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Dan je pregled danasnjih spoznaja o mehanickom i kemijskom tro-

Senju zuba i dentalnih ispuna te o povezanosti atricijsko-abrazijsko-ero-
zijskih djelovanja u svjetlu tribologijske znanosti i nasih klinickih isku-
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stava. Navedeni su unutarnji i vanjski uzroci nastalih defekata, njihov

odnos prema klinickoj slici s posebnim osvrtom na klinicke manifesta-
cije subklinickih erozija cakline i dentina. Navedeni su neki od indek-
sa za klinicku klasifikaciju potroSenoga zuba i nove tehnologije koje
se rabe u znanstvenom istraZivanju te problematike.

Kljuéne rijeci: troSenje zuba, abrazija, atricija, erozija

U dentalnom su se nazivlju pod troSenjem zuba
podrazumijeva postupni nastanak zubnoga tkiva i
dentalnih ispuna u sljedeéim sluc¢ajevima: medusob-
nim dodirom zuba kod funkcijskih i parafunkcijskih
kretanja Celjusti, abrazivnim djelovanjem raznih ce-
stica ili tvrdih predmeta neovisno o funkciji 1 kemij-
skim uc¢inkom kisele hrane ili pica, aerosola ili re-
gurgitiranoga Zelu¢anog sadrzaja. Prema tome, u
ustima se kod troSenja zuba i dentalnih ispuna do-
gadaju procesi abrazije, atricije, erozije, adhezije,
korozije i zamora materijala. Ti se procesi proZimaju
i u konacnici dovode do nestanka zubnih tkiva i/ili
dentalnih ispuna (1).

U dentalnoj medicini to nazivlje ne ukljucuje gu-
bitak tkiva nastao mikrobnim djelovanjem na zube;
tom problematikom bavi se kariesologija.

Atricija zuba

Pindborg (2) definira atriciju kao tip troSenja zu-
ba na mjestima izravnoga dodira zubnih ploha, a
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Lambrecht (3) taj pojam primjenjuje i za troSenje
ispuna na mjestima okluzijskoga dodira. Atricija se
ocituje nestajanjem vrskova kvrZica ili incizalnih ru-
bova kao posljedica trenja faseta na okluzalnim ili
palatinalnim povrSinama zuba. Proces troSenja mo-
7e doprijeti do dentina, koji se tada brzo trosi. Tre-
nje interproksimalnih dodira takoder dovodi do re-
dukcije aproksimalnih dijelova zuba tipa atricije pre-
tvarajuci s viemenom dodirne to¢ke u dodiirne plo-
he (interproksimalna abrazija).

Abrazija zuba

Abrazija zuba definirana je kao troSenje zubno-
ga tkiva neovisno o funkciji Zva¢noga sustava, a na-
staje trenjem neke strane tvari o zub (2). TroSenje
toga tipa nastaje trenjem zubne cetkice i paste po
zubnoj povrsini (abrazija zubnog cetkanja) (4), kva-
¢ica od zubnih proteza i ortodontskih naprava (5),
raznim navikama, kao drzanje lule u zubima (6), pu-
Senje (7) grickanje olovke, cackalice ili nekoga dru-
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gog predmeta (loSe navike) (8), ljustenje kostica zu-
bima (9) ili su posljedica ritualnih obreda ili Zivot-
nih navika primitivnih naroda Azije, Afrike i Ame-
rike (2).

Abrazije zuba mogu biti u vezi s nekim zanima-
njima, kao kod glazbenika na nekim puhackim gla-
zbalima (klarinet) (8), ili loSih navika pri radu, kao
$to je grickanje ili prekidanje konca zubima u kro-
jacica (10), rada u kamenolomu (11) ili nekih zani-
manja kod kojih se u aerosolu mogu naci cestice
abraziva (12).

Abradirani dio zuba moZe imati razne oblike ovi-
sno o predmetu koji ga je uzrokovao, a stupanj is-
troSenosti zuba ovisi o tome koliko dugo je zub izlo-
zZen takvu utjecaju (10) i kutu pod kojim sila djelu-
je na caklinske prizme (13).

Pojam abrazije dentalnih materijala odnosi se na
troSenje zubnih ispuna na dijelovima izvan dodirnih
ploha. Ocituje se nestajanjem ispuna cijelom pov-
r§inom, nakon ¢ega ostaju ogoljeni rubovi cakline,
§to se najvise opaza kod kompozita na distalnim zu-
bima (14).

