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SUMMARY

Radiotherapy in the treatment of head and neck tumors is most often used as an independent method or in combina-
tion with surgery and / or chemotherapy. These therapeutic methods in a multidisciplinary approach generally lead to
favourable therapeutic response. During radiotherapy of this region, oral mucosa is inevitably covered within irradiated
volume. Radical therapy is achieved with high doses of radiation, which usually results in development of undesired toxic
effects, which, depending on the time of manifestation can be acute and late. Acute radiation toxicity occurs during
or immediately after completion of performed therapy, and the late one several months or years after the completed
treatment. The most common acute complications in the oral cavity are inflammation of oral mucosa, loss of taste,
dry mouth and secondary infections. Late complications include radiation caries, trismus, and osteoradionecrosis.

The aim of this paper was to present the effects and specificities of toxicity observed on oral cavity tissues after ra-

diotherapy.
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INTRODUCTION

Ionizing radiation by its effect leads to the formation of
free radicals, which interfere with biochemical processes
and cell division, resulting in cell death. Radiation is usu-
ally carried out in high doses (ranging from 50 Gy to
about 70 Gy) in individual daily fractions of 2 Gy during
five days a week including breaks over the weekend, and
for a total duration of several weeks [1].

Tissues, depending on radiobiological response to ra-
diation, can be radio resistant, and this includes tissues
with fewer cell divisions (e.g. bone, cartilage and muscle
tissues). In contrast to them, more sensitive to ionizing
radiation are tissues whose cells actively divide, such as
bone marrow, reproductive organs, eye lens, and digestive
and respiratory epithelium. This group also includes mu-
cous membrane of the mouth, therefore it is necessary to
prevent these radiation effects and treat them adequately.
By applying advanced technologies and using modern ra-
diotherapy techniques, significant precision, better dose
distribution and maximum protection of healthy tissues
during radiation are achieved thereby reducing possible
late toxicity [2].

ACUTE TOXICITY

Radiation toxicity in the oral cavity occurs in almost all
patients who undergo radiation of a tumour in maxil-
lofacial region, all three floors of the throat, base of the
tongue, floor of the mouth, parotid region, larynx and
neck. The cause of complications is high mitotic activity
of mucous membrane cells, disturbance of oral micro-
flora balance with microtrauma produced during normal

physiological function of the oral cavity [3]. Acute toxicity
most commonly occurs as oral mucositis, loss of taste and
dry mouth (xerostomia).

The most common acute complication of radiation is
oral mucositis. Cell death of basal keratinocytes under the
action of ionizing radiation causes the damage of mucous
membrane in the oral cavity. Already during the first week
of radiotherapy, early clinical signs of mucositis can be
noticed in the form of unclearly localized pale zones or
milky white discoloration. They are the most noticeable
in the buccal region, especially in the area of mechanical
irritation from teeth. These changes are accompanied by
mucosal erythema and atrophy. Around this altered epi-
thelium, further action of radiotherapy causes progression
of these changes in the form of ulceration. In these spots
of mucosal damage, pale yellowish-white fibrin deposits
form pseudomembranes and they are suitable place for the
formation of infection, usually candidiasis (Candida albi-
cans). In addition to the buccal region, other parts of the
oral cavity may also be affected, particularly sides and the
upper surface of the tongue, lip mucosa, soft palate, floor of
the mouth and throat. Pain is also an important symptom
within the onset of first changes and it represents the most
significant factor in impairing the quality of life of patients
who undergo radiation of head and neck tumours. Due to
the presence of pain and disturbed swallowing, patients
cannot adequately eat. Particularly the problem is the in-
take of solid foods and sometimes liquids as well. The pain
can vary in intensity depending on the degree of radiation
toxicity. As supportive therapy, besides the systemic anal-
gesic therapy based on opioid analgesics, a diet containing
dietary supplements rich in proteins is recommended. The
most serious form of acute toxicity is complete inability of
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oral food intake. In order to prevent greater than 10% loss
of body mass and anorexia, parenteral nutrition is required
and in some cases radiotherapy is discontinued as well [4,
5]. Oral mucositis, depending on the changes observed, is
classified by the World Health Organization (WHO) into
the four categories (Table 1).

