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Serbian Dental Journal, vol. 63, N° 1,2016

Nijedno nametnuto pravilo ne moZe
biti ispravno, jer pravila izmisljaju ljudi koji Zele da viadaju.
Osho

da se uklopim u sada$nji trenutak i istovremeno budem originalan. Kako u vremenu u kome

zivimo sve, nazalost, podseca na pricu iz jedne pozori$ne predstave, tako i ovaj komentar
nece izlaziti iz okvira ,teatra zivota“ Zato ¢u mozda ovog puta podleci stereotipu i ponovo pisati
o0 Dogvilu nase sadasnjice.

Sli¢no Dogyvilu, i na$ sadasnji Zivotni trenutak karakterisu i oblikuju ljudi bez ikakvih ljudskih
i moralnih kvaliteta. Oni su, nazalost, fasada jednog izolovanog sveta, gde je ¢ak i postenje ljudi
prividna kategorija. A tamo gde ne postoje merila vrednosti, gde nema kulture, tamo gde poluin-
telektualci i politicka estrada igraju beskrajnu farsu, a ueni ljudi statiraju, budué¢nost je sumorna
i besperspektivna. Patrijarh Pavle je jednom izrekao vaznu istinu: ,,Niko nas nije pitao kad i gde
¢emo se roditi, i za to nemamo ni zasluge ni krivice. A da li ¢emo postupati kao ljudi ili neljudi,
to zavisi iskljuc¢ivo od nas

Tamo gde su znanje i inventivnost tiranija trenutka, a lazni moral, neistina i demagogija jedini
kvalitet, tu je teatar svakodnevica. Na$ Zivot je, u stvari, Dogvil, grad prototip nase stvarnosti, sa
elitom koja to nije, jer je nastala pukom promenom odela, besmislenim u¢enjem formalnih pro-
evropskih faza, odnosno kupovinom diploma i plagiranjem doktorskih i nau¢nih radova.

Ima li na¢ina da Dogvil postane pristojniji grad? Naravno da ima, jer ¢ovek uci samo kroz greske
i napreduje samo kroz teskoce. A uistinu moze postati covek samo ako prihvati odgovornost za
ono $to jeste, odnosno da postane hrabar i eliminise bilo kakav strah. Iako drustvo danas zivi u
brojkama, najveca hrabrost je biti pojedinac i boriti se protiv estrade nase stvarnosti, boriti se protiv
najstrasnijih devijacija naeg vremena i sa najgorim osobinama ljudskog roda.

Kako pobedi iz Dogvila? Jedini Zivotni zakon je istina, za koju se treba boriti samo znanjem.
A nijedan trud nije uzaludan ako ima jasan i vredan cilj. Ako se u taj cilj veruje i ako je hrabrost
jedna od vrlina, svaka prepreka je savladana.

Ovaj neuobicajeni urednicki komentar ¢u i zavréiti citatom velikog Osho-a, dakle onako kako
sam i poceo. On daje najbolju sliku sada$njeg trenutka i ukazuje na ,,sigurne“ vrednosti koje
promovise ,,pozori$na“ elita.

»Samo se idiot oseca sigurno, a covek koji je uistinu Ziv uvek je nesiguran. Jedino znanje moze
¢oveka udiniti sigurnim.“

Iako mi ideje za urednicki komentar obi¢no ne nedostaju, ovog puta sam imao dilemu kako

Prof. dr Slavoljub Zivkovié
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Ultrastructural analysis of uninstrumented root canal
areas following various irrigation regimens

Radomir Barac', Jelena Popovic', Slavoljub Zivkovi¢?, Aleksandar Mitié’, Marija Nikoli¢',
Jovanka Gasic¢’

'Department of Dental Diseases and Endodontics, Dental Clinic, School of Medicine, University of Nis, Nis, Serbia;
’Department of Restorative Odontology and Endodontics, School of Dental Medicine, University of Belgrade, Belgrade,
Serbia

SUMMARY

Introduction During endodontic treatment smaller or larger areas of root canal wall remain non-instrumented. This
can affect prognosis of endodontic treatment as some bacteria may be left behind. The purpose of this study was to
evaluate the morphology of non-instrumented areas of the root canal wall using scanning-electron-microscopy (SEM)
after completed instrumentation and various irrigation regiments.

Materials and Methods Eighteen single-rooted extracted teeth were divided into the six groups. One tooth in each
group represented a control sample. In all samples only one half of the canal was instrumented using ISO 40 hand files.
Control samples were subjected to an irrigation protocols without instrumentation. Irrigants used were physiological
saline, 3% sodium hypochlorite and 15% of ethylene-diamine-tetra-acetate. Irrigation protocol included using each
of these irrigants alone, or a combination of NaOCl and EDTA, as well as their combination with final irrigation using
NaOCl or chlorhexidine. Then after, roots were sectioned longitudinally and prepared for SEM.

Results Saline irrigation left pulpal debris on uninstrumented areas of the canal wall. Irrigation with 3% NaOClI left
behind canal wall with different forms of calcospherites. However, after EDTA irrigation dentin appeared as an undu-
lating surface with open tubules without a smear layer. The combination of NaOCl and EDTA showed remnants of
calcospherites and open slightly widened dentinal tubules. Final irrigation with NaOCl on the uninstrumented areas
showed enlarged dentinal tubules along with dentinal erosion, while after final irrigation with CHX clean dentin and
open dentinal tubules without smear layer were noted.

Conclusion From the morphological point of view, the most favorable effect of irrigation on both uninstrumented and
uninstrumented canal walls was achieved after irrigation with NaOCl and EDTA or NaOCI, EDTA and chlorhexidine
as the final irrigant.

Keywords: root canal instrumentation; uninstrumented root canal areas; root canal irigation; SEM

INTRODUCTION

One of the basic preconditions for successful endodontic
treatment is adequate instrumentation of the root canal.
However, satisfactory instrumentation and irrigation is dif-
ficult to achieve due to the very specific and complex root
canal morphology, as well as limited effect of instruments
[1]. Morphological variations of the root canal system and
inability of endodontic instruments to reach all parts of
root canal wall make cleaning of complete root canal prac-
tically impossible [1,2]. Micro-computerized tomography
has confirmed that some areas of root canal walls remain
untouched after instrumentation [3-6]. These areas may
contain bacteria and compromise endodontic treatment
[7].In addition, the presence of smear layer and debris as a
result of instrumentation is significant clinical problem |2,
8]. This layer often contains bacteria and blocks dentinal
tubules, which significantly decrease the effect of used ir-
rigant affecting the quality of obturation and the outcome
of endodontic treatment [8, 9].

Due to limited effectiveness of endodontic instruments
in root canal cleaning, it is necessary to use appropriate
chemical agents during and after instrumentation. Their
role is to eliminate and reduce any remaining microorgan-
isms as well as remove smear layer [8-10]. Even though
there is no general consensus about removing smear layer
immediately before obturation, most endodontists agree
that if it is not removed, it could disintegrate and lead to
microleakage due to the low quality of the bond strength
between the sealer and root canal walls [9, 10].

The aim of this study was to use a SEM analysis to
evaluate the morphology of uninstrumented areas of the
root canal walls following mechanical instrumentation
and application of various irrigation regimens.

MATERIALS AND METHODS

The material used in this research included 18 freshly ex-
tracted intact human maxillary single-rooted teeth without

Address for correspondence: Radomir BARAC, Department of Restorative Dentistry and Endodontics, Clinic of Dentistry,
Medical Faculty, University of Nis, Bulevard dr Zorana Djindji¢a 81, 18000 Nis, Serbia; barac_radomir@hotmail.com
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any visible damage (root caries, cracks, internal or external
resorption, etc.). According to the irrigation regimens, all
teeth were divided into six groups, with one tooth in each
group representing a control specimen. The teeth samples
were kept for eight hours in 0.5% NaOCl solution to facili-
tate removal of organic debris. After rinsing teeth under
running water, they were immersed in saline solution and
refrigerated until the beginning of the experiment.

Prior to canal instrumentation, using a diamond disc,
longitudinal grooves were created on the facial and lingual
surfaces of the root, without penetrating it, in order to
facilitate the fracture. The crowns were amputated and
discarded, while the remaining debris was removed using
running water. Following pulp extirpation, one tooth from
each group (two control samples) underwent different ir-
rigation regimens only without previous instrumentation.
All root canals were checked for patency and working
length was determined by shortening the distance to the
anatomical foramen by 1 mm. The apex was sealed with
a pink wax piece.

The root canals of experimental teeth were instrument-
ed using the step back technique to the instrument size 40
(NiTi files I-FLEX, IMD, USA). Only one half of each root
canal, either the facial or the lingual half, was particularly
marked and instrumented [11]. During the instrumenta-

tion, care was taken that endodontic instruments did not
come in contact with the oposing side of the canal wall
that represented the “uninstrumented” half. The control
sample from each group was used for comparison of un-
instrumented areas of the canal with the uninstrumented
main root canal following identical irrigation regimens.
The amount of the irrigant used for each irrigation regi-
men was identical and carefully controlled, and the total
time of chemomechanical preparation was 10 min.

The following irrigation regimens were used: (I) saline;
(II) 3% sodium hypochlorite (NaOCl-Parcan,Septodont);
(III) 15% Ethylene diaminetetraacetic acid (EDTA - Largal
Ultra, Septodont); (IV) combination of 3% NaOCl+15%
EDTA; (V) combination of 3% NaOCI+15% EDTA and
3% NaOCl as the final irrigant; (VI) combination of 3%
NaOCl+15% EDTA and 2% chlorhexidine (R4, Septodont)
as the final irrigant (Table 1).

Applying mild pressure and using a spatula, the sam-
ples were fractured in half (so that a total of 36 samples
were obtained) and placed in open Petri dishes to dry at
the room temperature. After 24 hours, they were attached
to cylindrical tooth carriers using a fixing agent (Dotite
paint xc 12 Carbon JEOL, Tokyo, Japan), gold sputtered
(using a JFC 1100E Ion Sputter JEOL) and analyzed using
scanning electron microscopy (SEM, JEOL-JSM-5300).

Table 1. Irrigants and irrigation regimens of the experimental and control samples
Tabela 1. Irigacioni rastvori i protokol irigacije eksperimentalnih i kontrolnih uzoraka

Groups
Grupe

Irrigants
Irigacioni rastvori

Irrigation regimen of the experimental samples
(uninstrumented areas in uninstrumented canals)*
Irigacioni protocol eksperimentalnih uzoraka
(neinstrumentisane povrsine u instrumentisanim kanalima)*

Irrigation regimen of the control samples
(uninstrumented canals)*

Irigacioni protocol kontrolnih uzoraka
(neinstrumentisani kanali)*

Saline solution

Irrigation using 3 ml saline solution after pulp extirpation and
after each endodontic instrument

Irigacija sa 3 ml fizioloskog rastvora posle ekstirpacije pulpe i
posle svakog endodontskog instrumenta

Irrigation using 3 ml saline solution following pulp
extirpation

Irigacija sa 3 ml fiziolo$kog rastvora posle ekstirpacije
pulpe

3% NaOCl
(Parcan, Septodont)

Irrigation using 3 ml NaOCl following pulp extirpation and after
each endodontic instrument

Irigacija sa 3 ml NaOCI posle ekstirpacije pulpe i posle svakog
endodontskog instrumenta

Irrigation using 3 ml NaOCl following pulp
extirpation
Irigacija sa 3 ml NaOCI posle ekstirpacije pulpe

chlorhexidine

(R4, Septodont) as
the final irrigant /
kao zavr3ni irigans

60 seconds, final irrigation using 3 ml CHX for 3 min.

Irigacija sa 3 ml NaOCI posle ekstirpacije pulpe i posle svakog
endodontskog instrumenta; ispiranje sa 3 ml EDTA u trajanju od
60 sekundi, zavrno ispiranje sa 3 ml CHX u trajanju od 3 min.

1l 15% EDTA Irrigation using 3 ml saline solution following pulp extirpation Irrigation using 3 ml saline solution following pulp
(Largal Ultra, and after each endodontic instrument, final irrigation with 3 ml | extirpation, final irrigation using 3 ml EDTA for 60
Septodont) EDTA for 60 seconds seconds

Irigacija sa 3 ml fizioloskog rastvora posle ekstirpacije pulpe i Irigacija sa 3 ml fizioloski rastvora posle ekstirpacije
posle svakog endodontskog instrumenta; zavr$no ispiranje sa3 | pulpe; zavr$no ispiranje sa 3 ml EDTA u trajanju od
ml EDTA u trajanju od 60 sekundi 60 sekundi

v 3% NaOCl| Irrigation using 3 ml NaOCI following pulp extirpation and after | Irrigation using 3 ml NaOCl following pulp
(Parcan, Septodont) | each endodontic instrument; final irrigation using 3 ml EDTA for | extirpation; final irrigation using 3 ml EDTA
+15% EDTA 60 seconds for 60 seconds
(Largal Ultra, Irigacija sa 3 ml NaOClI posle ekstirpacije pulpe i posle svakog Irigacija sa 3 ml NaOCI posle ekstirpacije pulpe;
Septodont) endodontskog instrumenta; zavrsno ispiranje sa 3 ml EDTA u zavrino ispiranje sa 3 ml EDTA u trajanju

trajanju od 60 sekundi od 60 sekundi

1% 3% NaOCl+15% Irrigation using 3 ml NaOCl following pulp extirpation and after | Irrigation using 3 ml NaOCl following pulp
EDTA and 3% each endodontic instrument; flushing using 3 ml EDTA for 60 extirpation; flushing using 3 ml EDTA for 60 seconds,
NaOCl as the seconds, final irrigation using 3 ml NaOCl for 3 min. final irrigation using 3 ml NaOCl for 3 min.
final irrigant / kao Irigacija sa 3 ml NaOCl posle ekstirpacije pulpe i posle svakog Irigacija sa 3 ml NaOCI posle ekstirpacije pulpe;
zavrini irigans endodontskog instrumenta; ispiranje sa 3 ml EDTA u trajanju od | ispiranje sa 3 ml EDTA u trajanju od 60 sekundi,

60 sekundi, zavr$no ispiranje sa 3 ml NaOCl u trajanju od 3 min. | zavr$no ispiranje sa 3 ml NaOCl u trajanju od 3 min.

Vi 3% NaOCl+15% Irrigation using 3 ml NaOCl following pulp extirpation and each | Irrigation using 3 ml NaOCl following pulp
EDTA and 2% endodontic instrument; flushing using 3 ml EDTA for a period of | extirpation; flushing using 3 ml EDTA for 60 seconds,

final irrigation using 3 ml CHX for 3 min.

Irigacija sa 3 ml NaOCI posle ekstirpacije pulpe;
ispiranje sa 3 ml EDTA u trajanju od 60 sekundi,
zavr$no ispiranje sa 3 ml CHX u trajanju od 3 min.

*At the end of all the irrigation regimens, as well as after irrigation with each tested irrigant, sterile water was used [11] in the amount of 3 ml, and canal was dried with sterile
paper points prior to the use of the following instrument/irrigant.