Mehanicko troSenje zuba posljedica je funkcije
Zvaénoga sustava, a dogada se tijekom cijeloga Zi-
vota. Najcesce se radi o kombinaciji atricije i abra-
zije koja je uzrokom gubitka tvrdih dentalnih tkiva
mijenjajuci morfologiju pojedinih zuba.

Danas se zna da na uzroke i stupanj troSenja zu-
ba uvelike utjecu koli¢ina i kakvoca abraziva u hrani
(14), salivacija, dob (15), spol i radna okolina
(3,12,16,17), funkcijska i parafunkcijska zbivanja,
te nacin mendibularnih ekskurzija (18,19). U osam-
naestmjese¢nom ispitivanju opaZzeno je da su se zu-
bi interkaninskog sektora brze tro§ili od zuba u di-
stalnim regijama te da su bruksizam (19) i regurgi-
tacija Zelucanog sadrZaja znatno utjecali na jace tro-
Senje zuba (20,21). Zatim je opaZeno da su se zubi
donje celjusti viSe trosili od zuba gornje celjusti, te
da su se zubi interkaninske regije jace tro$ili u mu-
Skaraca nego u Zena (17,22). Kaidonis (19), medu-
tim, u ispitivanju troSenja distalnih zuba nije nasao
razlike medu spolovima. OpaZzeno je da koli¢ina
abraziva u hrani vi$e pridonosi troSenju zuba nego
konzistencija same hrane (22), te da abrazija zuba
raste s godinama Zivota (23).

Kod ispitivanja gubitka tvrdih zubnih tkiva na-
stalih mehanic¢kim djelovanjem sve se viSe rabi na-
ziv “troSenje zuba”, a njime se podrazumijeva za-
jednicko djelovanje abrazije i atricije.

Sveobuhvatna ispitivanja tih zbivanja pokazala
su da se mahanizmi abrazije i atricije dogadaju uspo-
redno kroz cijeli Zivotni vijek, ali da se u konacnici
ne mogu ispitivati odvojeno od procesa erozije, jer
je kiselinsko djelovanje na zube pojava koja tako-
der prati zube dokle god su u ustima. U klinickoj
slici najéesce prevladava jedan tip troSenja zuba, pa
on prevladava u postavljanju dijagnoze. Pritom tre-
ba imati na umu da je kod prikupljanja anamnestic-
kih i drugih podataka vazno doznati sve moguce
uzroke tro$enja zuba, jer je to jedini ispravan put da
se planira i izvede odgovarajuca rehabilitacija ili da
se provede zadovoljavajuca prevencija.

Erozija zuba

Erozija zubnoga tkiva po svojoj je naravi kemij-
ski proces. On je obiljezen gubitkom zubne povrsi-
ne zbog djelovanja kiselina koje nisu bakterijskog
izvora (2,24). Erozija moZe potjecati od kiselina pro-
bavnoga trakta (erozije unutarnjeg podrijetla) ili pre-
hrane i okoline (erozije vanjskog podrijetla). Regru-
tacijske erozije smjestene su na palatinalnim ploha-
ma zuba, a posljedica su bolesti probavnoga trakta
s gastricnim refluksom, bulimijom nervozom, kro-
ni¢nim alkoholizmom i ¢estim povrac¢anjem bilo ko-
je etiologije, primjerice, povrac¢anja u trudnoci (21).
Ponekad su palatinalne erozije jedini ili prvi znak
subklinickog refluksa. Zbog toga ih stomatolog tre-
ba opaziti i usmjeriti pacijenta na gastroenterolosku
obradu (21,25). Kiseli sadrzaj kod endogenih ero-
zija zadrZava se izmedu jezi¢nih papila i u gingiv-
nom sulkusu, a kod egzogenih u jamicama, fisura-
ma i interdentalnim prostorima zuba.

Erozije vanjskoga podrijetla potjecu od kisele
hrane (voce, kiseli zacini) ili pi¢a (26), poput Co-
ca-Cole i vocnih sokova, medu kojima je najagre-
sivnija limunska kiselina koja, vezujuci se na kalcij
cakline i dentina, stvara komplekse topljivih kalci-
jevih citrata (2). Utjecaj naran¢ina soka na dentin u
ispitivanju SEM se je ocitovao skidanjem ingredi-
jenata zubne paste, skidanjem smear layer-a i otva-
ranjem dentinskih tubula s mikromorfolo§kom sli-
kom koja odgovara djelovanju fosforne kiseline
27).

