upgrowing, mostly that of 
the tongue, salivary glands and hypopharynx region (2, 3). 
Irradiation therapy is used in combination with chemother-
apy, with usual outcomes such as pain, swelling and sensitiv-
ity of mucous membranes, hyposalivation, which can lead 
to early cervical tooth decay destruction, periodontal tissue 
damage, and, in the end, decreased life quality (4, 5). Sali-
va has many preventive goals; hence a possible lack or com-
plete loss of saliva in patient’s mouth can lead to increas-
ing development of tooth decay because of increased acidity 
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Abstract
Introduction:	Radiotherapy	is	used	to	treat	neo	plasmatic	lesions	and	the	common	side	effects	of	this	
process	are	pain,	swelling	and	sensitivity	of	mucous	membranes	in	domain	of	radiation,	reduced	sali-
vation,	caries,	and	periodontal	disease	and,	in	total,	low	life	quality.	The	purpose	of	this	research	was	
to	estimate	the	outcome	of	direct	irradiation	on	physical	and	surface	characteristics	of	hard	dental	tis-
sues.	Material and methods:	Twenty,	caries	free	third	molars	were	involved	in	the	research.	Prior	to	
different	submission	protocols,	tooth	halves	were	randomly	assigned	to	subject	and	control	groups	
by	using	a	draw	method.	The	first	group	(n=20)	was	submitted	to	conventional	irradiation	protocol	
(2	Gy	for	35	days),	second	group	(n=20)	was	submitted	to	one	powerful,	exploratory	dose	of	70	Gy.	
Each	sample	served	as	its	own	control.	Radiation	was	performed	with	a	linear	accelerator	radiother-
apy	unit.	The	surface	microhardness	and	roughness	were	measured	at	the	beginning	(initially),	and	
upon	completion	of	irradiation	procedure.	The	average	change	in	microhardness	and	roughness	after	
different	treatments	was	compared	by	t-test	for	independent	samples.	Normality	was	tested	by	the	
Shapiro-Wilk	test.	Results:	Significant	differences	were	found	after	the	standard	radiation	protocol	
and	the	exploratory	dose	of	70	Gy,	with	decreased	mean	microhardness	and	increased	mean	rough-
ness	(p<0.001)	of	both	hard	dental	tissues.	Enamel	and	dentin	surface	microhardness	and	roughness	
did	not	vary	notably	with	regards	to	different	irradiation	protocols.	Conclusion:	Head	and	neck	con-
ventional	irradiation	protocol	leads	to	possible	breakdown	of	enamel	and	dentin	with	reduced	micro-
hardness	and	increased	surface	roughness	regardless	of	used	irradiation	protocol.

Received:	August	22,	2021
Accepted:	October	20,	2021

Address for correspondence
Assoc.prof.	Eva	Klarić	Sever
University	of	Zagreb
School	of	Dental	Medicine
Department	of	Endodontics	and	
Restorative	Dentistry
Gundulićeva	5,	10	000	Zagreb,	Croatia
eklaric@sfzg.hr

MeSH terms: Dentin;	Dental	Enamel;	
Surface	Properties;	Radiotherapy;	
Long	Term	Adverse	Effects
Author keywords: Conventional	
Irradiation;	Vickers	Hardness;	
Roughness;	Hard	Dental	



w
w

w
.a

sc
ro

.h
r

Protokol radioterapije na površinskoj strukturi tvrdoga zubnog tkivaKlarić Sever i sur. 335

and low pH, and due to reduced likelihood to ensure a nor-
mal microflora in human mouth. It has been confirmed that 
irradiation can result in possible degradation of hard den-
tal tissues, and this is the reason for rapid growth of decay 
in treated patients (6). A reduced amount of saliva and en-
larged plaque generation lead to periodontal diseases, result-
ing in premature tooth loss; therefore it essential to provide 
correct tooth brushing techniques (7,8). An ever-increasing 
number of studies are focused on the effects of irradiation on 
hard dental tissues, with specific focus on potential changes 
in microhardness and microstructure of teeth (9, 10), but all-
conquering evaluations of direct irradiation on hard tissues 
are deficient. Dose amount also plays a significant role. Low 
tooth breakage appears beneath 30 Gy irradiation; increasing 
with doses larger than 60 Gy which is a consequence of hy-
posalivation (11). The amounts exceeding 60 Gy resulted in 
reduced surface hardness, modification in elasticity and in-
creased likelihood of hard tissue breakage (12, 13). Finally, 
head and neck irradiation procedures can lead to potential 
tooth tissues damage rising with the amount of the entire re-
ceived irradiation. (11). 

Patients suffering from malignant diseases of head and 
neck need to be warned about potential side effects and need 
for adequate professional dental procedures. More often den-
tal checkups are advised, with proper oral hygiene in com-
bination with use of topical fluorinated pastes, gels or var-
nishes. (14-16). Therefore, it is also very important for our 
patients to examine the effect of irradiation on enamel and 
dentin and to develop good treatment plans in order to im-
pede potential formations of early cervical caries. Providing 
better oral health and examining the role of hard tissue dam-
age and formation of radiation caries or enamel and dentin 
erosion on vestibular and occlusal part as the consequence of 
irradiation therapy should be one of the main goals. 

The objective of the study was to investigate the effects of 
direct irradiation on surface hardness and roughness of hu-
man enamel and dentin. The null hypotheses were: I) there 
will not be any differences in points of surface hardness and 
roughness between the teeth without irradiation effects and 
the teeth subjected to irradiation (II) there will not be any 
distinctions between various irradiation protocols in point of 
surface hardness and roughness.

Material and methods

Specimen	preparation
Twenty fresh, intact third molars were used in this study. 

Teeth were cleansed and conserved in 1% chloramine dilu-
tion. The application of extracted molars was authorized by 
the Ethics Committee of the School of Dental Medicine, 
University of Zagreb and University Hospital Centre Zagreb, 
Croatia. The roots were removed from the coronal portion 
with a precise diamond saw (Isomet, Buehler Dusseldorf, 
Germany) around 2 mm beneath the enamel-cement con-
nection. Coronal parts were kept in distilled water at 4°C. 
After the coronal parts had been cleansed, they were built 
in transparent acrylate (AcryFix Kit; Struers, Balerrup, Den-
mark). Prior to slicing of the coronal parts in halves the spec-

mikroflore u ljudskim ustima. Potvrđeno je da zračenje mo-
že rezultirati degradacijom čvrstih zubnih tkiva, a to je razlog 
za brzi razvoj karijesa kod liječenih bolesnika (6). Smanjena 
količina sline i povećano stvaranje plaka potiču nastanak pa-
rodontne bolesti, što za posljedicu ima raniji gubitak zuba, 
pa je prijeko potrebno upotrijebiti ispravnu tehniku   četka-
nja zuba i održavanja oralne higijene (7, 8). Sve je više studija 
usmjereno na učinak zračenja na strukturu tvrdih zubnih tki-
va, s posebnim fokusom na potencijalnu promjenu mikrotvr-
doće i mikrostrukture zuba (9, 10), ali nedostaje sveobuhvat-
na procjena izravnoga učinka zračenja na tvrda zubna tkiva. 
Količina doze također je veoma važna. Manja oštećenja nasta-
ju kada je sveukupna doza zračenja manja od 30 greja (Gy), 
a povećava se s dozama većima od 60 greja, što je posljedi-
ca hiposalivacije (11). Količine veće od 60 greja rezultirale 
su smanjenom površinskom tvrdoćom, promjenom elastič-
nosti i povećanim mogućnostima puknuća tvrdih zubnih tki-
va (12, 13). Konačno, postupak zračenja glave i vrata može 
povećati oštećenja tkiva zuba koja rastu s količinom cjeloku-
pnoga primljenog zračenja (11).