* Kod svih irigacionih protokola je na kraju, kao i posle irigacije sa svakim testiranim irigansom, kori$¢ena sterilna voda [11] u kolic¢ini od 3 ml, a kanal je susen papirnatim
poenima pre kori$¢enja sledeceg instrumenta/irigansa.
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Table 2. SEM analysis of uninstrumented and instrumented areas in the root canal after different irrigation protocols
Tabela 2. SEM opis neinstrumentisanih i instrumentisanih povrsina u kanalu korena posle razlicitih irigacionih protokola

Groups | Irrigants Uninstrumented areas in uninstrumented canals Instrumented canals
Grupe | Irigacioni rastvori | Neinstrumentisane povrsine u instrumentisanim kanalima | Instrumentisani kanali
| Saline solution Amorphous layer of residual pulpal components found, along | Smear layer and dentin debris, tubules not visible at all.
Fizioloski rastvor | with predentin and pulpal debris, tubules barely visible
Prisutan amorfni sloj zaostalih komponenata pulpe, Razmazni sloj i dentinski debris, kanali¢i se uopste ne
predentin i pulpni debris, kanali¢i se jedva uocavaju uocavaju
Il NaOCl Absence of predentin and pulpal debris (pulpal Flat surface of dentin wall, smear layer and dentin debris
remnants), presence of dome-shaped and ridge-shaped present, some orifices of dentinal tubules visible
calcospherites, noted orifices of the tubules, rough surface
of calcospherites.
Odsutan predentin i pulpni debris (pulpni ostaci), prisutni | Ravna povrsina dentinskog zida, prisutan razmazni sloj
kupolasti i grebenasti kalcisferiti, uocavaju se otvori kanali¢a, | i dentinski debris, nazire se po neki otvor dentinskih kanali¢a
povrsina kalcisferita gruba
n EDTA There are no calcospherites, pulpal debris was found, dentin | Flat surface of the dentin wall, removed smear layer, debris
present as an undulating surface, open tubules present
Ne uocavaju se kalcisferiti, nadeni delovi pulpnog debrisa, Ravna povriina dentinskog zida, uklonjen razmazni sloj,
talasasta povrsina dentinskog zida, otvoreni tubuli prisutan debris
v NaOCl + EDTA Reduced calcospherites with smooth surface. No predentin | Flat surface of dentin, removed smear layer and dentin
and pulpal debris, open tubules, slightly wider, clearly visible. | debris, tubules wide open
Smanjeni kalcisferiti sa glatkom povrSinom. Odsutan Ravna povriina dentinskog zida, uklonjen razmazni sloj i
predentin i pulpni ostaci, kanali¢i otvoreni, blago prosireni, | dentinski debris, kanali¢i Siroko otvoreni
jasno uocljivi
\ NaOCl + EDTA + | Greater reduction of calcospherites in comparison to Flat surface of dentin wall, removed smear layer and dentin
NaOCl previous irrigation regimen (V). No predentin and pulpal debris, tubular orifices, openings enlarged, excessive erosion
debris. Tubules wide open, significantly enlarged, excessive | of intertubular and peritubular dentin
erosion of intertubular dentin
Veca redukcija kalcisferita u odnosu na prethodni Ravna povrsina dentinskog zida, uklonjen razmazni sloj i
irigacioni protokol (V). Odsutni predentin i pulpni ostaci. dentinski debris, otvori kanali¢a uvecani, izrazita erozija
Kanali¢i Siroko otvoreni, znatno uvecani, izrazita erozija intertubularnog i peritubularnog dentina
intertubularnog dentina
Vi NaOCI +EDTA + | Calcospherites reduction. Absence of predentin and pulpal | Flat surface of dentin wall, removed smear layer and dentin
CHX remnants, open tubules clearly visible, intertubular dentin debris, open dentinal tubules, intertubular dentin preserved
preserved. No difference compared to irrigation regimen IV
Redukcija kalcisferita. Odsutni predentin i ostaci pulpe, | Ravna povrsina dentinskog zida sa uklonjenim razmaznim
kanali¢i otvoreni, jasno uocljivi intertubularni dentin ocuvan. | slojem i dentinskim debrisom, otvoreni dentinski kanali¢i,
Nije uocena razlika u odnosu na irigacioni protokol IV intertubularni dentin o¢uvan
RESULTS instrumentation using SEM. Several studies used micro-

After irrigation with saline pulpal debris covering dentin
of uninstrumented areas of the canal was noticed. Irri-
gation with 3% NaOClI left behind dentin with different
forms of calcospherites. When EDTA was used alone for
irrigation dentin was present as an undulating surface and
open tubules without a smear layer were visible. Combina-
tion of NaOCl and EDTA for irrigation left remnants of
calcospherites and open and slightly widened dentinal tu-
bules. If NaOCl was used as the final irrigant (after NaOCl
and EDTA) enlarged dentinal tubules were noted along
with dentinal erosion, while if the final irrigant was CHX,
clean dentin and open dentinal tubules without smear
layer were noted.

SEM findings on uninstrumented and instrumented
areas are shown in Table 2 and Figures 1-7. Wall morphol-
ogy of uninstrumented areas in instrumented root canals
did not show any differences compared to the morphology
of uninstrumented canals (control samples) following all
irrigation regimens.

DISCUSSION

The aim of this study was to analyze the morphology of
uninstrumented areas of the root canal walls after canal

computerized tomography to determine the presence of
uninstrumented surfaces in the main root canal by calcu-
lating the area that remains intact after instrumentation
(canal volume before and after instrumentation, distance
between canal surface before and after instrumentation
in pm, the size of a specific area, the width of the canal,
taper, etc.) [3-6]. On the other hand, SEM analysis allows
visualization of root canal walls, their cleanliness, dentinal
tubules covered with smear layer, as well as complete den-
tin morphology at ultrastructural level [13-15].

In the current study the control samples included un-
instrumented canals after performed irrigation regimens.
That way it was possible to compare the morphology of
uninstrumented canals with uninstrumented surfaces
of instrumented canals. According to Peters et al. after
biomechanical instrumentation, both hand or rotary, ap-
proximately 35% of the canal wall remains untouched
by the instruments [16]. In addition, other studies have
also confirmed the presence of uninstrumented surfaces,
especially in the apical third of the root canal, where any
irregularities on canal walls (grooves and depressions)
prevent contact between the wall and instrument [17,18].
Endodonic instruments are mostly designed to fit into the
conical root configuration, which leaves untreated regions
in oval and flat canals [16]. Beside complex canal mor-
phology [19], limitation of instrumentation techniques
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Figure 1. Saline solution. a) uninstrumented area — remnants of
pulpal components, parts of odontoblasts, noticeable elongated
dentinal tubules; b) instrumented area with a tree-bark model of
smear layer which appears in both hand and rotary root canal in-
strumentation [9].

Slika 1. Fizioloski rastvor. a) neinstrumentisana povrsina — zaostale
komponente pulpe, delovi odontoblasta, uodljivi uzduzno preseceni
dentinski kanali¢i; b) instrumentisana povrsina sa tree-bark mod-
elom razmaznog sloja koji se pojavljuje i kod ru¢ne i kod masinske
obrade kanala korena [12].

Figure 2. NaOCl. a) uninstrumented area — dome-shaped calco-
spherites with a grainy, uneven surface; b) instrumented area —
smear layer covers dentin, with barely visible tubular orifices

Slika 2. NaOCl. a) neinstrumentisana povrsina — kupolasti kalcis-
feriti sa sitno zrnastom, neravnom povrsinom; b) instrumentisana
povrsina — razmazni sloj pokriva dentinsku povrsinu, jedva uodljivi
otvori dentinskih kanali¢a
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Figure 3. EDTA. a) uninstrumented area — groovy surface of dentin
with no calcospherites; b) instrumented area — removed smear layer,
but with presence of debris

Slika 3. EDTA. a) neinstrumentisana povrsina - talasasta povrsina
dentina bez kalcisferita; b) instrumentisana povrsina — uklonjen
razmazni sloj, ali prisutan debris

Figure 4. NaOCl + EDTA. a) uninstrumented area — a reduction in
calcospherites, no organic debris; b) instrumented area — root canal
wall with removed debris and smear layer

Slika 4. NaOCl + EDTA. a) neinstrumentisana povrsina — redukcija
kalcisferita, nema organskog debrisa; b) instrumentisana povrsina
— zid kanala korena sa uklonjenim debrisom i razmaznim slojem
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Figure 5. NaOCl + EDTA + NaOCl. a) uninstrumented area — apro-
nounced reduction in calcospherites with a funnel-like widening
on dentinal tubules, no organic debris; b) instrumented area - root
canal wall with removed debris and smear layer, but with intratu-
bular dentin which has worn away. Dentin erosion in some areas
connects two or more orifices of the dentin tubules.

Slika 5. NaOCl + EDTA + NaOCl. a) neinstrumentisana povrsina
— izrazita redukcija kalcisferita sa levkasto prosirenim dentinskim
kanali¢ima, odsutan organski debris; b) instrumentisana povrsina
- zid kanala korena sa uklonjenim debrisom i razmaznim slojem,
ali i sa istanjenim intratubularnim dentinom. Dentinska erozija na
nekim mestima spaja dva ili viSe otvora dentinskih kanali¢a.

Figure 6. NaOCI + EDTA + CHX. a) uninstrumented area-mod-
erately reduced calcospherites, some of which have retained their
dome-shaped form; b) instrumented area — root canal wall with
removed debris and smear layer, no erosion of intratubular and
peritubular dentin.

Slika 6. NaOCl + EDTA + CHX. a) neinstrumentisana povrsina —
umereno redukovni kalcisferiti, pojedini su zadrzali kupolasti oblik;
b) instrumentisana povrsina — zid kanala korena sa uklonjenim de-
brisom i razmaznim slojem, nema erozije intratubularnog i peritu-
bularnog dentina.

Figure 7. a) The darker areas on the micrography represent instru-
mented surfaces; b) An ultrastructural appearance of the unin-
strumented root canal following irrigation using NaOClI solution,
magnified at 350x. On dentin walls dome-shaped and ridge-shaped
calcospherites are noted.

Slika 7. a) tamna polja na mikrografiji predstavljaju instrumenti-
sane povrsine; b) ultrastrukturni izgled neinstrumentisanog kanala
korena posle irigacije sa NaOCl na uvecanju 350x. Na dentinskim
zidovima se uocavaju kupolasti i grebenasti kalcisferiti.

[20], instrument taper [21] or file alloy properties [22]
add to impossibility to instrument all canal walls.

In the current study we assumed that uninstrumented
surfaces in the main root canal actually exist, which is why
biomechanical instrumentation was performed with the
intention of leaving half of the root canal uninstrumented.
On the other hand, instrumented areas of the root canal
showed surfaces with expected morphology and more-less



clean wall surfaces following certain irrigation regimens as
reported in other studies [13-15]. In our study we analyzed
only the coronal and middle third of the canal, while the
apical third was excluded due to its complexity and pos-
sible presence of a smear layer even after irrigation that
could influence the interpretation of obtained results.

Uninstrumented areas of the canal were difficult to no-
tice prior to irrigation with NaOCl that removed organic
debris and exposed conical and wedge-shaped calcosphe-
rites. Structures that were found on uninstrumented areas
included pulpal tissue remnants, odontoblastic extensions,
but no smear layer was found. In the current study 3%
NaOCl solution was used and completely removed organic
debris. In studies where canals were irrigated with 0.5%
NaOCl solution, dentin of uninstrumented areas was not
completely cleaned of organic debris [23].

According to the findings of many studies, NaOCl ir-
rigation is exceptionally important because it dissolves
organic tissue very efficiently. Even though it has an in-
adequate surface tension and cannot reach narrow canals,
NaOCl can effectively clean uninstrumented areas of the
main canal that consist of predentin, necrotic pulpal tissue
and a bacterial biofilm [7, 24].

Following irrigation regimens IV, V, and VI
(NaOCI+EDTA; NaOCI+EDTA+NaOCl; NaOCl
+EDTA+CHX) uninstrumented surfaces showed more
or less reduced calcospherites that was also confirmed
in other studies. However, some studies have not found
calcospherites after the same irrigation regimens [11,18].

In the current study, following irrigation regimen V
(NaOCI+EDTA+NaOCl), erosion of intertubular and
peritubular dentin occurred on both uninstrumented and
instrumented surfaces. Most likely NaOCl was not able
to prevent demineralizing effect of EDTA on peritubular
and intertubular dentin due to its slow degradation [25].
In addition, there was an interaction between EDTA and
NaOCl that manifested in sudden decrease in the amount
of free chlorine causing loss of NaOCl activity and in-
ability to dissolve soft tissue within the canal [26]. In our
study no organic debris was noted after this irrigation
regimen, but many authors do not recommend the use of
NaOCl as the final irrigant (after EDTA) due to possible
dentinal erosion [25, 27].

The literature reports interaction between irrigants
that can be manifested as mutual inactivation, coloring
of dentin or creation of harmful precipitation [28-30].
Therefore, flushing canals with sterile water between each
irrigant is recommended, as well as drying the canal prior
to introduction of a new irrigant [26, 29]. In the current
study, these recommendations were followed in order to
prevent any unwanted interactions between the irrigants
and obtain desired result [11].

Following irrigation regimen VI (NaOCl+EDTA+CHX)
no dentinal erosion was noted. According to the literature,
when EDTA and CHX come into contact EDTA anion is
neutralized with CHX cation and there is no further re-
duction in dentin [30]. In addition, antimicrobial effect of
CHX against Enterococcus faecalis and Candida albicans as
well as its substantivity (prolonged effect) support its use
as the final irrigant in endodontic treatment [24].
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CONCLUSION

Taking into consideration limitations of all in vitro stud-
ies, the following can be concluded:

The morphology of uninstrumented areas of main root
canal is similar to the morphology of those parts of the
canal endodontic instruments cannot reach (narrowings,
lateral canals, anastomosis, invagination of the root canal,
etc.).

The presence of uninstrumented areas in the root canal
during endodontic instrumentation is inevitable due to
the complex morphology of the canals and indicates the
importance of irrigants use during instrumentation.

Even though this was not the primary aim of this study,
the most favorable effect of irrigation (including instru-
mented and uninstrumented areas of the canal) was noted
following the irrigation regimen: NaOCI+EDTA, or even
better using NaOCI+EDTA+CHX as the final irrigant.
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KRATAK SADRZA)

Uvod Tokom endodontske terapije manje ili vece povrsine kanala korena zuba ostaju neinstrumentisane i mogu sadrzavati bakterije,
$to moze dovesti do neuspe$nog ishoda. Cilj rada je bio da se skening-elekron-mikroskopskom (SEM) analizom proceni morfologija
neistrumentisanih delova zidova kanala posle instrumentacije i primene razlicitih irigacionih protokola.

Materijal i metode rada Osamnaest jednokorenih ekstrahovanih zuba je podeljeno u Sest grupa. Jedan zub iz svake grupe je pred-
stavljao kontrolni uzorak. Eksperimentalni uzorci su preparisani do instrumenta veli¢ine 1ISO40. Kod svakog zuba je instrumentisana
samo jedna polovina kanala. Kontrolni uzorci su podvrgnuti samo irigacionim protokolima bez preparacije. Osim fizioloskog rastvora,
3% natrijum-hipohlorita i 15% etilen-diamin-tetra-acetata, koji su primenjeni samostalno, eksperimentalni uzorci su irigirani i sa
kombinacijom NaOCl i EDTA, kao i sa kombinacijom istih iriganasa, pri ¢emu je kao zavrsni irigans koriscen ili NaOCl ili hlorheksidin.
Korenovi su uzduzno preseceni i pripremljeni za SEM.

Rezultati Posle irigacije sa fizioloSkim rastvorom u neinstrumentisanim delovima kanala uocen je dentin pokriven debrisom, posle
irigacije sa NaOCI dentin sa razli¢itim oblicima kalcisferita. Posle irigacije sa EDTA uocena je talasasta povrsina dentinskog zida sa
otvorenim tubulima bez razmaznog sloja. Irigacija kombinacijom NaOCI i EDTA je pokazala ostatke kalcisferita i otvorene, blago
prosirene dentinske tubule. Zavr$no ispiranje sa NaOCI na neinstrumentisanim delovima dentina pokazuje prosirene dentinske
tubule i eroziju dentina, a zavr$no ispiranje sa CHX ¢ist dentin i otvorene dentinske tubule bez razmaznog sloja.

Zakljuéak Sa morfoloskog aspekta, najpovoljniji efekat irigacije (i kod instrumentisanih i kod neinstrumentisanih delova kanala)

ustanovljen je posle irigacionih protokola sa: NaOCl i EDTA i NaOCI, EDTA i hlorheksidinom kao zavrsnim irigansom.
Kljucne reci: preparacija kanala; neinstrumentisane povrsine kanala; irigacija kanala; SEM

uvoD

Jedan od osnovnih preduslova za uspeh endodontskog lec¢enja je
adekvatna preparacija kanala korena zuba. Medutim, instrumen-
taciju i irigaciju je uglavnom tesko realizovati zbog vrlo speci-
fi¢ne i kompleksne kanalne morfologije, ali i ograni¢enog efekta
instrumenata u nepristupa¢nom i ograni¢enom prostoru [1].

Morfologke varijacije kanalnog sistema i nemoguénost en-
dodontskog instrumenta da dopre do svih delova zidova kana-
la korena potpuno ¢i$¢enje kanala ¢ine prakti¢no nemoguéim
[1, 2]. Nekoliko studija je primenom mikrokompjuterizovane
tomografije potvrdilo da tokom preparacije kanala deo zido-
va ostaje potpuno neobraden [3-6]. Na ovim nepristupa¢nim
povrsinama zidova kanala mogu se zadrzavati bakterije i time
ugroziti i kompromitovati endodontsko le¢enje [7].

Osim toga, i prisustvo razmaznog sloja i debrisa kao po-
sledica instrumentacije i se¢enja dentina predstavlja znacajan
klini¢ki problem [2, 8]. Ovaj sloj ¢esto sadrzi bakterije i blokira
dentinske tubule, ¢ime znadajno umanjuje efekat sredstava za
irigaciju, odnosno znacajno uti¢e na kvalitet opturacije i ishod
endodontskog lecenja [8,9].