Profesionalno uvjetovane erozije nastaju djelo-
vanjem kiselina na zube kao posljedica nekog teh-
noloskog procesa (industrijske erozije) u kojemu
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radnici dolaze u doticaj s kiselinom, naj¢e$ce u obli-
ku aerosola. Navode se solna, formi¢na, pikri¢na,
sumporna kiselina i druge kiseline, te njihovi kiseli
spojevi.

U na$im su ispitivanjima godine 1996. Njemirov-
skij 1 sur. (28) nasli opsezne erozije zuba u tvornici
akumulatora otvorenog tipa. Danas vise nisu tako
¢este klinicki manifestne industrijske erozije, jer se
napredovanjem tehnologija uvode zatvoreni sustavi
industrijske proizvodnje s opasnim tvarima (29). Ne
nalazimo vise ni erozije prouzrocene kiselim medi-
kamentima, kao $to je prije bio slu¢aj s uporabom
razrijedene solne kiseline ili otopljenih Zeljeznih pri-
pravaka s kiselim pH vrijednostima, jer je farmace-
utska industrija novim tehnologijama kapsuliranih
pripravaka zastitila usnu Supljinu. Za razliku od to-
ga, danas se opaZa velik porast erozija kojima je
uzrok masovno uzivanje Coca-Cole i vocnih napi-
taka, prehrambena navika danasnjeg Zivota.

Klini¢ka slika erozija je razlic¢ita. U pocetku ca-
klina gubi sjaj i nastaje izrazita glatkoca zubne pov-
rSine. Poslije nastaju oStecenja na glatkim plohama
u obliku generaliziranoga ploStimi¢nog iS¢ezavanja
cakline ili oStecenja cakline bubreZastoga, diskoid-
nog ili klinastog oblika, a na incizalnim bridovima
ili okluzalnim kvrzicama u obliku malih ogranice-
nih defekata (30). Proces demineralizacije propor-
cionalan je putu unosa i vremenskom djelovanju ki-
seline, kolicini, vrsti i koncentraciji kiseline. Kod du-
gotrajnoga djelovanja nastaje difuzno nestajanje ca-
kline na velikom broju zuba s ogoljenim i preosjet-
ljivim dentinom. Iako je koncentracija vodikovih io-
na u mediju najvazniji ¢imbenik erozije vitalnih zub-
nih tkiva, novije spoznaje iz te problematike poka-
zuju da i druge tvari utjecu na proces demineraliza-
cije. Ustanovljeno je (31) da topikalna fluoridacija
inhibira pocetak erozije, a da postojanje kolagena-
ze u mediju (32) pojac¢ava demineralizaciju. Ovdje
se radi o uzajamnom napadu na organsku i anorgan-
sku supstanciju. Degradacijom kolagena, osobito
kod uznapredovalih erozija, potkopavaju se mine-
ralizirani dijelovi tkiva, odnosno polje djelovanja na
organski dio, $to ubrzava proces nestajanja zubne
supstancije. Doda li se tome ucinak trenja po zubu
Zva¢nom muskulaturom, jezikom i usnama, abraziv-
no djelovanje hrane i zubno ¢etkanje, dolazimo do
spoznaje da se kod erozije odvijaju viSeuzro¢ni me-
hanizmi erozivnoga trosenja zuba (tribologija).

Dinami¢ne promjene unutar nase radne i Zivot-
ne sredine, drugacije prehrambene navike i sve