Loss of the sense of taste occurs as a partial reduction
(dysgeusia) or a complete loss (ageusia) of all four tastes:
salty, sweet, sour and bitter. Partial reduction of the sense
of taste often precedes the development of mucositis. This
type of toxicity arises in the initial phase of radiotherapy
as an acute mucosal reaction due to the damage of re-
ceptor cells in so-called gustatory buds on the surface of
the tongue. The taste sensory receptor cells are capable of
repopulation within four months after the completion of
treatment, but also some permanent damage may occur
caused by mucositis and dry mouth. The disorder of the
sour and bitter sensation is more intense than the disorder
of feeling the sweet and salty taste. During radiation it is
advised to quit smoking and consuming alcoholic drinks
and very spicy foods [6]. The clinical significance of this
type of toxicity is the consequent loss of appetite, which
significantly affects general condition of the patient. The
severity of the loss of taste depends on the dosage of ra-
diation and covered irradiated volume. Usually, the sense
of taste returns within the period of up to one year after
the completion of radiotherapy.

Dry mouth (xerostomy) occurs as a result of salivary
glands damage under the action of ionizing radiation.
Oedema of salivary glands happens in the first hours after
the beginning of radiation [7], resulting in decreased sali-
vation and increased viscosity of saliva, which becomes
thick and sticky. The disorder of salivary gland vasculari-
zation is due to fibrotic changes in the blood vessel wall,
leading to atrophy and necrosis of glandular cells. This
process is irreversible so that dryness of mucous mem-
branes of the irradiated region, although being an acute
reaction to radiotherapy, may last for several months or
permanently [8]. As the salivary glands are located in dif-
ferent regions of the mouth, xerostomy also depends on
the volume of irradiated tissue. Due to decreased saliva-
tion, the act of swallowing and eating is disturbed, mostly
affecting solid food intake.

LATE TOXICITY

The effects of late toxicity of radiotherapy can occur few
months after the completion of radiation, or years after
the treatment. They are chronic, often irreversible and sig-
nificantly impair the quality of life. Late toxicity is mani-
fested as radiation caries, trismus, and osteoradionecrosis.

Decalcification of the tooth enamel is caused by
changes in the chemical composition of the saliva and
increased number of cariogenic bacteria in the oral cavity
[7], which, in addition to dry mouth and decrease in pH of
the oral cavity, favours caries formation. A special feature
of radiation caries is the absence of pain, despite rapid
progression and extensive loss of solid substance due to
demineralization process of affected teeth [8]. The final
result of this process is tooth loss.

Table 1. WHO Oral Mucositis Grading Scale
Tabela 1. Stepen oralnog mukozitisa prema Svetskoj zdravstvenoj
organizaciji

Grade 0 | No presence of oral mucositis
Stepen 0 | Bez prisustva oralnog mukozitisa
Grade | Erythema, oral soreness
Stepen | | Prisustvo eritema i bolne osetljivosti
Grade Il | Ulceration; swallowing solid foods possible
Stepen I | Prisustvo ulceracija; o¢uvana mogucnost gutanja ¢vrste hrane
Grade Il Ulceration; swallowing solid foods impossible; liquid diet only
Prisustvo ulceracija; nemoguc¢nost gutanja ¢vrste hrane;
Stepen llI .
te¢na ishrana
Grade IV Ulceration; oral alimentation impossible
Prisustvo ulceracija; potpuna nemoguénost oralnog unosa
Stepen IV hrane

Trismus represent painful, reduced opening of the
mouth caused by spasm of chewing muscles. During ra-
diotherapy using high doses of radiation, development of
fibrotic changes in chewing muscles (. masseter) occurs
as well as the reduction of flexibility and extension in the
region of temporomandibular joint, with the presence of
mandibular hypomobility. These changes usually occur
within few months after completion of radiotherapy, and
can be that severe that patient can open mouth less than
2 cm, which significantly affects speech and food intake
[7]. Sometimes, complete stiffness or ankylosis of tempo-
romandibular joint may occur.