Pacijente koji boluju od malignih bolesti glave i vrata po-
trebno je upozoriti na moguće kasnije nuspojave i uputiti ih 
na adekvatne i stručne stomatološke zahvate. Savjetuju se če-
šći stomatološki pregledi, uz pravilnu oralnu higijenu u kom-
binaciji s primjenom lokalnih fluoridiranih pasta, gelova ili 
lakova (14 – 16). Zato je za pacijente također vrlo važno da 
im se ispita učinak zračenja na caklinu i dentin te dobro pla-
nira zaustavljanje potencijalnog nastanka ranoga cervikalnog 
karijesa. Osiguravanje boljega oralnog zdravlja i ispitivanje 
učinka oštećenja tvrdoga tkiva i nastanka karijesa zračenjem 
ili erozije cakline i dentina na vestibularnim ili okluzalnim 
plohama kao posljedice terapije zračenjem, trebao bi biti je-
dan od glavnih ciljeva.

Svrha rada bila je ispitati učinak izravnoga zračenja na po-
vršinsku tvrdoću i hrapavost ljudske cakline i dentina. Nul-
te hipoteze bile su: I) nema razlike u površinskoj tvrdoći i 
hrapavosti između zuba bez učinka zračenja i zuba koji su 
podvrgnuti postupku izravnoga zračenja, (II) nema razlike u 
površinskoj tvrdoći i hrapavosti između različitih protokola 
zračenja.

Materijal i metode

Priprema	uzoraka
U ovom istraživanju korišteno je dvadeset svježih, neta-

knutih trećih kutnjaka. Zubi su očišćeni i pohranjeni u 1-po-
stotnoj otopini kloramina. Primjenu ekstrahiranih kutnjaka 
odobrilo je Etičko povjerenstvo Stomatološkog fakulteta Sve-
učilišta u Zagrebu i KBC-a Zagreb. Korijeni su odrezani od 
koronalnoga dijela preciznom dijamantnom pilom (Isomet, 
Bühler Düsseldorf, Njemačka) oko 2 mm ispod spoja cakli-
ne i cementa. Dijelovi krune čuvani su u destiliranoj vodi na 
temperaturi od 4 °C. Nakon čišćenja koronalnog dijela ulože-
ni su u prozirni akrilat (AcryFix Kit; Struers, Balerrup, Dan-
ska). Prije rezanja koronalnih dijelova na polovine, uzorci su 
nasumično razvrstani prema postupku zračenja i kontrolnim 
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imens were randomly sorted out to irradiation procedure 
and control groups by applying a lottery model. Each crown 
half (n=40), served for concurrent enamel and dentin surface 
hardness and roughness measurements as the surface was flat, 
and both hard tissues were free of acrylic resin. Group one (1) 
(n=20) was subjected to usual irradiation procedure (2 Gy for 
35 days), group two (2) (n=20) was subjected to single proba-
tionary exposition of 70 Gy. Each specimen served as its own 
control. (Figure 1). Specimens were kept in distilled water at 
37 ⁰C (Domel Incubator, Domel d.o.o, Zelezniki, Slovenia) 
amongst two metering. 

To measure both enamel and dentin surface hardness 
and roughness, coronal parts were built in transparent ac-
rylate with the buccal or palatal surfaces oriented upwards, 
collateral with stand and without any resin on top. Speci-
mens of the buccal or palatal surfaces were finely furbished 
with discs (Water Proof Silicon Carbide Paper, 4000 grits; 
Buehler, Dusseldorf, Germany) and 1.0 μm, 0.3 and 0.05 
μm professional polishing silicon granules (Buehler, Dussel-
dorf, Germany). The polishing procedure was carried out us-
ing polishing appliance (Minitech 250, Presi, France). After 
that, samples were washed in distilled water.

Irradiation	protocol	
After initial microhardness and surface roughness testing, 

the samples were positioned on a little vitreous pad (Thermo 
Scientific, Portsmouth, NH, USA) with adhesive wax (Kefo, 

skupinama primjenom modela lutrije. Svaka polovina kruni-
ce (n = 40) služila je za istodobna mjerenja tvrdoće i hrapavo-
sti površine cakline i dentina jer je površina bila ravna, a oba 
tvrda tkiva nisu na sebi imala akrilatnu smolu. Prva skupina 
(1)  (n = 20) bila je podvrgnuta uobičajenom postupku zrače-
nja (2 Gy tijekom 35 dana), a druga (2) je bila (n = 20) pod-
vrgnuta jednom pokusnom, eksperimentalnom zračenju od 
70 greja. Svaki je uzorak služio kao vlastita kontrola (slika 1.). 
Uzorci su između dvaju mjerenja bili pohranjeni u destilira-
noj vodi na temperaturi od 37 ⁰C (Domel inkubator, Domel 
d.o.o., Železniki, Slovenija).

Za mjerenje tvrdoće i hrapavosti površine cakline i denti-
na, koronarni dijelovi zuba uloženi su u prozirni akrilat s bu-
kalnim ili palatinalnim površinama okrenutima prema gore, 
paralelnima s postoljem i bez akrilata na površini. Uzorci bu-
kalne ili palatinalne površine bili su polirani finim diskovi-
ma (vodootporni papir od silicijeva karbida, 4000 granula-
cija; Bühler, Düsseldorf, Njemačka) i 1,0 μm, 0,3 i 0,05 μm 
profesionalnim silikonskim granulama za poliranje (Bühler, 
Düsseldorf ). Postupak poliranja obavljen je uređajem za po-
liranje (Minitech 250, Presi, Francuska). Nakon toga uzorci 
su isprani u destiliranoj vodi. 