brojniji podatci o biokmijskim mehanizmima erozije
doveli su nas u okolnost da, osim studija klasi¢nih
slika erozija, usmjerimo pozornost na stanja koja bi-
smo mogli nazvati subklini¢kim erozijama. Kao pri-
mjer predisponirajucih ¢imbenika za takva stanja
kod unutarnjih erozija mogli bismo navesti subkli-
nicke oblike gastrointestinalnog trakta (tiha regur-
gitacija), kod industrijskih erozija koli¢inu kiselin-
skih para u radnoj atmosferi koja je u granicama do-
pustenih standarda, a kod dijetalno uzrokovanih ero-
zija Cesto uZivanje voc¢nih napitaka, $to je danas uv-
rijeZena Zivotna navika. To su stanja koje ¢ine vanj-
sku ili unutarnju sredinu potencijalno opasnom za
visokomineralizirana zubna tkiva. Ona remete me-
hanizme remineralizacije cakline, koja se smatra pri-
rodnim mehanizmom zastite zuba, i time mogu po-
remetiti homeostazu (biolosku ravnotezu) oralnoga
sustava. Hoce 1i se 1 koliko ce se poremetiti ta rav-
noteza ovisi, osim nabrojanog, o koli¢ini i sastavu
sline, njezinu puferskom kapacitetu, gustoci mine-
ralizacije caklina (13), habitusu Zva¢nog sustava te
o prehramebnim i higijenskim navikama.Ovo po-
sljednje zato §to je atricijsko-abrazijska sastavnica
neizbjezan dogadaj u uklanjanju potkopanih mikro-
strukturnih dijelova mineraliziranoga tkiva. Klinic-
ke manifestacije takva stanja ocituju se na razne na-
¢ine. U osoba s visokim standardima oralno-higijen-
skih navika poremecena homeostaza ocitovati ce se
u nastanku idiopatskih erozija ili tek s preosjetlji-
vo$éu zuba na termicCke, kemijske i mehanicke po-
drazaje, a u osoba s niskim standardima oralne hi-
gijene ocitovat ée se vecim porastom karijesa u
usporedbi s ostalom populacijom iste sredine (29).
U prvom slucaju, zbog funkcijske aktivnosti zZvac-
noga sustava i ¢etkanja zuba, kojom radnjom se lju-
Ste povrsinske i podpovrSinske mikrolezije, ostaju
glatki, erodirani defekti cakline i/ili ogoljen, kondi-
cioniran i preosjetljiv dentin. U drugom slucaju izo-
staju mehanizmi ravnoteze izmedu cakline i karie-
sogene mikroflore, koja na tako manje vrijednoj ca-
klini mnogo lakSe probija fizicku barijeru zuba i do-
vodi do karijesne kavitacije cakline. Osim navede-
noga, Bevenius i sur. (33) drze da defekti u obliku
cervikalnih erozija mogu nastati iskljuc¢ivo kao po-
sljedica okluzijskoga stresa kod nepravilnih lateral-
nih kretanja Celjusti.

Erozije dentalnih ispuna u svojoj su biti kombi-
nacija viSe tipova trosenja materijala: erozije, koro-
zije 1 atricije (tribochemical wear). Najprije nastaje
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erozivno potkopavanje ¢estica materijala tekucim
medijem odredene koncentracije vodikovih iona
(pH). Nakon toga slijedi kemijska degradacija ma-
terijala (korozija) i uklanjanje erodiranoga materi-
jala trenjem ploha s abrazivnom komponentom ili
bez nje (atricija/abrazija) (1). Klinic¢ki izgled takva
stanja ocituje se nestankom dijela ispuna s izboce-
nim rubovima cakline.

Metode ispitivanja

Proucavanjem abrazije, atricije i erozije, to jest
troSenja zuba, danas se temelje na klini¢kim, labo-
ratorijskim i elektronickim istrazivanjima. Najrani-
ji nalazi bili su deskriptivni i oni su postali teme-
ljem kasnijih klinickih ispitivanja, koja su i danas
neizbjezna bez obzira na dozu subjektivnosti koju
u sebi nose. Najcesci indeksi koji se danas rabe u
klini¢kim ispitivanjima jesu indeksi Smitha i Knig-
hta (34). Njima se gubitak tkiva na svim plohama
obiljezava deskriptivno i mjeri u milimetrima, a u
istrazivanjima nekih autora doZivljavaju tek neznat-
ne varijacije, §to ovisi o problematici kojom se ba-
ve (10,18). Noviji nalazi nadopunjuju se anketnim
listovima, kako bi se otkrili svi moguci etioloski
¢imbenici (aerosol, regurgitacija, povracanje, glavo-
bolje, skripanje zubima, loSe navike, prehrana, za-
nimanje i sl.) koji bi mogli utjecati na trosenje zuba
(20). Pokazalo se je, naime, da defekti raznih etio-
logija mogu imati iste ili veoma sli¢ne oblike.