Osteoradionecrosis is one of the most serious late radi-
ation toxicities. It arises as a result of irreversible damage
of osteocytes with progressive decrease in microvasculari-
zation, which leads to decrease in blood circulation with
the consequent hypoxia and tissue hypocellularity. The
final result of these changes is osteoradionecrosis with or
without secondary infection, with possibility of pathologi-
cal fracture as well. Mandible is more susceptible to necro-
sis caused by radiation because of poorer vascularization
and bone density compared to maxilla. Symptoms of this
process are pain, swelling, fetor, ulceration and orocuta-
neous fistulas. Osteoradionecrosis usually occurs in the
period up to one year after the completion of radiation.
Poor oral hygiene and continued alcohol consumption as
well as smoking are additional risk factors [9].

PREVENTION

All patients undergoing radiation therapy must have com-
plete dental examination of the oral cavity before the ini-
tiation of the treatment. This involves detailed examina-
tion of mucous membranes and teeth, with special focus
on decayed teeth that need to be completely repaired. If
extraction of the tooth with advanced caries is required,
it is necessary to do it 2-3 weeks before starting radio-
therapy. Extraction of healthy teeth does not reduce the
risk of developing osteoradionecrosis. Radiation mucositis
cannot be prevented, but maintaining good oral hygiene
can reduce the risk of oral infections. It is recommended
to use soft brushes and mild toothpastes during and after
radiation [10]. In order to prevent and relieve trismus,
it is necessary to introduce regular exercises of chewing
muscles all the time during, and for longer time interval

after the completion of radiation.
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Of utmost importance for alleviating oral dryness and
inflammatory processes is to maintain normal mucous
membrane moisture during radiation, so it is advised to
do an intensive daily washing of oral cavity with sodium
bicarbonate solution and local antiseptics. In case of pain
and difficult swallowing, it is necessary to introduce pal-
liative therapy, which often requires introduction of opi-
ates as well.

CONCLUSION

The prevention of radiation toxicity can be achieved in
close cooperation between the radiation oncologist and
dentist. It is necessary to visit dentist before the begin-
ning of planned oncologic treatment so that active proc-
esses in the oral cavity can be treated, as well as during
the implementation of radiotherapy due to the severity
of possible complications. With an adequate oral hygiene
and increased care of oral mucosa, expected toxicity of
radiotherapy can be significantly reduced or prevented.
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Uticaj radijacione terapije na tkiva usne duplje

Marko Dozi¢, Suzana Stojanovié-Rundi¢, Vesna Plesinac-Karapandzi¢, Srdan Milanovi¢, Nikola Milosevic

Institut za onkologiju i radiologiju Srbije, Beograd, Srbija

KRATAK SADRZA)

Radioterapija se u lecenju tumora glave i vrata najcesce primenjuje kao samostalna metoda ili u kombinaciji sa hirurgijom i/ili hemi-
oterapijom. Ove terapijske metode u multidisciplinarnom pristupu uglavhom dovode do povoljnog terapijskog odgovora. Prilikom
zracne terapije tumora ove regije, oralna sluznica se neizbezno nalazi u obuhvaéenom zraénom volumenu. Radikalnost terapije se
postize visokim dozama zracenja, $to obi¢no ima za posledicu pojavu nezeljenih toksicnih efekata, koji u zavisnosti od vremena
ispoljavanja mogu biti akutni i kasni. Akutna toksi¢nost zracenja se javlja tokom ili neposredno po zavrsetku sprovedene terapije, a
kasna vise meseci ili godina od zavrienog lecenja. Najcesce akutne komplikacije u usnoj duplji su zapaljenje oralne sluznice, gubitak
ukusa, suvoca usta i sekundarne infekcije. U kasne komplikacije spadaju radijacioni karijes, trizmus i osteoradionekroza. Cilj ovog
rada je bio da se predstave efekti i specifi¢nosti ispoljene toksi¢nosti na tkiva usne duplje nakon radijacione terapije, koja znacéajno

utice na kvalitet Zivota ovih pacijenata.
Kljucne reci: toksicnost; radioterapija; usna duplja; prevencija

uvoD

Jonizujuce zracenje svojim dejstvom dovodi do stvaranja slo-
bodnih radikala, koji remete biohemijske procese i ¢elijsku
deobu, $to za posledicu ima smrt celije. Zracenje se obi¢no
sprovodi visokim dozama (u rasponu od 50 Gy do oko 70 Gy)
u pojedina¢nim dnevnim frakcijama od 2 Gy tokom pet dana
u nedelji i sa pauzama tokom vikenda, a u ukupnom trajanju
od nekoliko nedelja [1].