Postupak	zračenja
Nakon početnoga ispitivanja mikrotvrdoće i hrapavo-

sti površine, uzorci su postavljeni na malo stakleno posto-
lje (Thermo Scientific, Portsmouth, NH, SAD) s ljepljivim 

Figure 1	 Preparation	of	teeth	samples	and	measurements	methods.
Slika 1.	 Priprema	uzoraka	zuba	i	metode	mjerenja
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Sisak, Croatia) and located with the buccal surface upward. 
For conversion of head and neck irradiation protocol, samples 
in group 1 were irradiated with 2 Gy doses, per 5 days during 
one week. This procedure was repeated for 7 weeks in total to 
accumulate 70 Gy (frequent oral cancer dosage). Throughout 
the weekend time specimens were not exposed to irradiation 
(17). Prepared specimens in group 2 were subject to single 
probationary exposition of 70 Gy. Irradiation procedure was 
done at Department of Oncology, University Hospital Cen-
tre Zagreb with a linear accelerator Siemens Primus (Siemens 
Healtheneers AG, Erlangen, Germany. 6 MV irradiation ray 
was applied with SSD (source to surface distance) of 100 cm. 
Two cm of construction material was put over and beneath 
specimens to provide satisfying beam dissipation. The control 
specimens were stored in distilled water with no irradiation. 
After different irradiation exposition protocols had been used, 
coronal samples were washed with distilled water.

Surface	hardness	measurements
The microhardness of hard tissues in groups 1 and 2 was 

evaluated at the beginning (initial), and upon completion of 
the irradiation procedure. Measuring was provided by Vick-
ers microhardness testing machine (ESI Prüftechnik GmbH, 
Wendlingen, Germany). A pyramidal shaped diamond peak 
was applied on specimen surface using pressure of 100 g dur-
ing 10 s. Vickers measurements (VHN) were performed at 
three various parts on both hard tissues: superficial part, mid-
dle, and inner part (with 50 μm interspace) and mean Vick-
ers hardness values were calculated. Microhardness test was 
done prior to and upon irradiation so that every specimen 
served as its own control. 

Surface	roughness	measurements
Surface roughness (μm) of hard tissues in groups 1 and 2 

were evaluated at the beginning (initial), and completion of 
irradiation procedure using transferable superficial roughness 
testing machine (Mitutoyo Surftest SJ-210 Series 178, Hous-
ton, USA) set at a 0.25 mm cut-off, and 0.2 mm/s speed. 
Evaluations were done at three different parts and average 
roughness worth was calculated. Roughness test was done 
prior to evaluation and beyond irradiation so that every spec-
imen subserved as its own control.

Statistical	analysis
The average changes in surface hardness and roughness 

after different treatments were compared by t-test for inde-
pendent samples. In all experimental groups, the data met 
the assumption of normality. Normality was tested by the 
Shapiro-Wilk test and by review of asymmetry and round-
ness indicators. In case of inhomogeneity of variance between 
experimental groups, the Cochran test was used instead of 
the standard t-test. The average change in microhardness or 
roughness after irradiation compared to the initial measure-
ment was compared by t-test for dependent samples. If the 
values divergent significant from the standard division, the 
Wilcoxon Signed Rank test was used instead of the t-test. 
Data were evaluated at a significate degree of 0.05. Evalu-
ation was made using SAS System program (SAS Institute 
Inc., North Carolina, USA).

voskom (Kefo, Sisak, Hrvatska) i usmjereni bukalnom po-
vršinom prema gore. Za provedbu protokola zračenja glave 
i vrata, uzorci u skupini 1 izloženi su 5 dana tijekom jednog 
tjedna dozi od 2 greja. Taj se postupak ponavljao ukupno 7 
tjedana kako bi se akumuliralo 70 greja (standardni postu-
pak zračenja kod karcinoma glave i vrata). Tijekom viken-
da uzorci nisu bili zračeni. Pripremljeni uzorci u skupini 2 
podvrgnuti su jednoj eksperimentalnoj dozi zračenja od 70 
greja. Postupak je proveden na Odjelu za onkologiju KBC-
a Zagreb linearnim akceleratorom Siemens Primus (Siemens 
Healtheneers AG, Erlangen, Njemačka). Zraka zračenja od 6 
MV primijenjena je SSD-om (od izvora do površine) od 100 
cm. Dva centimetra konstrukcijskoga materijala postavljeno 
je iznad uzoraka i ispod njih da bi se osigurala zadovoljavaju-
ća disipacija snopa zračenja. Kontrolni uzorci pohranjeni su 
u destiliranoj vodi bez zračenja. Nakon izlaganja različitim 
protokolima zračenja, uzorci su isprani destiliranom vodom.

Mjerenja	površinske	tvrdoće
Mikrotvrdoća tvrdih tkiva u skupinama 1 i 2 mjerena je 

na početku (početna) i završetku postupka zračenja. Mjere-
nje je obavljeno uređajem za ispitivanje mikrotvrdoće Vickers 
(ESI Prüftechnik GmbH, Wendlingen, Njemačka). Dija-
mantni vrh piramidalnog oblika utisnuo se u površinu uzor-
ka pritiskom od 100 grama tijekom 10 sekunda. Vrijednosti 
Vickersove mikrotvrdoće (VHN) mjerene su na trima razli-
čitim dijelovima na oba tvrda tkiva: površinskom, srednjem i 
unutarnjem dijelu (s međuprostorom od 50 μm) i izračunate 
su srednje vrijednosti Vickersove tvrdoće. Mikrotvrdoća je is-
pitivana prije zračenja i poslije toga postupka tako da je svaki 
uzorak služio kao vlastita kontrola.

Mjerenja	površinske	hrapavosti
Površinska hrapavost (μm) tvrdih tkiva u skupinama 1 i 

2 procijenjena je na početku (početno) i poslije završetka po-
stupka zračenja prijenosnim strojem za ispitivanje površinske 
hrapavosti (Mitutoyo Surftest SJ-210 Series 178, Houston, 
SAD) koji je postavljen na vrijednosti od 0,25 mm cut-off, i 
brzinu od 0,2 mm/s. Mjerenja su obavljena na trima različi-
tim dijelovima i izračunata je prosječna vrijednost hrapavosti. 
Hrapavost je ispitivana prije zračenja i poslije toga postupka 
tako da je svaki uzorak služio kao vlastita kontrola.