Pracenje funkcijskoga troSenja zuba u istih oso-
ba zahtijeva duZe razdoblje. U tu se svrhu rabe oti-
sci zuba i fotografije (18,20) te se na njima mjere
promjene na nastalim fasetama. U ispitivanju troSe-
nja zuba u vezi s abrazivima u hrani u razdoblju kra-
¢em od nekoliko tjedana Teaford (35) prati ogrebo-
tine na fasetama majmunskih zuba s pomocu SEM-
-a 1 mikrofotografija. Opcenito, SEM se rabi u mno-
gim slucajevima gdje za to postoji prigoda (2, 5, 13,
27). Lambert (3) u svojim istrazivanjima upotreb-
ljava rac¢unaliziranu trodimenzijsku tehniku mjere-
nja potrosenoga dijela zuba. Isto ¢ini i Viasis (5) za
usporedbu trosenja okluzijskih ploha prije i nakon
pokusa, a kvantitativne promjene (stupanj caklinsko-
ga troSenja) proucava vizualno s pomocu racunalne
grafike i SEM-a. Akamatsu (36) u ispitivanju noc-
noga bruksizma osim elektromiografije (za funkci-
ju masetera) rabi i magnetski osjetnik za obiljeza-
vanje poloZaja Celjusti za vrijeme bruksizma.

Kako in vivo testovi abrazije ¢etkanjem zuba ni-
su uspjesno standardizirani, rabe se razni modeli la-
boratorijskog ispitivanja, medu kojima se je veoma
pouzdanom pokazala metoda s radioaktivnim mar-
kerima (4). Odnos dentinskih tubulusa i ingredije-
nata zubnih pasta te erozivni u¢inak voénoga soka
na dentin Absi (27) je ispitivao s pomocu SEM-a.
Pindborg (2) prikazuje povrsinske i podpovrSinske
mikroerozije s pomocu mikroradiografije, a kod kli-
nicki vidljivih industrijskih erozija kategorizira de-
fekte u Cetiri stupnja, pocevsi sa zamucenom cakli-
nom (0. stupanj) do stanja u kojemu zub nestaje sve
do pulpe (3. stupanj). Za test fizicke otpornosti ca-
kline i dentina te kvantitativne varijacije mikrotvrdo-
c¢e erodiranoga mineralliziranog tkiva Boyd (13) se
sluzi metodom zra¢noga poliranja vodom i natrije-
vim bikarbonatom kao abrazivom, pod kontrolom
stereobinokularnoga mikroskopa i SEM-a.

Iz navedenoga se vidi da se u ispitivanju trose-
nja zuba znanstvenici vi§e ne zadovoljavaju klasic-
nim metodama mjerenja, da se daje velika vaznost
etiologiji nastalih defekata te tribologijskim meha-
nizmima tro$enja tkiva i dentalnih materijala.

Fiziolosko tro$enje zuba danas se mjeri u mikro-
metrima, jer je mehanicko troSenje zuba kao rezul-
tat nacina prehrane sporije, a znanja iz erozije se
produbljuju. Zato se danas poznate metode nastoje
kvalitetno standardizirati, a uvodenjem novih tehno-
ligija u to polje znanosti promicati metode rada ko-
je bi pridonijele otkrivanju nepoznatih pojedinosti
iz te za stomatolo§ku medicinu veoma vazne pro-
blematike.
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A review is given of the present state of art on mechanical and che-

mical wearing away of teeth and dental fillings, and on the relation-
ship between the effects of attrition, abrasion and erosion in the light
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of tribology and our own clinical experience. Endogenous and exoge-

nous causes of defects, as well as their relation with the clinical pictu-
re are presented, with particular reference to clinical manifestation of
subclinical enamel and dentin erosions. Some indices for clinical cla-
ssification of tooth wear and new relevant research technologies are

described.
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In dental terminology, tooth wear refers to the lo-
ss of dental tissue and dental fillings in the follo-
wing conditions: mutual tooth friction on functio-
nal and parafunctional mandibular movement, abra-
sive action of various particles or hard objects re-
gardless of the function, and chemical effects of aci-
dic food or drink, aerosol or regurgitated gastric con-
tent. Thus, the wear of teeth and dental fillings in-
cludes the processes of abrasion, attrition, erosion,
adhesion, corrosion, and wear of the material. A
combination of all these eventually leads to the lo-
ss of dental tissue and/or dental fillings (1).

In dental medicine, this terminology does not in-
clude tissue loss due to microbial effect on the te-
eth, as this issue is tackled by cariology.

Tooth attrition

Pindborg (2) defines attrition as a type of tooth
wear at the sites of direct contact of tooth surfaces,
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and Lambrecht (3) applies the term also to the we-
ar of fillings at the sites of occlusal contact. Attriti-
on manifests by the loss of the tips of the papillae
or incisal edges consequential to facet friction on oc-
clusal or palatal surface of the teeth. The process of
wear may penetrate to the dentin, which is then ex-
posed to fast wear. The interproximal contact fric-
tion may also cause an attrition-like reduction of ap-
proximal segments of the teeth, with time transfor-
ming the contact points into contact surfaces (inter-
proximal abrasion).

