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Serbian Dental Journal, vol. 64, N°4, 2017

Jedino je glupost dovoljno hrabra
da se predstavlja kao savrsenstvo.
Tomas Man

ajvazniji kvalitet svakog ¢oveka je upravo on sam, odnosno njegova nadarenost da kriticki

misli i odgovorno stvara. Kada se u centar svekolikog bitisanja postavi unutrasnja hrabrost,

onda se umesto gréevite borbe za poznato i ve¢ videno mogu probuditi i novi vidici, ali
i pruziti prilika za avanturu i produbljivanje sopstvenih saznanja o nama samima ali i svetu oko
nas. Upravo ta unutra$nja hrabrost nam omogucava autenti¢ne i ispunjene Zivote u svakom se-
gmentu nase stvarnosti, ali i daje odgovore na neodgovoreno i pruza priliku da ukrotimo beskraj
sopstvenog Zivota.

Naravno, u aktuelnoj svakodnevici sve je drugacije. Mi kao da lebdimo izmedu drustvene realno-
sti i medijskog propagiranja stvarnosti, jer nase Zivote oblikuju ,,svemoguci‘;,,podobni® i ,poslusni*
i najcesce bez ikakvih vrednosnih potvrda.

U aktuelnim okolnostima nas Zivot podseca na crno-beli film sa specificnom scenografijom i
rezijom, ali i beznacajnom ulogom glumaca. Film je u vrednosnom smislu civilizacijska inverzija
jer redovno dobija nagrade za glumacka ostvarenja, a glumci su umesto da Zive na ,lovorikama“
marginalizovani u obi¢ne statiste.

Mozda je zato citat s pocetka ovog komentara najbolji odraz nase sadasnjice. Tamo gde se
»glupost® predstavlja kao ,,savrSenstvo“ i gde ,,svemogudi (¢itaj neuki i bahati) odlu¢uju o svemu,
tamo gde ,mo¢“ nadomesta znanje, svetla buducnost je daleka destinacija.

Besmislena obrazlozenja jo§ besmislenijih predloga, kao i ,inovativne“ metode ulepsavanja
stvarnosti i narcisoidna potreba za objasnjavanjem svega postojeceg, sahranjuju i etiku i Cast i
elementarno dostojanstvo.

Tamo gde su nauka i kultura na rubu svih krajeva, tamo gde o reformama o obrazovanju odlu-
¢uju oni bez diplome ili oni sa sumnjivim diplomama, tamo gde su bahatost i primitivizam vazni
drustveni kvaliteti, tamo gde se svima koji su drugaciji $alje poruka da ,realnije“ razmisljaju o
svojoj buducnosti, hrabrost je vrlina u¢enih, slobodnih i slobodoumnih jer je znanje najvaznija
odlika hrabrosti. Cak i u vremenu svekolike regresije u drustvu, kada je znanje na podu a poslus-
nost na vrhu, najvaznije odgovore mogu dati samo obrazovani, kompetentni i nadasve moralni.

Jedino ispravne odgovore na svekolike izazove vremena sadasnjeg mogu dati samo oni koji su
u osnovi svog postojanja postavili postulate licnog usavr$avanja, bespostedne borbe za istinu i
moralna nacela i pritom znanje izdigli visoko na pijedestal.

Urednicki komentar ¢u i ovog puta zavrsiti onako kako sam i poceo, ali ovog puta citatom lorda
Bajrona: ,,Ne plasi se neznanja, cuvaj se laznog znanja, jer od njega dolaze sve nedace na svetu®

Prof. dr Slavoljub Zivkovié
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The efficacy of XP-endo SHAPER (XPS) in cleaning
the apical third of the root canal

DOI: 10.1515/5dj-2017-0016
UDC: 616.314.163-78

Slavoljub Zivkovi¢', Jelena Neskovi¢', Milica Jovanovié-Medojevi¢', Marijana Popovié-Baji¢!,
Marija Zivkovié-Sandic?
'University of Belgrade, Faculty of dental medicine, Department of Restorative Dentistry and Endodontics, Belgrade,

Serbia;
?University of Belgrade, Faculty of dental medicine, Department of Orthodontics, Belgrade, Serbia

SUMMARY

Introduction The aim of this study was to evaluate the efficacy of new rotary NiTi instrument XP endo SHAPER (XPS)
used with conventional irrigation protocol on the root canal cleaning in the apical area.

Material and methods The research was conducted in vitro on 40 extracted single-rooted teeth divided into the
four groups. Instrumentation in the first group was performed using iRa Ce NiTi rotary instruments, in the second
group the same instruments were used plus XP endo FINISHER (XPF) for smear layer removal. In the third group, canal
instrumentation was done using new instrument XPS, and in the fourth XPS instruments plus XPF was used. During
the instrumentation 2% NaOCI solution was used for rinsing canals. The SEM analysis of the cleaning quality in the
apical third of the canal was performed on longitudinal root cross-sections and standardized microphotography with
a2000x magnification.

Results The thickest smear layer in the apical third was recorded in the first group (iRa Ce) NiTi instruments (2.12),
and somewhat less in the group with the new XPS instrument (1.95). An identical and somewhat smaller amount of
smear layer was registered in the second and fourth groups where XPF was used with the final irrigant (1.64) (p<0.001).
Conclusion The application of only one instrument (XPS) in the canal enabled efficient cleaning of a very complex

apical third. Cleaning was more efficient when XPF was used with final irrigant after the canal instrumentation.
Keywords: XP endo SHAPER; XP endo FINISHER; smear layer; conventional irrigation

INTRODUCTION

Complex anatomy of the root canal system and inadequate
cleaning using the existing instruments and techniques are
still significant and current problems of endodontic treatment
[1,2].1t has been confirmed that even after careful selection of
hand or rotary files, almost 30-50% of the wall surface remains
untouched [3].

Cleaning the apical third of the root canal is a challenge
due to anatomical specificities (constrictions, ramifications,
additional canals) [3] and due to small diameter of the apical
preparation that additionally complicates canal debridement [4].
The quantity of irrigants, technique and irrigation protocol are
very important for efficient cleaning of the root canal system,
since it is the only way to reach untouched and inaccessible
areas of the canal [5, 6].

Chemo-mechanical procedures provide significant reduction
in the number of bacteria in the main canal, but not complete
disinfection of the canal system [7]. Therefore, the realistic goal of
endodontic treatment is to reduce the number of bacteria in the
canal system on the level that enables effective reparation of dam-
aged periapical tissues [8, 9]. Mechanical instrumentation with
copious irrigation removes the largest number of bacteria from
the canal, but irrigants with antibacterial properties are necessary
for optimal canal disinfection [10, 11, 12]. The most frequently

used root canal irrigants are NaOCI (due to the strong antibacte-
rial effect [13] and exceptional solvent effect of the organic part
of dentine [14]), or chlorhexidine (due to prolonged antibacterial
effect on numerous bacteria in the canal) [15, 16, 17].

It has also been confirmed that irrigation techniques based
on solution activation in the canal (passive ultrasonic irrigation
[18, 19], agitation with new instruments - XP Endo FINISHER
(XPF) [6,20] or laser [21]) provide more efficient penetration
of irrigants, and more efficient cleaning of the complete root
canal system. The research has also confirmed that physical and
chemical properties of irrigants enable smear layer dissolution
on the canal walls and significantly contribute to its removal [22,
23]. This significantly increases the quality of bond between the
sealer and dentin walls and significantly affects the quality and
outcome of the endodontic treatment [24, 25].

The aim of this article was to evaluate (using SEM) the ef-
ficacy of new rotary NiTi instrument XP endo SHAPER (XPS)
used with conventional irrigation protocol on the root canal
cleaning in the apical area.

MATERIAL AND METHODS

The study was conducted on 40 extracted human teeth (upper
incisors), which were stored up to the experiment in a 0.01%

Address for correspondence: Slavoljub ZIVKOVIC, Faculty of dental medicine, Department of Restorative Dentistry and
Endodontics, Rankeova 4, 11000 Belgrade, Serbia; slavoljubzivkovic@yahoo.com
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solution of NaOCl at the temperature of 4 °C. After forming out
the access cavity and checking the passage of the canal with
hand instrument (ISO 15) in all teeth, the working length (1
mm shorter than the length at which the tip of the hand-file
appears on the apex) was determined. Pink wax ball was placed
at the top of each root to prevent leakage of the irrigants during
instrumentation.

Teeth were divided into the 4 groups (10 teeth each) using
the method of random choice. One researcher performed all
root canal preparations. Plastic syringes of 2 ml volume and the
appropriate needles gauge 27 were used for irrigation.

Group 1- in the first group preparation was formed using
the basic set of NiTi rotating instruments iRaCe (FKG, Dentaire,
Swiss) [26] with 3 instruments (R1 # 15/06; R2 # 25/04, R3 #
30/04) and conventional irrigation of 2% NaOCl solution (Chlo-
raxid 2%, Cerkamed, Poland). The canal was irrigated with 2 ml
of NaOCl solution before each and after the last NiTi instrument
(total of 8 ml per canal).

Group 2- in the second group the canal instrumentation was
done identically as in the first group, but after the preparation,
XPF (FKG, Dentaire, Swiss) was used. After the canal was filled
with irrigant (1 ml NaOCl) XPF was used with slow pulling in
and pulling out movements for 1 minute and at the speed of
800 rpm. After the withdrawal of the instrument, the canal was
irrigated with one more milliliter of solution.

Group 3- in the third group canal preparation was performed
with new NiTi rotary instrument XP endo SHAPER (FKG,
Dentaire, Swiss) [26] (one instrument # 30/04) with constant
irrigation with 2% NaOCl solution before and after the instru-
mentation (total 4 ml per canal). The instrument was placed
into the canal filled with irrigant and with gentle movements
of pulling in and pulling out at the speed of 800 rpm, the canal
was prepared to the working length.

Group 4- in the fourth group instrumentation of the canal
was done using XP endo SHAPER, and for more efficient clean-
ing after instrumentation, XP endo FINISHER was used.

The crowns of all teeth were cut at the enamel-cement joint,
and then the roots were separated into the two halves with the
diamond disc and sharp knife. The halves were prepared for
SEM analysis (JOEL, JSM 6460LYV, Japan). The apical third of
the canal (3mm from the apical preparation) was analyzed, so
that 5 standardized microphotographs were taken at 2000x for
each sample (half of the tooth). For qualitative evaluation of the
residual smear layer on dentin walls in the apical segment of
the canal, Hilsman and al. criteria [27] were used:

1- no smear layer, dentinal tubules open

2- small amount of smear layer, several dentinal tubules open

3- non-homogeneous smear layer covers the canal wall, small

number of dentinal tubules open

4- the entire wall of the canal covered with smear layer, no

open dentinal tubules

5- non-homogeneous smear layer covering the entire wall

of the canal

SEM images (400 in total) were evaluated by two indepen-
dent researchers. The obtained results were analyzed in the
SPSS program using the parameters of descriptive statistics
and analysis of variance.

RESULTS

The results of SEM analysis are shown in Table 1 and Figures 1-4.

The most smear layer in the apical third was recorded in
the group where the instrumentation was done only by NiTi
rotating instruments iRaCe (2.12), then in the group where
XP endo SHAPER (1.95) was used. In the second (iRaCe and
XP endo FINISHER ) and the fourth group (XP endo SHAPER
and XP endo FINISHER), an identical and slightly less amount

Table 1. Smear layer removal in the apical third of the root canal
Tabela 1. Procena razmaznog sloja u apeksnoj trecini kanala korena
zuba

D N X SD Med Min Max
Grupa

iRaCe 100 212 | 100 | 200 | 100 | 400
iRaCe+XPF | 100 164 | 070 | 200 | 100 | 3.00
XPE 100 195 | 098 | 200 | 100 | 400
XPE+XPF 100 164 | 072 | 150 | 100 | 3.0
Total 400 184 | 088 | 200 | 100 | 400
Ukupno
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Figure 1. Representative microphotography of the apical third of
the group 1 (iRa Ce). Small amount of smear layer (grade 2) (SEM
%x2000)

Slika 1. Reprezentativna mikrofotografija apeksne trecine iz grupe
1 (iRa Ce). Mala koli¢ina razmaznog sloja (ocena 2) (SEM x2000)

BEC 20kV
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Figure 2. Representative microphotography of the apical third of
the group 2 (iRa Ce + XPF). Small amount of smear layer with great
number of open dentinal tubules (grade 2) (SEM x2000)

Slika 2. Reprezentativna mikrofotografija apeksne treéine iz grupe
2 (iRa Ce + XPF). Mala koli¢ina razmaznog sloja sa dosta otvorenih
tubula (ocena 2) (SEM x2000)
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Figure 3. Representative microphotography of the apical third of
the group 3 (XPS). Small amount of smear layer (grade 2) (SEM
%x2000)

Slika 3. Reprezentativna mikrofotografija apeksne trecine iz grupe 3
(XPS). Mala koli¢ina razmaznog sloja (ocena 2) (SEM x2000)

of smear layer (1.64) was detected. A single-factor analysis of
variance indicated statistically significant difference in average
scores between the groups (P <0.001) (Table 1). This differ-
ence was significant between the first (iRaCe) and the second
group (iRaCe and XPendo FINISHER), and between the first
(iRaCe) and the fourth group (XP endo SHAPER and XP endo
FINISHER) (Table 1).

DISCUSSION

Chemo-mechanical preparation of the root canal is one of the
essential factors in the control of endodontic infection [3, 7,
22] and the removal of smear layer from the root canal walls
is significant clinical parameter for the endodontic treatment
success [13, 15, 25]. The most challenging area in root canal
cleaning and smear layer removal is the apical third of the canal
[6,12,18,21]. Inaccessibility of this segment of the canal due to
inadequate diameter of the apical preparation makes difficult
to achieve exposure of this part of the canal to adequate time,
volume and concentration of irrigants [7, 10, 13, 28, 29, 30].
Therefore, in this study, canal instrumentation and irrigation
were performed in simple canal systems (single rooted teeth),
according to the same protocol (all canals were instrumented
by the same practitioner) with the same irrigant (2% NaOCl)
and irrigation technique (conventional, continuous).

The results indicated significantly more efficient cleaning
and removing smear layer in the apical third of the root ca-
nal, when XP endo FINISHER (XPF) was used after complete
instrumentation with NiTi rotating instruments (iRaCe, XP
endo SHAPER). XPF enabled more effective smear layer removal
from the apical third of the canal, due to its specific design and
changing its shape during rotation in the canal and reaching
inaccessible areas in the apical part of the canal [6, 18, 20, 26].
It also significantly reduced bacteria from the hard-to-reach
areas due to irrigant activation at a speed of 800 rpm [6]. It is
well known that success in root canal cleaning depends on the
instrumentation technique, selection of irrigants and irrigation
technique [2,8, 10,12, 16, 18,24].