Tkiva, u zavisnosti od radiobioloskog odgovora na zracenje,
mogu biti radiorezistentna, i tu se svrstavaju tkiva sa manjim
brojem ¢elijskih deoba (npr. kotano, hrskavi¢avo i misi¢no).
Nasuprot njima, na jonizujuce zracenje su osetljivija tkiva ¢ije
se Celije aktivno dele, kao $to su kostana srz, reproduktivni or-
gani, o¢no socivo, odnosno digestivni i respiratorni epitel. Ovoj
grupi pripada i sluznica usne duplje pa je zato neophodno pre-
duprediti ove efekte zracenja i adekvatno je tretirati. Prime-
nom naprednih tehnologija i kori$¢enjem savremenih tehnika
radioterapije postiZe se znacajna preciznost, bolja distribucija
doze i maksimalna zastita zdravih tkiva tokom zracenja, ¢ime
se smanjuje i moguca kasna toksi¢nost [2].

AKUTNA TOKSICNOST

Radijaciona toksi¢nost u usnoj duplji nastaje kod skoro svih pa-
cijenata kod kojih se sprovodi zracenje tumora maksilofacijalne
regije, sva tri sprata zdrela, baze jezika, poda usta, parotidne
regije, larinksa i vrata. Uzrok komplikacija predstavlja visoka
mitotska aktivnost celija sluznice, narusavanje ravnoteZze oralne
mikroflore uz mikrotraume nastale tokom normalne fizioloske
funkcije usne duplje [3].

Akutna toksi¢nost se najcesce javlja kao oralni mukozitis,
gubitak osecaja ukusa i suvoca usta (kserostomija).

Najcesca akutna komplikacija zracenja je oralni mukozitis.
Celijska smrt bazalnih keratinocita pod dejstvom jonizujuceg
zracenja dovodi do ostecenja sluznice usne $upljine. Ve¢ tokom
prve nedelje radioterapije mogu se primetiti rani klinicki znaci
mukozitisa, u vidu pojave nejasno ograni¢enih bledih zona ili
mle¢no bele prebojenosti. Najuocljivije su u bukalnoj regiji, po-
sebno u predelu mehanickih nadrazaja zuba. Ove promene su
pracene eritemom i atrofijom sluzokoze. Oko ovako izmenjenog
epitela daljim dejstvom zra¢ne terapije nastaje progresija ovih

promena u vidu pojave ulceracija. Na ovim mestima o$tecenja
sluznice nakupljaju se bledo zuckasto-beli¢aste fibrinske nasla-
ge koje formiraju pseudomembrane i koje su pogodno mesto
za nastanak infekcije, obi¢no pojavu kandidijaze (Candida al-
bicans). Osim bukalne regije mogu biti zahvaceni i drugi delovi
usne duplje, narocito bo¢ne strane i gornja povrsina jezika, mu-
koza predela usana, mekog nepca, poda usta i zdrela.

Bol je takode vazan simptom pri pojavi prvih promena i
predstavlja najznacajniji ¢inilac u narusavanju kvaliteta Zivota
bolesnika kod kojih se sprovodi zracenje tumora glave i vrata.
Zbog prisutnog bola i poremecenog akta gutanja pacijenti ne
mogu da se adekvatno hrane. Posebno im predstavlja problem
unosenje ¢vrste hrane, ali i te¢nosti. Bol moze biti razli¢itog
intenziteta u zavisnosti od stepena ispoljene radijacione tok-
si¢nosti. U suportivnoj terapiji se osim sistemske analgetske
terapije zasnovane na opioidnim analgeticima preporucuje i
ishrana dijetetskim suplementima bogatim proteinima. Najte-
zi oblik akutne toksi¢nosti predstavlja potpuna nemoguénost
oralne ishrane, zbog ¢ega u cilju sprecavanja gubitka telesne
mase veceg od 10% i anoreksije otpocinje parenteralna ishrana,
a u nekim slu¢ajevima se i prekida radioterapija [4, 5]. Oralni
mukozitis se u zavisnosti od ispoljenih promena klasifikuje po
Svetskoj zdravstvenoj organizaciji (WHO) u Cetiri kategorije
(Tabela 1).