Tooth abrasion

Dental abrasion is defined as the loss of tooth
substance irrespective of the masticatory system fun-
ction, caused by friction of a foreign material aga-
inst the tooth (2). This type of wearing away is pro-
duced by the friction of tooth brush and tooth paste
against the tooth surface (brushing abrasion) (4),
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dental prosthesis clamps and orthodontic appliances
(5), various habit patterns such as holding a pipe
with the teeth (6), smoking (7), biting a pencil, to-
othpick or some other object (bad habits) (8), shel-
ling stone-fruit with teeth (9), etc. It may also be
consequential to some rituals or customs in primiti-
ve peoples from Asia, Africa and America (2).

Tooth abrasion may be associated with occupa-
tion, e.g., playing some wind instruments, e.g., cla-
rinet (8), or with some bad habits while working,
e.g., biting or cutting a string by teeth in tailors (10),
work in stone-pits (11) or in the presence of aero-
sol containing abrasive particles (12).

The abraded part of the tooth may be variedly
shaped, depending on the causative agent, while the
degree of abrasion depends on the length of tooth
exposure (10) and angle at which the power acts
upon the enamel prisms (13).

The term dental substance abrasion refers to the
wearing away of dental fillings in the segments be-
yond the contact surfaces. It manifests by the loss
of filling over the entire surface, leaving the edges
of the enamel exposed, which is most pronounced
in composites on distal teeth (14).

Mechanical tooth wear occurs as a consequence
of the masticatory system function throughout one’s
life. It is usually a combination of attrition and abra-
sion that leads to the loss of hard dental tissue, thus
changing the morphology of individual teeth.

At present, the causes and degree of tooth wear
are known to be greatly influenced by the amount
and quality of food abrasives (14), salivation, age
(15), sex and working environment (3,12,16,17),
functional and parafunctional events, and mode of
mandibular excursions (18,19). In an 18-month
study, the teeth of the intercanine sector were found
to wear away at a faster rate than those in distal re-
gions, while the severity of tooth wear was found
to increase with bruxism (19) and gastric content re-
gurgitation (20,21). Furthermore, mandibular teeth
were observed to undergo a higher rate of tooth wear
than the maxillary teeth, whereas the teeth of the in-
tercanine region wore away at a higher rate in men
than in women (17,22). However, in a study of di-
stal tooth wear Kaidonis (19) found no sex differen-
ce. The amount of dietary abrasives was observed
to contribute to tooth wear more than food consi-
stency (22). Tooth abrasion was also found to in-
crease with age (23).

In the study of hard tooth substance loss due to
mechanical action, the term “tooth wear” referring
to the joint action of abrasion and attrition, has be-
en ever more used. Comprehensive studies of these
events have shown the mechanisms of abrasion and
attrition to occur in parallel, and to exert their acti-
on on the teeth throughout one’s life, as well as that
they cannot be observed apart from the process of
erosion, because the acidic effect on the teeth is al-
so a phenomenon accompanying the teeth for as
long as they are retained in the mouth cavity. The
clinical picture is usually predominated by one type
of tooth wear, which then prevails when making the
diagnosis. Therefore, when taking history and other
data, care should be exercised to obtain data on all
possible causes of tooth wear, as this is the only way
to ensure appropriate planning and rehabilitation or
satisfactory prevention.

Tooth erosion

Dental tissue erosion is by its nature a chemical
process characterized by the loss of tooth surface
due to the action of acids of non-bacterial origin
(2,24). It may arise from digestive tract acids (en-
dogenous erosion) or from diet and environment
(exogenous erosion). Regurgitation erosions are lo-
cated on the palatal surfaces of the teeth, and are
consequential to the digestive tract diseases with ga-
stric reflux, bulimia nervosa, chronic alcoholism,
and frequent vomiting of any etiology, e.g., vomi-
ting of pregnancy (21). Palatine erosions may oc-
casionally be the only or first sign of subclinical re-
flux, therefore they should be timely recognized by
the dentist and the patient should be referred to ga-
stroenterologic examination (21,25). In endogeno-
us erosions, the acidic content is retained between
the lingual papillae and within the gingival sulcus,
whereas in exogenous erosions it is retained in the
pits, fissures and interdental spaces of the teeth. Exo-
genous erosions originate from acidic foods (fruit,
acidic spices) or drinks (26), e.g., Coca Cola and ju-
ice, among which citric acid is most aggressive, bin-
ding to the enamel and dentin calcium, and forming
complexes of soluble calcium citrates (2). In the
SEM study, the effect of orange juice on dentin ma-
nifested as the removal of tooth paste ingredients
and smear layer, and opening of dentin tubules with
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a micromorphological picture corresponding to the
effect of phosphoric acid (27).