Stomatoloski glasnik Srbije. 2017,64(4):171-178 ‘ 173
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Figure 4. Representative microphotography of the apical third of
the group 4 (XPS + XPF). Small amount of smear layer with the
number of open dentinal tubules (grade 2) (SEM x2000)

Slika 4. Reprezentativna mikrofotografija apeksne treéine iz grupe
4 (XPS + XPF). Mala koli¢ina razmaznog sloja sa dosta otvorenih
tubula (ocena 2) (SEM x2000)

In this study, conventional and continuous irrigation protocol
with 2% NaOCl solution was used in all groups while the canal
instrumentation in the first and second group was performed
with iRaCe NiTi rotary instruments (3 instruments), and in the
third and fourth group with XP endo SHAPER (1 instrument).
Better cleaning of the apical part of the canal was observed after
XPS was used but without significant difference. Both instru-
ment systems offer the same apex preparation size (# 30/04 in
iRaCe and # 30/04 with XP endo SHAPER), but specific design of
XPS and its flexibility allowed it to contract and expand within
the canal, and therefore reaches those zones that conventional
instruments cannot reach [28].

It is interesting that more efficient removal of the smear layer
in the apical third was achieved when the preparation was done
with one instrument only and significantly smaller amount of
irrigant. Although higher bacterial reduction in the canal system
is expected after prolonged irrigation [13,31], somewhat better
cleaning could be explained by the instrumentation technique,
and rotational speed (800 rpm), but also the specific design of
XPS. Namely, the shape like snake and superelasticity of XP
ENDO SHAPER allowed it to expand in the canal and reach
inaccessible parts (canals, lateral canals, apex ramifications)
(20, 26,28, 33, 34].

Efficient cleaning of the apical third of the root canal in-
strumented with iRaCe iinstruments is the result of satisfac-
tory diameter in apex (30/04) that provides irrigant access on
smear layer in this area [25, 28, 30]. It has been confirmed that
the preparation of the canal with RaCe instruments causes sig-
nificantly less transportation of cut dentine into the apical part
of the canal compared to other rotating NiTi instruments [20,
35]. The smaller amount of smear layer obtained with the same
instruments is related to slightly higher speed of these instru-
ments (600 rpm) than the most common speeds of other NiTi
instruments (150-300 rpm) [20, 36].

Since the presence of bacteria in the root canal system
causes poor prognosis of endodontic treatment, the main pre-
condition for success is maximum elimination of bacteria by
chemo-mechanical instrumentation [7, 30]. NaOCl is the most
commonly used solution for irrigation of the root canal due to
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its effective antibacterial and tissue dissolution effect as well as
its availability [30]. Irrigation technique has also effect on smear
layer removal [6]. The advantage of the intermittent irrigation
procedure (in 3 steps) in relation to the continuous is that the
increase in the irrigation cycle increases its cumulative effect
and fresh irrigants improve the quality and speed of bacterial
biofilm removal from the canal system [6, 37, 38].

CONCLUSION

New rotary NiTi instrument XP endo SHAPER (1 instrument)
and iRaCe set (3 instruments) provided efficient cleaning of the
apical third of the root canal. Following the application of XP
endo FINISHER after completed instrumentation more efficient
removal of smear layer in the apical third of the root canal was
achieved.
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KRATAK SADRZA)

Uvod Cilj ovog rada je bio da se SEM analizom proceni efikasnost ¢is¢enja apeksne trecine kanala korena primenom novog rotira-
juceg NiTi instrumenta XPS uz protokol konvencionalne irigacije.

Materijal i metode rada Istrazivanje je realizovano u in vitro uslovima na 40 ekstrahovanih jednokorenih zuba podeljenih u Cetiri gru-
pe. Instrumentacija kanala u prvoj grupi je izvedena setom iRa Ce NiTi rotirajucih instrumenata, a u drugoj je nakon instrumentacije
ovim setom za uklanjanje razmaznog sloja koris¢en XPF. U trecoj grupi je instrumentacija kanala realizovana novim instrumentom
XPS, a u Cetvrtoj je posle zavrsene instrumentacije takode koris¢en XPS. Irigacija kanala korena u svim grupama je sprovedena 2%
rastvorom NaOCI| primenom konvencionalnog protokola. SEM analiza kvaliteta ¢iS¢enja apeksne trecine kanala je realizovana na
uzduznim presecima korenova i standardizovanim mikrofotografijama na uveli¢anju od 2000 puta.

Rezultati Dobijeni rezultati su pokazali da je najvise razmaznog sloja u apeksnoj trecini zabelezeno u grupi gde je instrumentacija
realizovana setom iRa Ce NiTi instrumenata (2,12), a neSto manje u grupi sa novim instrumentom XPS (1,95). Identi¢na i neSto manja
koli¢ina razmaznog sloja je registrovana u drugoj i ¢etvrtoj grupi, gde je posle zavrsene instrumentacije koris¢en XPF (1,64) (p < 0,001).
Zakljucak Primena samo jednog instrumenta (XPS) u instrumentaciji kanala obezbeduje efikasno cis¢enje vrlo kompleksne apeksne

trecine. Ovo ciS¢enje je znacajno efikasnije posle primene XPF nakon zavr$ene instrumentacije kanala.
Klju¢ne reci: XP-endo SHAPER; XP-endo FINISHER; razmazni sloj; konvencionalna irigacija

uvoD

Kompleksna i slozena anatomija kanalskog sistema zuba i
nemogucnost adekvatnog ¢iS¢enja ovog prostora postoje¢im
instrumentima i tehnikama jo$ uvek su znacajan i aktuelan pro-
blem endodontskog lecenja [1, 2]. Cak ni paZljivim izborom
ru¢nih ili masinskih turpija nije moguce dopreti do svih delova
kanala, pa skoro 30-50% povrsine zidova ostaje netaknuto [3].

Poseban problem u ¢i¢enju predstavlja apeksna trec¢ina
kanala korena, kako zbog anatomskih specifi¢nosti (istmusi,
ramifikacije, dodatni kanali) [3] tako i zbog malog dijametra
apeksne preparacije koja dodatno otezava debridman kanala
[4]. Za efikasno ¢i$c¢enje kanalskog sistema vrlo je znadajna i
koli¢ina irigansa, odnosno tehnika i protokol irigacije, s obzirom
na to da je to jedini nacin da se dopre do netaknutih i nepristu-
pac¢nih povr$ina kanala [5, 6].

Hemomehanicke procedure obezbeduju znatno smanjenje
broja bakterija u glavnom kanalu, ali ne i potpunu dezinfekciju
kompletnog kanalskog sistema [7]. Zato se smatra da je realni
cilj endodontskog tretmana u stvari smanjenje broja bakterija
u kanalskom sistemu na nivo koji ¢e omoguciti efikasnu repa-
raciju o$te¢enih periapikalnih tkiva [8,9]. Mehani¢kom instru-
mentacijom uz obilnu irigaciju se uklanja najveci broj bakterija
iz kanalskog sistema, ali je za optimalnu dezinfekciju kanala
neophodan i irigans sa antibakterijskim svojstvima [10, 11, 12].

Najcesce koricena sredstva za irigaciju kanala su sigurno
NaOCl (zbog snaznog antibakterijskog efekta [13] i izuzetnog
rastvarackog efekta organskog dela dentina [14]), odnosno hlor-
heksidin (zbog izuzetnog i produzenog antibakterijskog efekta
na brojne bakterije u kanalu) [15, 16, 17]. Potvrdeno je takode
da se tehnikama irigacije koje se baziraju na nekoj vrsti akti-
vacije rastvora u kanalu (pasivna ultrazvu¢na irigacija [18,19],
agitacija novim instrumentima — XP-endo FINISHER [6, 20] ili
laser [21] - obezbeduje efikasnija penetracija irigansa, odnosno
efikasnije ¢i$¢enje kompletnog kanalskog sistema.

Istrazivanja su takode potvrdila da sredstva za irigaciju svo-
jim fizi¢kim 1 hemijskim svojstvima omogudavaju rastvaranje
razmaznog sloja na zidovima kanala i znacajno doprinose nje-
govom uklanjanju [22, 23]. Time se zna¢ajno povecava kvalitet
veze sredstva za opturaciju za zidove kanala i znacajno utice na
kvalitet i ishod samog endodontskog zahvata [24, 25].

Cilj ovog rada je bio da se SEM analizom proceni efikasnost
¢iS¢enja apeksne trecine kanala korena primenom novog roti-
rajuceg NiTi instrumenta XP-endo SHAPER (samo jedan in-
strument) uz protokol konvencionalne irigacije.

MATERIJAL | METODE

Istrazivanje je obavljeno na 40 ekstrahovanih humanih zuba
(gornjih sekutica) koji su do eksperimenata ¢uvani u 0,01%
rastvoru NaOCl na temperaturi 4°C.

Kod svih zuba je posle formiranja pristupnog kaviteta i
provere prohodnosti kanala instrumentom (ISO 15) odredena
radna duzina (1 mm krace od duZine na kojoj se vrh ru¢ne
turpije pojavljuje na apeksu). Na vrhu korena svakog zuba je
zatim postavljena kuglica roze voska kako bi se sprecilo isticanje
rastvora za irigaciju tokom instrumentacije.

Metodom slucajnog izbora zubi su podeljeni u cetiri grupe
po 10 zuba. Kompletnu preparaciju kanala obavio je jedan istra-
zivac. Za ispiranje su kori$ceni plasti¢ni $pricevi zapremine 2
ml i odgovarajuce igle veli¢ine 27.

Grupa 1 - preparacija je realizovana primenom osnovnog
seta NiTi rotirajuc¢ih instrumenata iRaCe (FKG, Dentaire, Swi-
ss) [26] sa tri instrumenta (R, #15/06; R, #25/04; R, #30/04) uz
kontinuiranu konvencionalnu irigaciju 2% rastvorom NaOCl
(Chloraxid 2%, Cerkamed, Poland). Kanal je ispiran sa 2 ml
rastvora NaOCl pre svakog i posle poslednjeg NiTi instrumenta
(ukupno 8 ml po kanalu).



Grupa 2 - instrumentacija kanala je uradena identi¢no kao
iu prvoj grupi, ali je posle zavrSene instrumentacije kanala ko-
ri$¢en XP-endo FINISHER (FKG, Dentaire, Swiss). XPF je kori-
$¢en u kanalu ispunjenim irigansom (1 ml NaOCI) primenom
sporih i neznih pokreta uvlacenja i izvlacenja tokom jednog
minuta i pri brzini od 800 o/min. Posle izvlacenja instrumenta,
kanal je ispran sa jo$ 1 ml rastvora.

Grupa 3 - instrumentacija kanala je obavljena novim NiTi
rotirajuéim instrumentom XP-endo SHAPER (XPF) (FKG, Den-
taire, Swiss) [26] (jedan instrument #30/04) uz konstantnu iri-
gaciju 2% rastvorom NaOCl pre i posle instrumenta (ukupno 4
ml po kanalu). Instrument je ubaden u kanal ispunjen irigan-
som i neznim pokretima uvlacenja i izvlacenja pri brzini od 800
o/min. kanal je preparisan do radne duzZine.

Grupa 4 - instrumentacija kanala je realizovana identi¢no
kao i u tre¢oj grupi primenom XP-endo SHAPERA, a posle
instrumentacije za efikasnije ¢i$¢enje je kori$¢en XP-endo
FINISHER, identi¢no kao i u drugoj grupi.

Krunice svih zuba su presecene u predelu gledno-cementne
granice, a potom korenovi dijamantskim diskom uzduzno zase-
¢eni i uz pomoc o$trog nozica razdvojeni na dve polovine. Ova-
ko dobijene polovine pripremljene su za SEM analizu (JOEL,
JSM 6460LV;, Japan). Analizirana je samo apeksna tre¢ina kanala
(region 3 mm od granice preparacije) tako $to je za svaki uzorak
(polovina zuba) napravljeno po pet standardizovanih mikro-
fotografija na uve¢anju od 2000 puta. Za kvalitativnu procenu
zaostalog razmaznog sloja na zidovima kanala u apeksnom se-
gmentu kori$éeni su kriterijumi Hilsmana i sar. [27]:

Ocena: 1 - nema razmaznog sloja, dentinski tubuli otvoreni;
2 - mala koli¢ina razmaznog sloja, nekoliko tubula
otvoreno;

3 - nehomogeni razmazni sloj pokriva zid kanala,
malo tubula otvoreno;

4 - ceo zid kanala pokriven razmaznim slojem, nema
otvorenih tubula;

5 - nehomogeni razmazni sloj koji pokriva ceo zid
kanala.

SEM fotografije uzoraka svih zuba (400 slika) procenjivala su
dva nezavisna istrazivaca. Dobijeni rezultati su uredeni u SPSS
programu i analizirani primenom parametara deskriptivne sta-
tistike i analize varijanse.

REZULTATI

Rezultati SEM analize apeksne trec¢ine kanala korena zuba su
prikazani u Tabeli 1 i slikama 1-4.

NajviSe razmaznog sloja u apeksnoj tre¢ini zabelezeno je u
grupi gde je instrumentacija realizovana samo NiTi rotiraju¢im
instrumentima iRaCe [2, 12] (Slika 1), potom u grupi gde je ko-
ri$¢en XP-endo SHAPER (1,95) (Slika 2), dok je u drugoj (iRaCe i
XP-endo FINISHER) (Slika 3) i ¢etvrtoj grupi (XP-endo SHAPER
i XP-endo FINISHER) (Slika 4) uo¢ena identi¢na i ne$to manja
koli¢ina razmaznog sloja (1,64). Jednofaktorska analiza varijanse
je ukazala na visoko statisticki znacajnu razliku u prose¢nim
ocenama izmedu grupa (p < 0,001) (Tabela 1). Ova razlika je
bila znacajna izmedu prve (iRaCe) i druge grupe (iRaCe i XP-
endo FINISHER), odnosno izmedu prve (iRaCe) i ¢etvrte grupe
(XP-endo SHAPER i XP-endo FINISHER) (Tabela 1).
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DISKUSIJA

Hemomehanicka preparacija kanala korena zuba je jedan od
presudnih faktora u kontroli endodontske infekcije [3,7,22],a
uklanjanje razmaznog sloja sa zidova kanala korena znacajan
klini¢ki parametar za uspeh endodontskog le¢enja [13, 15, 25].

Poseban problem u ¢is¢enju kanala korena i uklanjanju
razmaznog sloja je podrucje granice instrumentacije, odnosno
apeksna trec¢ina kanala korena [6, 12, 18,21]. Osnovni razlog za
to je nepristupacnost ovog segmenta kanala, odnosno neadekva-
tan dijametar apeksne preparacije, ali i volumen, koncentracija
i vreme izlaganja ovog dela kanala rastvoru za irigaciju [7, 10,
13,28,29,30].

Zato je u ovom istrazivanju instrumentacija i irigacija kanala
realizovana na jednostavnim kanalnim sistemima (jednokoreni
zubi), prema istom protokolu (sve kanale je obradio isti prak-
ti¢ar) uz isti irigans (2% NaOCl) i istu tehniku irigacije (kon-
vencionalna, kontinuirana), tako da se dobijeni rezultati mogu
analizirati u funkciji kori$¢enih NiTi rotiraju¢ih instrumenata
i njihovoj efikasnosti u ¢i§¢enju apeksne trecine kanala.