Statistička	analiza
Prosječne promjene površinske tvrdoće i hrapavosti na-

kon različitih tretmana uspoređene su t-testom za nezavi-
sne uzorke. U svim eksperimentalnim skupinama ispunjena 
je pretpostavka o približno normalnoj raspodjeli podataka. 
Normalnost je testirana Shapiro-Wilkovim testom. U slučaju 
nehomogenosti varijance između eksperimentalnih skupina, 
umjesto standardnoga t-testa korišten je Cochranov test. Pro-
sječna promjena mikrotvrdoće ili hrapavosti nakon zračenja, 
u usporedbi s početnim mjerenjem, uspoređena je t-testom 
za zavisne uzorke. Ako su se vrijednosti značajno razlikovale 
od standardne podjele, umjesto t-testa korišten je Wilcoxo-
nov Signed Rank test. Podatci su procijenjeni signifikantnim 
stupnjem od 0,05. Procjena je obavljena u programu SAS 
System (SAS Institute Inc., Sjeverna Karolina, SAD).
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Results

After both, the usual irradiation procedure (2 Gy for 35 
days), or one single probationary exposition of 70 Gy, there 
was a statistically significant decrease in the mean surface 
hardness of both hard dental tissues (<0.001) (Table 1). The 
alteration in surface hardness of enamel after radiation expo-
sition did not vary significantly in terms of irradiation type 
and dosage (p=0.867). The change in dentin surface hard-
ness after irradiation did not vary statistically significantly in 
terms to irradiation type and dosage (p=0.461). The change 
in surface hardness after usual irradiation procedure did not 
differ significantly between enamel and dentin (p=0.491). 
The alteration in surface hardness after single probationary 
exposition of 70 Gy did not differ significantly between the 
enamel and dentin (p=0.798) (Figure 2-5).

After both, the usual irradiation procedure (2 Gy for 35 
days), and/or one single probationary exposition of 70 Gy, 
there was a statistically significant increase in the mean sur-
face roughness of both hard dental tissues (<0.001) (Table 
2). The alteration in enamel roughness after radiation exposi-
tion did not vary significantly in terms of irradiation type and 
dosage (p=0.282). The change in dentin roughness did not 
differ significantly with respect to irradiation type (p=0.462). 
The change in roughness after usual irradiation procedure 
did not differ significantly between the enamel and dentin 
(p=0.485). The change in roughness after one single proba-
tionary exposition of 70 Gy did not differ significantly be-
tween the enamel and dentin (p=0.081) (Figure 6-9).

Rezultati

Nakon oba uobičajena postupka ozračivanja (2 Gy tije-
kom 35 dana), ili jedne eksperimentalne ekspozicije od 70 
greja, statistički je značajnije smanjena srednja površinska tvr-
doća obaju tvrdih zubnih tkiva (< 0,001) (tablica 1.). Promje-
na površinske tvrdoće cakline nakon izlaganja zračenju ni-
je značajno varirala kad je riječ o vrsti zračenja i dozi (p = 
0,867). Promjena tvrdoće površine dentina nakon ozračiva-
nja nije se statistički značajno razlikovala s obzirom na vrstu 
zračenja i dozu (p = 0,461). Promjena površinske tvrdoće na-
kon uobičajenog postupka zračenja nije se značajno razliko-
vala između cakline i dentina (p = 0,491). Promjena površin-
ske tvrdoće nakon jednokratnoga eksperimentalnog zračenja 
od 70 greja nije se značajno razlikovala između cakline i den-
tina (p = 0,798) (slike 2 – 5).

Nakon oba uobičajena postupka ozračivanja (2 Gy tije-
kom 35 dana) ili jedne eksperimentalne ekspozicije od 70 
greja, statistički se značajno povećala srednja hrapavost povr-
šine obaju tvrdih zubnih tkiva (< 0,001) (tablica 2.). Promje-
na hrapavosti cakline nakon izlaganja zračenju nije značaj-
no varirala u odnosu prema vrsti zračenja i dozi (p = 0,282). 
Promjena hrapavosti dentina nije se značajno razlikovala s 
obzirom na vrstu zračenja (p = 0,462). Promjena hrapavosti 
nakon uobičajenog postupka zračenja nije se značajno razli-
kovala između cakline i dentina (p = 0,485). Promjena hrapa-
vosti nakon jednokratnoga eksperimentalnog zračenja od 70 
greja nije se značajno razlikovala između cakline i dentina (p 
= 0,081) (slike 6 – 9).

Tissue • Područje Treatment • Tretman n Mean • 
Prosjek Std Median • 

Medijan
1. quartile • 

1. kvartil
3. quartile • 

3. kvartil
p-valuea • 

p-vrijednosta

Enamel • Caklina 70 Gy • Jako zračenje 20 11,4 7,0 11,4 6,7 16,2 < 0,001
Dentin 70 Gy • Jako zračenje 20 11,0 7,5 10,8 5,5 15,4 < 0,001
Enamel • Caklina 2x35 Gy • Slabo zračenje 20 11,2 6,4 11,1 6,7 14,0 < 0,001
Dentin 2x35 Gy • Slabo zračenje 20 12,2 7,3 10,8 7,8 15,9 < 0,001

Table 1	 The	change	in	microhardness	(VHN)	after	irradiation	compared	to	the	initial	measurement	(the	observed	variable	is	base	-	
irradiation).

Tablica 1.	 Promjena	mikrotvrdoće	(HV)	nakon	zračenja	u	odnosu	prema	početnom	mjerenju	(varijabla	koju	promatramo	je	base – zračenje)

a P-value t-test for dependent samples • P – vrijednost t-testa za zavisne uzorke

Tissue • Područje Treatment • Tretman n Mean • 
Prosjek Std Median • 

Medijan
1. quartile • 

1. kvartil
3. quartile • 

3. kvartil
p-valuea • 

p-vrijednosta

Enamel • Caklina 70 Gy • Jako zračenje 20 -0.11 0.08 -0.10 -0.15 -0.04 < 0.001
Dentin 70 Gy • Jako zračenje 20 -0.07 0.06 -0.09 -0.11 -0.02 < 0.001
Enamel • Caklina 2x35 Gy • Slabo zračenje 20 -0.09 0.07 -0.09 -0.12 -0.04 < 0.001
Dentin 2x35 Gy • Slabo zračenje 20 -0.07 0.05 -0.10 -0.10 -0.07 < 0.001 b

Table 2	 The	change	in	surface	roughness	(µm)	after	irradiation	in	relation	to	the	initial	measurement	(the	observed	variable	is	base	-	
irradiation).

Tablica 2.	 Promjena	hrapavosti	(Ra)	nakon	zračenja	u	odnosu	prema	početnom	mjerenju	(varijabla	koju	promatramo	je	base – zračenje)