Zbog ogranidene efikasnosti endodontskih instrumenata u
¢i$¢enju kanala neophodno je tokom i posle instrumentacije
obavezno koristiti i odgovarajuca hemijska sredstva. Njihova
uloga je u eliminaciji i redukciji zaostalih mikroorganizama,
odnosno u efikasnom ¢i$¢enju kanalnog sistema, kao i rastva-
ranju i uklanjanju razmaznog sloja [8-10].

Tako ne postoji opsta saglasnost oko uklanjanja razmaznog
sloja neposredno pre opturacije, najveci broj endodonata je sa-
glasan da, ukoliko se on ne ukloni, viemenom moze doci do nje-
gove dezintegracije i pove¢anog kruni¢nog mikropropustanja,
usled slabijeg kvaliteta veze materijala za opturaciju sa zidovima
kanala korena [9, 10].

Cilj ovog rada je bio da se SEM analizom proceni morfologija
neinstrumentisanih delova zidova kanala korena posle meha-
nicke instrumentacije i primene razlicitih protokola za irigaciju.

MATERIJAL | METODE RADA

Kao materijal u ovom istazivanju kori$¢eno je 18 sveze ekstra-
hovanih intaktnih jednokorenih humanih zuba bez vidljivih
oStecenja (karijes korena, pukotine, unutrasnje ili spoljasnje
resorpcije itd.). U odnosu na irigacioni protokol, svi zubi su
podeljeni u $est grupa, pri ¢emu je po jedan zub iz svake pred-
stavljao kontrolu. Uzorci zuba su ¢uvani osam casova u 0,5%
NaOCl da bi se lakse uklonili ostaci organskog tkiva. Potom su
¢iSceni, ispirani tekuéom vodom, potopljeni u fizioloski rastvor
i ¢uvani u frizideru do pocetka eksperimenta.

Pre instrumentacije kanala pazljivo su dijamantskim diskom
napravljeni zlebovi po uzduznoj osovini korena (vestibularno
i oralno), ali bez kontakta sa kanalom, kako bi se kasnije olak-
$alo razdvajanje polovina. Krunice zuba su uklonjene, a debris
nastao prilikom presecanja je ispran u tekucoj vodi.

Posle uklanjanja sadrzaja kanala pulp ekstirpatorima, po
jedan zub (dva kontrolna uzorka) iz svake grupe je podvrgnut
samo irigacionim protokolima bez prethodne preparacije.

Na korenovima ostalih zuba izvr$ena je provera prohodno-
sti, a radna duzina preparacije je odredivana skra¢ivanjem za 1
mm od duZine endodontske igle kada vrh igle dosegne apeksni
otvor. Apeks svakog uzorka zuba je potom zapecacen kuglicom
roze voska.

Korenovi eksprimentalnih zuba su preparisani step back
tehnikom instrumentima do dijametra ISO40 (NiTi I-FLEX,
IMD, USA). Posebno je obelezena i instrumentisana samo jedna
polovina kanala korena (vestibularna ili oralna) [11]. Pri pre-
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paraciji se vodilo racuna da endodontski instrumenti ne dodu
u kontakt sa drugim delom kanala koji je predstavljao ,,nein-
strumentisanu“ polovinu kanala korena. Kontroloni uzorak iz
svake grupe je sluzio za poredenje neinstrumentisanih delova
kanala sa neinstrumentisanim kanalom korena posle identi¢nih
irigacionih protokola.

Koli¢ina irigansa koja je kori$¢ena sa svaki irigacioni proto-
kol bila je identi¢na i paZljivo kontrolisana, kao i ukupno vreme
hemomehanicke obrade svakog kanala (10 min).

U eksperimentu je koriéeno $est protokola ispiranja: (I)
samo fizioloski rastvor; (II) samo 3% natrijum-hipohlorit (Na-
OCI-Parcan, Septodont); (III) samo 15% etilen-diamin-tetra-
acetat (EDTA - Largal Ultra, Septodont); (IV) kombinacija 3%
NaOCl+15% EDTA; (V) kombinacija 3% NaOCl+15% EDTA
i 3% NaOCl kao zavr$ni irigans; (VI) kombinacija 3% Na-
OCl+15% EDTA i 2% hlorheksidin (R4, Septodont) kao zavr$ni
irigans. (Tabela 1).

Uz blagi pritisak, uzorci su pomocu $patule podeljeni na
polovine (tako je dobijeno 36 uzoraka) i stavljeni u otvorene
Petrijeve Solje da bi se susili na sobnoj temperaturi. Posle 24
¢asa uzorci su pri¢vrsceni za cilindri¢ne nosace sredstvom za
fiksiranje (Dotite paint xc 12 Carbon JEOL, Tokyo, Japan), napa-
ravani tankim slojem zlata po povrsini (u uredaju JFC 1100E Ion
Sputter JEOL) i analizirani skening elektronskim mikroskopom
(SEM, JEOL-JSM-5300).

REZULTATI

Dobijeni rezultati SEM analize su pokazali da je u neinstrumen-
tisanim delovima kanala posle irigacije sa fizioloskim rastvo-
rom uocen dentin pokriven pulpnim debrisom, posle irigacije
sa 3% rastvorom NaOCI uocen dentin sa razli¢itim oblicima
kalcisferita, a posle irigacije sa EDTA uocena je talasasta po-
vr$ina dentinskog zida i otvoreni tubuli bez razmaznog sloja.
Kada je kori$¢ena kombinacija NaOCl i EDTA, uoceni su ostaci
kalcisferita i otvoreni i blago prosireni dentinski tubuli. Kada
je kao zavrsni irigans kori$¢en NaOCl na neinstrumentisanim
delovima dentina, uoceni su uve¢ani dentinski tubuli i erozija
dentina, a kada je kao zavrsni irigans koris¢en CHX - ¢ist dentin
i otvoreni dentinski tubuli bez razmaznog sloja.

Rezultati SEM neinstrumentisanih i instrumentisanih po-
vrsina su prikazani u tabeli 2 i na mikrografijama od 1 do 10.

Morfologija zidova neinstrumentisanih delova preparisanog
kanala korena nije pokazivala razlike u odnosu na morfologiju
neinstrumentisanih kanala (kontrolne uzorke) posle svih iri-
gacionih protokola.

DISKUSIJA

U ovom istraZivanju je bio cilj da se SEM-om ispita morfologija
neinstrumentisanih delova zidova kanala korena tokom obrade
kanala. Nekoliko studija je metodom mikrokompjuterizovane
tomografije ustanovilo prisustvo neinstrumentisanih polja u
glavnom korenskom kanalu izra¢unavanjem povrsine koja osta-
je netaknuta tokom tretmana (meren je volumen kanala pre i
posle instrumentacije, rastojanje izmedu povrsine kanala pre i
posle preparacije u pm, povrsina odredenog polja, debljina kanala,
koni¢nost itd.) [3-6]. Za razliku od toga, SEM analizom je omo-

gucena bolja vizuelizacija kvaliteta ¢i$¢enja zidova kanala korena,
pokrivenost dentinskih tubula razmaznim slojem, kao i komplet-
na morfologija dentina na ultrastrukturnom nivou [13-15].

Ovo istrazivanje je koristilo kao kontrolne uzorke neinstru-
mentisane zidove kanala koji su predstavljali model ultrastruk-
ture dentinskog zida posle odredenih irigacionih protokola. Na
ovaj nacin je bilo moguce porediti morfologiju neinstrumenti-
sanih kanala sa neinstrumentisanim povr$inama preparisanih
kanala. Prema Petersu i sar., u toku procesa Sirenja i oblikovanja,
bilo masinskim ili ru¢nim instrumentima, oko 35% povrsine
kanala ostaje neinstrumentisano [16]. Takode, i druge studije
potvrduju prisustvo neinstrumentisanih polja, narocito u apek-
snoj trecini u kojoj nepravilnosti na zidovima kanala (zlebovi i
udubljenja) spre¢avaju kontakt izmedu zida i instrumenata [17,
18]. Endodontski instrumenti su uglavnom dizajnirani tako da
se uklope u konusnu konfiguraciju korena, $to ovalne ili spljo-
$tene kanale ostavlja sa nepreparisanim poljima [16]. Drugi
autori postojanje neinstrumentisanih regija opravdavaju pre
svega kompleksnom kanalnom morfologijom [19], ograni¢eno-
$¢u instrumentacionih tehnika [20], koni¢no$¢u instrumenata
[21] ili osobinama legure od koje su izradeni instrumenti [22].

U ovom istrazivanju se poslo od pretpostavke da neinstru-
mentisane povr$ine u glavnom korenskom kanalu zaista posto-
je, zbog ¢ega je mehanicka instrumentacija uradena sa name-
rom da se polovina zida korenskog kanala ostavi bez mehanicke
obrade. S druge strane, instrumentisani delovi u kanalu korena
su pokazali povr§inu sa olekivanom morfologijom manje ili
vise ¢istih zidova posle odredenih irigacionih protokola, kako
je objavljeno i u drugim studijama [13-15]. U ovom istraZivanju
su analizirane samo cervikalna i srednja tre¢ina kanala, dok je
izostavljena apeksna tre¢ina, koja bi zbog svoje kompleksnosti
i moguceg prisustva razmaznog sloja i posle irigacionih proto-
kola mogla uticati na tumacenje dobijenih rezultata.

Neinstrumentisane oblasti zidova kanala je bilo tesko uoiti
pre irigacije sa NaOCl, koji je uklonio organske ostatke i prika-
zao kupolaste ili grebenaste kalcisferite. Na neinstrumentisanim
povrsinama su nadene strukture koje su zbog svoje pozicije uka-
zivale na ostatke pulpnog tkiva, ili cak delove odontoblasti¢nih
produzetaka, ali na njima nije bilo razmaznog sloja. U ovom
istrazivanju je korid¢en 3% NaOCI, koji je kompletno uklonio
organske ostatke. U studijama gde je kanal korena irigiran sa
0,5% NaOCl, povrsine dentinskog zida neinstrumentisanih obla-
sti nisu bile u potpunosti o¢is¢ene od organskih ostataka [23].

Prema nalazima vecine studija, kori$¢enje NaOCl tokom in-
strumentacije je izuzetno vazno jer ovaj irigans dobro rastvara
organsko tkivo u kanalnom sistemu korena. Iako ima neadekva-
tan povrs$inski napon i ne moze da prodre do uskih i akcesornih
kanala, NaOCl efikasno ,,¢isti“ neistrumentisane delove glavnog
kanala, koji se sastoje od predentina, nekroti¢nog pulpnog tkiva
i bakterijskog biofilma (7, 24].

Posle irigacionih protokola IV (NaOCl i EDTA), V (NaOCl
+ EDTA i NaOCl kao zavr$ni irigans) i VI (NaOCI + EDTA i
CHX kao zavrsni irigans), na neinstrumentisanim povrs$inama
nadeni su manje ili vi$e redukovani kalcisferiti, §to je u skladu sa
drugim istrazivanjima, iako u nekim studijama posle identi¢nih
protokola irigacije kalcisferiti nisu ni uoceni [11, 18].

U ovom istrazivanju, posle irigacionog protokola V, gde je
kao zavr$ni irigans kori$¢en NaOCl, doslo je do erozije inter-
tubularnog i peritubularnog dentina i kod neinstrumentisanih
i kod instrumentisanih polja. Ovo se moZe objasniti time Sto



NaOCl nije mogao da spreci demineralizujuce dejstvo EDTA na
peritubularni i intertubularni dentin jer dovodi do veoma spore
degradacije ovog helatora [25]. Pored toga, postoji interakcija
izmedu EDTA i NaOCl, koja se ogleda u naglom smanjenju ko-
licine slobodnog hlora odmah pri kontaktu ovih iriganasa, $to
moZe da ima za posledicu gubitak aktivnosti NaOCl i nemogu¢-
nost rastvaranja mekog tkiva unutar kanala [26]. U ovom istra-
Zivanju nije primecen ni organski debris posle primene ovog
protokola, ali mnogi autori ne preporu¢uju NaOCl kao finalni
irigans (posle EDTA) zbog mogude erozije dentina [25, 27].

Literaturni podaci ukazuju i na postojanje interakcije izme-
du iriganasa, koje se mogu ispoljiti medusobnom inaktivacijom,
prebojavanjem dentina ili stvaranjem $tetnih precipitata [28-
30], zbog Cega se preporucuje ispiranje kanala sa destilovanom
(sterilnom) vodom izmedu svakog irigansa i suenje kanala pre
uvodenja novog rastvora za irigaciju [26, 29, 30]. U protokolu
ovog istrazivanja su uvazene ove preporuke, kako bi se sprecile
nezeljene interakcije izmedu iriganasa i pritom dobio adekvatan
rezultat [11].

Posle irigacionog protokola VI (NaOCl + EDTA i CHX kao
zavrsni irigans) nije uocena erozija dentina. Prema podacima
iz literature, pri kontaktu EDTA i CHX dolazi do neutralizacije
anjonskog EDTA pomocu katjonskog CHX, zbog ¢ega nema
dalje redukcije dentina [30]. Pored toga, antimikrobni efekat
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CHX (enteroccocus faecalis i Candida albicans), kao i osobina
supstantivnosti ovog irigansa (protrahirani efekat), opravda-
vaju njegovu upotrebu kao zavr$nog irigansa u endodontskom
tretmanu [24].

ZAKLYUCAK

Uprkos ogranicenjima karakteristi$nim za sva in vitro istrazi-
vanja, na osnovu dobijenih rezultata moze se zakljuciti sledece:
« Morfologija neinstrumentisanih delova glavnog korenskog
kanala je sli¢cna morfologiji onih delova kanala do kojih
endodontski instrumenti ne mogu dopreti (suzenja, bo¢ni
kanali, anastomoze, invaginacije zidova korena itd.).

« Prisustvo neinstrumentisanih povrsina kanala korena
tokom endodontske instrumentacije je neizbezno zbog
kompleksne morfologije kanala i ukazuje na vaznost ade-
kvatne primene hemijskih sredstava i dezinfekcije svih
oblasti kanalnog sistema.

« Tako to nije bio primarni cilj istraZivanja, najpovoljniji efe-
kat irigacije (i kod instrumentisanih i kod neinstrumen-
tisanih delova kanala) uocen je posle primene irigacionih
protokola sa: NaOCli EDTA, odnosno NaOCL EDTA i CHX
kao zavr$nim irigansom.
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SUMMARY

Introduction Clinical extraoral examination prior to orthodontic treatment includes face analysis (front and profile).
Development of computer technology has increased efficacy and simplified this process through automating several
steps of the analysis. The aim of this paper was to examine the possibility of automatic determining of linear measure-
ments based on the facial image of a patient.

Material and Methods Based on the set of 20 patients in NHP (Natural Head Position) position, three sets of measure-
ments were conducted. Trained orthodontist performed positioning of predefined points on the image of the patient
two times with one week apart, after which the points were automatically determined using customized computer
software. Based on the position of the points, measurements for bizygomatic distance, upper and lower facial height
and full facial height were computed. Three sets of measurements were compared and statistically analyzed.

Results showed that computer software produced measurements comparable to measurements obtained by a trained
orthodontist. Statistical analysis included calculating mean values and standard deviations, as well as paired two-tailed
T-test. Differences between measurements ranged from 0.03% to 0.6% suggesting that automatic method can be suc-
cessfully used.

Conclusions The results of this research suggest that it is possible to ease, accelerate and automate work of the ortho-

dontist on the image analysis using suitable software without significant differences in measured values.
Keywords: computer analysis; standard analysis; frontal head photography

INTRODUCTION

Human face analysis represents both art and science. In
order to assess the characteristics of human face, various
measurements are used, such as: anthropometry, cepha-
lometry and photogrammetry. Application of photo-
grammetry in orthodontics was first suggested by Stoner
who compared profiles before and after the orthodontic
treatment with ideal profiles [1]. Taking into consider-
ation ethnic characteristics, gender, and age, it becomes
clear that one culture’s concept of beautiful and accept-
able can be seen differently in other cultures [2, 3, 4]. By
measuring facial soft tissues, as well as dentofacial ratios,
standard reference values for different populations were
determined [5, 6].