Dobijeni rezultati su ukazali na znac¢ajno efikasnije ¢i$¢enje
i uklanjanje razmaznog sloja u apeksnoj trec¢ini kanala kore-
na kada je poslen zavr$ene instrumentacije NiTi rotiraju¢im
instrumentima (iRaCe, XP-endo SHAPER) kori$¢en XP-endo
FINISHER. Primena ovog instrumenta obezbedila je efikasni-
je uklanjanje razmaznog sloja iz apikalnog segmenta kanala,
jer zahavljujudi specifitnom dizajnu i ¢injenici da menja svoj
oblik tokom rotacije moze da dopre i do nepristupacnih delova
u apeksnom delu kanala [6, 18, 20, 26]. Primena ovog instru-
menta obezbeduje znacajno ve¢u redukciju bakterija u kanal-
nom sistemu jer elimini$e bakterije iz tesko dostupnih podrucja,
zahvaljujudi efektu aktivacije irigansa pri brzini od 800 o/min.
[6]. Potvrdeno je takode da klju¢ni deo ¢i$¢enja kanala korena
zavisi od tehnike instrumentacije, odnosno izbora irigansa i
tehnike irigacije [2, 8,10, 12,16, 18, 24].

U ovom istrazivanju je kao irigans kori$¢en 2% rastvor
NaOCl i konvencionalni i kontinuirani protokol irigacije, dok
je instrumentacija kanala u prvoj i drugoj grupi realizovana
setom iRaCe NiTi rotiraju¢ih instrumenata (tri instrumenta),
a u trecoj i ¢etvrtoj grupi sa XP-endo SHAPEROM (jedan in-
strument). Nesto bolje ¢i$¢enje apeksnog dela kanala i efikasnija
hemomehanicka preparacija je uoc¢ena posle primene XP-endo
SHAPERA, ali bez znacajnih razlika. Ova mala razlika bi se mo-
gla objasniti istim dijametrom apeksne preparacije (#30/04 kod
iRaCe i #30/04 kod XP-endo SHAPERA), a nesto bolji rezultat
kod XP-endo SHAPERA specifi¢nim dizajnom ovog instrumen-
ta i njegovom ekstremnom fleksibilno$¢u koja mu omogucava
da se kontrahuje i $iri unutar kanala i time dosegne i do onih
zona do kojih konvencionalni instrumenti ne mogu [28].

Ono $to je zanimljivo u rezultatima ovog istrazivanja je ¢i-
njenica da je efikasnije uklanjanje razmaznog sloja u apeksnoj
trecini ostvareno kod kanala gde je preparacija uradena samo
jednim instrumentom i sa znatno manjom koli¢inom irigan-
sa, odnosno sa kra¢im vremenom delovanja na zidove kanala
usled kraceg vremena instrumentacije. Iako se veca bakterijska
redukcija u kanalskom sistemu ocekuje posle produzene iri-
gacije [13, 31], nesto bolje ¢idcenje bi se ovde moglo objasniti
upravo tehnikom instrumentacije odnosno nesto ve¢om brzi-
nom rotacije (800 o/min.), ali i specifi¢nim dizajnom XP-endo
SHAPERA. Naime, ,zmijoliki“ izgled i superelasti¢nost XP-endo
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SHAPERA omogucavaju mu da se ,$iri“ unutar kanala i tako do-
pre do nepristupac¢nih delova (istmusi, lateralni kanali, apeksne
ramifikacije) kanala [20, 26, 28, 33, 34].

Efikasno ¢iS¢enje apeksnog dela kanala korena setom roti-
rajucih instrumenata iRaCe posledica je zadovoljavajuceg dija-
metra u apeksu (30/04), to obezbeduje bolji efekat aplikovanog
rastvora za irigaciju i njegov efikasniji rastvaracki odnosno bolji
efekat uklanjanja razmaznog sloja [25,28, 30]. Potvrdeno je tako-
de da preparacija kanala RaCe instrumentima dovodi do znatno
manje transportacije secenog dentina u apeksni deo kanala u
odnosu na druge rotiraju¢e NiTi instrumente [20, 35]. Manja ko-
li¢ina razmaznog sloja u apeksnom delu kanala posle preparacije
iRaCe setom NiTi rotirajucih instrumenata moze biti i posledica
nesto vece brzine ovih instrumenata (600 o/min.) u odnosu na
najée$ce brzine drugih setova NiTi (150-300 o/min.) [20, 36].

S obzirom na to da prisustvo bakterija u kanalskom sistemu
uzrokuje losu prognozu ishoda endodontskog lecenja, osnovni
preduslov za uspeh je njihova maksimalna eliminacija hemome-
hani¢kom instrumentacijom [7,30]. NaOCl je naj¢e$¢e koris¢en
rastvor za irigaciju kanala korena zbog efikasnog antibakterij-

skog i rastvarackog efekta, odnosno brzine delovanja i njegove
cene [30]. Na efikasnost uklanjanja razmaznog sloja sa zidova
kanala korena moze uticati i sam protokol odnosno tehnika
irigacije [6]. Prednost intermitentnog postupka irigacije (u tri
koraka) u odnosu na kontinuiranu je u tome $to se povecanjem
ciklusa irigacije pove¢ava i njegov kumulativni efekat, jer se sve-
zim irigansom pobolj$avaju kvalitet i brzina ¢i$¢enja, ali i efika-
sno uklanjanje biofilma bakterija iz kanalskog sistema [6,37,38].

ZAKLJUCAK

U okviru ogranic¢enja ove studije moze se zakljuciti da se nakon
instrumentacije kanala korena novim rotiraju¢im NiTi instru-
mentom — XP-endo SHAPER (jedan instrument) i seta iRaCe
(tri instrumenta) obezbeduje efikasno ¢iS¢enje apeksnog dela
kanala korena. Primena XP-endo FINISHERA posle zavr$ene
instrumentacije kanala instrumentom XP-endo SHAPER i setom
iRaCe rotiraju¢ih NiTi instrumenata dovodi do znacajno efikasni-
jeg uklanjanja razmaznog sloja u apeksnom delu kanala korena.
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Effects of radiotherapy on oral cavity tissues
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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.

Keywords: toxicity; radiotherapy; oral cavity; prevention

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 P
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.



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
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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.



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, $to dovodi do smanjenja prokrvljenosti sa posledi¢nom
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hipoksijom uz hipocelularnost tkiva. Krajnji rezultat ovih pro-
mena predstavlja osteoradionekroza sa prisustvom sekundarne
infekcije ili bez nje, uz moguénost nastanka i patoloske frakture.
Mandibula je podloznija nekrozi usled zracenja zbog slabije va-
skularizacije i gustine kosti u odnosu na maksilu. Simptomi
ovog procesa su bol, otok, fetor, ulceracije i orokutane fistule.
Osteoradionekroza nastaje obi¢no u periodu do godinu dana
od kraja zracenja. Lo$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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SUMMARY

Articulators are instruments that aimed to reproduce the range of jaw movements. The first instrument designs were
attempts to duplicate anatomic relations or reproduce functional movements of the anatomy. They were able to
preserve centric position only. More sophisticated articulating instruments evolved as more was learned about the
anatomy, mandibular movements, and mechanical principles. Over time, interest for articulators progressed. Articula-
tors became adjustable, and they attempted to reproduce jaw movements of each patient by reproducing the anatomy
of temporomandibular joints (TM)’s) and related structures. Part | of the article has discussed evolution of articulators
beginning from the 18" century till 1940. A history of articulators from 1940 till today is discussed in the present article.
Keywords: articulators; instruments; cast; temporomandibular joints; hinge

In continuation on the history of articulators part I, where
the evolution of articulators beginning from the 16™ cen-
tury was described, the current article discusses the his-
torical aspect of articulators since 1940.

Articulators introduced since 1940 range from the type
that maintains a prescribed position, to fully adjustable
articulators [1]. By the turn of the 20th century, several
investigators have examined the nature of mandibular
movements. Therefore, development of articulators has
reflected newly discovered or rediscovered principles [2].
Historically, some aspects of jaw movements have been
easy to duplicate mechanically on an articulator (hinge
movement, relation of the casts to the hinge and inclina-
tion of the condylar path). Consequently these features
appeared first on the instruments. Other movements have
been more difficult to reproduce mechanically, such as
Bennett movement in three dimensions, the timing of the
Bennett movement, the exact curvature of the condylar
path and intercondylar distance. The problems involved in
duplicating these movements have been solved by modern
instrument design. Through the history, some articulators
have been modified and some have not been accepted by
the profession and disapeared.

The current article has aimed to describe articulators in-
troduced into the dental practice since 1940 till the present.

An electronic search was performed across the three
databases (Science Direct, PubMed and Google Scholar)
for relevant citations. Keywords such as articulators, his-
tory, and early articulators were used alone or in combina-
tion for the search. The option of “related articles” was also
utilized. Finally, a search of review articles was performed
and the most relevant papers pertaining to the history of
articulators were selected.

The Modified Stephen Articulator

The Stephen articulator (Figure 1), as modified in 1940,
is a simple hinge joint articulator that has fixed condy-
lar path of 30 degrees. It is similar in design to the 1921
model, except that the upper and lower mounting arms
on this model are longer. An adjustable setscrew in the
posterior region holds the upper and lower members in
the fixed vertical position [1].

Figure 1. Modified Stephen Articulator !
Slika 1. Modifikovani artikulator Stephen [

The Stephen Articulator Model P

The additional features of the Stephen articulator Model
P are incisal pin and vertical height adjustment. Another
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version of this articulator was manufactured to include a
fixed 10 degree incisal guidance [1].

The Fournet Articulator

The Fournet articulator (Figure 2) was developed around
1940 and distributed by the Dentists’ Supply Co. of New
York. The Fournet articulator is one-dimension articula-
tor that has no lateral movement. The maxillary cast is
positioned horizontally by (1) the two maxillary central
incisors, which are oriented aesthetically and rest on Spee
curve template anteriorly, and (2) the Cook mounting jig,
which fits into the depth of the hamular notch and orients
the casts posteriorly [1].

The Johnson-Oglesby Articulators

The Johnson-Oglesby articulator was developed around
1950. It is small, nonadjustable, flexible articulator. The
Johnson-Oglesby instrument had limited use, and restora-
tions produced using it sometimes required major adjust-
ments intraorally [1].

The Coble Articulator

The Coble articulator was developed around 1950. by
Lucian G. Coble. The Coble articulator maintains centric
relation and vertical dimension but does not allow func-
tional movements. It is a hinge articulator in which the
macxillary cast is mounted with a mounting jig that cor-
responds to the occlusal plane. The mandibular cast is
positioned with an interocclusal record [1].

The Galetti Articulator

The Galetti articulator (Figure 3) was first manufactured
about 1950. in Italy. It was advertised in this country in
the early 1960’s and distributed by John O. Luongo. In
this articulator, each cast was held mechanically without
plaster by two fixed posts anteriorly and one adjustable
post posteriorly to each member. The upper member was
adjustable by an extendable arm and a universal ball-and-
socket joint to achieve the desired relationship of the max-
illary to the mandibular cast, which permitted rapid cast
mounting. This articulator had fixed condylar path and
a vertical stop that was in the posterior region. It did not
accept a face-bow [1].

The Pankey-Mann Articulator

The Pankey-Mann articulator (Figure 4) was developed
in 1955. by Lindsey De Pankey and Arvin W. Mann. This
articulator consists of a base that holds a platform for
the mandibular cast and a vertical post containing two
movable assemblies. The first assembly was made up of a
horizontal rod that supports the face bow frame and also
has centers of rotation for measuring and cutting calibres.
A second movable assembly hold the mounted maxillary
cast. By using the Pankey-Mann face bow to mount the
mandibular cast, and cutting dividers to establish an oc-
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Figure 2. The Fournet Articulator [V
Slika 2. Artikulator Fournet [

Figure 3. The Galetti Articulator
Slika 3. Artikulator Galetti "

clusal plane in the mandibular teeth based on the spheri-
cal theory, the entire occlusal plane was engineered before
tooth preparation is initiated [1].

The Stuart Articulator

The Stuart articulator (Figure 5) was developed by Charles
E. Stuart in 1955. It was a fully adjustable articulator. The
upper member of the articulator had two sets of cams
posteriorly on each side that guide truncated spheres lo-
cated on the lower member. The movable outer cam and
sphere on each side controlled all condylar movements
except the angle and timing of the Bennett movement,
which were controlled by the inner cam and sphere. The
articulator settings were programmed using pantographic
tracings from the patient [1].
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Figure 4. The Pankey-Mann Articulator ("
Slika 4. Artikulator Pankey-Mann [

Figure 5. The Stuart Articulator !
Slika 5. Artikulator Stuart

The Hanau Model H2 Series

The Hanau Model 96 H2 came out in 1958. The princi-
pal feature of this articulator was an increased distance
between the upper and lower members from 95 mm to
approximately 110 mm. In addition, the orbital indicator
was added to the upper member. The H2-XPR, which is
one of the models of the H2 series, was introduced in
1958. It had features identical to those of other models
in this series, but in addition, it had extendable condylar
shafts and retrusive-protrusive adjustment in the condylar
element. Some other models of the H2 series are:

Model H2-0, with orbital indicator attachment;

Model H2-X, with extendable condylar shafts;

Model H2-PR, with calibrated adjustments to protrude
or retrude condylar balls up to 3 mm.

An adaptation of the Hanau Model H110 articulator,
which uses a 0.75 inch lucite shim to increase the con-
dylar post height, was described by Elinchbaugh. He also
described the fabrication of a 0.75 inch lucite orbital point

Figure 6. The Dentatus Articulator !
Slika 6. Artikulator Dentatus "

guide plane that provided an anterior point of reference
level with the condylar axis. This adaptation made the
Model H is equivalent to some models of the H2 series [1].

The Dentatus ARL Articulator

The Dentatus ARL articulator (Figure 6) was first manu-
factured by A.B.Dentatus of Stockholm, Sweden in 1958.1t
was a semiadjustable, shaft type articulator with a straight
condylar path and a fixed intercondylar distance. In me-
chanical principle and design it was similar to the Hanau
H2 articulator. An adjustable positioning mechanism on
the upper member allowed the use of a block that stan-
dardizes upper member to lower member, and transfer
of casts from one to another articulator while the same
relationship was maintained. The Dentatus ARL was a
rigid, durable instrument with a curved incisal guide pin.
Extendable condylar shafts enabled receiving a hinge axis
face-bow. The Bennett movement was calculated from the
Hanau’s formula, and rotating the condylar post up to 40



degrees regulated it. As with the Hanau articulators, the
size of Bennett movement was controlable, but not the
timing or direction [1].

The Improved New Simplex Articulator

The Improved New Simplex Articulator (Figure 7) was dis-
tributed by the Dentists’ Supply Co. of New York in 1960.
This is an updated version of the Gysi Simplex articulator.
It used average movements. The condylar inclination was
30 degrees, with a Bennett movement of 7.5 degrees. The
incisal guide table was adjustable from 0 to 30 degrees to
accommodate various amounts of vertical overlap of the
teeth for each patient. It had model-locking pins to secure
the maxillary and mandibular casts in place. A mounting
jig, which doubles as an occlusal plane table, was used for
arbitrarily mounting the maxillary cast [1].

The Verticulator

The Verticulator was developed by William Windish in
1960. The Verticulator consisted of two rigid members
that separate and close only linearly in vertical dimension.
It had a positive stop that locked in its closed position.
Another model was introduced in 1962, which was able
to accept full arch casts [1].