Occupational erosions occur due to the effect of
acids on the teeth consequential to a technologic pro-
cess (industry erosions), where the workers come in
contact with acids, usually in the form of aerosol.
Thus, hydrochloric acid, formic acid, picric acid, sul-
furic acid, and other acids and their acidic compo-
unds have been described.

In a study performed in 1966 Njemirovskij et al.
(28) found extensive tooth erosions in subjects wor-
king in an open battery plant. Since then, however,
with technologic advances and introduction of clo-
sed systems in the industrial production involving
hazardous substances, manifest occupational erosi-
ons have become less common (29). Erosions due
to acidic medicaments, such as those previously ca-
used by the use of diluted hydrochloric acid, and di-
ssolved iron preparations with acidic pH values, are
no longer encountered, since new technologies of
encapsulated preparations used in the manufacture
of pharmaceuticals have provided due protection of
the oral cavity. On the other hand, however, a high
increase in erosions due to the large-scale use of Co-
ca Cola and fruit juice, which have become a con-
stituent part of daily life, has recently been recor-
ded.

Tooth erosion may present a variable clinical pic-
ture. Initially, the glossy appearance of enamel and
tooth surface smoothness are lost. This is followed
by damage to smooth surfaces, in the form of gene-
ralized, flat wearing away of the enamel or reniform,
discoid or cuneiform enamel lesions, and small, re-
stricted defects on the incisal edges or occlusal pa-
pillae (30). The process of demineralization is pro-
portional to the route of intake and temporal acti-
on, amount, type and concentration of the acid. Pro-
longed action leads to diffuse wearing away of the
enamel on a great number of teeth, with exposed and
hypersensitive dentin. Although the concentration of
hydrogen ions in a medium is the most important
factor of erosion of vital dental tissues, recent con-
cepts on the issue have shown that other substances
are also involved in the process of demineralizati-
on. Topical fluoridation has been reported to inhi-
bit the onset of erosion (31), whereas the presence
of collagenase in the medium enhances deminerali-
zation (32), implying a mutual effect on the orga-
nic and inorganic substance. With collagen degra-

dation, especially in advanced erosions, the mine-
ralized tissue portions are undermined, i.e. in the
process of demineralization of the inorganic tooth
component, the effect of collagenase extends to the
organic portion, thus precipitating the process of to-
oth substance loss. With the additional effect of to-
oth friction by the masticatory musculature, tongue
and lips, and the abrasive action of food and tooth
brushing, it becomes evident that multiple causati-
ve mechanisms of erosive tooth wear are involved
in tooth erosions (tribology).

Dynamic changes in our working and living envi-
ronment, altered dietary habits, and ever greater kno-
wledge about the biochemical mechanisms of ero-
sion have stimulated us to focus, beside the classi-
cal picture of erosion, on the study of so-called sub-
clinical erosions. An example of predisposing fac-
tors for these states are subclinical forms of gastro-
intestinal tract disorders (silent regurgitation) in en-
dogenous erosions, an allowed amount of acidic va-
pors found in the working area in occupational ero-
sions, and frequent intake of fruit juice, a common
habit, in dietary erosions. These are states that ma-
ke the external or internal environment potentially
hazardous for highly mineralized tooth tissues, com-
promising the mechanisms of enamel remineraliza-
tion, which is considered the natural mechanism of
tooth protection, and leading to impairment of the
oral system homeostasis (biologic stability). Beside
the factors mentioned above, the occurrence and ex-
tent of this stability impairment depends on the amo-
unt and composition of the saliva, its buffering ca-
pacity, density of enamel mineralization (13), ma-
sticatory system pattern, and dietary and hygienic
habits, the latter because the attrition-abrasion com-
ponent is an inevitable factor in the removal of un-
dermined microstructural segments of the minerali-
zed tissue. Clinically, the condition may assume va-
rious manifestations. In individuals with high stan-
dards of oral hygiene, the compromised homeosta-
sis will manifest as idiopathic erosions or just as to-
oth hypersensitivity to thermal, chemical or mecha-
nical stimuli, whereas in those with low oral hygi-
ene standards it will manifest as a caries increase
compared to the rest of the population from the sa-
me setting (29). In the former, the functional acti-
vity of the masticatory system and tooth brushing,
causing peeling off of superficial and subsuperfici-
al microlesions, result in smooth, eroded enamel de-
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fects and/or exposed, conditioned and hypersensiti-
ve dentin. In the latter, the mechanisms of stability
between the enamel and cariogenic microflora are
lacking. Thus compromised, the enamel facilitates
the microflora penetration through the physical bar-
rier of the tooth, which then leads to carious cavita-
tion of the enamel. In addition, Bevenius et al. (33)
postulate that defects in the form of cervical erosi-
ons could be exclusively caused by occlusal stress
in irregular lateral movements of the jaws.