A number of orthodontic patients is interested in
orthodontic therapy due to aesthetic disharmony. Such
problems are easiest to observe and analyze on photo-
graphs [7]. Photographs represent auxiliary diagnostic
method in orthodontics. They are used for proper diag-
nosis, treatment planning and treatment progress, track-
ing changes during growth and development, as well as
an aid in communication with the patient. Photographs
are also used for planning surgical treatment in ortho-
dontics. Photographs have to be taken in standardized

conditions, including predefined distance from lens to
the patient, as well as standardized head position during
imaging [8]. Photographs can also be used for educational
purposes and for research. Digital technology has become
an important element of clinical activities in orthodontic
documentation. Digital extraoral and intraoral photo-
graphs can be imported into the software and presented
together on the screen [9]. Photographs are part of proper
documentation and visual reference for tracking changes
in growth period. They are more understandable and self-
explanatory to patients compared to radiographic images.
Making measurements from photographs is less invasive
procedure for the patient and long lasting record that can
be accessed at a later time [10, 11].

Determining positions of anthropological points and
angles is necessary for precise determining deviation of
normal. Anthropological analysis allows obtaining valu-
able information of the face characteristics. Proper choice
and precisely determined reference points, regardless of
method of analysis (manually or by a software) is of ut-
most importance for obtaining the exact measurements
of angular and linear values [12].

The aim of this paper was to assess usability of com-
puter software for automated quantifying of linear mea-
surements of frontal face photography of the patient.
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Bosnia and Herzegovina; as.marijana@gmail.com



MATERIAL AND METHODS

Measurements were performed on the set of 20 frontal
face images in NHP (Natural Head Position) collected
from various sources: 4 photographs from FEI set [13],7
photographs of students of the University of Banja Luka
and 9 publically accessible photographs of the models (in
total 8 female and 12 male images). In order to make con-
ditions more realistic for the computer software, dimen-
sions of the photographs, position and relative face size
were not the same on all photos.

Measurement points were chosen to fulfill two crite-
ria: 1) most often used points in orthodontic analysis and
2) those that could be determined on two-dimensional
image. Measurement procedure and data analysis were
conducted based on the analysis performed by Bland and
Douglas [14].

Reference measurement was done as described: posi-
tions of the following points on every image were deter-
mined by an orthodontist: N (Nasion), Sn (Subnasale), Gn
(Gnation) and left and right Zg (Zigion). Measurements
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Figure 1. Work window of the computer software
Slika 1. Radni prozor kompjuterskog programa

Table 1. Summary of measurements
Tabela 1. Sumarni pregled rezultata merenja
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were repeated after one week. Based on those two mea-
surements, the average position of every point was calcu-
lated and used as a third set of data. Figure 1 demonstrates
the work window of used computer program.

After the initial manual measurements were done, the
same points’ positions were determined automatically
by custom-made computer program. The program uses
OpenCV (Open Computer Vision) [15] library for face
detection, dlib [16] library and the predictor [17] that
enables efficient detection of 68 reference points shown
on the Figure 2. Based on those points, it is possible to
determine positions of dependent points as well as re-
quired measurements. As all measurements were made
in pixels, which real size varies between photographs,
the program also calculates normalized values by divid-
ing measured vertical distances (upper and lower facial
height and total facial height) with bizygomatic distance
(facial width). This approach required establishing cor-
rect position of Zg points first and whether the calculated
values of bizygomatic distance were close to individually
measured.

Figure 2. Positions of automatically determined 68 points
Slika 2. Automatski odredeno 68 tacaka

. T-Test Orthodontist 1 Orthodontist 2
T Orthodontist Ortodont Program pvalue Ortodont 1 Ortodont 2
Merena velic¢ina MeanValue | o | MeanValue | . = T-Test Mean Value st dev. | Mean Value st. dev
Srednjavrednost |~ | Srednjavrednost | >~ | Pvrednost | Srednjavrednost | > " | Srednjavrednost |~ T
Bizygomatic distance 24138 37.89 24145 37.06 092 24120 37.72 24155 38.10
Bizigomati¢no rastojanje
Upper facial height
K 94.65 15.33 95.00 16.05 0.67 94.20 15.22 95.10 15.62
Nosni sprat
Lower facial height
R 117.40 25.96 116.70 23.76 0.35 117.30 25.96 117.50 26.00
Dentalni sprat
Facial height 212.05 38.96 21170 38.42 0.50 21150 38.67 212.60 39.33
Visina lica
Norm. upper facial height 3930 3.03 3933 235 0.92 39.15 3.15 30.44 3.05
Norm. nosni sprat
Norm. lower facial height
R 48.34 492 48.11 4.34 0.47 48.31 4.79 48.36 5.09
Norm. dentalni sprat
Norm. facial height 87.64 5.45 87.45 527 0.56 87.46 516 87.81 5.82
Norm. visina lica
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Obtained values were statistically analyzed and mean
values and standard deviations were calculated for direct
and normalized values. Paired two-tailed T-test was used
and conclusions were made.

RESULTS

Table 1 shows summary overview of measured values
with mean values, standard deviations and p values of
paired two-tailed T-test of average values measured by
the orthodontist and computer. Differences of mean val-
ues for directly measured values ranged from 0.03% for
bizygomatic distance, over 0.17% for facial height, 0.37%
for upper facial height and 0.6% for lower facial height.
Differences of means for normalized values ranged from
0.08% for upper facial height, over 0.22% for facial height
to 0.48% for lower facial height. P values strongly sug-
gested association between manually and automatically
obtained measurements for every parameter.

Table 2 shows differences of mean values obtained for
every measured parameters using manual (average of two
measurements) and computer approach. Mean values for
4 parameters were smaller for automatic measurements,
while values for 3 parameters were smaller for manual
measurements.

Figures 3 to 6 give graphical representation of mea-
sured values as follows: blue line represents the mean
values of two manual measurements, marks “+” and
“x” represent individual manual measurements and red
circles represent automatic measurements. There is no
qualitative difference between automatic and manual
measurements for observed set of samples, which is in
agreement with values in Tables 1 and 2. There is a high
level of correlation of measured values for bizygomatic
distance obtained manually and automatically (Figure 3).
Figure 4 shows measurements for facial height acquired
manually and by the computer software. Differences in
obtained values are minimal. Based on the Figure 5 that
represents measurements for lower facial height, it can be
seen that the differences are small while relatively larger
discrepancies are present only with extreme values. Also,
differences between manually and automatically obtained

Table 2. Differences of mean values
Tabela 2. Odstupanja srednjih vrednosti merenja

Measurement Prosram Orthodontist
Merenje 8 Ortodont
B!z_ygomath dlstanc_e ‘ 0.08 018
Bizigomati¢no rastojanje

Uppgr facial height 035 045
Nosni sprat

Lower fa'aal height -0.70 0.10
Dentalni sprat

F:?c'lal h'elght 035 055
Visina lica

Norm. upper facial height 003 015
Norm. nosni sprat

Norm. lower faFlaI height 022 0.03
Norm. dentalni sprat

Norm. fa.c'lal h.elght 019 017
Norm. visina lica

Bizrygomatic distance
Bizigomatitno rastojanje
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Figure 3. Bizygomatic distance
Slika 3. Vrednosti merenja za bizigomati¢no rastojanje
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Figure 4. Facial height
Slika 4. Vrednosti merenja za visinu lica

Lower facial height
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Figure 5. Lower facial height
Slika 5. Vrednosti merenja za dentalni sprat



values for upper facial height are minimal, except for ex-
treme values of measured parameters (Figure 6).

DISCUSSION

In clinical practice, but also in significant number of pa-
pers, one can observe the trend of automation of extraoral
examination through the use of digital imaging and soft-
ware that allows automatic calculation of various values
based on reference points determined by an orthodontist
[18-20]. Moshkelgosha et al. performed statistical analysis
based on 27 points and 43 calculated values on the sample
of 110 patients [18]. Aksu et al. analyzed the reliability of
reference points in photogrammetry based on 9 measure-
ments taken directly on 100 patients, as well as measure-
ments determined by computer using facial images. After
statistical analysis they concluded that reliability depends
on gender and measured parameters [19]. Milutinovi¢ et
al. compared standard and computer aided method of
analysis of profile cephalogram on the sample of 32 pa-
tients. They found no statistically significant difference
between the measurements obtained by the two methods
with significant advantages in efficacy with computerized
method [20].

On the other side, there is a widespread use of 3D scan-
ners that enable generating and analysis of three-dimen-
sional models of the patient’s face with the possibility of
automatic determining of the reference points for further
analysis [21].

Over the course of multiple years of research Deli et
al. identified problems related to automatic determining
of the facial indicators. When reference indicators were
projected on the faces or structured light approach used,
the biggest problem has been shown to be low contrast
between indicators and the skin of the patient [22]. There-
fore, they concluded that the use of photogrammetry and
multiple standard cameras were better solution compared
to other approaches such as laser scanning and structured
light [23]. The whole system included five precisely po-
sitioned digital cameras, predefined background with
coded markers and light system. Differences from refer-
ence measurements were under 1% that was considered
acceptable.

As indicator positioning directly on face is not an opti-
mal approach, Loconsole et al. developed a method based
on Microsoft Kinect device and custom made software
for automatic determining of 11 points on the face [24].
During the research they used three methods of measure-
ments — manually with digital two-pronged orthodon-
tic caliper, automatic measurement based on the single
recording and automatic measurement based on 100
successive recordings of the same face by averaging the
values. Based on performed analysis they concluded that
proposed method provided good results for nasion, sub-
ansale and left and right chelion. They identified problems
with automatic measurements of the points that included
palpation in manual measurements as well as the points
that could not be precisely positioned in two-dimensional
image (e.g. tip of the nose).
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The proposed method for automatic determining of
linear measurements of the face provided results com-
parable to measurements generated by standard manual
method with no statistically significant difference. There-
fore, it can be concluded that the use of automation in this
case did not deteriorate the exactness of measurements,
where on the other hand computer program was much
faster in measuring than an orthodontist. The software
is capable to position the points, calculate dependant
parameters and analyze them for the time that human
operator need just to select the image for analysis — about
one second. Also, taking digital images is far cheaper and
faster than generating 3D model of the face. Also patients
are more familiar with digital imaging than 3D scanning.

Keeping in mind rapid advances in information tech-
nologies and mobile computing systems, it is expected
in the near future to enable the smartphone or tablet for
rapid determining of facial parameters of the patient and
analysis of obtained data with improvements in interac-
tion and cooperation with the patient.

CONCLUSION

The results of this research suggest that it is possible to
ease, accelerate and automate the work of an orthodon-
tist in the image analysis by using adequate supporting
software without the significant differences in measured
values.
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KRATAK SADRZA)

Uvod Obavezan deo klinickog ekstraoralnog pregleda ortodontskog pacijenta je analiza lica (anfas i profil). Razvojem ra¢unarske
tehnike omoguceno je povecanje efikasnosti i olak$avanje rada ortodonata, ali i uvodenje automatizacije pojedinih koraka u orto-
dontskoj analizi. Cilj ovog rada je bio da se ispita mogucnost upotrebe programa za automatsko odredivanje linearnih velicina lica
na osnovu anfas fotografije pacijenta.

Materijal i metode rada Na uzorku od 20 fotografija ispitanika u NHP (Natural Head Position) polozaju uradeno je tri vrste merenja.
Obuceni ortodont je najpre odredio dva puta pozicije definisanih tacaka na digitalnoj fotografiji ispitanika sa pauzom od sedam
dana, a nakon toga su pozicije ovih tacaka odredene automatski upotrebom namenski razvijenog racunarskog programa. Na osnovu
dobijenih pozicija tacaka izracunate su vrednosti za bizigomaticno rastojanje, visinu nosnog i dentalnog sprata, kao i za visinu lica.
Dobijene vrednosti za tri vrste merenja su potom uporedivane i statisticki obradene.

Rezultati Statistickom obradom i uporedivanjem dobijenih rezultata uoceno je da namenski razvijen ra¢unarski program daje
vrednosti uporedive sa vrednostima merenja obucenog ortodonta. Statisticka obrada je ukljucivala ra¢unanje srednjih vrednosti i
standardnih devijacija, kao i sprovodenje uparenog obostranog T-testa. Odstupanja merenih velic¢ina su se kretala od 0,03% do 0,6%,
Sto predstavlja zadovoljavajudi rezultat i sugerise na opravdanu upotrebu automatske metode merenja.

Zakljucak Rezultati ovog istrazivanja sugerisu da je moguce olaksati, ubrzati i automatizovati rad ortodonata na analizi fotografija
pacijenata upotrebom pogodnih programa bez znacajnih odstupanja u vrednostima merenih velicina.

Kljucne reci: racunarska i standardna analiza; anfas snimak glave

uvoD

Analiza ljudskog lica predstavlja odredenu vrstu umetnosti i na-
uke. Za procenu karakteristika ljudskog lica koriste se razlicita
merenja kao $to su: antropometrija, kefalometrija i fotograme-
trija. Primenu fotogrametrije u ortodonciji je prvi put predloZio
Stoner, koji je poredio profile pre i posle ortodontskog tretmana
sa idealnim profilima [1]. Uzimajuéi u obzir etni¢ke karakte-
ristike i pol, kao i promene koje nastaju zbog starosti, postaje
jasno da ono $to se smatra lepim i prihvatljivim kao norma za
neke kulture, moZe biti razli¢ito za druge [2, 3, 4,]. Merenjem
lica, mekih tkiva, kao i dentofacijalnih odnosa, utvrdene su
normalne referentne vrednosti u razli¢itim populacijama [5, 6].

Najveci broj ortodontskih pacijenata zainteresovan je za or-
todontsku terapiju zbog postojanja estetske disharmonije. Takvi
problemi se najlak$e uoc¢avaju i analiziraju na fotografijama [7].

Fotografija predstavlja pomo¢no dijagnosti¢ko sredstvo u
ortodontskoj dijagnostici. Ona pomaze pravilnoj dijagnostici,
pomaze prilikom dono$enja odluke o planu terapije, vrlo je
pouzdana za pracenje toka terapije, za pracenje promena koje
nastaju tokom rasta i razvoja, te kao pomo¢ u komunikaciji sa
pacijentom. Fotografija se u ortodonciji koristi i pri planiranju
ortodontsko-hirur$kog le¢enja pacijenta. Fotografije moraju biti
pravljene pod standardizovanim uslovima, $to podrazumeva
odredeno rastojanje pacijenta od objektiva, te standardizovan
polozaj glave prilikom fotografisanja [8]. Pored ovoga, fotogra-
fije se mogu upotrebljavati u nastavne svrhe i kao temelj za da-
lja istrazivanja. Digitalna tehnologija iz dana u dan postaje sve
vazniji element u klinickim aktivnostima, tako da i u ortodonciji
raste upotreba digitalne tehnologije za ortodontske dokumen-
te. Digitalne ortodontske ekstraoralne i intraoralne fotografije
mogu biti odmah ubacene u programe i biti prikazane zajedno
na ekranu [9]. Fotografija predstavlja mnogo konvencionalniju

dokumentaciju i vizuelnu referencu za praenje promena koje
nastaju tokom rasta i razvoja. Pacijentima su pristupacnije i
puno razumljivije od radiografskih snimaka. Merenja na foto-
grafijama predstavljaju jednostavniju proceduru za pacijenta,
a takode pruzaju trajni zapis lica kojem se moze pristupiti i
kasnije [10, 11].

Merenja odredenih antropoloskih tac¢aka i uglova na licu je
neophodno za precizno odredivanje odstupanja od normalnog.
Obradom vrednosti nakon antropoloske analize dobijaju se po-
daci koji predstavljaju vredne informacije o karakteristikama
lica. Pravilan odabir i precizno odredivanje referentnih tacaka,
bilo da se analiza radi standardno ili ra¢unarski, od presudnog je
znacaja za ta¢nost dobijenih ugaonih i linearnih vrednosti [12].

Cilj ovog rada je bio da se ispita opravdanosti upotrebe pro-
grama za automatsko odredivanje linearnih veli¢ina lica dobi-
jenih na osnovu anfas fotografije pacijenta.

MATERIJAL | METODE

Merenja su izvrSena na skupu od dvadeset frontalnih fotografija
ispitanika u NHP (Natural Head Position) poloZaju prikupljenih
iz vi$e izvora: Cetiri fotografije iz FEI skupa [13], sedam fotogra-
fija studenata Univerziteta u Banjoj Luci, te devet javno dostu-
pnih fotografija modela, od ¢ega je na fotografijama prisutno
osam Zena i 12 muskaraca. U cilju ostvarivanja realnih uslova
za rad programa za automatsko odredivanje tacaka, dimenzije
fotografija, pozicija i relativna veli¢ina lica nisu bile iste na svim
fotografijama.

Tacke za merenje su odabrane tako da zadovoljavaju dva kri-
terijuma: najce$ce koris¢ene tacke u ortodontskoj analizi lica,
odnosno tacke koje je moguce odrediti na osnovu dvodimen-
zionalne fotografije.
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Procedura merenja i analiza rezultata su provedeni na osno-
vu analiza obavljenih od strane Blenda i Daglasa [14].