The Ney Articulator

The Ney articulator (Figure 8) was designed by Anthony
J. De Pietro in 1962. It is an arcon instrument with no
locking device between the upper and lower members
for centric position. The condylar elements can be set to
varying intercondylar distances. When the metal condylar
elements do not follow or duplicate pantographic tracings,
more precise duplication is possible with custom ground
plastic inserts. A plastic incisal guide table, or a metal in-
cisal guide table that has a provision for making a region
of freedom centric position can be used [1].

The Hanau Model 130-21 Articulator

The Hanau University Series or Model 130-21 articula-
tor was designed to be a split-axis instrument. It had a
central locking device and a mechanism to keep upper
and lower members together. It was adjustable in varying
intercondylar distances. The condylar paths and Bennett
guide paths were straight. The Bennett guide paths that
are located near midline did not allow for immediate side
shift. It would accept all positional records but could not
duplicate pantographic tracings. The incisal guide pin was
designed to compensate for changes in vertical dimension.
It was self tripoding in an inverted position [1].

The Whip-Mix Articulator

The Whip-Mix articulator was developed by Charles E.
Stuart in 1964. This was a semiadjustable arcon articulator
that had three intercondylar adjustments: small, medium
and large. These were selected by means of the accompa-
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Figure 7. The Improved New Simplex Articulator
Slika 7. Pobolj$ani novi prosti artikulator [

Figure 8. The Ney Articulator ["
Slika 8. Artikulator Ney [

nying Quick Mount face-bow that uses the external audi-
tory meatus as a posterior landmark. This face-bow had
a nasion anterior guide for establishing an anterior point
of reference for maxillary cast positioning. The condylar
element of the Whip-Mix articulator was adjustable about
the vertical and horizontal axis but not the sagittal axis;
hence it could not be set to all positional records. The con-
dylar and Bennett guide paths were straight. There was
no provision for timing in the Bennett movement. There
was no centric position-locking device, and the upper and
lower members could not be attached mechanically [1].

The Simulator

The Simulator (Figure 9) was developed by Ernest R.
Granger in 1968. It was a fully adjustable articulator that
could be set from pantographic tracings, positional re-
cords and other tracings. There were curved condylar
paths, but the unique feature of this articulator was the
condylar path that rotates inwardly, a broken axis and a
mechanical timing element that combine to reproduce
mechanically the Bennett movement and Fischer’s angle.
The Simulator had condylar path locks that could be re-

187



188

Mann N. K. et al. The Evolution of Articulators — Part Il

Figure 9. The Simulator "
Slika 9. Simulator [V

leased so that the upper member could be separated from
the lower member. The incisal guide pin was curved [1].

The Denar Model D4A Articulator

The Denar Model D4A articulator was developed by Niles
Guichet in 1963. This articulator was programmed from
tracings made with a pneumatically controlled panto-
graph of the same company, the Denar Corp of Anaheim,
California. It was a fully adjustable instrument that used
interchangeable condylar guidances that could be adjust-
ed.It had a definite centric lock and had accommodations
to hold the casts in an open position. The curved incisal
pin assembly could rest on a mechanical or plastic incisal
guide table [1].

The Dentatus ARO Articulator

The Dentatus ARO articulator was manufactured by A.B.
Dentatus in 1971. It had all the features of Dentatus ARL
plus the unique feature of a movable arm that holds the
mandibular cast. The universal joint and the locking de-
vice that attaches the movable arm to the base allowed
repositioning of the mandibular cast without remounting.
The gauge block was used to center the lower member to
the upper member, but once the mandibular cast has been
repositioned, the articulator or casts could not be inter-
changed without the aid of centric relation records [1].

The Panadent Articulators

The Panadent System is the latest approach to dental
instrumentation. The Panadent System was based on
the premise that it was possible to classify individual
condylar movements into groups based on the amount
of precurrent side shift. A series of statistically selected
three-dimensional analogs of condylar axis motion was
developed. The Panadent articulator was introduced in
1978. The current models were introduced in 1983. The
major modification in the latest models was the Dynalink
Panalock mechanical latch. This mechanism keeps the up-
per and lower articular frames joined together, yet permits
an opening movement of 180 degrees [1].

Figure 10. The Protar Articulator ¥
Slika 10. Artikulator Protar [

Recent Advances
SAM

The company was founded in 1971 by Heinz Mack, a
practising dentist, in Munich, Germany. Their anatomi-
cally correct and skull related articulator system became
known and identified as SAM (School Articulator Mu-
nich). These are basically arcon type of articulators. SAM
developed a wide variety of articulator models, including
SAM SE, SAM 2P, SAM 2PX and SAM 3. These articula-
tors provide accurate functional simulation of mandibular
movements [2, 3].

The Artex Articulator

This articulator was developed by GIRRBACH DENTAL
GMBH Company and was listed in the FDA on 24™ May,
1995. The ARTEX CN, which was the base model, is a
non-arcon type average value articulator. The ARTEX CT
is partially adjustable average-value articulator in non-Ar-
con design. Then came the ARTEX CP, which was partially
adjustable average-value articulator with super smooth
condyle track guide in Arcon design. The latest model was
the ARTEX CR, which was fully adjustable average-value
articulator in Arcon design. It provides comprehensive ad-
justment possibilities to reproduce the patient’s clearance
and movement dynamics [4].

The Protar Articulator

Developed by the KaVo Company during the begining of
this century, the PROTAR articulators (Figure 10) offer
good precision, they are cost effective and provide supe-
rior handling. Four models are available- the PROTAR,
the PROTAR 3, the PROTAR 5, the PROTAR 7, and the
latest model is the PROTAR 9. The PROTAR is 6.4” H x
6.6” W x 8” D and weighs 2.5 Ibs. The Protar 3 has an
upper member with curved sagittal and pre-set condylar
guidance paths, a 45° horizontal condylar inclination, and
a 15° fixed Bennett angle. The PROTAR 5 has an upper
member identical to the one in the Protar 3 with the ex-
ception that it has an adjustable Bennett angle and an
adjustable horizontal condylar inclination. The PROTAR



7 has an upper member with adjustable sagittal angle and
horizontal condylar paths as well as immediate sideshift
and retrusion with an adjustable shift angle. The PROTAR
9 has an upper member identical to that of the Protar 7
with adjustable protrusion, distraction, and retrusion [5].

The Virtual Articulators

The latest breakthrough in the world of articulators was
the introduction of the VIRTUAL articulators in 2003.
This system not only simulates the temporo-mandibular
joint movements in the modelling software by viewing it
on the computer screen, but is also the only system that
allows the dental technician to take the measurements of
his/her own articulator, to scan it and to add these data
to the software database. The articulator dimensions are
faithfully saved in the software so as to be able to virtually
articulate the models.

CONCLUSION

The large number and great range in complexity of mod-
ern articulators can mislead the dentist into thinking that
the choice of a suitable instrument is difficult. However,
the choice is greatly simplified if one considers what re-
cords can be obtained accurately, what the instrument will
be required to do, and the fact that articulator technol-
ogy is not a substitute for a biological understanding of
the masticatory system [6]. An emerging understanding
of the neurophysiology of mandibular movements and
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the influence of several morphological and behavioural
considerations led to the notion that each patient is his or
her own best articulator. Also, the success or failure of the
final restoration is more dependent on the operator of the
articulator than on the articulator itself [7].

The Late Carl O Boucher summed up the articulator
controversy by stating, “It must be recognized that the
person operating the instrument is more important than
the instrument. If dentists understand articulators and
their deficiencies, they can compensate for their inherent
inadequacies”.
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KRATAK SADRZA)

Artikulatori su instrumenti koji imaju za cilj da reprodukuju pokrete vilica. Prvi dizajni ovih instrumenta bili su pokusaji dupliranja
anatomskih odnosa ili reprodukovanja funkcionalnih pokreta. Oni su jedino mogli da adekvatno reprodukuju centralnu poziciju.
Kasnije su se pojavili sofisticiraniji artikulatori sa novim saznanjima o anatomiji, mandibularnim pokretima i mehani¢kim principima.
Tokom vremena raslo je interesovanje za artikulatore. Oni su postali podesivi i pokusali su da reprodukuju individualne pokrete
vilica svakog pacijenta reprodukcijom anatomije temporomandibularnih zglobova (TMZ) i susednih struktura. Prvi deo naseg rada
je razmatrao razvoj artikulatora od 18. veka do 1940. godine. Istorija artikulatora od 1940. do danas predstavljena je u ovom ¢lanku.

Kljuéne reci: artikulatori; instrumenti; liveni; temporomandibularni zglobovi; $arke

U ovom c¢lanku, u nastavku istorije artikulatora I, gde je opisana
evolucija artikulatora pocev od 16. veka, govori se o istorijskom
aspektu artikulatora od 1940. godine do danas.

Artikulatori uvedeni od 1940. najpre su bili instrumenti koji
samo reprodukuju propisani poloZaj, a onda je doslo do razvoja
i nastanka potpuno podesivih artikulatora [1]. Pocetkom 20.
veka nekoliko autora je ispitalo prirodu pokreta mandibule. Sto-
ga, razvoj artikulatora tog vremena odrazava novootkrivene ili
potvrdene principe [2]. Istorijski gledano, neki aspekti kretanja
vilice su se lako mehanicki prenosili i reprodukovali u artiku-
latoru (pokret po osovini, odnos modela prema osovini, kao i
kondilarni nagib). Shodno tome, ove karakteristike su se prve
pojavile na instrumentima. Ostali pokreti kao $to su Benetov
pokret u tri dimenzije, vreme Benetovog pokreta, ta¢na krivina
kondila i interkondilarna distanca bili su tezi da se reproduku-
ju mehanicki. Problemi u dupliciranju ovih pokreta su reseni
savremenim dizajnom instrumenta. Kroz istoriju, neki artiku-
latori su modifikovani, neki od njih uopste nisu prihvaceni od
strane profesije pa su zato i nestali.

Cilj ovog rada bio je da opise artikulatore uvedene u stoma-
tolosku praksu od 1940. do danas.

Elektronska pretraga je obavljena u okviru tri baze podataka
(Science Direct, PubMed i Google Scholar) za relevantne citate.
Klju¢ne reci kao $to su artikulatori, istorija i rani artikulatori
kori$¢ene su same ili u kombinaciji za pretrazivanje. Kori§¢ena
jeiopcija,,povezanih ¢lanaka® Na kraju, izvr$ena je pretraga
revijalnih radova i izabrani su najvazniji citati koji se odnose
na istoriju artikulatora.

Modifikovani artikulator Stephen

Artikulator Stephen (Slika 1), modifikovan 1940, jednostavan
je zglobni instrument koji je imao fiksni ugao kondilarne pu-
tanje od 30 stepeni. Sli¢an je u dizajnu modelu iz 1921. godine,
osim §to su gornja i donja grana na ovom modelu duzi. Podesivi
$rafovi u zadnjem delu drze gornji i donji deo u fiksnom verti-
kalnom poloZaju [1].

Artikulator Stephen, model P

Dodatne karakteristike artikulatora Stephen, model P su in-
cizalni koci¢ i vertikalno podesavanje visine. Jos jedna verzija
ovog artikulatora je proizvedena tako da sadrzi fiksni incizalni
nagib od 10 stepeni [1].

Artikulator Fournet

Artikulator Fournet (Slika 2) razvijen je oko 1940. godine i
distribuiran od strane Dentists’ Supply Co., Njujork. To je bio
jednodimenzionalni artikulator koji nije imao bo¢ne pokrete.
Model gornje vilice bio je orijentisan i postavljan horizontal-
no pomocu (1) dva maksilarna centralna sekutica, koja su bila
estetski orijentisana i naslanjala se na Speovu krivu napred i (2)
drzac za montiranje, koji se uklapa u dubinu Zleba i usmerava
modele posteriorno [1].

Artikulatori Johnson-Oglesby

Artikulator Johnson-Oglesby je razvijen oko 1950. godine. To
je mali, nepodesivi, fleksibilni artikulator. Njegova upotreba je
bila ogranicena, a zubne nadoknade napravljene u njemu su
ponekad zahtevale veliko podesavanje na pacijentu [1].

Artikulator Coble

Ovaj artikulator razvio je oko 1950. godine Lucian G. Coble.
Artikulator Coble odrzava centralnu relaciju i vertikalnu di-
menziju, ali ne dozvoljava funkcionalne kretnje. To je osovinski
artikulator u kome se gornja vilica podesava pomoc¢u montaz-
nog $rafa koji odgovara okluzalnoj ravni. Model donje vilice se
postavlja pomocu zapisa zagrizaja [1].

Artikulator Galetti

Artikulator Galetti (Slika 3) - prvi je proizveden oko 1950. go-
dine u Italiji. On je reklamiran poc¢etkom 1960-ih i distribuirao
ga je od John O.Luongo. U ovom artikulatoru svaki model je bio
mehanicki fiksiran bez gipsa pomocu dva fiksna koci¢a spreda i
jednog podesivog kocica sa zadnje strane svakog modela. Gornji



model se mogao podesavati pomocu zglobova da bi se postigao
zeljeni odnos gornje i donje vilice i tako ubrzalo postavljanje
modela. Ovaj artikulator je imao fiksni ugao kondilarne putanje
i vertikalni stoper u zadnjem delu. Nije prihvatio obrazni luk [1].

Artikulator Pankey-Mann

Artikulator Pankey-Mann (Slika 4) razvijen je 1955. godine od
strane Lindsey De Pankey i Arvin W. Mann. Ovaj artikulator se
sastojao od postolja koje drzi platformu za model donje vilice i
vertikalnog kocica koji drzi dva pokretna dela. Prvi deo je bio
sastavljen od horizontalnog $tapa koji drzi okvir obraznog luka,
ima centre rotacije za merenje i presecanje na Zeljenu veli¢inu.
Drugi pokretni deo drzi postavljeni model vilice. Kori§¢enjem
njihovog obraznog luka za postavljanje modela donje vilice i
uspostavljanje okluzalne ravni na zubima donje vilice prema
sferi¢koj teoriji, celokupna okluzalna ravan je uspostavljena pre
bilo kakvog rada na zubima [1].

Artikulator Stuart

Artikulator Stuart (Slika 5) razvio je Charles E. Stuart 1955. go-
dine. To je bio potpuno prilagodljiv artikulator. Gornji ¢lan arti-
kulatora imao je dva ispupcenja sa zadnje strane koji vode dve
zarubljene sfere koje se nalaze na donjem ¢lanu. Pokretno spoljno
ispupcenje i sfera sa obe strane kontroli$u sve kondilarne kret-
nje osim Benetovog ugla i vremena pokreta, koji su kontrolisani
unutra$njim ispupcenjem i sferom. Podesavanja artikulatora su
programirana pomocu pantografskih zapisa pacijenta [1].

Model Hanau, H2 serija

Model Hanau 96 H2 pojavio se 1958. godine. Glavna karakteri-
stika ovog artikulatora bila je vece rastojanje izmedu gornjeg i
donjeg dela od 95 mm na priblizno 110 mm. Pored toga, gornji
¢lan je dobio orbitalni indikator. H2-XPR, koji je jedan od mo-
dela serije H2, uveden je 1958. godine. Imao je identi¢ne osobine
kao i drugi modeli u ovoj seriji, ali pored toga je imao prosi-
rene kondilarne osovine i podesavanje kondilarnog elementa
napred-nazad. Neki drugi modeli serije H2 su:

(1) Model H2-0, sa dodatkom za orbitalnu indikaciju;

(2) Model H2-X, sa pro$irenim kondilarnim vratilom;

(3) Model H2-PR, sa kalibriranim pode$avanjima za pome-

ranje kondila napred-nazad do 3 mm.