Gubitak osecaja ukusa se javlja kao delimi¢no smanjenje
(dysgeusia) ili potpuni gubitak (ageusia) sva Cetiri ukusa: sla-
nog, slatkog, kiselog i gorkog. Delimi¢no smanjenje osec¢aja uku-
sa Cesto prethodi razvoju mukozitisa. Ovaj tip toksi¢nosti nasta-
je u pocetnoj fazi zra¢ne terapije kao akutna reakcija mukoze,
zbog ostecenja receptorskih celija u takozvanim gustativnim
pupoljcima na povrsini jezika. Receptorske celije ¢ula ukusa su
sposobne za repopulacije unutar Cetiri meseca od zavr$enog le-
Cenja, ali moZe nastati i izvestan stepen trajnog ostecenja, cemu
doprinose mukozitis i suvoca usta. Poremecaj osecaja za kiselo
i gorko je intenzivniji u odnosu na poremecaj osecaja slatkog i
slanog ukusa. U toku zracenja se savetuje prestanak pusenja i
konzumiranja alkoholnih pi¢a i jako za¢injenih jela [6]. Klinicki
znacaj ovog tipa toksi¢nosti je u posledi¢nom gubitku apetita,
$to znacajno uti¢e na opste stanje pacijenta. Izrazenost gubitka
ukusa zavisi od doze zracenja i obuhvacenog zracenog volume-
na. Obi¢no se ¢ulo ukusa vraca u intervalu do godinu dana od

zavrSetka radioterapije.
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Suvoca usta (kserostomija) nastaje kao posledica ostecenja
pljuva¢nih Zlezda pod dejstvom jonizujuceg zracenja. Edem
pljuvacnih Zlezda pocinje ve¢ u prvim satima nakon pocetka
zradenja [7], zbog Cega dolazi do smanjenja luc¢enja pljuvacke,
koja postaje gusta i lepljiva, i povecanja njenog viskoziteta. Pore-
mecaj vaskularizacije pljuva¢nih Zlezda nastaje usled fibroznih
promena u zidu krvnih sudova, $to dovodi do atrofije i nekroze
zlezdanih Celija. Taj proces je ireverzibilan, tako da suvoca slu-
znice zracene regije, iako akutna reakcija na radioterapiju, moze
trajati ili nekoliko meseci ili trajno [8]. Kako se pljuvaéne zlezde
nalaze u razli¢itim regijama usta, tako i kserostomija zavisi od
volumena zracenog tkiva. Zbog smanjenog lucenja pljuvacke
poremeceni su akt gutanja i ishrana pacijenata, a poseban pro-
blem predstavlja unos ¢vrste hrane.

KASNA TOKSICNOST

Efekti kasne toksi¢nosti radioterapije se mogu javiti najranije
nekoliko meseci od zavr$etka zracenja, odnosno godinama na-
kon le¢enja. Hroni¢nog su toka, ¢esto ireverzibilni i znacajno
narusavaju kvalitet Zivota.

Kasna toksi¢nost se manifestuje kao radijacioni karijes, triz-
mus i osteoradionekroza.

Dekalcifikacija zubne gledi je uzrokovana promenama u
hemijskom sastavu pljuvacke i pove¢anim brojem kariogenih
bakterija u usnoj duplji [7], $to uz suvo¢u usta i smanjenje vred-
nosti pH u usnoj duplji pogoduje nastajanju karijesa. Posebna
odlika radijacionog karijesa je odsustvo bola, uprkos jako brzom
napredovanju i obimnom gubitku ¢vrste materije usled proce-
sa demineralizacije zahvacenih zuba [8]. Krajnji rezultat ovog
procesa je trajni gubitak zuba.