Referentno merenje je generisano na slede¢i na¢in: speci-
jalista ortopedije vilica je upotrebom namenskog programa
oznacio sledece tacke na svakoj fotografiji: N (Nasion), Sn
(Subnasale), Gn (Gnation), te levi i desni Zg (Zigion). Merenje
je ponovljeno nakon sedam dana. Na osnovu ova dva merenja
je izra¢unata srednja vrednost pozicije za svaku tacku, Sto pred-
stavlja tre¢u grupu podataka (Slika 1).

Nakon provedenih manuelnih merenja, iste tacke su odre-
dene automatski upotrebom namenski razvijenog programa.
Program za funkcionisanje koristi OpenCV (Open Computer
Vision) [15] biblioteku za detekciju lica na slici, dlib [16] bibli-
oteku i prediktor [17], koji omogucava efikasnu detekciju 68
referentnih tacaka (Slika 2). Na osnovu tih ta¢aka je mogude
odrediti lokacije zavisnih tacaka, kao i traZene veli¢ine. Kako su
vrednosti svih veli¢ina izraZene u tackama ¢ija realna veli¢ina
varira od slike do slike, pored direktnih vrednosti su izracunate
i normalizovane vrednosti, koje su dobijene tako $to je izvr$eno
deljenje izra¢unatih vertikalnih veli¢ina (visina lica i spratova
lica) bizigomati¢nim rastojanjem ($irinom lica). Ovaj pristup je
diktirao da je pre svih ostalih analiza neophodno bilo proveriti
dali je lokacija Zg tac¢aka pravilno odredena i da li su izracu-
nate vrednosti bizigomati¢nog rastojanja bliske individualno
merenim veli¢inama.

Dobijene vrednosti su nakon toga statisticki obradene i izra-
¢unate su srednje vrednosti i standardne devijacije za direktne
i normalizovane vrednosti. Nakon toga je proveden i upareni
dvostrani T-test.

REZULTATI MERENJA

U tabeli 1 prikazan je sumarni pregled merenih veli¢ina sa
srednjim vrednostima, standardnim devijacijama i vrednosti-
ma uparenog obostranog T-testa (p) sprovedenog na prose¢nim
vrednostima dobijenim od strane ortodonta i ra¢unara.

Kod direktno merenih vrednosti odstupanja srednjih vred-
nosti su se kretala izmedu 0,03% za bizigomati¢no rastojanje,
preko 0,17% za visinu lica i 0,37% za nosni sprat, odnosno 0,6%
za dentalni sprat. Odstupanja srednjih vrednosti od normali-
zovanih vrednosti parametara su se kretala od 0,08% za nosni
sprat, preko 0,22% za visinu lica i do 0,48% za dentalni sprat.

Dobijene vrijednosti (p) snazno sugeri$u povezanost ru¢no
merenih i automatski dobijenih vrednosti za svaki od merenih
parametara.

Odstupanja srednjih vrednosti dobijenih ru¢nim merenjem
i upotrebom programa za svaku od merenih veli¢ina u odnosu
na srednju vrednost dva ru¢na merenja prikazana su u tabeli 2.

Odstupanja srednjih vrednosti dobijenih ru¢nim merenjem i
automatskim merenjem su u Cetiri slu¢aja manja za automatski
merene vrednosti, a u tri slu¢aja manja kod ru¢no merenih
vrednosti.

Na slikama 3 do 6 grafi¢ki su prikazane dobijene vrednosti
merenja. Tako plava linija predstavlja srednje vrednosti ru¢-
nih merenja, oznake ,,+“ i ,,x“ predstavljaju pojedina¢na ru¢na
merenja, dok crveni krugovi predstavljaju automatski dobijene
vrednosti. Sa slika je vidljivo da ne postoji kvalitativna razlika
izmedu automatski i ru¢no dobijenih vrednosti za posmatrani
skup uzoraka.

Slika 3 pokazuje da postoji visok stepen poklapanja vred-
nosti bizigomati¢nog rastojanja dobijenih ru¢nim merenjem i
automatskim metodom, dok su na slici 4 prikazane vrednosti
za visinu lica dobijene ru¢nim i ra¢unarskim merenjem sa mi-
nimalnim odstupanjima.

Vrednosti merenja za dentalni sprat su ukazala na mala od-
stupanja, dok su veca odstupanja zabelezena samo za ekstremne
veli¢ine (Slika 5).

Odstupanja izmedu ru¢no i automatski dobijenih vrednosti
za nosni sprat su takode bila minimalna, osim za ekstremne
vrednosti (Slika 6).

DISKUSIJA

U klinickoj praksi je poslednjih godina u znacajnom broju pove-
¢ana primena racunara u procesu ekstraoralnog klinickog pre-
gleda primenom digitalnih fotografija i programa koji omogu-
¢avaju merenje i izra¢unavanje potrebnih vrednosti na osnovu
referentnih tacaka [18, 19, 20]. Moshkelgosha i saradnici su na
osnovu racunara i merenja 27 tacaka izracunavali 43 vrednosti
kod 110 ispitanika [18]. Aksu, Kaya i Kocadereli su ispitivali
pouzdanost referentnih udaljenosti na fotogrametrijama na
osnovu merenja devet veli¢ina direktno na licima 100 ispita-
nika, odnosno pomocu ra¢unara na fotografijama. Na osnovu
statisticke obrade rezultata zakljucili su da pouzdanost merenja
varira u zavisnosti od pola ispitanika i merenih veli¢ina [19].
Milutinovi¢ i saradnici su uporedivali standardni i ra¢unarski
metod analize profilnog telerendgen snimka glave na uzorku od
32 ispitanika. Na osnovu merenja i obrade rezultata zakljucili
su da nema statisticki znacajne razlike u vrednostima, ali uz
znacajne prednosti raunarske metode [20].

S druge strane, upotreba 3D skenera omogucava generisanje
i analizu trodimenzionalnih modela lica pacijenta na osnovu
odredivanja referentnih ta¢aka i vrednosti za analizu [21].

ViSegodisnjim istrazivanjima, Deli i saradnici su identifi-
kovali osnovne probleme vezane za automatsko odredivanje
markera na licu pacijenta. Pri upotrebi projektovane mreze re-
ferentnih markera na lice pacijenta ili upotrebe strukturisanog
svetla, najznacajniji problem je slab kontrast izmedu markera
i kozZe lica pacijenta [22]. U toku razvoja sistema autori su za-
klju¢ili da je upotreba fotogrametrije i veceg broja standardnih
fotografskih aparata pogodnije re$enje u odnosu na lasersko
skeniranje ili upotrebu strukturisanog svetla [23]. Sam sistem
se sastoji od skupa od pet digitalnih foto-aparata rasporedenih u
prostoru, pozadine sa kodiranim markerima i sistema za osvet-
ljenje. Odstupanja od referentnih merenja su lako prihvatljiva u
praksi, jer su iznosila do 1%.

Kako postavljanje markera na lice pacijenta nije optimalan
pristup, Loconsole i saradnici su razvili metod za upotrebu Mi-
crosoft Kinect uredaja i namenski razvijenih softvera za auto-
matsko odredivanje 11 ta¢aka na licu [24]. U okviru istraZivanja
kori$¢ena su tri metoda merenja — ru¢no (upotrebom digital-
nog dvokrakog ortodontskog $estara), automatskog merenja na
osnovu jednog snimka i automatskog merenja na osnovu 100
sukcesivnih snimaka istog lica. Autori su zakljucili da predlozeni
metod daje dobre rezultate za nasion, subnasale, stomion, te levi
i desni chelion. Identifikovani su problemi prisutni pri automat-
skom merenju tacaka koje nije moguce precizno pozicionirati
u prostoru na osnovu dvodimenzionalne slike (npr. vrh nosa).



Primenom programa za automatsko odredivanje linearnih
veli¢ina lica dobijene su vrednosti koje su uporedive sa vredno-
stima koje je generisao standardni metod merenja i nisu zabe-
lezena statisticki bitna odstupanja. Upotreba ra¢unara utice na
ta¢nost podataka, ali je brzina i efikasnost ove metode mnogo
veca. Naime, program je u stanju da izvrsi odredivanje tacaka, da
izra¢una izvedene vrednosti i izvr$i analizu istih za vreme koje
je ljudskom operateru potrebno samo za odabir fotografije za
analizu - reda veli¢ine jednog sekunda. Takode, prednost opi-
sanog reSenja u odnosu na 3D modele je u tome $to je pravljenje
digitalnih fotografija daleko jeftinije i brze od generisanja 3D
modela lica pacijenta. Ne sme se zanemariti ni ¢injenica da paci-
jentima fotografisanje ne predstavlja nepoznanicu, dok je proces
trodimenzionalnog skeniranja uglavnom nesto potpuno novo.

Stomatoloski glasnik Srbije. 2016;63(2):68-75

Imajuéi u vidu brzi razvoj informacionih tehnologija i pre-
nosnih rac¢unarskih uredaja, u skorijoj buducnosti se moze oce-
kivati i upotreba mobilnog telefona ili tablet uredaja za brzo
odredivanje parametara lica i analizu dobijenih rezultata uz
efikasniju interakciju i saradnju sa pacijentom.

ZAKYUCAK

Dobijeni rezultati ovog istrazivanja sugeri$u da primena pro-
grama za automatsko odredivanje linearnih veli¢ina lica znatno
olak$ava, ubrzava rad ortodonata u analizi fotografija pacijena-
ta. Upotreba odgovarajucih programa ne dovodi do znacajnih
odstupanja u vrednostima merenja traZenih parametara.
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SUMMARY

This paper analyzes mechanisms of fluorapatite mechanochemical synthesis and its structural characteristics. Several
studies of Jokanovic et al. published in appropriate journals and the book“Nanomedicine, the biggest challenge of the
21st century” are the base for this article. Characteristics of obtained materials show numerous biological advantages
associated with the specific structural design of material during the process of synthesis.

X-ray diffraction (XRD) and infrared spectroscopy with Fourier transform (FTIR) were used for studying the processes

of fluorapatite synthesis.

Keywords: fluoroapatite; mechanochemical synthesis; X-ray diffraction; infrared spectroscopy; low-temperature treat-

ment

INTRODUCTION

Fluorapatite (FA), chemical formula Ca (PO,),F, or
Ca, 0(PO 4) (18 the most stable, least soluble, and the hard-
est calcium orthophos mineral (Mohs hardness scale 5).
Such characteristics of fluoroapatite are associated to the
specific position of F-ions in the center of the Ca, trian-
gle and its crystal structure. The synthesis techniques are
similar to those of hydroxyapatite, but it should be noted
that synthesis of fluoroapatite involves the presence of
F- ions, which are transmitted into synthesis through CaF,
NaF or NH,E. Compared to hydroxyapatite (HA), which is
Ca-deficient, there are no data to suggest Ca-deficiency
of fluoroapatite. The chemical formula of fluorapatite is
Ca, (PO,) (EOH),as the most frequent modification of
OH'ions by Fions is not complete. Among all human cal-
cified tissues, the greatest concentration of fluorapatite is
found in bones, and the lowest in enamel. However, even
where there is the largest concentration of fluorapatite, the
amount of fluoride is usually reduced related to stoichio-
metric quantities. Due to its low solubility (degradation
rate), it is rarely used as a bone substitute.

Due to mechanical stability, its solubility is reduced
and proliferation of bone tissue is improved. Hydroxy-
apatite / fluorapatite (FHA / FA) has been used as clinical
restorative material in the recent years [1,2]. In addition,
FHA and HA / FA, are used in biomedicine as carriers of
drugs and catalysts or absorbents [3,4].

Compared to HA [1], FHA / FA has better thermal and
chemical stability [5, 6]. When a certain number of OH
groups in the HA matrix is replaced by Fions, thermal and
chemical stability of FHA / FA ceramics increases signifi-

cantly. Theoretically, the ratio F: OH > 1 within the chain
OH (in the FHA structure) would be sufficient to arrange
HA crystals, stabilizing their structure due to alternating
schedule of Fions among OHions.

In practice, materials that contain Fiions are widely
used for dental restorations as they prevent tooth decay
and reduce bacterial activity in an acidic environment.
In addition, Fions themselves favour mineralization and
crystallization of calcium phosphate during bone forma-
tion [7]. Furthermore, in vitro studies FHA / FA have in-
dicated its slow dissolution, better deposition layer as with
hydroxyapatite, better adsorption of the protein [6-8],and
similar or better cell attachment compared to pure HA [7,
9] as well as improved activity of alkaline phosphatase [6].

It has also ben shown that the presence of fluoride af-
fects the increase in quantity and quality of bone in body
[5]. Fluoride ion is used to treat osteoporosis because bone
mass increases with the application of F ions [9]. Fions
also stimulate the activity of osteoblasts, both in vitro and
in vivo. In addition, the mineral phase of enamel consists
of HA (95 - 97%) with from 0.04 to 0.07 wt. % Fluoride. A
dose of about 1.5-4 mg of fluoride per day significantly
reduces the risk of tooth decay [5]. In addition to FHA
and FHA phase, materials like CaF, are also important in
dentistry, because they can be used as reservoir of labile
fluoride in caries prevention [10-14].

Some studies have shown that dual delivery system
of (Fand Ca* ions) is necessary to allow homogeneous
nucleation and formation of very small crystals of CaF, in
the mouth. These amounts are very efficient in increasing
the deposition and retention of labile F- ions in the mouth,
while at the same time remineralization effect increases
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without consequent increasing of F-content [15-23]. Ac-
cording to the research of Jokanovic et al. [24] it was de-
scribed for the first time not only a specific method of
synthesis of fluorapatite, but also a synthesis of combined
system encapsulated in surface-active substance polyeth-
ylene vinyl acetate / versatate, which is a potential source
of labile CaF, phase. This is very important in order to
maintain a balance of F ions content and to improve
chemical and mechanical stability of the tooth.

For the synthesis of FHA / FA using precipitation, dif-
ferent methods are used like sol-gel, hydrolysis, hydro-
thermal method and solid phase reactions. They include
appropriate ion exchange between the reactants that
are used in the synthesis of FA [23-26]. Most chemical
methods require very precise control of parameters of the
synthesis process, product composition control and con-
trol of its characteristics, which is not so easy to achieve.
Therefore, those methods are not suitable for the synthesis
of FHA / FA on an industrial scale [27].

On the other hand, mechanochemical process is simple
method that takes place in the solid state, allows synthe-
sis of materials through the extremely efficient process
of mixing different ion types due to shear forces, which
using reduction of particle size and their alternating lay-
ers positioning improve thermodynamics and kinetic
reactions between different solid substance precursors.
In addition, compared to other above-mentioned pro-
cesses, this method is more suitable regarding economic
and technical sides because it enables mass production
of nanocrystalline powders and high flexibility of process
parameters [13].

The aim of this study was to present the method of
synthesis of Nano powders fluorhydroxyapatite / fluor-
apatite using the method of mechanical alloying. Milling
parameters such as speed of rotation, diameter, number
of spheres, and weight ratio of the dust-spheres were con-
stant, while the influence of milling time on phase compo-
sition was carefully defined. The kinetics and mechanism
to obtain FHA / FA and other transitional phases were
examined using XRD and FTIR spectroscopy.

MECHANISMS OF FLUORAPATITE SYNTHESIS

The mechanisms of fluorapatite synthesis are shown in
the case of the most commonly used precursors such as
calcium hydroxide Ca(OH),, phosphorus pentoxide PO,
and calcium fluoride CaF, (synthesis 1) and calcium hy-
droxide Ca(OH),, phosphorus pentoxide P,0, and ammo-

2°5
nium fluoride NH F with the addition of surface-active

substance vinyl ace%[ate / versatate (EVA / AVV) (synthesis
2).Both mechanisms are carried out through the series of
processing steps that can be analyzed using IR spectrosco-
py and X-ray diffraction [24]. It was noted that each phase
is followed by certain degree of transformation of starting
reactants in fluorhydroxyapatite with smaller segments
of OH groups and larger segments of Fions instead of
OH groups, until complete transformation of fluorapatite
is finished. Generally, the reaction is carried out with an
incomplete stoichiometry where x is thevalue that defines
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deviation from complete symmetry and can be found in
the interval x <x<
Ca,,(PO,), (CO,) (PO, (OH),, , (F)

, Ly T(2-2x )HF —
Ca (PO 4)l_y(CO3)y (PO,).(OH)

Lol T (2-x) HE + H,0;
where X, maximum valueis 1 and X, minimum value is 0.
So, the summary reaction in the reaction with total
stoichiometry would be:
9 Ca(OH)z_zy(CO3)y +3P0, + CaF, —
Caw(PO4)1_y(CO3)y (PO,).F, +9H,0; x=1

Based on X-ray diffraction, it was found that after only
1h of mechanochemical treatment, amorphization had
occurred.