a P-value t-test for dependent samples. • P – vrijednost t-testa za zavisne uzorke
b Due to deviations from the normal distribution, the Wilcoxon Signed Rank test was used. • Zbog odstupanja od normalne distribucije korišten je 
Wilcoxonov Signed Rank test
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Figure 2	 Box	plot	diagrams	of	enamel	microhardness	(VHN)	distribution	for	standard	irradiation		
Slika 2.	 Dijagrami	raspodjele	mikrotvrdoće	cakline	(VHN)	za	standardno	zračenje	
Figure 3	 Box	plot	diagrams	of	dentin	microhardness	(VHN)	distribution	for	standard	irradiation	
Slika 3.	 Box	plot	dijagrami	raspodjele	mikrotvrdoće	dentina	(VHN)	za	standardno	zračenje	
Figure 4	 Box	plot	diagrams	of	enamel	microhardness	(VHN)	distribution	for	experimental	irradiation	
Slika 4.	 Dijagrami	raspodjele	mikrotvrdoće	cakline	(VHN)	za	eksperimentalno	zračenje
Figure 5	 Box	plot	diagrams	of	dentin	microhardness	(VHN)	distribution	for	experimental	irradiation
Slika 5.	 Box	plot	dijagrami	raspodjele	mikrotvrdoće	dentina	(VHN)	za	eksperimentalno	zračenje
Figure 6	 Box	plot	diagrams	of	enamel	surface	roughness	(µm)	distribution	for	standard	irradiation
Slika 6.	 Dijagrami	raspodjele	hrapavosti	površine	cakline	(µm)	za	standardno	zračenje
Figure 7	 	Box	plot	diagrams	of	dentin	surface	roughness	(µm)	distribution	for	standard	irradiation	
Slika 7.	 Box	plot	dijagrami	raspodjele	hrapavosti	površine	dentina	(µm)	za	standardno	zračenje
Figure 8	 Box	plot	diagrams	of	enamel	surface	roughness	(µm)	distribution	for	experimental	irradiation
Slika 8.	 Dijagrami	raspodjele	hrapavosti	površine	cakline	(µm)	za	eksperimentalno	zračenje
Figure 9	 Box	plot	diagrams	of	dentin	surface	roughness	(µm)	distribution	for	experimental	irradiation
Slika 9.	 Dijagrami	raspodjele	hrapavosti	površine	dentina	(µm)	za	eksperimentalno	zračenje
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Discussion

Head and neck malignant diseases are fairly common 
these days, with over 550,000 cases diagnosed each year 
throughout the world. At present, it is the seventh most prev-
alent cancer, as well as the seventh most common cause of 
cancer-related mortality (18). For head and neck irradiation, 
high-energy radioactive elements and particle accelerators are 
now commonly used. They work either directly by inducing 
the breaking of DNA strands or indirectly by producing the 
tissue necrosis. It can be used as a last-resort treatment fol-
lowing surgery, with or without chemotherapy. Radiation to 
these specific areas can harm healthy adjacent tissues such as 
bones, mucosa, dental tissue, and salivation glands, which are 
not adequately protected. Furthermore, the head and neck 
architecture is complex, and all systems, including digestive, 
respiratory, masticatory, and endocrine, are contained inside 
a very compact space. Modern oncology recommends em-
ploying “standard fractionation,” which consists of a total of 
65 to 72 Gy of high-energy irradiation divided into 1.8 to 2 
Gy daily fractions (treatment series). These fractions are de-
livered over the period of seven weeks, five days every week 
(19, 20). Because of the accurate irradiation beam, normal 
tissue is not excessively bombarded, and toxicity is reduced, 
while greater doses are administered to tumors without sacri-
ficing control rates (21).

Radiation in the head and neck area can cause changes in 
crystal structure, increased enamel meltability, decreased mi-
crohardness, and radiation-related caries, among other things 
(16). The results of this study either show that ionizing ra-
diation can cause a dose-dependent increase or a decrease in 
dental hard tissues microhardness. De Siqueira Mellara et al. 
(22) found that accumulative dosage of 60 Gy resulted in the 
superior surface hardness values when compared to enamel 
without irradiation effect, which was in contrast to previous 
studies which had found that either the surface hardness of 
irradiated enamel is lower in position than that of non-irra-
diated (23), which is similar to our findings, or that there is 
no alteration in surface hardness as a role of irradiation (24, 
25). Lu et al. (26) reported a decrease in surface hardness af-
ter exposition to 30 Gy, but it showed that when the dose 
was close to 60 Gy, the breakdown was even worse, which is 
similar to previous findings which revealed that exposition 
to 30 Gy arose in lowering surface microhardness and elas-
tic modality of enamel near the dentin-enamel binding but 
without alteration in the middle of enamel or dentin after 
exposition to 60 Gy (27, 28). Impaired microhardness and 
modus of elasticity at the dentin-enamel binding may limit 
tooth distortion throughout mastication (28), potentially re-
sulting in enamel pilling a several weeks after irradiation (29). 
When compared to the non-exposed group, irradiation with 
60 Gy induced a drop in microhardness of enamel and den-
tin, as well as declines in structural components (30). A num-
ber of other studies have documented potential changes fol-
lowing direct induced radiation, such as an enhancement in 
surface hardness of hard tooth structures (26,27), as well as a 
decrease (31,32) in cumulative microhardness of enamel and 
dentin after this specific area irradiation protocol. Goncalves 

Rasprava

Zloćudne bolesti glave i vrata danas su dosta česte – sva-
ke godine diljem svijeta dijagnosticira se više od 550 000 slu-
čajeva. Trenutačno su sedmi najčešći oblik raka te sedmi naj-
češći uzrok smrti od raka (18). Za zračenje glave i vrata danas 
se obično koriste viskoenergijski radioaktivni elementi i akce-
leratori čestica. Djeluju ili izravno lomeći lanac DNK ili ne-
izravno proizvodeći nekrozu tkiva. Zračenje se provodi kao 
posljednja mjera nakon operacije, s kemoterapijom ili bez 
nje. Zračenje tih specifičnih područja može oštetiti zdrava su-
sjedna tkiva kao što su kosti, sluznica, zubno tkivo i salivarne 
žlijezde koje nisu adekvatno zaštićene. Nadalje, struktura gla-
ve i vrata je složena, a svi sustavi, uključujući probavni, dišni, 
žvačni i endokrini, nalaze se unutar vrlo kompaktnog prosto-
ra. Moderna onkologija preporučuje korištenje “standardno-
ga frakcioniranja” koje se sastoji od 65 do 72 greja visokoe-
nergijskoga zračenja podijeljenih u dnevne frakcije od 1,8 do 
2 greja (serija tretmana). Te se doze primjenjuju sedam tje-
dana – pet dana tijekom tjedna (19, 20). Zbog preciznoga 
snopa zračenja normalno tkivo nije toliko bombardirano, a 
toksičnost je smanjena. Veće doze određuju se za tumore bez 
smanjivanja ukupne doze (21).