Elinchbaugh je opisao adaptaciju Hanau modela H110 ar-
tikulatora, koji koristi plasti¢ni podmetac od 0,75 in¢a kako bi
povecao visinu postolja kondila. Takode je opisao izradu orbital-
ne ravni od 0,75 inca plastike koja je davala prednju referentnu
tacku za nivo kondilarne ose. Ova adaptacija je u¢inila model H
ekvivalentnim nekim modelima serije H2 [1].

Artikulator Dentatus ARL

Artikulator Dentatus ARL (Slika 6) prvi put je proizveden od
strane A. B. Dentatusa iz Stokholma, Svedska, 1958. godine. To je
bio polupodesivi artikulator tipa vratila sa ravnim kondilarnim
nagibom i fiksnim interkondilarnim rastojanjem. U mehani¢-
kom principu i dizajnu bio je sli¢an artikulatoru Hanau H2.
Prilagodljivi mehanizam za pozicioniranje na gornjem delu
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omogucio je korisStenje bloka koji standardizuje gornji ¢lan
prema donjem ¢lanu i prenos modela sa jednog na drugi ar-
tikulator dok je isti odnos modela zadrzan. Dentatus ARL je
bio krut, izdrzljiv instrument sa incizalnim koc¢icem. Produzeci
kondilarne osovine omogucavali su prihvatanje obraznog luka.
Benetov pokret je izracunavan iz Hanauove formule, a rotacija
kondila do 40 stepeni je omogucavala njegovo podesavanje. Kao
i kod artikulatora Hanau, veli¢inu Benetovog pokreta bilo je
moguce kontrolisati, ali ne i njegovo vreme i pravac [1].

Poboljsani novi prosti artikulator

Ovaj artikulator (Slika 7) distribuiran je od strane Dentists
‘Supply Co. u Njujorku 1960. godine. Ovo je pobolj$ana verzija
artikulatora Gysi Simplex. On je koristio prose¢ne vrednosti
pokreta. Kondilarni nagib je bio 30 stepeni, a Benetov pokret
7,5 stepeni. Incizalni tanjiri¢ se podesavao od 0 do 30 stepeni
kako bi se prilagodio razlicitim veli¢inama vertikalnog prekla-
panja zuba za svakog pacijenta. Imao je kocice za zaklju¢avanje
modela kako bi osigurali maksilarne i mandibularne modele
stabilne i na mestu. Montazna konzola, koja se udvostrucuje
kao okluzana ravan, kori$¢ena je za proizvoljno montiranje
maksilarnog modela [1].

Vertikulator

Vertikulator je razvio William Windish 1960. godine. Sastojao
od dva kruta ¢lana koja se odvajaju i zatvaraju samo linearno
u vertikalnoj dimenziji. On je imao pozitivni stoper koji se za-
kljuc¢avao u zatvorenom polozaju. Drugi model uveden je 1962.
godine i bio u stanju da prihvati modele potpunih vilica [1].

Artikulator Ney

Artikulator Ney (Slika 8) dizajnirao je Anthony J. De Pietro
1962. godine. To je arkon instrument bez uredaja za zaklju-
¢avanje izmedu gornjeg i donjeg dela za centri¢nu poziciju.
Kondilni elementi mogu se podesiti na razli¢ita interkondi-
larna rastojanja. Kada metalni kondilarni elementi ne prate ili
dupliraju pantografske zapise, preciznije dupliranje je moguce
sa prilagodenim plasti¢nim umecima. Tanjiri¢ po kome se krece
incizalni ko¢i¢ moze biti plasti¢ni ili metalni [1].

Artikulator Hanau, model 130-21

Hanau univerzitetska serija ili model 130-21 dizajniran je da
bude instrument sa podeljenim osovinama. On je imao central-
no zaklju¢avanje i mehanizam za drzanje gornjeg i donjeg clana
zajedno. Takode je bio podesiv na razli¢itim interkondilarnim
rastojanjima. Kondilarni nagib i Benetove kretnje su bile rav-
ne. Vodici Benetove kretnje koji se bili blizu srednje linije nisu
dozvoljavali trenutni pomak bo¢ne strane. Prihvatio bi sve po-
loZaje, ali nije mogao duplirati pantografske tragove. Inicizalni
koc¢i¢ je bio dizajniran da nadoknaduje promene u vertikalnoj
dimenziji. Bio je samoadaptivni i u obrnutom polozaju [1].

Artikulator Whip-Mix

Ovaj artikulator je razvio Charles E. Stuart 1964. godine. Ovo je
bio polupodesivi arkon artikulator koji je imao tri interkondi-
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larna pode$avanja: mala, srednja i velika. Oni su birani pomocu
obraznog luka koji koristi spoljni usni kanal signal kao zadnji
orijentir. Ovaj obrazni luk je imao je prednji vodi¢ (nasion) za
uspostavljanje prednje referentne tacke za pozicioniranje mak-
silarnog modela. Kondilni nagib na artikulatoru Whip-Mix je
bio podesiv u odnosu na vertikalnu i horizontalnu, ali ne i na
sagitalnu osu, tako da se nije mogao postaviti na sve pozicije.
Kondilni nagib i Benetova kretnja su bili ravni. Vreme Benetove
kretnje nije bilo odredeno. Nije bilo uredaja za zakljuc¢avanje
poloZaja, a gornji i donji delovi nisu mogli biti mehanicki pri-
¢vrdceni [1].

Simulator

Simulator (Slika 9) razvio je Ernest R. Granger 1968. To je bio
potpuno podesiv artikulator koji se mogao podesiti koristeci
pantografske tragove, pozicijske i druge zapise. On je imao za-
krivljene kondilarne putanje, ali jedinstvene karakteristike ovog
artikulatora bile su kondilarna staza koja se okrece unutra, slo-
mljena osa i mehanicki element koji se sastojao od mehanickog
reprodukovanja Benetovog pokreta i FiSerovog ugla. Simulator
je imao $rafove koji su omogucavali da se gornji ¢lan odvoji od
donjeg ¢lana. Incizalni ko¢i¢ je bio zakrivljen [1].

Artikulator Denar, model D4A

Ovaj artikulator razvio je Niles Guichet 1963. godine. On se po-
de$avao pomocu zapisa dobijenih pneumatski kontrolisanim
pantografom iste kompanije, Denar Corp, Anaheim, Kalifornija.
To je bio potpuno prilagodljiv instrument koji je koristio pro-
menljive kondilarne nagibe koji su se mogli podesavati. Imao je
odredenu centralnu bravicu, ali se mogao drzati i u otvorenom
poloZaju. Zakrivljeni incizalni ko¢i¢ se naslanjao na mehanicki
ili plasti¢ni stoci¢ [1].

Artikulator Dentatus ARO

Artikulator Dentatus ARO je proizveo A.B. Dentatus 1971. go-
dine. Imao je sve karakteristike Dentatus ARL plus jedinstvenu
osobinu pokretne rucice koja drzi model donje vilice. Univer-
zalni zglob i uredaj za zaklju¢avanje koji pri¢vr$¢uju pokretnu
rucicu na bazu omogucavali su pozicioniranje modela donje
vilice glave bez ponovnog podesavanja. Donji ¢lan se mogao
centrirati prema gornjem ¢lanu, ali kad je jednom postavljen
model donje vilice u odredeni polozaj, artikulator ili modeli
se nisu mogli menjati bez pomo¢i zapisa centralnog odnosa
vilica [1].

Artikulatori Panadent

Panadent sistem je pokazao najnoviji pristup stomatoloskim in-
strumentima. On je bio zasnovan na pretpostavci da je moguce
klasifikovati pojedine kondilarne kretnje u grupe na osnovu
bo¢nog pomaka. Razvijena je serija statisticki odabranih tro-
dimenzionalnih analoga pokreta kondilne ose. Artikulator Pa-
nadent je predstavljen 1978. godine. Aktuelni modeli uvedeni
su 1983. godine. Glavna modifikacija u najnovijim modelima
bila je mehanicka brava Dynalink Panalock. Ovaj mehanizam
odrzava gornji i donji okvir artikulatora zajedno, ali ipak omo-
gucava njegovo otvaranje od 180 stepeni [1].

Nedavni napredak
SAM

Kompaniju je osnovao 1971. godine Heinz Mack, stomatolog
prakticar iz Minhena, Nemacka. Njegov anatomski ispravan
instrument postao je poznat i identifikovan kao SAM (School
Articulator Munich). Svi modeli su bili arkon tipovi artikulatora.
SAM je razvio $irok spektar modela artikulatora, ukljucujuci
SAM SE, SAM 2P, SAM 2PX i SAM 3. Ovi artikulatori pruzaju
ta¢nu funkcionalnu simulaciju pokreta donje vilice [2, 3].

Artikulator Artex

Ovaj artikulator je razvila kompanija GIRRBACH DENTAL
GMBH i bio je naveden u FDA listi 24. maja 1995. ARTEX CN,
koji je bio osnovni model, artikulator je srednjih vrednosti koji
nije arkon tip. ARTEX CT je delimi¢no podesivi artikulator
srednje vrednosti u non-arkon dizajnu. Zatim je dolazio ARTEX
CP, koji je bio delimi¢no podesiv artikulator srednjih vrednosti
sa super-glatkim kondilnim vodi¢em u arkon dizajnu. Najnoviji
model bio je ARTEX CR, koji je bio potpuno prilagodljiv arti-
kulator srednjih vrednosti u arkon dizajnu. On je omogucavao
sveobuhvatna podesavanja za reprodukciju pacijentovog raz-
maka gornjih i donjih zuba i dinamike kretanja [4].

Artikulator Protar

Razvijen od strane kompanije KaVo pocetkom ovog veka. Ar-
tikulatori PROTAR (Slika 10) nudili su dobru preciznost, bili
su ekonomicni i laki za rukovanje. Na raspolaganju su Cetiri
modela - PROTAR, PROTAR 3, PROTAR 5, PROTAR 7, a naj-
noviji model je PROTAR 9. Dimenzije PROTAR-a su 6,4” V x
6,6” S x 8” D, a tezina 2,5 Ib. PROTAR 3 ima gornji ¢lan sa
zakrivljenim sagitalnim i unapred zadanim kondilnim staza-
ma, 45° horizontalnim nagibom kondilne putanje i fiksnim
Benetovim uglom od 15°. PROTAR 5 ima gornji ¢lan identi¢an
onom kao kod artikulatora PROTAR 3 sa izuzetkom da on ima
podesivi Benetov ugao i horizontalni kondilni nagib. PROTAR 7
ima gornji deo sa podesivim sagitalnim uglom i horizontalnim
kondilnim nagibom, kao i neposrednim pomicanjem u stranu i
podesivim uglom pomaka. PROTAR 9 ima gornji ¢lan identi¢an
PROTAR 7 sa podesivom protruzivnom kretnjom, distrakcijom
i retruzivnom kretnjom [5].

Virtuelni artikulatori

Najnoviji napredak u svetu artikulatora bilo je uvodenje artiku-
latora VIRTUAL 2003. godine. Ovaj sistem ne samo da simulira
temporo-mandibularne pokrete u softveru za modelovanje tako
$to ga pregledava na ekranu racunara vec je to i jedini sistem
koji dozvoljava zubnom tehnic¢aru da uzme merenja sa svog
artikulatora, skenira ih i doda ove podatke u softver. Dimenzije
artikulatora su verno prenesene u softver kako bi mogli virtu-
elno postaviti modele.

ZAKLJUCAK

Veliki broj i slozenost modernih artikulatora mogu dovesti u za-
bludu prakti¢are da misle da je izbor odgovarajuceg instrumen-



ta tezak. Medutim, izbor je u velikoj meri pojednostavljen, ako
se uzme u obzir koje podatke je moguce dobiti tacno, Sta se oce-
kuje od artikulatora, kao i ¢injenica da tehnologija artikulatora
nije zamena za biolo$ko razumevanje mastikalnog sistema [6].
Rastuce razumevanje neurofiziologije pokreta donje vilice i uti-
caj nekoliko morfoloskih i bihevioralnih karakteristika doveli su
do ideje da je svaki pacijent njegov ili njen najbolji artikulator.
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Takode, uspeh ili neuspeh finalne zubne nadoknade vise zavisi
od onog ko koristi artikulator nego od samog artikulatora [7].

Carl O. Boucher sumirao je kontroverzu artikulatora navo-
deci:,,Mora se priznati da je osoba koja upravlja instrumentom
vaznija od instrumenta. Ako stomatolozi razumeju artikulatore
i njihove nedostatke, oni mogu nadoknaditi njihove inherentne
neadekvatnosti
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SUMMARY

Decoronation is a surgical procedure based on idea of sectioning tooth crown and maintaining the root in situ with
intention to preclude occurrence of severe deformities of bone and soft tissue which may aggravate later rehabilita-

tion of patient.

The aim of this report is to present the use of decoronation in a young adult patient as a solution in order to preserve
sufficient amount of bone for delayed implant placement and decrease volume of grafting material to a minimum.
Obtained results showed this procedure may greatly improve anatomical conditions for implant placement while

reducing invasiveness and required financial means.

Keywords: decoronation; implant placement; ridge preservation

INTRODUCTION

Decoronation was firstly introduced by Malmgren et al.
more than 30 years ago [1]. However, up to date there is
scarce literature data concerning this concept. Basic idea
of this method is removing the crown and maintaining
the root of a tooth [2]. Originally proposed as a treatment
protocol for ankylosed incisors in children after traumat-
ic avulsion, this method revolutionized therapeutic ap-
proach to ankylosed teeth and improved conditions for
an implant therapy after skeletal growth is finished.

Although this method often leads to root resorption
and its replacement with bone, the width of alveolar ridge
maintains unaffected [3, 4]. Further, due to alveolar ridge
preservation implant surgery may be minimized to a great
extent [5]. This impact is explained by the following two
mechanisms. Initially, after removing crown 1 - 2 mm
below cervical bone clot organization is inevitable and
consequently bone forming cells and growth factors lead
to biologic bone development. Secondly, by sectioning
tooth below the level of the osseous crest interdental and
circumferential periodontal fibers are detached allowing
for adjacent teeth to erupt. As this eruption of the adjacent
teeth progresses bone apposition on the top of interdental
septum occurs [2].

On the other hand, alveolar socket and ridge preserva-
tion using various grafting materials is well known method
used to compensate for bone resorption and provide ad-
equate bone volume for an implant placement [6]. Never-
theless, economic aspects or willingness to avoid additional
surgical trauma required for earning autologous bone are
sometimes the main reasons that motivate patient to opt
for a low - budget prosthodontic solution after tooth failure.

The aim of this report was to present tooth decorona-
tion in a young adult patient as a solution for preserving

sufficient amount of bone for delayed implant placement
and decrease volume of grafting material to a minimum.
The second objective was to increase the volume of (ke-
ratinized) soft tissue thus minimizing surgical trauma.