Due to extremely high concentration of mechanical
strain on a very small contact surface (the contact that
is realized in mutual globe collision or in globe collision
with the surface of the inner lining) conditions are gen-
erated for the emergence of high shear stresses in a rela-
tively small contact surface. Thus, the size of tension strain
depends primarily on the diameter of spheres used in
mechanochemical treatment (the size of the contact por-
tion of a sphere indentation deformation in a crash) and
the speed collision. Simultaneously, strain transfer leads
to mechanical activation of the system and highly resilient
flow that follows intense chemical and phase changes in
the material (reaction shift, mixing ionic types, creating
new phase, etc.). These changes can be such that mate-
rial during the relaxation time partly suffers reversible
deformation (highly resilient flow) or can be entirely ir-
reversible when creeping material mechanism dominates.

The tension of critical deformation depends on the sys-
tem exposure time to deformation (the number of sphere
blows), in other words the number of pressure cycles, so
that with time, the tension which provokes critical defor-
mation demolition/formation of fissures and new areas,
has less and less value, leading to larger amorphousness
of the system. The process of mechanical activation in
which water appears as a reaction product, is additionally
accelerated by facilitating the transport of adequate ion
types to places that correspond to the minimum of free
energy of the system.

In this case, because of the exceptional hydrophilicity
of P,0,, immediately upon its adding to other reactive
substances, the process creates phosphorous acid (P,0_+
3H,0—2H,PO,), which then reacts with Ca(OH), , (CO3)y
and creates Ca(HPO 4)1_y(C03)y(carbonate calcium Yhydro-
gen phosphate).

After 4h of milling, the distinctive HPO 42’ start to
vanish intensively and 5h after completely disappears,
while the band on 963 cm™!, appears (carbonate calcium
efficienthydroxide fluorapatite) (Figure 1). Simultane-
ously, during the whole process, CaF, dissociates and F
ions that enter into reactionare created with calcium de-
ficient hydroxide fluorapatite until the formation of its
final chemical form. Finally, on previously mechanically
treated samples during the period of 6 and 9 hours, and
their afterwards thermic treatment on 1100°C, the bands
belonging to CO,*disappear on 1420 and 1455 cm™. In
samples mechanically treated for 6 hours one band ap-
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Figure 1. FTIR spectrum of untreated and mechanochemically
treated mixture of Ca(OH),-P,0,~CaF,

Slika 1. FTIR spektar netretirane i mehanohemijski tretirane smese
Ca(OH),-P,0,~CaF,
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Figure 2. Refined XRD fluorapatite obtained after 9 hours of mecha-
nochemical treatment
Slika 2. Utacnjeni XRD fluorapatita dobijenog mehanohemijskim
tretmanom tokom 9 h
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pears on 630 cm™ indicating that exchange between fluor
and hydroxide group was not completed. The band on 726
cm that belong to F ions, is constantly present during the
whole process demonstrating that F coordination is not
significantly changed through the process of F transfer
from CaF, into calcium hydroxide fluorapatite.

The rate of deprotonation of HPO,*and ion exchange
of OH and Fregulate the rate of formation of fluorapatite
in all stages of the process. The process of dissociation of
calcium fluorite occurs through the process of chemical
etching of its particles, within the defects of the system
(open surfaces, corrosion pits, dislocations, dislocation
loops, vacancies), and tears Ca?*ions away from these
places, leaving exposed Fiions which are carried by water
molecules andthen transported to places that correspond
to a given fluctuating concentration gradient / concentra-
tion gradient of the local surface.

This indicates that it is realistic to assume that reac-
tions in larger and smaller initial particles of the system
take place in different ways and at different time intervals
reach equilibrium conditions for the final reaction of flu-
orapatite formation. The reaction on the surface of large
particles probably runs immediately after the begining of
the mechanochemical treatment, while the cores that are
still associated to given initial reactants remained in the
depth of the particles. The morphology of the particles,
which even in the remote stages of the treatment (4-6
hours) remains the same, testifies that the reactions in
every particle / particle group advance individually. The
reaction in smaller particles proceeds quickly, and in me-
dium and large particles it progresses with full intensity
along the newly created paths (new surface areas, the
border of the crystallites / block mosaics, etc.), until the
reaction of conversion of the calcium hydroxyfluorapatite
into the fluorapatite is fully implemented, as it is shown
on the refined XRD spectrum (Figure 2).

Figure 3 shows the nearest neighbours of F ion in the
structure of carbonate fluorapatite. It is noted that there
are three CalI** located near F ion at a distance of 2.3 A.

Figure 3. a) The closest neighbours of F- ion in the carbonate fluoroapatite structure; b) Fragment of crystal lattice compared with a unit cell
Slika 3. a) Najblizi susedi F- jona u karbonatnoj fluoroapatitnoj strukturi; b) Fragment kristalne ¢elije uporeden sa jedini¢nom celijom
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Figure 4. FTIR spectrum of mechanochemically treated mixture of Ca(OH)2-P205-CaF2 for various milling times: a) 6 hours, and b) 9

hours after and before thermal treatment

Slika 4. FTIR spektar mehanohemijski tretirane smese Ca(OH)2-P205-CaF2 za razlic¢ita vremena mlevenja: a) 6 ¢asova i b) 9 ¢asova posle

i pre termickog tretmana

These Call** ions form the vertices of an equilateral tri-
angle with F ion in the center. There are three Call**, P**,
and O ions in the second coordination sphere, which mu-
tually form the vertices of triangles. The distance between
F-and P°* is 3.6 A, and between P5* and 0*(1) is 3.9 A.
There are O*(3) ions above and below the plane contain-
ing F and CalI**. The oxygen ions occupy the vertices of
a dodecahedron. The distance between F and O*(3) ions
is 3.1 A, whereas between P> and 0*(3) ions it is 1.5 A.
Figure 2 shows a fragment of the crystal lattice compared
with the unit cell. According to the research of Pandaet
al.CalII** has larger atomic size compared toCal**. When
OH ions are substituted with F, there is greater distortion
in the structure due to the larger size of the ionic radius of
F. At the end of the mechanochemical synthesis process,
Fion occupies large space in the center of the latticeform-
ing a stable fluorapatite structure.

According to the research of Jokanovicet al. [24] (OH,
F),in addition to the three types of [OH], the chain of apa-
tite also contains the fourth type with different vibrational
energies. It is observed in this study that if the criteria for
displacement of free vibration OH is taken as the criteria
for quantifying the changes of OH" with F, then it is in-
dicated that about 50% of OH" groups are modified with
F, while the system, with almost completely changed OH-
groups with F- (for pure fluorapatite), provides the value of
the wave number of 758 cm™ (Figure 4 and Table 1).

THE METHOD OF SYNTHESIZING WITH
ADDITIONAL LOW-TEMPERATURE THERMAL
TREATMENT

Another method of mechanochemical synthesis using the
precursorsCa(OH)., PO, NHF and surfactant of vinyl
acetate / versatate, shows that mechanochemical process
only can not form fluorapatite. That is why it is necessary
to carry out an additional low-temperature treatment.

Table 1. Assignment of IR absorption bands
Tabela 1. Asignacija IR apsorpcionih traka

Sample
] Uzorak
FA(e=Gh) | FA(e=oh) | A= g)h' (S g)h'

v,(O-H) 3430 3430 3430 3430

2926 2926 2926 2926
5(0-H) 1626 1626 1626 1626
v,(CO.) 1455 1455
v,(CO.) 1420 1420
v,(PO) 1092 1092 1093 1093
va(POf’) 1046 1042 1043 1043
v,(PO%) 963 962 963 963
v(F) 726 726 726
v,(O-H) 630
v,(PO.>) 603 603 603 603
v,(PO.>) 571 571 571 571
v,(PO2) 473 473 473 473

FTIR method (Figure 5) proved to be the most suitable
method for monitoring the synthesis. In order to obtain
complete picture of phase transitions that occur in materi-
als during mechanochemical and low-temperature treat-
ment, the method of X-ray diffraction [23] can be used
in addition to FTIR method.

XRD spectra of samples (Figure 6) show very intense
peaks of portlandite (P), while f-Ca,P,0,(CP) peaks are
also visible. In addition, CaCO, (C) and CaF, (CF) peaks
are strongly emphasized. All the characteristic diffraction
peaks for FA are almost negligible, and some of them ab-
sent [29].

After 5 minutes of milling, the most intense peaks be-
long to Ca(OH),, and typical peaks for -Ca,P 0., CaF,
and CaCO, are clearly visible. The peak corresponding
to Ca(OH), is clearly visible and shows low rate of reac-
tion for forming fluorapatite. Consequently, the amount
of synthesized FA in the mixture is negligible.
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Figure 5. FTIR spectrum of Ca(OH),-P,O,-NH F mechanically treat-
ed mixture: 1 — 5 minutes, 2 — 20 minutes, 3 — 35 minutes, 4 — 1
hours, 5 - 2 hours, 6 — 3 hours, 7 — 4 hours, 8 — 6 hours, 9 — 8 hours,
A-C - thermally treated

Slika 5. FTIR spektar Ca(OH),-P,0.-NH,F smese mehanicki treti-
rane: 1 -5min, 2 -20 min, 3 -35min,4-1h,5-2h,6-3h,
7-4h,8-6h,9-8h, A-C — termicki tretirane

There were identified changes in the structure from
amorphous to crystalline, for all thermally treated sam-
ples. The typical peaks of FA confirmed transformation
that took place in almost all samples (Figure 7). The
amount of residual CaCO, and CaF, was still significant
only in the sample milled for 5 minutes. The emphasized
peaks of these phases indicate that parts of the samples
remained unchanged, despite the high energy involved in
the mechanochemical treatment during the preparation
of the precursors mixture (Figure 7a).

As shown in Figure 7 a-c, clearly emphasized and sharp
peaks typical for FA are present as a result of an adequate
mixing of samples for 2 hours and particularly milling
for 8 hours. The sample milled for 5 minutes shows that
the transformation of the reaction mixture in flourapatite
was only partial, despite the thermal treatment at 550°C
for 3 hours. In addition to FA peaks, there are also CaCO,
and CaF peaks. This proves that even though the inside
of the micelle of a surfactant contains the components of
the building blocks of precursors phase that can be easily
transformed into the pure fluorapatite, they still remain
unchanged.

On the contrary, the mixture that was milled for at least
2 hours and additionally thermally treated for 3 hours is
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Figure 6. XRD spectrum of Ca(OH),-P,O,-NH F mechanically treat-
ed mixture: 1 — 5 minutes, 2 — 20 minutes, 3 — 35 minutes, 4 — 1
hours, 5 -2 hours, 6 — 3 hours, 7 — 4 hours, 8 — 6 hours, 9 — 8 hours
Slika 6. XRD spektar Ca(OH),-P,O,.-NH, F smeSe mehanicki treti-
rane: 1= 5min, 2 -20min,3-35min,4-1h,5-2h,6-3h,
7-4h,8-6h,9-8h

completely transformed into the pure fluorapatite. Similar
was for a sample that was milled for 8 hours. The peak cor-
responding to FA only moves towards the greater angles
of diffraction. This means that the content of OH groups
was reduced during the milling of the sample and that FA
finally became predominant phase (possibly mixed with
a small amount of hydroxyapatite).

REACTION MECHANISM

During 5 minutes and 2 hours of milling, the reactions
in which - Ca,P,0, and CaF, are formed are dominant,
while Ca(OH),part remains unchanged. This has a strong
influence on the synthesis rate of FA, which is very slow
and cannot be completed only by milling (even after 8
hours of milling). This low rate comes from a very slow
diffusion and rearrangement of certain ions that are nec-
essary for FA formation. The exchange and incorpora-
tion of Ca** ions in - Ca, , P, and Ca F,
pre-formed cells is strongly 1nhli)1ted <by the presence o
EVA/EVV. Therefore, in order to provide bigger reaction
rate of formation of FA, crystal structure of B- Ca, | P,

0,,,and Ca must firstly be transformed to amor.
phous by adciltlonal milling (2 - 8 hours). This procedure
provides good mixing, which reduces the diffusion paths
of different ions.

The second stage of the formation of FA started after
low temperature treatment of the samples at 550°C for
3 hours. In this step, according to certain researches, the
reactions can be initiated on the surface of the dominant
phase B- Ca PO, through the surface diffusion of addi-
tional Ca?* and Fions in its volume. According to the dif-
fraction peaks, it is evident that the process of formation
of FA during these thermal treatments is very intense. The
only exception was a sample milled for 5 minutes. Despite
conducted thermal treatment, short milling time was not
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Figure 7. XRD spectra of Ca(OH),-P,O.-NH, F mixture after different milling times: a) 5 minutes, b) 2 hours, c) 8 hours

Slika 7. XRD spektri Ca(OH),-P,O,
enough to obtain a single-phase system (FA). However, the
milling of at least 2 hours led to the formation of pure FA
phase. The presence of almost negligible peaktypical for
B- Ca,P,0, proves that this milling time is the border time
for obtainingthe single-phase FA.

It is important to emphasize that, no matter how long
the samples were milled; this reaction wouldn’t be pos-
sible without the thermal treatment. With the extended
milling time (up to 3 hours or more), the system became
amorphous. The reaction did not progress even during the
longest milling time (8 hours), which was confirmed by
XRD. The progress was observed only in the amorphous
samples (milled for at least 2 hours), which were subjected
to subsequent thermal treatment. The mechanism of the
process, which took place during milling, was possibly
significantly activated by the water present in Ca(OH),
The explanation provided by some researchers shows
that smaller Ca(OH), particles, during milling under the
influence of shearing forces, tend to grow, causing further
disintegration [29-31], so that the exchange of different
ion species becomes more efficient.

During milling, the distortion of Ca**-O polyhedra is
much more prominent in comparison with P>*-O tetra-
hedra. The distortion led to displacement of cations from
the center of its coordination sphere. It has a strong im-
pact on the diffusion rate of the remaining amount of
Ca’* and F ions and consequent destruction of f-Ca,P,0,
during milling. Thus, the “empty” space in 3-Ca,P,0.is
increasinglyfilled with these ions, untilB-Ca PO, cell is
completely destroyed. It should be noted that the capacity
of dissolution of Ca** and F ions within -Ca,P,0. is very
high. Accordingly, the smaller size of CaF , and especially
Ca(OH), crystallites is suitable for further propagation
reaction of the formation of FA. Although crystallization
of amorphous phase cannot be achieved through milling,
the distribution of ions provides very rapid crystallization
of the samples in FA in the next step of a very low thermal
treatment (at 550 °C for 3 hours).

Therefore, it seems that there is enough space within
B-Ca,P,0. structure for F- anions to be placed in large
gaps, and within the network of calcium and phosphate
ions. In addition to F ions, very small Cannanoparticles
are placed randomly in the gaps within $-Ca P 0. lattices,

-NH_F smese nakon razli¢itih vremena mlevenja: a) 5 min, b) 2 h,c) 8 h

which produce significant changes in its symmetry, caus-
ing the corresponding chemical changes responsible for
the transformation of mixture into fluorapatite during the
next thermal treatment. This treatment can significantly
accelerate the processes of diffusion, causing degradation
of EVA/EVV micellar cages and supporting small ion re-
distribution by distortion in p-Ca,P,O, structure induced
by shear forces, until the final transformation of the mix-
ture into fluorapatite.

CONCLUSION

Mechanochemical process of fluorapatite synthesis is
based on the use of two kinds of precursors: calcium
hydroxide, phosphorus pentoxide and calcium fluoride,
or calcium hydroxide, phosphorus pentoxide and am-
monium fluoride with the addition of surfactant vinyl
acetate/verstat. On the basis of XRD and FTIR analysis it
was observed that fluorapatite has significant advantages
in comparison with hydroxyapatite. These benefits are re-
lated to its greater stability, lower solubility and especially
better protection against cavities.
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KRATAK SADRZA)

U radu su analizirani mehanizmi mehanohemijske sinteze fluorapatita i njegove strukturne karakteristike. Sustinu istrazivanja ¢ine
istrazivanja V. Jokanovica i saradnika objavljena u odgovaraju¢im ¢asopisima i knjizi Nanomedicina, najveci izazov 21. veka. Karak-
teristike dobijenih materijala pokazuju njihove brojne bioloske prednosti, koje su povezane sa specifi¢nostima strukturnog dizajna

materijala tokom procesa sinteze.