Trizmus predstavlja bolno, ogranic¢eno otvaranje usta uzro-
kovano gréenjem misica za zvakanje. U toku sprovodenja ra-
dioterapije primenom visokih doza zra¢enja dolazi do razvoja
fibroznih promena misi¢a Zvakaca (m. massetera), kao i sma-
njenja fleksibilnosti i ekstenzije predela temporomandibular-
nog zgloba, uz prisutan hipomobilitet mandibule. Ove promene
obi¢no nastaju nekoliko meseci nakon zavrsetka radioterapije,
a mogu biti toliko izrazene da je nemogucnost otvaranja usta
svedena na manje od 2 cm, $to znacajno utice na govor i unos
hrane [7].

Nekada moze nastati i potpuna ukocenost odnosno ankiloza
temporomandibularnog zgloba.

Osteoradionekroza je jedna od najozbiljnijih kasnih tok-
si¢nosti zra¢ne terapije. Nastaje kao posledica ireverzibilnog
ostecenja osteocita sa progresivnim smanjenjem mikrovaskula-
rizacije, $to dovodi do smanjenja prokrvljenosti sa posledi¢nom

Stomatoloski glasnik Srbije. 2017,64(4):179-183

hipoksijom uz hipocelularnost tkiva. Krajnji rezultat ovih pro-
mena predstavlja osteoradionekroza sa prisustvom sekundarne
infekcije ili bez nje, uz moguénost nastanka i patoloske frakture.
Mandibula je podloznija nekrozi usled zracenja zbog slabije va-
skularizacije i gustine kosti u odnosu na maksilu. Simptomi
ovog procesa su bol, otok, fetor, ulceracije i orokutane fistule.
Osteoradionekroza nastaje obi¢no u periodu do godinu dana
od kraja zracenja. Lo$a oralna higijena, kontinuirana upotreba
alkohola i pusenje predstavljaju dodatne faktore rizika [9].

PREVENCIJA

Kod svih pacijenata kod kojih se planira zracenje tumora glave
i vrata neophodno je pre zapocinjanja terapije napraviti kom-
pletan stomatolo$ki pregled usne duplje. Ovo podrazumeva
detaljan pregled sluznica i zuba sa posebnim osvrtom na kari-
ozne zube, koje je neophodno u potpunosti sanirati. Ukoliko je
neophodna ekstrakcija zuba sa uznapredovalim karijesom, istu
je neophodno uciniti dve-tri nedelje pre pocetka radioterapije.
Vadenje zdravih zuba ne smanjuje rizik za nastanak osteora-
dionekroze. Radijacioni mukozitis se ne moze prevenirati, ali
odrzavanjem dobre oralne higijene moguce je smanjiti rizik
od nastanka oralnih infekcija. Preporucuje se upotreba mekih
Cetkica i blagih pasti za zube tokom i nakon zracenja [10]. U
cilju sprecavanja i ublazavanja trizmusa neophodno je uvesti
redovne vezbe misica zvakaca, sve vreme tokom i u duzem pe-
riodu posle zavrSenog zracenja.

0d izuzetnog znacaja za ublazavanje suvoce usta i upalnih
procesa je odrzavanje normalne vlaznosti sluznice tokom zra-
enja, pa se savetuje svakodnevno intenzivno ispiranje usne
$upljine rastvorom sode bikarbone uz lokalne antiseptike.
U slucaju pojave bola i otezanog gutanja neophodno je uvesti
i antidoloroznu terapiju, koja ¢esto zahteva uvodenje i opijata.

ZAKLYUCAK

Prevencija radioterapijske toksi¢nosti usne duplje se mora raz-
matrati u uskoj saradnji radijacionog onkologa i stomatologa,
s obzirom na predvidene visoke doze jonizujuceg zracenja, a
radi postizanja ocekivanog terapijskog odgovora. Neophodna je
koordinacija sa stomatologom pre pocetka planiranog onkolos-
kog lecenja radi saniranja aktivnih procesa u usnoj duplji, kao
i tokom sprovodenja zra¢ne terapije, imajuci u vidu ozbiljnost
mogucih komplikacija. Adekvatnom oralnom higijenom i po-
jacanom negom sluznice u znac¢ajnoj meri se moze ublaziti ili
spreciti ocekivana toksi¢nost radioterapije.
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