Zračenje u području glave i vrata može, između ostalo-
ga, prouzročiti promjene u kristalnoj strukturi, povećanu to-
pljivost cakline, smanjenu mikrotvrdoću i rani razvoj kari-
jesa prouzročen zračenjem (16). Rezultati ovog istraživanja 
pokazuju da ionizirajuće zračenje može povećati ili smanjiti 
mikrotvrdoću tvrdih zubnih tkiva, ovisno o dozi. De Sique-
ira Mellara i suradnici (22) otkrili su da akumulirano zrače-
nje od 60 greja rezultira povećanim vrijednostima površin-
ske tvrdoće u usporedbi s caklinom bez učinka zračenja, što 
je bilo u suprotnosti s prijašnjim studijama u kojima se tvrdi-
lo da je površinska tvrdoća ozračene cakline niža od tvrdoće 
neozračene cakline (23), što je bilo slično našim nalazima, ili 
da nema promjene u površinskoj tvrdoći zbog zračenja (24, 
25). Lu i suradnici (26) izvijestili su o smanjenju površinske 
tvrdoće nakon izlaganja zračenju do 30 greja, ali kada je do-
za bila blizu 60 greja oštećenje je bilo još veće, što je slično 
prethodnim nalazima u kojima se ističe da izlaganje do 30 
greja rezultira smanjenjem površinske mikrotvrdoće i elastič-
noga modula cakline u blizini veze dentin – caklina, ali bez 
promjene u sredini cakline ili dentina nakon izlaganja zra-
čenju od 60 greja (27, 28). Narušena mikrotvrdoća i modul 
elastičnosti na spoju dentina i cakline mogu ograničiti distor-
ziju zuba tijekom žvakanja (28) i potencijalno rezultirati od-
lamanjem cakline nekoliko tjedana nakon zračenja (29). U 
usporedbi s neeksponiranom skupinom, zračenje od 60 greja 
smanjilo je mikrotvrdoću cakline i dentina te snizilo vrijed-
nosti gradivnih komponenti (30). U mnogobrojnim studija-
ma autori su zabilježili potencijalne promjene nakon izravno-
ga učinka zračenja, kao što su povećanje površinske tvrdoće 
tvrdih zubnih struktura (26, 27) i smanjenje (31, 32) kumu-
lativne mikrotvrdoće cakline i dentina nakon zračenja speci-
fičnih područja. Goncalves i suradnici (27) pronašli su sma-
njenje mikrotvrdoće cakline u vanjskim slojevima do ukupne 
doze od 30 greja, ali povećanje s većim dozama. Nakon aku-
muliranih doza zračenja od 10, 30, 40, 50 i 60 greja, mikro-



w
w

w
.a

sc
ro

.h
r

Protokol radioterapije na površinskoj strukturi tvrdoga zubnog tkivaKlarić Sever i sur. 341

et al. (27), for example, found a reduction in enamel micro-
hardness in exterior layers up to 30 Gy accumulative dosages, 
but there was an augmentation with higher doses. After ac-
cumulative irradiation dosages of 10, 30, 40, 50, and 60 Gy, 
microhardness in the midsection of enamel did not differ sig-
nificantly from non-exposed enamel, but microhardness in 
lower layers of enamel did not alter. When compared to non-
exposed dentin, dentin microhardness reduced after 10, 20, 
30, 50, and 60 Gy cumulative irradiation doses. This find-
ing was opposite to ours where the change in microhardness 
of hard dental tissues after radiation did not result in signifi-
cant difference in comparison to radiation tenacity, meaning 
that higher irradiation dosage did not end with more altera-
tion. After both, conventional irradiation protocol (2 Gy for 
35 days) or powerful, exploratory dose of 70 Gy there was a 
significant reduction in the mean microhardness of both den-
tal tissues with no distinction to irradiation tenacity, hence 
the first null hypothesis that there is no distinction in ways 
of microhardness between the non-exposed teeth was conse-
quently rejected, while the second hypothesis that there is no 
distinction between the various irradiation proceedings was 
completely accepted. Gülsüm et al. (28) reported that surface 
hardness of enamel reduced (from top to inner structures) 
with augmentation of radiation dosage up to 60 Gy and oth-
er papers reported a reduction in upper layers of dentin struc-
tural hardness (33-35) which is later elucidated with more 
water composition inside of dentin (10%), occultation of 
dentin tubuli, destruction of collagen layer and stronger po-
tential of free radicals disengaged post radiation (36), which 
can be compared to our findings where both irradiation pro-
tocols led to reduction in the mean microhardness of hard tis-
sues, while their surface roughness enlarged significantly. Ro-
driguez et al. (37) reported that accumulative irradiation of 
30 and 60 Gy resulted in no surface changes, especially in the 
prism construction, but the space between the prisms is big-
ger with the augmentation of the irradiation dosage. Prism 
composition of irradiated enamel stayed unchanged irrespec-
tive to irradiation dosages. A small structural alteration was 
noted in the space between the prisms after 30 Gy irradia-
tion dosages. Dentin of non-exposed teeth resulted in well-
formed dentin tubuli and collagen layer but with enhanced 
superficial structure change in post irradiation period using 
30 and 60 Gy (37). Our study reported that stronger higher 
irradiation dose could lead to severe damage, and can be re-
sult of intense radiation outcome, which can affect the struc-
ture of enamel and dentin. This was also reported in findings 
by Ferraz et al. (38) who stated that lower saliva flow, which 
can be affected with radiation, had lower ability for remin-
eralization of enamel in comparison to regular flow. Previ-
ous investigations reported that the radiation therapy in a 
number of smaller doses is used to evade the negative change 
in saliva excretion or damage of adjacent structures dealing 
with dose cumulation (39), hence our experiment of apply-
ing one strong dose of 70 Gy, which is not clinically autho-
rized, showed that the number of severe destructions of hard 
dental tissues was smaller than in cases when more cumulated 
dosages are applied; however, it is not yet recommended for 
application to living patients. Scientific reports dealing with 