Kao osnove za proucavanje procesa sinteze i mehanizma nastajanja fluorapatita kori$¢ene su metode rendgenske difrakcije (XRD)

i infracrvene spektroskopije sa Furijeovom transformacijom (FTIR).

Kljucne reci: fluoroapatit; mehanohemijska sinteza; difrakcija X zraka; infracrvena spektroskopija; tretman niskom temperaturom

uvoD

Fluorapatit (FA), hemijske formule Ca (PO,),E ili Ca, (PO,) E,,
najstabilniji je, najmanje rastvorljiv i najtvrdi kalcijum-ortofos-
fatni mineral (tvrdo¢a po Mosu 5). Takve osobine fluorapatita
povezane su sa specificnom pozicijom F- jona u centru Ca, trou-
gla, njegove kristalne strukture. Tehnike sinteze su slicne kao kod
hidroksiapatita, s tim $to sinteza podrazumeva prisustvo F jona,
koji se unose u sintezu preko CaE NaF ili NH,E Za razliku od
hidroksiapatita (HA) deficijentnog kalcijumom, nema podataka
o fluorapatitima deficijentnim kalcijumom. Hemijska formula
fluorapatita je Ca, (PO,) (EOH),, zbog toga $to najcesce izme-
na OH jona F jonima nije potpuna. Medu svim kalcifikovanim
tkivima Coveka, najveca koncentracija fluorapatita nadena je u
kostima, a najmanja u zubnoj gledi. Ipak, ¢ak i tamo gde je najveca
koncentracija fluorapatita, koli¢ina fluorida je najée$¢e smanjena
u odnosu na stehiometrijsku koli¢inu. Zbog svoje slabe rastvor-
ljivosti (brzine degradacije) retko se koristi kao zamenik kostiju.

Poslednjih godina fluorohidroksiapatit/fluorapatit (FHA/
FA) koristi se u klini¢koj restauraciji, jer mu je zahvaljajuci
mehanickoj stabilnosti smanjena rastvorljivost i unapredena
proliferacija Celija kostanog tkiva [1, 2]. Pored toga, HA i FHA/
FA se koriste u biomedicini kao nosaci lekova ikatalizatora i
adsorbensi [3,4].

Takode, FHA/FA ima bolju termicku i hemijsku stabilnost
od HA [1]. Ovaj fenomen je opisao Elliott sa saradnicima [5,
6]. Kada se odredeni broj OH" grupa u HA matriksu zameni
jonima F, termicka i hemijska stabilnost FHA/FA keramika
znacajno raste. Teorijski, odnos F:OH > 1 unutar OH lanaca (u
FHA strukturi) bio bi dovoljan da uredi HA kristale, stabilisuci
njihovu strukturu zahvaljuju¢i naizmeni¢nom rasporedu F-jona
izmedu OH jona.

U praksi se materijali koji sadrze jone F $iroko koriste za sto-
matoloske restauracije, jer sprec¢avaju razvoj karijesa i smanjuju
bakterijsku aktivnost u kiseloj sredini. Pored toga, sami F-joni
favorizuju mineralizaciju i kristalizaciju kalcijum-fosfata tokom
formiranja kosti [7]. Osim toga, in vitro istrazivanja FHA/FA
ukazala su na njegovo sporo rastvaranje, bolje taloZenje sloja
sli¢nog hidroksiapatitu, bolju adsorbciju proteina [6-8] i upo-
redivo ili bolje vezivanje Celija u poredenju sa ¢istim HA [7, 9],
odnosno pobolj$anu aktivnost alkalne fosfataze [6].

Takode je pokazano da prisustvo fluorida uti¢e na povecanje
koli¢ine i kvaliteta kostiju u organizmu [5]. Fluoridni jon se ko-
risti za le¢enje osteoporoze, jer kostana masa raste sa primenom
Fjona [9],a F joni stimuli$u aktivnost osteoblasta, i u in vitro
iu in vivo uslovima. Osim toga, mineralna faza zubne gledi
sastoji se od HA (95-97%) sa 0,04-0,07 tez. % fluorida. Doza
od oko 1.5-4 mg fluorida dnevno znadajno smanjuje rizik od
karijesa [5]. Pored FHA i FHA faza, materijali sli¢ni CaF, takode
su znacajni u stomatologiji, jer mogu da se koriste kao rezervo-
ari labilnog fluorida u prevenciji karijesa [10-14].

Neke studije su pokazale da je dvostruki sistem isporuke F i
Ca?" jona neophodan da se omogu¢i homogena nukleacija i for-
miranje vrlo malih CaF, kristala u ustima. Ove koli¢ine su veoma
efikasne u povecanju taloZenja i zadrzavanju labilnih F-jona u
ustima, uz istovremeno povecanje efekata remineralizacije, bez
konsekventnog pove¢anja F sadrzaja [15-23]. Zbog toga je u istra-
zivanjima V. Jokanovica i saradnika [24] prvi put opisan ne samo
specifi¢an nadin sinteze fluorapatita ve¢ i sinteze kombinovanih
sistema inkapsuliranih u povrsinski aktiviu supstancu polietilen
vinil acetat/versatat, koja je potencijalni izvor labilne CaF, faze.
Ovo je veoma vazno za odrZavanje ravnoteZe sadrZaja jona F ali
i za unapredenje hemijske i mehanicke stabilnosti zuba.

Za sintezu FHA/FA, kao $to je precipitacija, koriste se razli-
¢ite metode, kao $to susol-gel, hidroliza, hidrotermalna metoda,
kao i ¢vrsto fazne reakcije, koje podrazumevaju odgovarajuéu
izmenu jona izmedu reaktanata, koji se koriste u sintezi FA [23-
26]. Vec¢ina hemijskih metoda zahteva vrlo preciznu kontrolu
parametara procesa sinteze, sastav proizvoda i njegove osobine,
$to nije tako lako posti¢i, pa zato navedene metode nisu pogod-
ne za sintezu FHA/FA na industrijskoj skali [27].

S druge strane, mehanohemijska obrada, kao jednostavna
metoda koja se odvija u ¢vrstom stanju, omogucava sintezu ma-
terijala kroz izuzetno efikasan proces mesanja razlicitih jonskih
vrsta, zahvaljujuci silama smicanja, koje redukcijom veli¢ine
Cestica i njihovim naizmeni¢nim slojevitim pozicioniranjem
poboljsavaju termodinamiku i kinetiku reakcija izmedu razli-
¢itih prekursora ¢vrste supstance. Osim toga, u poredenju sa
drugim gorenavedenim procesima, ovo je pogodnija metoda i
sa ekonomske i sa tehnicke tacke gledista, jer omogucava ma-
sovnu proizvodnju nanokristalnih prahova i veliku fleksibilnost
procesnih parametara [13].
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Zbog toga, cilj ovog rada je bio da se predstavi sustina me-
tode sinteze nanopraha fluorhidroksiapatita/fluorapatita me-
todom mehanickog legiranja.

Parametri mlevenja, kao $to su brzina rotacije, pre¢nik i broj
kugli, maseni odnos kugle—prah, bili su konstantni, dok je uti-
caj vremena mlevenja na sastav faze veoma pazljivo odreden.
Kinetika i mehanizam reakcije za dobijanje FHA/FA i druge
prelazne faze su ispitivani koriste¢i XRD i FTIR spektroskopiju.

MEHANIZMI SINTEZE FLUORAPATITA

Tipi¢ni mehanizmi sinteze fluorapatita prikazani su na
primeru najce$ce primenjivanih postupaka mehanohemijske
sinteze iz naj¢e$ce kori$c¢enih prekursora kao sto su kalcijum-
hidroksid - Ca(OH),, fosfor-pentoksid - P,0, i kalcijum-fluorid
- CaF, (sinteza 1) i kalcijum-hidroksid — Ca(OH),, fosfor-pen-
toksid - P,0,, i amonijum-fluorid - NH,F uz dodatak povrsin-
ski aktivne supstance vinil acetat/versatata (EVA/AVV) (sinteza
2). Oba mehanizma odvijaju se kroz niz procesnih faza, koje je
moguce pratiti na adekvatan nacin prvenstveno primenom IR
spektroskopije i rendgenske difrakcije [24]. Na osnovu rezultata
izvedenih analiza uo¢eno je da svaku fazu prati odredeni stepen
transformacije polaznih reaktanata u fluorhidroksiapatit, sa sve
manjim i manjim udelima OH" grupe i sve ve¢im i ve¢im ude-
lima jona F umesto OH- grupe, sve do potpune transformacije
sistema u fluorpatit.

Reakcija se u osnovi odvija sa nepotpunom stehiometrijom,
pri ¢emu se vrednost x, koja defini$e odstupanje od potpune
simetrije, nalazi u intervalu x <x<x,

Ca,,(PO,), (CO,) (PO,), (OH), ., (F),  +(2-2x )HF —
Ca, (PO,), (CO,) (PO,),(OH), F, +(2-x) HF + H,0;

pri ¢emu x, moZe imati maksimalnu vrednost 1,a x, minimalnu
vrednost 0.

Dakle, sumarna reakcija, kod reakcije sa potpunom stehio-
metrijom, imala bi oblik:

9 Ca(OH), , (CO,), + 3P,0, + CaF,— Ca (PO,), (CO,)
(PO,).F, + 9H,0; x=1

Na osnovu rendgenske difrakcije utvrdeno je da je ve¢ posle
1 h mehanohemijskog tretmana doslo do amorfizacije sistema/
meSavine.

Naime, zbog izuzetno visoke koncentracije mehanickih napre-
zanja na veoma maloj povr$ini kontakta (kontakt koji se ostvaru-
je pri medusobnom sudaru kugli ili sudaru kugli sa povr§inom
unutra$nje obloge), ostvaruju se uslovi za nastajanje visokih
smicajnih naprezanja na relativno maloj povrsini kontakta. Pri
tome veli¢ina napona deformacije zavisi prvenstveno od pre¢nika
kugli koje se koriste kod mehanohemijskog tretmana (veli¢ina
kontaktne kalote utiskivanja deformacije pri sudaru) i brzine
sudara. Istovremeno sa procesom prenosa deformacije dolazi do
mehanicke aktivacije sistema i visokoelasti¢nog toka, koji prati
intenzivne hemijske i fazne promene unutar materijala (reakcije
izmene, mesanja jonskih vrsta, nastajanja novih faza itd.). Ove
promene mogu biti takve da materijal tokom relaksacije delimic-
no trpi povratnu deformaciju (viskoelasti¢ni tok), ili su pak u ce-
losti nepovratne, kada dominira mehanizam puzanja materijala.

Napon kriti¢ne deformacije zavisi od vremena izlaganja si-
stema deformaciji (broja udara kugli), odnosno broja ciklusa

opterecenja, tako da vremenom napon koji izaziva kriti¢nu
deformaciju razaranja/formiranja pukotina i novih povrsina
ima sve manju i manju vrednost, $to vodi sve vecoj amorfizaciji
sistema. Proces mehanicke aktivacije u sistemima u kojima kao
reakcioni produkt nastaje voda dodatno je ubrzan time $to je
olaksan transport odgovarajucih jonskih vrsta na mesta koja
odgovaraju minimumu slobodne energije sistema.

U ovom slucaju, zbog izuzetne hidrofilnosti P,0, odmah po
njegovom dodavanju ostatku reakcione smese dolazi do nastan-
ka fosforne kiseline (P,0,+ 3H,0—2H,PO,), koja potom reagu-
jesa Ca(OH)Z_Zy(C03)y i nastaje Ca(HPO 4)1.Y(C03)y (karbonatni
kalcijum-hidrogenfosfat).

Nakon 4 h mlevenja karakteristi¢ne trake za HPO,* pocinju
intenzivno da i$¢ezavaju, a nakon 5 h potpuno i$¢ezavaju, a po-
javljuje se traka na 963 cm™ (karbonatni kalcijum-deficijentni
hidroksifluorapatit) (Slika 1). Istovremeno tokom celog procesa
dolazi i do disocijacije CaF,, pri ¢emu nastaju joni Fkoji tokom
celog procesa ulaze u reakciju sa deficijentnim kalcijum-hidrok-
sifluorapatitom sve do formiranja njegove kona¢ne hemijske
forme. Napokon, na uzorcima koji su termicki tretirani na
1100°C, a prethodno mehanicki tretirani 6 i 9 h i§¢ezavaju tra-
ke na 1420 i 1455 cm™, koje pripadaju CO,*, a kod uzorka koji
je mehanicki tretiran 6 h pojavljuje se traka na 630 cm™, koja
govori da nije doslo do kraja reakcije izmene fluora i hidrok-
silne grupe. Traka na 726 cm™ pripada jonima F i konstantno
je prisutna tokom celokupnog procesa, $to govori o tome da se
kordinacija F- ne menja bitno kroz sam proces transfera F iz
CaF, u kalcijum-hidroksifluorapatit.

Brzina deprotonizacije HPO,* i jonske izmene OH i F re-
guliu brzinu nastajanja fluorapatita u svim fazama procesa.
Proces disocijacije kalcijum-fluorita odvija se kroz proces he-
mijskog nagrizanja njegovih Cestica, u okviru defekata sistema
(otvorene povrsine, jamice nagrizanja, dislokacije, dislokacij-
ske petlje, vakancije), ¢cime se otkidaju joni Ca** sa tih mesta
ostavljajuci ogoljene jone F koji se tek u tom trenutku noseni
molekulima vode transportu}u na mesta koja odgovaraju datom
fluktuacionom koncentracionom gradijentu / koncentracionom
gradijentu lokalne povrsine.

To ukazuje da je realno pretpostaviti da se reakcija u ve¢im
i manjim polaznim Cesticama sistema odvija na razlicit nacin
i da u razli¢itim vremenskim intervalima doseZe ravnoteZne
uslove za krajnju reakciju nastajanja fluorapatita. U velikim ce-
sticama verovatno reakcija na povrsini tece odmah po pocetku
mehanohemijskog tretmana, dok u dubini ¢estica ostaju jezgra
koja su jos uvek pripadajuca datim polaznim reaktantima. Sama
morfologija Cestica, koja i u udaljenim fazama tretmana (4-6
h) ostaje ista, svedoci o tome da reakcija u svakoj Cestici / grupi
Cestica napreduje na individualan nacin. U manjim cesticama
reakcija se odvija brzo, u srednjim cesticama i posebno u ve-
likim ona napreduje punim intenzitetom duZ novootvorenih
puteva (novih povrsina, granica kristalita / blok mozaika itd.),
sve dok se u celosti ne realizuje reakcija transformacije kalci-
jum-hidroksifluorapatita u fluorapatit, kao to je pokazano na
uta¢njenom XRD spektru (Slika 2).

Slika 3. pokazuje najblize susede F jona u strukturi karbo-
natnog fluorapatita. Uo¢ava se da se tri Call** nalaze u nepo-
srednoj blizini F jona na rastojanju od 2,3 A. Ovi CalI** joni for-
miraju temena jednakostrani¢nog trougla sa F- jonom u centru.
U drugoj koordinacionoj sferi nalaze se po tri Call**, P** i 0>
jona koja medusobno formiraju temena trouglova. Rastojanje



izmedu F i P**je 3,6 A, a izmedu P** 1 0%(1) je 3,9 A. 0*(3) jona
nalaze se ispod i iznad ravni koja sadrzi F- i Call**. Kiseoni¢ni
joni zauzimaju temena dodekaedrona. Rastojanje izmedu F i
0%*(3) jona je 3,1 A, dok je izmedu P** i 0%(3) jona 1,5 A. Slika
2b pokazuje fragment kristalne resetke uporeden sa jedini¢cnom
¢elijom. Saglasno istrazivanjima Pande i njegovih saradnika,
Call** ima ve¢u atomsku veli¢inu nego Cal**. Kada su OH" joni
supstituisani sa F~ dolazi do vece distorzije u strukturi zbog
vece veli¢ine jonskog radijusa F". Na kraju mehanohemijskog
procesa sinteze F jon zauzima veliki prostor u centru resetke,
formiraju¢i na taj nacin stabilnu fluorapatitnu strukturu.
Saglasno istrazivanjima V. Jokanovi¢a i saradnika [24] (OH,
F'),lanac apatita sadrZi pored tri tipa [OH] i Cetvrti tip sa razli-
¢itim vibracionim energijama. U ovim istraZivanjima uoceno je
da, ako se kao kriterijum kvantifikacije izmene OH" sa F uzme
kriterijjum pomeranja slobodne vibracije OH, sledi da je oko
50% OH grupa izmenjeno sa F, dok je kod sistema sa skoro
potpuno izmenjenim OH" grupama sa F- (kod ¢istog fluorapa-
tita) vrednost talasnog broja od 758 cm™ (Slika 4 i tabela 1).