CASE REPORT

A 20 years old female patient was clinically and radiologi-
cally examined at the Department of Oral Surgery, School
of Dental Medicine University of Belgrade. Having found
non-salvageable maxillary left first premolar indicated for
extraction patient was advised to undergo implant thera-
py due to intact canine and good condition of the second
premolar (Figure 1). However, due to financial reasons,
patient was not able to do either immediate extraction
and implant placement or alveolar socket preservation.
Besides, patient was not psychologically prepared for sur-
gical procedure. Therefore, decoronation was proposed as
a temporary socket preservation method in order to help
patient by avoiding usage of bone substitute and collagen
membrane during this phase and lowering the costs. Dec-
oronation was done using diamond bur under copious sa-
line irrigation in accordance with recommendation from
the literature [1]. Technique was modified by omitting
horizontal incision and flap rising (Figure 2).

After a period of five months patient decided to pro-
ceed with implant therapy. Owing to excellent healing of
soft tissue (Figure 3A) crestal incision was made includ-
ing mesial and distal papilla and flap was raised without
releasing incisions. What was surprising is an outstanding
amount of bone that had to be removed to access sub-
merged roots (Figure 3B). Minimally traumatic extraction
of roots was done using periotomes (Figure 4A-C). In line
with standard drilling protocol standard diameter bone
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Figure 1. Clinical finding of tooth indicated for extraction Figure 2. Decoronation without flap elevation
Slika 1. Klinicki prikaz zuba indikovanog za ekstrakciju Slika 2. Dekoronizacija (uklanjanje krunice zuba) bez podizanja flapa

Figure 4. Minimally traumatic extraction of roots using periotomes
(A, B); buccal root extracted (C)

Slika 4. Minimalno invazivno vadenje korenova upotrebom perio-
toma (A, B); bukalni koren izvaden (C)

Figure 3. Healing after 5 months (A); bone removal in order to extract

roots (B)
Slika 3. Zarastanje posle pet meseci (A); uklanjanje kosti radi vadenja

korenova (B)




Figure 5. Site preparation (A); implant placement (B); adequate buc-
colingval position of implant (C); buccal gap filled with bone substi-
tute (D); flap repositioned and sutured (E)

Slika 5. Preperacija leziSta implantata (A); ugradnja implantata (B);
odgovarajuca bukolingvalna pozicija implantata (C); bukalni defekt
popunjen ko$tanim zamenikom (D); repozicioniran i usiven rezan;j (E)

level implant (Bredent® 4.0 x 12mm) was inserted into the
palatal socket (Figure 5A-E). With the intention of provid-
ing long term stability of bone and soft tissue support buc-
cal alveolar socket was filled with bone substitute of low
resorption rate and covered with absorbable membrane.
Flap was repositioned and sutured with 5-0 nylon sutures.
After six months implant was uncovered and definite
prosthetic crown was delivered (Figure 6A-C).

DISCUSSION

Regardless of obvious clinical advantages decoronation is
not widely accepted amongst practitioners even 3 decades
after its introduction. Presumably, the main reason may
be a limited number of evidence based research data ad-
dressing success rate of this procedure as well as constant
pressure induced by medical companies in favor of use
varied materials.

When it comes to bone preservation a variety of differ-
ent grafting materials have been used for decades. More
recently enamel matrix derivate (EMD) has been found
to promote complete periodontal tissue regeneration and
therefore it is recommended for the treatment of avulsed
teeth [7]. However, more artificial materials is used, it is
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Figure 6. Definitive prosthetic solution: clinical (A, B) and radiologi-
cal aspect (C)

Slika 6. Definitivno protetsko resenje: klinicki (A, B) i radioloski as-
pekt (C)

higher the cost. On the other hand, it has been shown that
not only bone preservation but also bone gain is to be
expected after decoronation [1, 3, 8,9, 10]. It is essential
to highlight that effects on bone preservation and forma-
tion are time dependent. Namely, during pubertal growth
spurt this procedure can greatly contribute to normal al-
veolar ridge development and after the growth peak is
reached (by the age of 16) limited amounts of bone may
be gained. Additionally, if decoronation was done before
the occurrence of severe alveolar ridge deformation, tilt-
ing of the adjacent teeth could be reduced and accept-



able soft tissue appearance could be established before
implant placement. Our finding is consistent with those
confirming bone and soft tissue gain. Moreover, when
favorable gingival phenotype and bony socket walls are
present acceptable healing by secondary intention will oc-
cur as a rule. By this approach mobilizing flap was avoided
and mucogingival junction was left undisturbed which
was crucial as its position may play an important role in
long term implant stability regarding both function and
aesthetics. Besides, it has been known for long time that
every elevation of mucoperiosteal flap leads to the loss of
crestal alveolar bone height irrespective of using partial
or full thickness flap [11]. Hence, in those cases where
anatomical conditions are encouraging more conservative
approach is recommended.

On the contrary, Lin et al. showed that preservation of
ridge width after decoronation was not 100% successful
[4]. In this study a mean of 1.67 mm decrease in width
was found with tendency to further decrease during time.
Likewise, Tsukiboshi et al. concluded that decoronation
procedure showed lack of bone preservation efficiency
and related it to the loss of tooth dependent bone volume
(TDBV) which is not genetically determined but based
on vitality of periodontal fibers [12]. Nonetheless, based
on existing literature data it can be emphasized that bone
alterations after decoronation are similar to those found
after using other preservation methods [13, 14, 15].

While grafting procedure at the time of implant place-
ment cannot be excluded by decoronation it can help to
preserve sufficient bone volume for implant insertion and
additional grafting is only used for long term implant sta-
bility [16]. Correspondingly, Filippi et al. reported slight
decrease in width after two weeks following decoronation
procedure that remained constant after 9 months follow
up [17].

CONCLUSION

Along with literature evidences it can be concluded that
decoronation might be a beneficial alternative regarding
bone preservation prior to implant placement. This sur-
gical procedure is a simple and conservative technique
to avoid bone loss, aesthetic disturbances and excessively
invasive treatments. In order to achieve best results careful
diagnosis and right indication assessment are mandatory.
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KRATAK SADRZA)

Dekoronizacija je hirurska procedura koja ima za cilj uklanjanje krunice zuba i zadrzavanja korena u alveoli radi spre¢avanja nastan-
ka znacajnijih promena i poremecaja u kostanom i mekotkivnom kompleksu, koje mogu otezati kasniju protetsku rehabilitaciju

pacijenta.

U ovom radu je prikazana dekoronizacija kod odrasle mlade pacijentkinje radi prezervacije (alveolarnog grebena) i stvaranja mekog
tkiva za postavljanje implantata uz upotrebu minimalnih koli¢ina vestackih materijala.

Ostvareni rezultati pokazali su da ova procedura moze doprineti poboljsanju anatomskih uslova za ugradnju implantata uz znacajnu
redukciju invazivnosti, kao i finansijskih sredstava neophodnih za sprovodenje tehnike.

Kljuéne reci: dekoronizacija; ugradnja implantata; prezervacija alveole

uvoD

Dekoronizacija je prvi put opisana od strane Malmgrena i sar.
pre vise od 30 godina [1]. Ipak, sve do danas podaci iz literature
koji obraduju ovu temu su oskudni. Kao $to se moze zakljuciti
iz imena, ova procedura se bazira na ideji uklanjanja krunice
zuba i zadrZzavanja korena u alveoli [2]. Originalno predlozen
kao terapijski protokol za tretiranje ankiloti¢nih sekuti¢a u
decjem uzrastu posle traumatske avulzije, ovaj metod je doneo
preokret u terapijskom pristupu problemu ankiloti¢nih zuba
i omogucio stvaranje boljih uslova za postavljanje implantata
posle zavrsetka skeletnog razvoja. lako primenom ovog metoda
¢esto dolazi do zamene zubnog tkiva kostanim, $irina alveolar-
nog grebena ostaje o¢uvana [3, 4]. Stavise, zahvaljujuci poten-
cijalnom stvaranju novog kostanog tkiva, ugradnja implantata
moze biti minimalno invazivna [5]. Dva principa leze u osnovi
stvaranja nove kosti. Inicijalno, posle uklanjanja krunice do ni-
voa 1-2 mm ispod krestalnog dela alveolarnog grebena dolazi
do stvaranja krvnog ugruska koji predstavlja izvor faktora ra-
sta koji uti¢u na osteoblaste da stvaraju novu kost. Osim toga,
odsecanjem krunice ispod nivoa cervikalnog dela zuba inter-
dentalna i cirkumferencijalna periodontalna vlakna ostaju bez
uporista omogucavajuci nicanje susednih zuba. Napredovanje
erupcije susednih zuba dovodi do stvaranja nove kosti na vrhu
interdentalnog septuma putem apozicije [2].

S druge strane, prezervacija alveole i alveolarnog grebena
kori$¢enjem razli¢itih materijala je dobro poznat nacin da se
spreci gubitak kosti i obezbedi odgovarajuci volumen kostanog
tkiva za ugradnju implantata [6]. Medutim, ekonomski aspekt
ili Zelja da se izbegne dodatna hirurska trauma prilikom uzima-
nja autolognog ko$tanog grafta su ponekad glavni razlozi zbog
kojih se pacijenti odluce za neko jeftinije i manje invazivno
reSenje za nadoknadu zuba.

Cilj ovog rada je prikaz upotrebe dekoronizacije kod mladog
odraslog pacijenta u cilju prezervacije dovoljne kolic¢ine kosti i
stvaranja mekog tkiva za postavljanje implantata uz smanjenje
potrebe za vestackim materijalima.

PRIKAZ PACIJENTA

Dvadesetogodisnja pacijentkinja pregledana je klinicki i radi-
ologki na Klinici za oralnu hirurgiju Stomatoloskog fakulteta
Univerziteta u Beogradu. Budu¢i da je prvi premolar u gornjoj
vilici bio indikovan za vadenje, a da je o¢njak intaktan, kao naj-
bolje redenje predlozena je ugradnja implantata (Slika 1). Kako
pacijentkinja nije bila u mogu¢nosti da se podvrgne ugradnji
implantata u datom momentu, $to zbog nedostatka finansij-
skih sredstava, $to zbog psiholoske nespremnosti za sprovo-
denje hirurske intervencije, u skladu sa podacima iz literature
predlozena je dokoronizacija kao privremno resenje za ocuvanje
kostanog tkiva radi finansijskog olak$anja jer se time izbegava
upotreba ko$tanih zamenika i membrane u ovoj fazi pripreme
za ugradnju implantata. Uz saglasnost pacijentkinje, procedura
je izvedena kori$¢enjem dijamantskog borera uz obilnu irigaciju
u skladu sa preporukama iz literature [1]. Tehnika je izmenjena
izostavljanjem horizontalne i vertikalne incizije (Slika 2).

Posle pet meseci pacijentkinja je odlucila da nastavi sa im-
plantoloskom terapijom. Uoceno je odli¢no mekotkivno za-
rastanje (Slika 3A). Uradena je krestalna incizija uklju¢ujuéi
mezijalnu i distalnu papilu, posle ¢ega je podignut mukoperi-
ostalni rezanj bez relaksacionih incizija. S obzirom na izvan-
redno kostano zarastanje, jedan deo stvorene kosti morao je
biti uklonjen radi pristupanja potopljenim korenovima (Slika
3B). Kori$¢enjem periotoma, korenovi su izvadeni minimalno
traumatski (Slika 4A-C). Prate¢i uobic¢ajni hirurski proto-
kol, postavljen je implantat standardnog dijametra (Bredent®
4.0 x 12 mm) u palatinalnu alveolu (Slika 5A-E). S namerom da
se obezbedi dugotrajna stabilnost kostanog i mekotkivnog pro-
fila oko implantata, bukalna alveola je popunjena spororesorp-
tivnim vestackim zamenikom za kost, preko ¢ega je postavljena
kolagena membrana. Mukoperiostalni rezanj je repozicioniran
i usiven najlonskim koncem 5-0. Posle $est meseci izraden je
definitivni protetski rad (Slika 6A-C).

DISKUSIJA

Bez obzira na ocigledne klini¢ke prednosti, dekoronizacija nije
$iroko prihva¢en metod medu kolegama ni posle tri decenije



od prvog predstavljanja. Razlog za to moze biti ogranic¢en broj
nau¢nih radova koji pokazuju stopu uspeha ove procedure, kao
i konstantni pritisak od strane farmaceutskih kompanija u ko-
rist upotrebe razli¢itih materijala za nadogradnju i o¢uvanje
kostanog i mekog tkiva.

Dramatic¢no veliki broj razli¢itih materijala se koristi za pre-
zervaciju kosti ve¢ godinama. Takode, nesto skorije otkriveno je
da gledni proteini indukuju kompletnu regeneraciju parodon-
talnog kompleksa i preporucena je upotreba ovih preparata kod
replantacije izbijenih zuba [7]. Medutim, ta¢no je i da veéa koli-
¢ina upotrebljenih vestackih materijala nosi sa sobom znacajno
vece finansijsko opterecenje za pacijente. S druge strane, poka-
zano je da se dekoronizacijom moze ostvariti ne samo oc¢uvanje
kostanog tkiva ve¢ i njegov dobitak [1,3,8,9, 10]. Vazno je istaci
da efekat na ocuvanje i stvaranje kosti zavisi od vremenskog
okvira u kome se dekoronizacija izvodi. Naime, tokom puber-
tetskog naglog razvoja svih tkiva ova procedura moze veoma
mnogo doprineti normalnom razvoju alveolarnog grebena, dok
po dostizanju vrhunca rasta i razvoja (oko 16. godine Zivota)
uticaj dekoronizacije na stvaranje nove kosti bitno opada. Isto
tako, ukoliko se dekoronizacija uradi pre nastanka ozbiljnije de-
formacije alveolarnog grebena, inklinacija susednih zuba moze
se spreciti i prihvatljiv izgled mekih tkiva moze biti ostvaren, $to
je jedan od klju¢nih preduslova za uspeh kasnije implantoloske
terapije. Uz sva ogranicenja, na$ nalaz u prikazanom slucaju je
u skladu sa istrazivanjima koja potvrduju uvecanje kostanog i
mekotkivnog volumena. Stavise, sa stanovista autora ovog rada,
zadovoljavajuce zarastanje ¢ak i putem sekundarne intencije
moze se ocekivati u slucajevima kad su o¢uvani kostani zidovi
alveole i kad je prisutan povoljan gingivalni fenotip.

Ovakvim pristupom izbegava se odizanje mukoperiostalnog
reznja i samim tim koronarno pomeranje mukogingivalne lini-
je, $to znacajno doprinosi dugotrajnoj funkcionalnoj i estetskoj
stabilnosti ugradenog implantata. Osim toga, ve¢ dugo je po-
znato da svako odizanje mukoperiostalnog reznja, nezavisno
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od toga da li je u pitanju rezanj pune debljine ili poludebljine,
dovodi do gubitka kosti u krestalnom delu alveolarnog grebe-
na [11]. Stoga, u onim slu¢ajevima kad su ispunjeni anatomski
preduslovi u smislu kvaliteta kostanog i mekog tkiva, preporu-
¢uje se konzervativniji pristup u svetlu moderne stomatoloske
filozofije ,,manje je vise®

Nasuprot istrazivanjima koja govore u prilog dekoronizaciji,
Lini sar., su pokazali da prezervacija alveolarnog grebena posle
dekoronizacije nije 100% uspe$na [4]. U ovoj studiji pronadeno
je da srednja vrednost smanjenja Sirine alveolarnog grebena
iznosi 1,67 mm sa tendencijom daljeg smanjenja kako vreme
prolazi. Takode, Tsukiboshi i sar., su zakljucili da metod de-
koronizacije nije efikasan u pogledu prezervacije alveolarnog
grebana i to pripisali ¢injenici da postoji odredena koli¢ina
kosti koja nije genetski odredena ve¢ da je zavisna od vitali-
teta periodontalnih vlakana [12]. Bilo kako bilo, bazirano na
postoje¢im dokazima iz literature, moZe se reci da su promene
kostanog kompleksa posle dekoronizacije slicne promenama
koje se deSavaju posle primene nekih drugih metoda prezer-
vacije [13,14,15].