Erosions of dental fillings essentially are a com-
bination of several types of substance wear, i.e. ero-
sion, corrosion and attrition (tribochemical wear).
Initially, erosive undermining of the substance par-
ticles by a liquid medium with a certain concentra-
tion of hydrogen ions (pH) occurs. This is followed
by chemical degradation of the substance (corrosi-
on), and removal of the eroded material by surface
friction with or without the abrasive component (at-
trition/abrasion) (1). Clinically, this condition pre-
sents as a partial loss of the filling with prominent
enamel edges.

Method of examination

The study of abrasion, attrition and erosion, i.e.
tooth wear, is based on clinical, laboratory and elec-
tronic examinations. The earliest findings were de-
scriptive, and they made a basis for subsequent cli-
nical studies, which are still unavoidable in spite of
certain subjectivity they involve. The most common
indices currently used in clinical studies are Smith
and Knight’s indices (34), where the loss of tissue
on all surfaces is descriptively designated and me-
asured in millimeters, slightly modified by some aut-
hors to adjust them to specific issues they tackled
in their studies (10,18). More recent findings are
supplemented by questionnaires in order to reveal
any other possible etiologic factors (e.g., aerosol, re-
gurgitation, vomiting, headaches, bruxism, bad ha-
bits, diet, occupation, etc.) that may have influen-
ced the process of tooth wear (20). It has been
shown that defects of various etiologies may have
identical or very similar forms.

The follow-up of functional tooth wear in the sa-
me individuals has to be exercised over a prolon-
ged period of time, using dental impressions and
photographs (18,20) on which changes in the facets

formed are measured. Teaford used SEM and mi-
crophotography to follow up scratches on the facets
of monkey teeth in a study of tooth wear related to
food abrasives over a short period of several weeks
(35). Generally, SEM has been quite frequently used
in this type of investigation (2,5,13,27). Lambert
employed the computed tridimensional technique to
measure the lost portion of the teeth (3). Viasis used
the same technique to compare the wear of occlu-
sal surfaces before and after the trial, and a combi-
nation of computer graphics and SEM to visualize
the quantitative changes (grade.of enamel wear) (5).
In a study of nocturnal bruxism, Akamatsu used
electromyography (for masseter function) and a
magnetic sensor to designate the position of the
mandible during bruxism (36).

As in vivo tests of tooth brushing abrasion have
not yet been successfully standardized, various mo-
dels of laboratory testing have been used, most re-
liable of them being the method with radioactive
markers (4). Absi et al. used SEM to study the re-
lationship between dentin tubuli and tooth paste in-
gredients, and the erosive effect of fruit juice (27).
Pindborg used microradiography to visualize super-
ficial and subsuperficial microerosions, and catego-
rized defects found in clinically visible industrial
erosions into four grades, from opacified enamel
(grade 0) through tooth loss down to the pulp (gra-
de 3) (2). Boyd used the method of air polishing
with water and sodium bicarbonate as an abrasive,
controlled by a stereobinocular microscope and
SEM to test physical resistance of the enamel and
dentin, and quantitative variations in microhardne-
ss of the eroded mineralized tissue (13).

All these examples indicate that researchers are
no longer satisfied with classical methods of mea-
surement in the study of tooth wear, and that the de-
fect etiology and tribologic mechanisms of dental ti-
ssue and material wear have become the focus of
their interest. Physiologic tooth wear is now mea-
sured in micrometers, because mechanical tooth we-
ar resulting from dietary habits has become slower,
whereas knowledge about erosions is increasing da-
ily. For this reason attempts are being, made to stan-
dardize the known methods and to improve met-
hods of investigation by the introduction of new tec-
hnologies in the field, expected to help in detecting
new particularities on this issue of utmost importan-
ce for dental medicine.
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