tvrdoća u središnjem dijelu cakline nije se značajno razliko-
vala od neeksponirane cakline, ali se mikrotvrdoća u donjim 
slojevima cakline nije mijenjala. U usporedbi s neeksponira-
nim dentinom, mikrotvrdoća dentina smanjena je nakon ku-
mulativnih doza zračenja od 10, 20, 30, 50 i 60 greja. Taj je 
nalaz bio suprotan našemu u kojem promjena mikrotvrdo-
će tvrdih zubnih tkiva nakon zračenja nije rezultirala značaj-
nom razlikom u odnosu prema vrsti I količini zračenja, što 
znači da veća doza zračenja nije završila s većim promjenama. 
Nakon obaju konvencionalnih protokola zračenja (2 Gy tije-
kom 35 dana) ili snažne, eksperimentalne, jednokratne do-
ze od 70 greja, dogodilo se značajno smanjenje srednje mi-
krotvrdoće obaju zubnih tkiva bez ovisnosti o vrsti zračenja, 
pa se prva nulta hipoteza da nema razlike u mikrotvrdoći iz-
među ozračenih i neozračenih zuba posljedično odbacuje, a 
druga hipoteza da nema razlike između različitih postupaka 
zračenja potpuno se prihvaća. Gülsüm i suradnici (28) usta-
novili su da se površinska tvrdoća cakline smanjuje (od vr-
ha prema unutarnjim strukturama) s povećanjem doze zra-
čenja do 60 greja, a u drugim radovima navodi se smanjenje 
u gornjim slojevima strukturne tvrdoće dentina (33 – 35), 
što se poslije objašnjava većom količinom vode unutar denti-
na (10 %), začepljenošću dentinskih tubulusa, destrukcijom 
kolagenskoga sloja i jačim potencijalom oslobađanja slobod-
nih radikala nakon zračenja (36). To se može usporediti s na-
šim nalazima u kojima su oba protokola zračenja rezultirala 
smanjenjem srednje mikrotvrdoće tvrdih tkiva, dok je njiho-
va površinska hrapavost značajno povećana. Rodriguez i su-
radnici (37) izvijestili su da kumulativno zračenje od 30 i 60 
greja nije rezultiralo promjenom površine, posebno u izgledu 
caklinskih prizmi, ali je prostor između njih postao veći s po-
većanjem doze zračenja. Sastav prizme ozračene cakline ostao 
je nepromijenjen bez obzira na doze zračenja. Mala struktur-
na promjena zabilježena je u prostoru između prizma nakon 
doze zračenja od 30 greja. Dentin neeksponiranih zuba rezul-
tirao je dobro oblikovanim dentinskim tubulusima i slojem 
kolagena, ali s pojačanom promjenom površinske strukture u 
razdoblju poslije zračenja primjenom 30 i 60 greja (37). Na-
ša studija pokazala je da veće doze zračenja mogu prouzroči-
ti teška oštećenja i mogu biti rezultat intenzivnog ishoda zra-
čenja koje može utjecati na strukturu cakline i dentina, što je 
također navedeno u nalazu Ferraza i suradnika (38) – oni su 
zabilježili da manji protok sline na koji se može utjecati zra-
čenjem ima i manje svojstvo remineralizacije cakline u odno-
su prema normalnom protoku. Dosadašnja istraživanja po-
kazala su da radioterapija u nekoliko manjih doza ne potiče 
negativne promjene u izlučivanju sline ili oštećenju susjednih 
struktura (39) pa je naš eksperiment s primjenom jedne jake 
doze od 70 greja, koji nije bio klinički odobren, potvrdio da 
nema daljnjeg uništavanja tvrdoga zubnog tkiva osim ako se 
primjenjuju veće kumulirane doze, no još se uvijek ne može 
koristiti na živim pacijentima. Znanstvena izvješća koja se ba-
ve jednom eksperimentalnom dozom od 70 greja linearnom 
akceleratorskom jedinicom nisu česti predmet istraživanja, ali 
mogu se usporediti s radom Piocha i suradnika (40) koji nisu 
upotrijebili frakcioniranu dozu, nego jednu dozu od 70 gre-
ja, ali s izvorom kobalta-60 i zabilježili su blaga oštećenja na 
spoju cakline i dentina. 
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one experimental dose of 70 Gy by linear accelerator unit 
are not frequent in previous papers, apart from one paper by 
Pioch et al. (40) who did not use fractionated dose. One dose 
of 70 Gy was used with cobalt-60-source, and transiency in 
the part of the dentin-enamel constriction was observed. 

Nowadays, linear accelerator for radiotherapy is benefi-
cial, mostly for 360° rotation, thus allowing the tissue to ac-
cumulate only relevant to specific treatment, while the ad-
jacent soft and hard structures and organs are at smaller 
jeopardy (41). Despite its benefits, this procedure is rather 
costly, and it is not the preferred option in all nations. Even 
with the use of this approach and distributed dosages, the 
hard dental tissues are closer to the referred region in clini-
cal practice, and exposition of hard dental structures cannot 
be evaded (9).

When assessing changes in surface hardness and rough-
ness of hard tooth structures after radiotherapy, measuring 
methods can have an influence on final outcomes. Since 
dry surroundings can affect the mechanical characteristics 
of tooth sample which is connected to dehydration and can 
result in reduced surface hardness, one of the main conse-
quences is humidity of the tissue during experimental mea-
suring (41). Between measurements, the dental samples were 
kept in deionized water in our investigation. Other investi-
gations have found that radiotherapy on sterilized extracted 
teeth, showed no substantial changes in the mechanical qual-
ities or chemical composition of hard tissues (42, 43). Dif-
ferences in storage type and duration of tooth specimens can 
have an impact on surface hardness values (44, 45), as well as 
which part of the tooth sample served for measuring (46). Fi-
nally, one of the most important reasons for microhardness 
data difference is the variation across teeth of different pa-
tients, even within the same sample (47,48). 

Different approaches, such as scanning electron microsco-
py or surface roughness, can be used to determine the surface 
structure. There was a statistically significant increase in the av-
erage surface roughness of all hard tissues after both, the usual 
radiotherapy procedure and one dose of 70 Gy, which result-
ed in rejecting the first hypothesis which stated that there is 
no difference in surface roughness between the non-exposed 
and the irradiated teeth. The change in hard tissues roughness 
after radiotherapy was not significantly different in terms of 
irradiation tenacity, therefore, the second hypothesis claim-
ing that there were no differences between various radiother-
apy procedures of surface roughness was accepted. Our find-
ings could not be easily compared to other studies since there is 
the lack of other studies dealing with surface roughness fol-
lowing irradiation of these specific hard tissues.  Based on the re-
sults,  we  can  only  assume  that  both  irradiation  tech-
niques  damage the  surface  by  increasing  roughness. Few 
SEM studies dealing with irradiation effect obtained similar 
results which can be partially compared to our findings relat-
ed to surface roughness. Gülsüm et al. (28) reported that the 
when irradiation dosage enhances, some amorphous forma-
tions can be created on the upper layers of hard dental tissues 
leading to superficial fissures on the irradiated enamel surfac-
es, while de Siqueira Mellara et al. (22) observed a gradual de-
terioration of enamel and dentin structure connected to en-

Danas linearni akcelerator za radioterapiju ima mnogo 
prednosti i rotaciju od 360°, što dopušta tkivu da akumu-
lira samo relevantno malo zračenja, onoliko koliko je nužno 
za specifično liječenje; pritom su susjedne meke i tvrde struk-
ture i organi u manjoj opasnosti (41). Unatoč prednostima 
taj je postupak prilično skup i nije široko dostupan. Čak i 
uz korištenje toga pristupa i malih raspoređenih doza, tvrda 
zubna tkiva nalaze se u regiji zračenja te se u kliničkoj prak-
si izlaganje i potencijalno oštećenja zubnih struktura ne mo-
že izbjeći (9).