I dok se simultana nadogradnja kostanog tkiva u trenutku
postavljanja implantata ne moze sa sigurnoscu iskljuciti deko-
ronizacijom, koli¢ina potrebnog materijala je znacajno manja i
sluzi samo kao osiguranje za dugotrajnu stabilnost implantata
[16]. S tim u vezi, Filippi i sar. su nasli neznatno smanjenje $irine
alveolarnog grebena posle dve nedelje od dekoronizacije, ali je
tokom sledec¢ih devet meseci $irina ostala nepromenjena [17].

U skladu sa nalazima iz literature, moze se zakljuciti da de-
koronizacija predstavlja validnu alternativu za ocuvanje kosti
radi kasnije uspe$ne insercije implantata. Ova hirurska proce-
dura predstavlja jednostavnu i konzervativnu tehniku kojom se
mogu izbe¢i gubitak kosti, estetske nepravilnosti, kao i pretera-
no invazivni terapijski protokoli. Radi ostvarenja najboljih re-
zultata upotrebom ove tehnike obavezni su pazljiva dijagnostika
i pravilno postavljanje indikacije.
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SUMMARY

Introduction Optimal aesthetic results require suitable smile design that fulfils patient’s expectations. Psychological
importance of teeth appearance is clear and often discussed in relation to the success of prosthetic treatment.

The objective of this article was to present methodology for creating customized smile design using the Visagismile
concept and evaluate aesthetic satisfaction with prosthetic treatment.

Case report A 52-year-old female patient required complete esthetical dental mouth reconstruction. Digital planning
software (Visagismile) provided dentists and technicians a 2D preview of the final design that relates facial perception
and personality of the patient. The latest innovation of used software in addition to documents that dentists send for
the Visagismile application is that they need to send an intraoral 3D scan of the patients mouth (with any scanner)
and define the length and position of incisal edges of the central incisors. This information as a STL file is sent to new
Visagismile/REBEL center that is actually a digital lab, that converts 2D designs created by the Visagismile concept into
3D and create a digital wax up immediately.

Conclusions Visagismile concept supports both dentist and patient in deciding the aesthetics of the prosthetic res-
toration. The total coefficient of the assessment of patients for the final aesthetic result was highly satisfactory. Using
the proposed methodology, a smile design corresponding to individual facial features, temperament and personal

preferences of the patient can be reproduced.

Keywords: personalized digital design; esthetic treatment; prosthetic treatment

INTRODUCTION

Optimal aesthetic results require suitable smile design
that satisfies patient’s expectations largely influenced by
psychological peculiarities of character, social status and
education [1, 2, 3]. Psychological importance of good ap-
pearance of teeth is clear and often discussed in relation
to the success of prosthetic treatment [4]. Detailed func-
tional analysis of dentition using provisional restorations
to change or adapt the smile design is also needed [5, 6]. To
build the design of future prosthetic work, contemporary
dental medicine uses digital technology in order to meet
maximum requirements [7, 8]. Papasotiriou et al. studied
the effectiveness of computer visualization and applicabil-
ity in clinical practice. They examined two groups. Patients
from the first group consulted by computer visualization
showed higher satisfaction with the treatment (93.75%)
compared to conventionally consulted (83.3%) [9].

The objective of this article was to present the meth-
odology for creating customized smiles designs using the
Visagismile concept and evaluates aesthetic satisfaction
after prosthetic treatment.

CASE REPORT

A woman of age 52 required esthetic prosthetic recon-
struction of her teeth. After the full-face picture of the

patient with half smile was taken it was revealed that her
smile doesn’'t show any teeth (very short teeth). However,
a stretched smile showed incisal edges of the upper in-
cisors. A digital planning software Visagismile provided
dentists and technicians a 2D preview of the final design
that related facial perception and personality of the pa-
tient to the smile design, using thousands of algorithms
for the combination of incisal silhouette, tooth axis, domi-
nance of the centrals and combination of individual tooth
shapes [10, 11]. The latest innovation of the software is, in
addition to documents that dentists used to send for the
Visagismile application, they only need to send intraoral
3D scan of patients mouth (with any scanner), define the
length and position of incisal edges of central incisors and
send this information as a STL file to new Visagismile/
REBEL center. The new REBEL system is actually a digital
lab, that converts 2D designs created by the Visagismile
concept in to 3D, and creates digital wax up immediate-
ly. Current esthetic software programs can be powerful
tools in assessing and modifying the design of deficient
smiles [12, 13]. In this case, impressions from the upper
and lower jaw with standard metal trays and impression
material were taken. Plaster-working models were made.
They were placed in the articulator and a wax modeling
of the upper front teeth was produced in accordance with
the parameters set by the Visagismile design. Silicone keys
with high hardness were made on wax prototypes. In the
silicon index a Bis-acril self-cured composite was placed
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Figure 1. Workflow of Visagismile software, face reading, interview, design preview
Slika 1. Vorkflov softver Visagismile, itanje lica, intervju, pregled dizajna

Figure 2. Initial situation of upper and lower teeth: central occlusion,
protrusion, right and left laterotrusion

Slika 2. Inicijalna situacija gornjih i donjih zuba: centralna okluzija,
protruzioni polozaj, desni i levi laterotruzioni polozaj

Figure 3. Wax-up of upper and lower teeth: central occlusion, protru-
sion, right and left laterotrusion

Slika 3. Vostani model gornjeg i donjeg zubnog niza: centralna okluz-
ija, protruzioni polozaj, desni i levi laterotruzioni polozaj

Figure 4. Mock up of upper and lower teeth: central occlusion, pro-
trusion, right and left laterotrusion

Slika 4. Proba gornjih i donjih zuba: centralna okluzija, protruzioni
polozaj, desni i levi laterotruzioni polozaj

Figure 5. Final restorations of upper and lower teeth: central occlu-
sion, protrusion, right and left laterotrusion.

Slika 5. Zavrsna restauracija gornjih i donjih zuba: centralna okluzija,
protruzioni polozaj, desni i levi laterotruzioni polozaj
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Figure 6. Final restorations of upper and lower teeth: before,digital planing, final restorations.
Slika 6. Zavrine restauracije gornjeg i donjeg zuba: ranije, digitalno planiranje, zavrsne restauracije

and the design was recreated in the mouth in the form of
a composite mask over the patient’s natural teeth. After
the person’s consent, the treatment was completed with
definitive prosthetic work [5]. The main advantage of the
presented clinical case was minimally invasive treatment.
The old composite restorations needed to be replaced be-
cause of existing microleakage. The canting of the occlusal
plane and the abrasion of incisal edges were consistent
with functional problems. There was also a diastema
and spacing between the front teeth. At the lower jaw,
there was one missing premolar with space that distrib-
uted among other teeth. By adding volume on the buccal
surface and incisal edge of the teeth on the upper and
lower jaw, positioning them more vestibularly, we could
expand the arch and be minimally invasive and totally
additive in this particular case. By achieving optimal teeth
proportions, we restored normal occlusion in protrusion
and laterotrusion, and removed functional disorders. The
treatment plan for restoring upper teeth included six
lithium-disilicate veneers on the front six teeth, partial
veneers on first premolars, and lithium-disilicate overlays
on molars. Follow-up of the case lasted three years and
the patient had no complications. There were no ceramic
chippings or debonding. Function and aesthetics were as
preserved as on the day one.

The patient was asked to complete a questionnaire
(orofacial aesthetic scale of Larsson [12]), which evalu-
ates the aesthetic result of individual applications design.
Results showed high degree of satisfaction regarding the
teeth shade, gum appearance and changes in overall ap-
pearance of her smile and teeth.

CONCLUSION

Visagismile concept supports dentists and patients in de-
ciding about aesthetics of prosthetic restoration. The total
coefficient representing the final aesthetic result of the
prosthetic treatment was satisfactory. Using the proposed
methodology, smile design corresponding to individual
facial features, the temperament, and personal preferences
of the patient can be achieved.
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Integracija funkcije, estetike i pacijentovih licnih zelja u

planiranju protetskog tretmana
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KRATAK SADRZA)

Uvod Optimalni estetski rezultati zahtevaju odgovarajudi dizajn osmeha koji ispunjava ocekivanja pacijenta. Psiholoski znacaj dobrog
izgleda zuba je jasan i ¢esto u vezi sa uspehom protetskog tretmana.

Cilj ovog rada je bio da se predstavi metodologija za kreiranje prilagodenog dizajna osmeha koriste¢i koncept Visagismile i da se
proceni zadovoljstvo pacijenta posle protetske terapije.

Prikaz slu¢aja Zena od 52 godine je zahtevala estetsku terapiju zuba. Kori¢en je program digitalnog planiranja Visagismile, koji
stomatolozima i zubnim tehnicarima pruza 2D pregled finalnog dizajna osmeha, a u vezi sa percepcijom lica i li¢nosti pacijenta.
Najnovija inovacija ovog softvera je u tome $to treba poslati samo intraoralni 3D snimak osmeha pacijenata (sa bilo kojim skenerom)
uz definisanje duzine i pozicije incizalnih ivica centralnih sekutic¢a kao STL datoteku novom Visagismile / REBEL centru, gde ova
digitalna laboratorija odmah formira digitalni vosak. Postojeéi estetski softverski programi su mo¢ni alati u proceni i modifikaciji
dizajna neadekvatnih osmeha.

Zakljucak Visagismile koncept olaksava i pomaze stomatologu i pacijentu u planiranju estetike protetske nadoknade. Ukupan koefi-
cijent procene pacijenata o kona¢nom estetskom rezultatu protetskog rada bio je veoma zadovoljavajuci. Predlozeni protetski metod
protetike moze reprodukovati dizajn osmeha koji odgovara pojedinac¢nim osobinama lica, temperamentu i li¢nim Zeljama pacijenta.

Kljucne reci: personalizovani digitalni dizajn; estetski tretman; protetski tretman

uvoD

Optimalni estetski rezultati podrazumevaju odgovarajuci dizajn
osmeha koji ispunjava o¢ekivanja pacijenta [1,2], na koja u veli-
koj meri uti¢u psiholoske osobenosti nekog karaktera, drustveni
status i obrazovanje [3]. Psiholoski znadaj dobrog izgleda zuba
je jasan, i ¢esto zavisi od uspeha protetskog tretmana [4].

Cesto je potrebna i detaljna funkcionalna analiza denticije,
kojom se uspostavljaju priviemene promene ili prilagodava sam
dizajn osmeha [5, 6]. Za dizajniranje buduceg protetskog rada
savremena stomatologija koristi digitalne tehnologije u poku-
$aju da ispuni maksimalne zahteve pacijenata (7, 8, 9].

Papasotiriou, Nathanson i Goldstein [10] proucavali su efika-
snost racunarske vizualizacije i primenljivosti u klinickoj praksi.
Ispitivane su dve grupe. Pacijenti iz prve grupe su ispitivani
pomocu racunarske vizualizacije i bili su zadovoljniji - 93,75%,
u poredenju sa pacijentima sa konvencionalnim konsultacija-
ma - 83,3%.

Cilj ovog rada je bio da se predstavi metodologija za kreira-
nje prilagodenog dizajna osmeha koristeci koncept Visagismile
i da se proceni zadovoljstvo pacijenta estetskim re§enjem posle
protetske terapije.

PRIKAZ SLUCAJA

Zena od 52 godine je zahtevala estetski tretman zuba. Pripre-
mljena je fotografija lica pacijenta sa blagim osmehom. Ukoliko
se na fotografiji ne vide zubi (pacijenti sa vrlo kratkim zubima),
pacijent se slika sa $irokim osmehom koji omogucava prika-
zivanje incizalnih ivica gornjih sekuti¢a. Program digitalnog
planiranja koji je kori$¢en u vreme tretmana bio je Visagismile
[11], koji stomatolozima i zubnim tehni¢arima pruza 2D pre-
gled finalnog dizajna osmeha, a u vezi je sa percepcijom lica i
licnosti pacijenta, jer omogucava rad sa hiljadama algoritama
za kombinaciju incizalne siluete, ose zuba, dominacije central-
nih inciziva i kombinacije pojedinacnih oblika zuba. Najnovija

inovacija ovog softvera je u tome da je, pored dokumenata koje
su stomatolozi koristili za slanje Visagismile, neophodno samo
poslati intraoralni 3D snimak usta pacijenata (sa bilo kojim
skenerom) i definisati duZinu i poziciju incizalnih ivica cen-
tralnih sekuti¢a. Ovu informaciju treba poslalati kao STL da-
toteku novom Visagismile / REBEL centru. Novi REBEL sistem
je digitalna laboratorija koja odmah formira digitalni vosak.
Moze zvucati komplikovano, ali je to najjednostavniji na¢in da
se postigne jedan od najboljih 3D digitalnih voskova. Postojeci
estetski softverski programi mogu biti mo¢ni alati u proceni i
modifikaciji dizajna osmeha [12,13, 14].

Za konkretni sluc¢aj su uzeti otisci gornje i donje vilice sa
standardnim metalnim kasikama i materijalom za otiske.
Izradeni su gipsani modeli i fiksirani u artikulatoru, a mode-
lovanje u vosku gornjeg fronta zuba izradeno je u skladu sa
parametrima postavljenim Visagismile dizajnom. Silikonski
trejevi visoke tvrdoce napravljeni su na vostanim prototipo-
vima. U silikonski trej je postavljen bis-akrilni samovezujuci
kompozit, a nakon toga je trej postavljen u usta pacijenta preko
prirodnh zuba i na taj na¢in formirana kompozitna maska u
vidu novodizajniranog osmeha. Posle saglasnosti pacijenta te-
rapija je zavr$ena definitivnim protetskim radom [15]. Glavna
prednost u predstavljenom klinickom sluc¢aju je u tome $to je
ovde predstavljena minimalno invazivna procedura za zubne
strukture. Stare kompozitne restauracije je bilo neophodno za-
meniti zbog postojecih mikropukotina. Zaravnjene okluzalne
povrsine zuba i abrazija incizalnih ivica su takode predstav-
ljale postojeée funkcionalne probleme. Postojali su dijasteme
i razmaci izmedu prednjih zuba. U donjoj vilici nedostajao je
jedan premolar, te je taj prostor morao biti ,podeljen medu
drugim zubima. Dodavanjem materijala na bukalnoj povrsini
i incizalnoj ivici zuba gornje i donje vilice i pozicioniranjem
vestibularno prosiren je luk i obezbeden minimalno invazivni
tretman i potpuno odgovarajuci u ovom konkretnom slucaju.
Postizanjem optimalnih proporcija zuba normalna okluzija se
moze vracati u protruzioni i laterotruzioni smer i time ukloniti
funkcionalne poremecaje. Plan terapije za restauraciju gornjih
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zuba obuhvatao je Sest litijum-disilikatnih venira na prednjih
$est zuba, poluvenire na prvim premolama i litijum-silikatne
overleje na molarima. Pracenje slucaja je trajalo tri godine, a
pacijent nije imao komplikacija. Nije bilo odlamanja keramike
niti rascementiranja. Funkcija i estetika su bili o¢uvani kao i
prvog dana.