Pri procjeni promjena u površinskoj tvrdoći i hrapavo-
sti tvrdih zubnih struktura nakon radioterapije, mjerne me-
tode mogu utjecati na konačni ishod. Budući da suha okoli-
na može utjecati na mehaničke karakteristike uzorka zuba, 
što je povezano s dehidracijom i može se očitovati u smanje-
noj površinskoj tvrdoći, jedna od glavnih posljedica jest vlaž-
nost tkiva tijekom eksperimentalnog mjerenja (41). Između 
mjerenja su dentalni uzorci u našem istraživanju držani u dei-
oniziranoj vodi. U drugim istraživanjima ističe se da radio-
terapija steriliziranih izvađenih zuba nije pokazala značajnu 
promjenu u mehaničkim kvalitetama ili kemijskom sastavu 
tvrdih tkiva (42, 43). Razlike u načinu skladištenja uzoraka 
zuba mogu utjecati na vrijednosti površinske tvrdoće (44, 45) 
i na to koji je dio uzorka zuba služio za mjerenje (46). Ko-
načno, jedan od najvažnijih razloga za razliku u podatcima o 
mikrotvrdoći jest varijacija između zuba različitih pacijenata, 
čak i unutar istog uzorka (47).

Za određivanje površinske strukture mogu se koristi-
ti različiti pristupi, poput skenirajuće elektronske mikro-
skopije ili mjerenja hrapavosti površine. U našem istraživa-
nju zabilježeno je statistički značajno povećanje prosječne 
hrapavosti površine svih tvrdih tkiva i nakon uobičajeno-
ga radioterapijskoga zahvata i jedne doze od 70 greja, što 
je rezultiralo odbacivanjem prve hipoteze da nema razlike 
u površinskoj hrapavosti između neeksponiranih i zračenih 
zubi. Promjena hrapavosti tvrdih tkiva nakon radioterapije 
nije se značajno razlikovala kad je riječ o postojanosti zrače-
nja, pa je prihvaćena druga hipoteza koja objašnjava da ne-
ma razlike između različitih radioterapijskih postupaka hra-
pavosti površine.

Naši se nalazi ne mogu jednostavno usporediti s onima 
u drugim studijama zbog nedostatka sličnih koje su se bavile 
temom hrapavosti površine tvrdih zubnih tkiva nakon zrače-
nja, ali na temelju rezultata možemo samo pretpostaviti da 
obje tehnike zračenja oštećuju površinu i povećavaju hrapa-
vost. Nekoliko SEM studija koje se bave učinkom zračenja 
pokazale su slične rezultate koji se mogu djelomično uspo-
rediti s našim nalazima o hrapavosti površine. Gülsüm i su-
radnici (28) izvijestili su da, kada se doza zračenja poveća, 
na gornjim slojevima tvrdih zubnih tkiva mogu se stvoriti 
amorfne formacije koje završavaju površinskim fisurama na 
ozračenoj površini cakline, a de Siqueira Mellara i suradni-
ci (22) uočili su postupno oštećenje strukture cakline i den-
tina koje je povezano s povećanom dozom zračenja. Primje-
nom triju različitih doza zračenja (20, 40 i 70 Gy) nije bilo 
drukčijeg učinka na cervikalni, srednji i okluzalni dio cakli-
ne bez ikakvih morfoloških promjena ili promjena u mine-
ralnom sastavu (33).
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larged irradiation dosage. Using three distinct radiation doses 
(20, 40, and 70Gy), had no different effect on cervical, mid-
dle, and occlusal part of enamel without any morphological 
or mineral alteration (33). 

Our findings were based on extracted teeth in laborato-
ry conditions and the main purpose was to find the differ-
ence between various radiotherapy solutions on hard dental 
tissues. Due to in vitro study restrictions, an important con-
clusion can be drawn: direct irradiation can result in possible 
destruction of enamel and dentin with reduction in surface 
hardness and enlarged roughness irrespective of the irradia-
tion technique. This study has some drawbacks. The posi-
tion of enamel buds and crystals, as well as the position of 
dentin tubuli, determine the mechanical qualities of hard 
dental tissues. Teeth are more likely to be exposed to smaller 
values of irradiation in the mouth during the real in vivo ra-
diotherapy treatment than in the tentative laboratory setting. 
On the basis of this study and other research, we are still a 
long way from reaching a consensus about the optimal clini-
cal approach, potential materials for restoration of hard den-
tal tissues and strategies for people who may face a number 
of complications in the future. In order to obtain a better un-
derstanding of direct effects of irradiation on teeth and adja-
cent soft tissues, further in-vivo studies are needed.

Conclusions

This paper has confirmed the fact that, despite various 
irradiation procedures, direct effects of radiotherapy can re-
sult in possible breakdown of hard dental structures. Bearing 
in mind the potential limitations (no saliva, extraoral con-
ditions, extracted teeth, etc.), but in compliance with afore-
mentioned studies, a particular concern should be taken 
about hard and soft oral tissues after standard irradiation pro-
tocol of head and neck radiotherapy. Various conclusions in 
the abovementioned studies point out that there is not a con-
cise piece of information in the area of irradiation and hard 
dental structures, and that further studies dealing with possi-
ble remineralization processes and different requirements are 
needed. 
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Naši su se nalazi temeljili na podatcima dobivenima na 
ekstrahiranim zubima u laboratorijskim uvjetima, a glavna 
svrha bila je uočiti razliku između različitih radioterapijskih 
postupaka na tvrdim zubnim tkivima. Zbog ograničenja ove 
studije in vitro mogu se zaključiti dvije važne stvari – izravno 
zračenje može oštetiti caklinu i dentin, uz smanjenje površin-
ske tvrdoće i povećanu hrapavost neovisno o vrsti zračenja. 
No ova studija ima i velike nedostatke. Za zube će vjerojat-
no biti utvrđene manje vrijednosti zračenja u ustima tijekom 
stvarne radioterapije in vivo, nego u laboratorijskim uvjeti-
ma. Na temelju ovoga i drugih istraživanja još smo daleko od 
dogovora o optimalnom kliničkom pristupu, potencijalnim 
materijalima za restauraciju tvrdih zubnih tkiva i strategijama 
za ljude koji bi se mogli suočiti s nizom komplikacija kao po-
sljedicama radioterapije glave i vrata. Za daljnje razumijeva-
nje izravnih učinaka zračenja na zube i susjedna meka tkiva, 
potrebne su studije in vivo.

Zaključak

U ovome radu istaknuto je da izravan učinak radiote-
rapije može rezultirati oštećenjem tvrdih zubnih struktura, 
nevezano o kojemu načinu zračenja je riječ. Prema ovim re-
zultatima i imajući na umu potencijalna ograničenja studi-
je (nekorištenje sline, ekstraoralno mjerenje, izvađeni zubi i 
sl.), ali u skladu s prije navedenim studijama, nakon standar-
dnoga protokola zračenja radioterapije glave i vrata treba uze-
ti u obzir pojavu mogućih oštećenja tvrdih zubnih struktura 
i okolnih mekih tkiva. Različiti zaključci u navedenim rado-
vima ističu da nema evidentnih i konzistentnih informacija 
i zaključaka u području zračenja i tvrdih zubnih struktura te 
da su za daljnja istraživanja nužne slične studije koje se bave 
mogućim utjecajem različitih postupaka remineralizacije na 
tvrda zubna tkiva.
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