0d pacijenta je zatraZzeno da popuni upitnik (orofacijalnu
estetsku skalu Larsson [13], koja procenjuje estetski rezultat
dizajna pojedinac¢nih slu¢ajeva. Sumirani rezultati iz odgovora
pacijenta na pitanja pokazuju koeficijent koji ukazuje na za-
dovoljstvo pacijenta u pogledu boje zuba, vidljivosti desni i

ukupnog izgleda osobe u odnosu na promene koje se javljaju u
pogledu osmeha i zuba.

ZAKLJUCAK

Visagismile koncept pomaze stomatologu i pacijentu u planira-
nju estetike protetske nadoknade. Ukupan koeficijent procene
pacijenata o kona¢nom estetskom rezultatu protetskog rada bio
je veoma zadovoljavajuci. Predlozeni protetski metod protetike
moze reprodukovati dizajn osmeha koji odgovara pojedina¢nim
osobinama lica, temperamentu i licnim Zeljama pacijenta.
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Da li ste pazljivo citali radove?

Dekoronizacija je hirurski postupak:
a) uklanjanja krunice zuba
b) uklanjanja korena zuba
c) zadrZavanje krunice zuba u alveoli

Primenom zracne terapije tumora glave i vrata
oralna sluznica je:

a) obavezno zahvadena

b) retko zahvacena

¢) nepristupacna za zracenje

Dekoronizacija kao metod prezervacije
alveolarnog grebena je radena u cilju:

a) ugradnje implanta

b) pripreme za dodatak vestackih materijala
c) konzervativnog zbrinjavanja

Kserostomija nastaje kao posledica:
a) o$tecenja oralne sluznice

b) ostecenja pljuvacnih 7Zlezda

c) ostecenja ¢ula ukusa

Implantoloska terapija kod pacijentkinje sa
dekoronizacijom je realizovana:

a) posle tri meseca

b) posle pet meseci

c) posle devet meseci

XP-endo SHAPER je:

a) rotirajudi instrument za preparaciju kanala

b) rotiraju¢i instrument za uklanjanje
razmaznog sloja

¢) ultrazvucni instrument

Nezeljeni toksi¢ni akutni efekti radioterapije
nastaju:

a) tokom zracenja

b) po zavr$etku zracenja

c) tokom i neposredno po zavrsetku zracenja

Postupak dekoronizacije je realizovan kod:
a) mlade osobe

b) deteta

c) starije osobe

10.

11.

12.

13.

14.

15.

16.

Dekalcifikacija gledi nastaje kao posledica:
a) ostecenja kodtanog tkiva

b) promena u hemijskom sastavu pljuvacke
c) ankiloze TM zgloba

Prezervacija alveole i alveolarnog grebena je nacin
da se sprei:

a) gubitak krunice zuba

b) gubitak korena zuba

c) gubitak kosti

Jonizujuce zracenje se obi¢no izvodi visokim
dozama od:

a) 20-30 GY

b) 30-40 GY

¢) 50-70 GY

XP-endo FINISHER je:

a) rotirajuci instrument koji se koristi za
preparaciju kanala

b) instrument koji se koristi posle zavriene
preparacije kanala

¢) instrument sa recipro¢nim pokretima

Akutne komplikacije zra¢ne terapije su:
a) gubitak ukusa

b) osteoradionekroza

¢) trizmus

Integracija funkcije, estetike i pacijentovih
zelja je realizovana u sklopu:

a) protetske terapije

b) restaurativne terapije

¢) parodontoloske terapije

XP-endo SHAPER se koristi za preparaciju kanala
korena pri brzini od:

a) 150-300 obrtaja

b) 600 obrtaja

¢) 800 obrtaja

Kasne komplikacije radioterapije su:
a) suvoca usta

b) zapaljenje oralne sluznice

c) karijes
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17.

18.

Estetski softverski program Visagismile

obezbeduje:

a) dobre mogucnosti u modifikaciji dizajna
osmeha

b) neznatne mogucnosti u modifikaciji dizajna
osmeha

¢) komplikovane mogucnosti u modifikaciji
dizajna osmeha

Posledice ispoljene toksi¢nosti zra¢ne terapije:
a) uticu na kvalitet Zivota pacijenta

b) ne uti¢u na kvalitet Zivota pacijenta

¢) ne remete kvalitet Zivota pacijenta

19.

20.

U dizajniranju estetske protetske nadoknade kod
pacijentkinje starosti 52 godine koris¢ena je:

a) fotografija

b) fotografija i Zelja pacijenta

c) digitalna tehnologija

Program digitalnog planiranja izgleda pacijenta sa
osmehom je:

a) STL program

b) Visagismile

c) Rebel laboratorija

Odgovore slati na email adresu Uredni$tva casopisa ,,Stomatoloski glasnik Srbije“. Ta¢cni odgovori na pitanja ce
se vrednovati u skladu s Pravilnikom o kontinuiranoj medicinskoj edukaciji zdravstvenih radnika.
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Uputstvo autorima za pripremu rada

Stomatoloski glasnik Srbije je casopis Srpskog lekar-
skog drustva osnovan 1953. godine. Casopis objavljuje:
originalne nau¢ne i stru¢ne radove, prikaze iz prakse,
pregledne radove, saopstenja, istoriografske radove, pri-
kaze knjiga, komentare i pisma uredni$tvu, drustvenu
hroniku.

Svi rukopisi se podvrgavaju recenziji. Radove recenziraju
dva anonimna stru¢njaka i, ukoliko je potrebno, statisti-
¢ar. Kona¢nu odluku o prihvatanju rada za Stampu do-
nosi glavni i odgovorni urednik. Autori se obavestavaju
o prijemu ili odbijanju rada najkasnije osam nedelja od
podnosenja rukopisa.

Za objavljene radove se ne isplacuje honorar, a autorska
prava se prenose na izdavaca. Rukopisi i prilozi se ne vra-
¢aju. Za reprodukciju ili ponovno objavljivanje nekog
segmenta rada publikovanog u ,Stomatoloskom glasni-
ku Srbije“ neophodna je saglasnost izdavaca.

Radovi se Stampaju na engleskom i srpskom jeziku.

Opsta uputstva Tekst rada treba da bude otkucan u pro-
gramu za obradu teksta Word, sa dvostrukim proredom,
iskljucivo fontom Times New Roman i veli¢inom slova 12
pt. Sve margine treba podesiti na 25 mm, veli¢inu stranice
na A4 format, a tekst kucati s levim poravnanjem i uvla-
¢enjem svakog pasusa za 10 mm, bez deljenja reci. Ako se
u tekstu koriste specijalni znaci (simboli), koristiti font
Symbol. Podaci o kori$¢enoj literaturi u tekstu oznacavaju
se arapskim brojevima u uglastim zagradama - npr. [1,
2],1 to redosledom kojim se pojavljuju u tekstu. Strani-
ce se numeris$u redom u okviru donje margine, pocev od
naslovne strane.

Naslovna strana Na posebnoj, prvoj strani rukopisa treba
navesti sledece: naslov rada bez skracenica, puna imena
i prezimena autora bez titula, zvani¢an naziv ustanova u
kojima autori rade, mesto i drzavu; na dnu stranice nave-
sti ime i prezime, adresu za kontakt, broj telefona i e-mail
adresu autora zaduzenog za korespondenciju.

Kratak sadrzaj i klju¢ne reci Druga strana treba da sadr-
zi kratak sadrzaj rada obima 100-250 re¢i. Kratak sadrzaj
originalnog rada treba strukturirati na sledece delove: Uvod
(u okviru kojeg se navodi cilj rada), Materijal i metode rada,
Rezultati i Zaklju¢ak. Navode se najvazniji rezultati, nume-
ricke vrednosti, statisticke analize i nivo znacajnosti. Ispod
kratkog sadrzaja navesti od tri do Sest klju¢nih reci. U izbo-
ru klju¢nih reci koristiti Medical Subject Headings - MeSH
(http://www.nlm.nih.gov/mesh).

Struktura rada Originalni rad treba da sadrzi sledece
podnaslove: Uvod (sa ciljem rada), Materijal i metode ra-
da, Rezultati, Diskusija, Zakljucak i Literatura. Prikaz iz
prakse ¢ine: Uvod, Prikaz bolesnika, Diskusija i Literatu-
ra. Ne treba koristiti imena bolesnika, inicijale ili brojeve
istorija bolesti. Pregledni i informativni rad ¢ine Uvod,
odgovarajuci podnaslovi, Zaklju¢ak i Literatura. Pregledni
rad mogu objaviti samo autori koji su izuzetno uspesni u
oblasti kojom se bave i koji navedu najmanje pet autocita-
ta radova publikovanih u ¢asopisima s recenzijom.

Tekst rukopisa Koristiti kratke i jasne recenice, bez stra-
nih re¢i i neadekvatnih pojmova iz prevoda iz strane lite-
rature. Za nazive lekova koristiti generi¢ka imena. Skrace-
nice koristiti samo kada je to neophodno, a ne koristiti ih
u naslovu. Za svaku skracenicu pun termin treba navesti
pri prvom pojavljivanju u tekstu, sem ako to nije stan-
dardna jedinica mere. Decimalne brojeve u engleskom
tekstu pisati sa tackom, a u srpskom sa zarezom. Kad god
je to moguce, broj zaokruziti na jednu decimalu. Sve re-
zultate hematoloskih, klinickih i biohemijskih merenja
navoditi u metrickom sistemu prema Medunarodnom
sistemu jedinica (SI).

Obim rukopisa Celokupni rukopis rada - koji ¢ine na-
slovna strana, kratak sadrzaj, tekst rada, spisak literature,
svi prilozi, potpisi za njih i legenda (tabele, slike, grafikoni,
sheme, crtezi) — mora iznositi za pregledni rad do 7.000
reci, za originalni rad do 5.000 reci, a za informativni rad
i prikaz iz prakse do 3.000 reci. Provera broja rec¢i u doku-
mentu moze se izvrsiti kroz podmeni Tools—Word Count
ili File-Properties—Statistics.

Tabele Tabele se oznacavaju arapskim brojevima prema
redosledu navodenja u tekstu, a moraju biti uradene u
programu Word, kroz meni Table-Insert-Table, uz defi-
nisanje ta¢nog broja kolona i redova koji ¢e ¢initi mrezu
tabele. Korid¢ene skracenice u tabeli treba objasniti u le-
gendi ispod tabele.

Grafikoni Grafikoni treba da budu uradeni i dostavljeni
u programu Excel, da bi se videle pratece vrednosti ras-
poredene po Celijama.

Slike Slike se oznacavaju arapskim brojevima prema re-
dosledu navodenja u tekstu. Primaju se iskljucivo digi-
talne fotografije (crno-bele ili u boji) rezolucije 300 dpi i
formata zapisa .tiff ili .jpg. Ukoliko autori ne poseduju ili
nisu u mogu¢nosti da dostave digitalne fotografije, onda
originalne slike treba skenirati kao Grayscale (ili u boji) u
rezoluciji 300 dpi i snimiti ih u originalnoj velicini.
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Sheme Sheme crtati i dostaviti u programu CorelDraw ili
Adobe Illustrator. Podatke u shemi kucati fontom Times
New Roman i veli¢inom slova 10 pt.

Zahvalnica Navesti sve one koji su doprineli stvaranju
rada, ali ne ispunjavaju merila autorstva. Finansijska i ma-
terijalna pomo¢ u obliku sponzorstva, stipendija, poklona,
opreme, lekova, materijala i drugog takode treba da bude
navedena.

Literatura Spisak referenci je odgovornost autora, a
citirani ¢lanci treba da budu lako pristupacni ¢itaocima
Casopisa. Stoga uz svaku referencu obavezno treba navesti
DOI broj ¢lanka (jedinstvenu nisku karaktera koja mu je
dodeljena) i PMID broj ukoliko je ¢lanak indeksiran u
bazi PubMed/MEDLINE.

Reference numerisane arapskim brojevima navoditi pre-
ma redosledu citiranja u tekstu. Broj referenci u original-
nim radovima ne bi trebalo da bude vedi od 30, osim kod
preglednih i informativnih radova, gde broj referenci nije
ogranicen. Izbegavati kori$cenje apstrakta kao referen-
ce, a apstrakte starije od dve godine ne citirati. Reference
¢lanaka koji su prihvadeni za $tampu treba oznaciti kao
»u Stampi® (in press) i priloziti dokaz o prihvatanju rada.

Reference se citiraju prema Vankuverskom stilu (jednoo-
braznim zahtevima za rukopise koji se predaju biomedi-
cinskim ¢asopisima), koji je uspostavio Medunarodni ko-
mitet urednika medicinskih ¢asopisa (http://www.icmje.
org), ¢iji format koriste U.S. National Library of Medicine
i baze nau¢nih publikacija. Primeri navodenja publikacija
(¢lanaka, knjiga, monografija, elektronskog, neobjavljenog
i drugog objavljenog materijala) mogu se na¢i na inter-
net-stranici http://www.nlm.nih.gov/bsd/uniform_requi-
rements.html.

Propratno pismo Uz rukopis obavezno priloziti pismo
koje su potpisali svi autori, a koje treba da sadrzi: izjavu
da rad prethodno nije publikovan i da nije istovremeno
podnet za objavljivanje u drugom casopisu, te izjavu da
su rukopis procitali i odobrili svi autori koji ispunjavaju
merila autorstva.

Autorstvo Autorstvo se zasniva na bitnom doprinosu
koncepciji rada, dobijanju rezultata ili analizi i tumace-
nju rezultata, planiranju rukopisa ili njegovoj kritickoj
reviziji od znatnog intelektualnog znacaja, te doprinosu
u zavr$nom doterivanju verzije rukopisa koji se pripre-
ma za Stampanje. Finansiranje, sakupljanje podataka ili
generalno nadgledanje istrazivacke grupe sami po sebi
ne mogu opravdati autorstvo.

Slanje rukopisa Rukopis rada i svi prilozi uz rad mogu se
dostaviti imejlom (stomglas@bvcom.net), preporucenom
posiljkom ili li¢no, dolaskom u Urednistvo. Ukoliko se rad
$alje postom ili donosi u Urednistvo, rukopis se dostavlja
odstampan u dva primerka i narezan na CD (snimljeni
materijal treba da je istovetan onom na papiru).

Vazna napomena Svi autori i koautori radova moraju biti
¢lanovi Srpskog lekarskog drustva i pretplatnici na ¢asopis
za godinu u kojoj predaju rad za publikovanje.

Adresa:

Srpsko lekarsko drustvo

Urednistvo ¢asopisa ,,Stomatoloski glasnik Srbije®
UL kraljice Natalije 1

11000 Beograd

Srbija

Telefon: +381 (0)11 409 27 76
E-mail: stomglas@bvcom.net
Internet-adresa: http://www.stomglas.org.rs
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