POSTUPAK SINTEZE SA DODATNIM
NISKOTEMPERATURNIM TERMICKIM TRETMANOM

Drugi postupak mehanohemijske sinteze, koji je izveden pri-
menom prekursora Ca(OH),, P,0,, NH,F i povrsinski aktivne
supstance vinil acetata/versatata pokazuje da samo u meha-
nohemijskom postupku nije moguce dobiti fluorapatit, nego
da je za tu svrhu potrebno izvesti dodatni niskotemperaturni
tretman.

Kao najadekvatnija metoda za pracenje same sinteze pokaza-
la se kao i u prethodnom primeru FTIR metoda (Slika 5).Radi
dobijanja kompletne slike o faznim prelazima koji se dogadaju
u materijalu tokom mehanohemijskog i niskotemperaturnog
tretmana, pored FTIR metode kori$¢ena je i metoda rendgenske
difrakcije, koje su detaljno opisane u referenci 23.

XRD spektri uzoraka (Slika 6) pokazuju vrlo intenzivne pi-
kove portlandita (P), dok su pikovi f-Ca,P,0,(CP) takode vidlji-
vi. Osim toga, veoma su naglaseni i p1kov1 CaCOS(C) iCaF(CF).
Svi karakteristi¢ni difrakcioni pikovi za FA su gotovo zanemar-
ljivi, a neki od njih su odsutni [29].

Posle pet minuta mlevenja, najintenzivniji vrhovi pripadaju
Ca(OH),, a pikovi karakteristi¢ni za $-Ca,P,0,, CaF, i CaCO,
jasno su vidljivi. Pik koji odgovara Ca(OH), je jasno vidljiv i
pokazuje nisku brzinu reakcije formiranja fluorapatita. Usled
toga, koli¢ina sintetisanog FA u sme$i je zanemarljiva.

Za sve termicki tretirane uzorke identifikovane su promene
u strukturi od amorfne do kristalini¢ne. Karakteristi¢ni pikovi
FA potvrduju transformacije koji su se desile u gotovo svim
uzorcima (Slika 7). Samo u uzorku mlevenom pet minuta kolici-
na rezidualnog CaCO, i CaF, je bila jod znacajna. Izrazeni pikovi
ovih faza ukazuju da su delovi uzoraka ostali nepromenjeni,
pored visoke energije uklju¢ene u mehanohemijski tretman
prilikom pripreme smese prekursora (Slika 7a).

Kao $to je prikazano na slici 7a—c, vrlo izrazeni i o$tri vrhovi
karakteristi¢ni za FA prisutni su kao posledica adekvatnog me-
$anja uzorka u toku 2 h i posebno 8 h mlevenja. Uzorak mleven
pet minuta pokazuje da je transformacija reakcione smese u
fluorapatit samo delimi¢na, uprkos termi¢kom tretmanu na
550°C u toku 3 h. Osim pikova FA, javljaju se i pikovi CaCO, i
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CaF,. Ovo je dokaz da iako se unutar micela povrsinski aktivne
supstance delovi gradivnih blokova faza prekursora mogu lako
transformisati u ¢isti fluorapatit, oni ipak ostaju nepromenjeni.

Naprotiv, sme$a mlevena najmanje 2 h i dodatno termicki
tretirana 3 h potpuno je transformisana u ¢ist fluorapatit. Sli¢no
je primeceno za uzorak mleven 8 h. Pik koji odgovara FA samo
se pomera ka ve¢im uglovima difrakcije. To znaci da je sadrzaj
OH-grupa smanjen tokom mlevenja uzorka i da je FA postao
kona¢no prevladavajuca faza (pome$an verovatno sa malom
koli¢inom hidroksiapatita).

MEHANIZAM REKACIJE

Tokom mlevenja od pet minuta i 2 h, reakcije u kojima na-
staju p- Ca PO, i CaF, su dominante, a deo Ca(OH), ostaje ne-
promenjen. Ovo ima snazan uticaj na brzinu sinteze FA, koja se
odvija veoma sporo i ne moze biti zavr§ena samo mlevenjem
(¢akiposle 8 h mlevenja). Ova niska brzina poti¢e od jako spore
difuzije i preuredenja odredenih jonskih vrsta, koje su neophod-
ne za formiranje FA. Razmena i inkorporacija Ca?*jona u pret-
hodno formirane celije f- Ca, , P, O, iCa, F,  snazno
je inhibirana prisustvom EVA/EVV. Zbog toga, za Vec'u brzinu
reakcije formiranja FA, kristalna struktura f- Ca, , P, O,
iCa, F,, , morabiti prvo transformisana u amorfnu dodatnim
mlevenjem (2-8 h). Ova procedura omogucava dobro mesanje,
¢ime se umanjuju difuzioni putevi razli¢itih jonskih vrsta.

Druga faza formiranja FA poéela je nakon niskotemperatur-
nog tretmana uzoraka na 550°C tokom 3 h. Tokom ovog koraka,
prema nekim istraZivanjima, reakcije mogu biti pokrenute na
povrdini dominantne faze - Ca P,0, kroz povrsinsku difuziju
dodatnih Ca*" i F jona u njenu zapreminu. Prema difrakcionim
pikovima, evidentno je da je proces formiranja FA tokom tih
termickih tretmana veoma intenzivan. Jedini izuzetak bio je
uzorak mleven pet minuta. Uprkos primenjenom termic¢kom
tretmanu, tako kratko vreme mlevenja nije bilo dovoljno da se
dobije monofazni sistem (FA). Medutim, mlevenje od najma-
nje 2 h dovelo je do formiranja ¢iste FA faze. Prisustvo gotovo
zanemarljivog pika karakteristnog za - Ca,P,0, dokazuje da je
ovo vreme mlevenja grani¢no vreme za dobijanje mono faze FA.

Veoma je vazno naglasiti da bez obzira na to koliko su uzorci
mleveni, bez termickog tretmana ne bi doslo do ove reakcije.
Sa produzenim vremenom mlevenja (do 3 h ili duze), sistem je
postao amorfniji. Reakcija nije napredovala ¢ak i tokom naj-
duzeg vremena mlevenja (8 h), $to je potvrdeno pomocu XRD.
Napredak je primec¢en samo u amorfnijim uzorcima (mlevenim
najmanje 2 h) izlozenim naknadnom termickom tretmanu. Me-
hanizam procesa koji se dogodio tokom mlevenja verovatno
je znacajno aktiviran vodom prisutnom u Ca(OH),. Objasnje-
nje Hedina i nekih drugih istraZivaca jeste to da manje Cestice
Ca(OH), tokom mlevenja pod dejstvom sila smicanja pokazuju
tendenciju da rastu, izazivaju¢i dalju dezintegraciju [29-31], pa
razmena razli¢itih jonskih vrsta postaje efikasnija.

Tokom mlevenja distorzija Ca?*-O poliedara je mnogo izra-
Zenija nego P>*-O tetraedara. Distorzija je dovela do pomera-
nja katjona od centra njegove koordinacione sfere. Ona ima
jak uticaj na brzinu difuzije preostalih koli¢ina Ca?*i F jona
i konsekventno razaranje -Ca P,0, tokom mlevenja. Dakle,
»prazan® prostor u -Ca P,0. ispunjen je sve vise ovim jon-
skim vrstama, dok celija p-Ca P,0, ne bude potpuno razorena.
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Treba napomenuti to da je kapacitet rastvaranja Ca?*i F-jona
unutar $-Ca,P,0, veoma visok. Shodno tome, manje veli¢ine
CaF,,a narocito Ca(OH), kristaliti, prikladni su za dalju propa-
gaciju reakcije formiranja FA. Iako se kristalizacija amorfnih
faza ne moze posti¢i kroz mlevenje, raspodela jona omogucéava
vrlo brzu kristalizaciju uzoraka u FA u slede¢em koraku veoma
slabog termi¢kog tretmana (na 550°C tokom 3 h).

Stoga, Cini se da unutar -Ca P,0. strukture ima dovoljno
prostora za F~ anjone da se postave u velike praznine, unutar
mreZe kalcijumovih i fosfatnih jona. Pored F jona, veoma male
nanocestice CaF, smestaju se nasumice u praznine u f-Ca,P,0,
reSetki, koje proizvode znacajne promene u njenoj simetriji, iza-
zivajudi odgovarajuce hemijske promene koje su odgovorne za
transformaciju smese u fluorapatit tokom naredne termicke
obrade. Ovaj tretman, kako je dokazano u ovim istraZivanjima,
moZe znacajno ubrzati procese difuzije, uzrokuju¢i degradaciju
EVA/EVV micelarnih kaveza i podrske malim jonskim preras-
podelama distorzijom u strukturi -Ca,P,0, izazvanoj silama
smicanja, do konacne transformacije mesavine u fluorapatit.

ZAKLJUCAK

Mehanohemijski postupak sinteze fluorapatita bazira se na
primeni dve vrste prekursora: kalcijum-hidroksida, fosfor-
pentoksida i kalcijum-fluorida, odnosno kalcijum-hidroksida,
fosfor-pentoksida i amonijum-fluorida uz dodatak povr$inski
aktivne supstance vinil acetat/verstata. Na osnovu XRD i FTIR
analize, kao mehanizma formiranja FA, uo¢eno je da fluorapatit
ima znacajne prednosti u poredenju sa hidroksiapatitom. Te
prednosti su vezane za njegovu bolju stabilnost, niZu rastvor-
ljivost i pre svega bolju zastitu od karijesa.
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SUMMARY

Anatomically, dental pulp is connective tissue and specific microcirculatory system with significant reparatory abilities
intending to preserve pulp vitality. Various therapeutic approaches in the treatment of affected pulp may be compro-
mised by various factors leading to treatment failure. Due to microcirculatory system disorders, treatment of affected
dental pulp in patients with diabetes mellitus (DM) is additional challenge. The function and levels of growth factors
could be altered in various diabetic tissues including dental pulp. Among them are growth factors important for re-
parative response of the pulp. There are experimental evidences that DM impede dental pulp reparation. Therefore,
clinical procedures aiming to preserve vitality of diabetic dental pulp should be applied with caution.

The aim of this paper is to present basic factors and parameters that affect reparative response of dental pulp in

patients with DM.

Keywords: dental pulp; diabetes mellitus; growth factors

INTRODUCTION

Dental pulp is a connective tissue that has some unique
characteristics. Namely, it has specific microcirculatory
system with no lateral blood vessel branches. Also, dental
pulp is located within solid dentinal walls that cannot ac-
cept any significant change of its volume. These features
make it very prone to irreversible inflammatory changes
shortly after the impact of noxious stimuli. This can be
significantly intensified in persons with diabetes melli-
tus (DM) known for their tissue vulnerability caused by
macro- and micro-circulatory disorders.

Dental pulp has significant reparatory abilities that are
important for therapeutic approaches aiming to preserve
pulp vitality. These treatment modalities may be com-
promised by various factors leading to treatment failure.
Therefore, these factors should be well known and de-
scribed in order to establish appropriate indication for
maintaining pulp vitality. Diabetic dental pulp, with pos-
sible various pathological changes, may present additional
challenge for these treatment modalities.

The aim of this paper is to present basic factors and pa-
rameters with influence on reparative response of dental
pulp in patients with diabetes mellitus.

REPARATIVE RESPONSE OF DENTAL PULP

The primary role of pulp is to produce dentin, but it is
well known that this tissue has several functions: nutritive,
sensory, defensive and reparative. Ability to repair is of
special clinical interest because it has fundamental influ-
ence on all therapeutic procedures aiming to maintain

pulp vitality. Reparative response of dental pulp is modi-
fied by morphological and functional pulp status (younger
or older subjects, specific location, previous history of
reparation process, etc). Reparative response depends on
the type and intensity of harmful stimuli [1]. Specificity of
pulp tissue compared to other connective tissues is dentin
production up regulated during the repair process known
as tertiary dentinogenesis. The layers of dentin are depos-
ited on the pulp-dentinal interface, particularly towards
noxious stimuli. The aim of this process is to protect pulp
tissue by blocking harmful effects. The prerequisite for
this process is localized, controlled and mild inflamma-
tion that will allow spreading blood vessels and providing
adequate nutrient supply for up-regulated pulp secretory
activity [2].

Tertiary dentinogenesis may progresses in two com-
pletely different ways depending on the intensity of nox-
ious stimuli. In mild to moderate stimuli (for example
shallow caries lesion) odontoblasts, specific secretory
cells of dental pulp, may survive and increase their activ-
ity forming layers of tertiary dentin [3]. This process is
called reactionary dentinogenesis. In case of strong stimu-
li, odontoblasts will not survive. Progenitor pulp cells will
then activate, migrate and differentiate into odontoblast-
like cells. These cells will form layers of new dentin in
complex process known as reparative dentinogenesis [4].
Various signaling molecules regulate both reactionary and
reparative dentinogenesis.

Although the process of tertiary dentinogenesis is well
recognized and described, cellular and molecular mecha-
nisms of its regulation are still not fully identified. It is
known that specific cells conduct tertiary dentinogenesis.
The cell lines involved in up-regulated dentin production
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are odontoblasts or odontoblast- like cells. The origin of
the later ones is still unclear, but they are most probably
derived from progenitor pulp cells (stem cells, Rougett
pericytes, etc) [5]. Tziafas et al. have found that dentino-
genetic activity of odontoblast- like cells may occur only
in pulpal environment indicating that there are specific
stimulators in pulp intercellular substance that initiate
and conduct this process[6]. It is now well known that
these “stimulators” are growth factors (GF).

THE ROLE OF GROWTH FACTORS IN PULP
REPARATION

GF are signaling molecules that have the structure of poly-
peptides or small proteins. Cells produce GF and their reg-
ulatory function is achieved through binding to specific
trans-membrane receptors. GF may activate receptors on
cells they have been excreted by (autocrine mode of regu-
lation), or they may react with receptors of adjacent cells
(paracrine mode of regulation). When GF binds to extra-
cellular domain of receptor, the intracellular enzymatic
part will activate cascade of specific cellular reactions. In
most cases this will lead to expression of specific genes
and consequent synthesis of proteins included in regula-
tion of particular cellular event [7]. Non-transcriptional
responses may also occur as a result of GF activity, leading
to activation of already existing proteins.

Numerous experimental evidences indicate that the
key GF’s with regulatory role in processes of pulp repa-
ration are members of transforming growth factor
(TGE-B) superfamily[8]. Bone morphogenetic proteins
(BMP), members of TGF-f superfamily, are also identified
within pulp tissue[9]. Angiogenic GF’s are of special im-
portance, having in mind the need for adequate vascular
supply in the pulp with up-regulated secretory activity.
Vascular endothelial growth factor (VEGF) is the most
prominent angiogenic GE identified in dental pulp tis-
sue[10]. Besides pulp tissue, all of this GF was identified
in dentin matrix, too [11, 12]. During the progression of
caries lesion, or as a result of pulp capping therapy, they
will be released from dentin matrix and take role in regu-
lation of dentinogenetic events [13].

DIABETES MELLITUS

DM is systemic metabolic disorder with hyperglycemia as
main characteristic. It may be the result of pancreatic [
cells dysfunction (DM type 1), or increased tolerance of
cells and tissues to secreted insulin (DM type 2). DM, spe-
cifically type 2, is one of the most prevalent systemic dis-
eases in human population [14]. DM is specific for its nu-
merous complications that may seriously damage patients’
life quality. All DM complications are in fact pathologic
result of either macrovascular or microvascular changes in
different tissues and organs. Therefore, these complications
may be classified as macrovascular (atherosclerosis of car-
diac blood vessels, coronal disease, etc.) or microvascular
(diabetic retinopathy, diabetic nephropathy, etc.) [15].

There are significant physiological changes in DM. The
main pathophysiological mechanism of changes during
DM is mitochondrial overproduction of superoxides due
to hyperglycemia which results in increase of tissue oxida-
tive stress [15]. This leads to activation of specific patho-
physiological mechanisms, signed to be direct promoter
of histological changes. Activation of protein kinase C
and formation of glycozilated end products are the main
mechanisms to provoke changes in levels and function
of different GF, contributing profoundly to the specific
diabetic pathology [15].

Vascular endothelial growth factor (VEGF) is the
most prominent GF responsible for diabetic complica-
tions. In physiological conditions it is responsible for
vasculogenesis, angiogenesis and processes associated
with them [16]. The levels and function of VEGF is al-
tered in tissues and organs during DM. There are tissues
with up-regulation of this GF leading to complications
with extensive pathological hyper-angiogenesis such as
diabetic retinopathy. On the other hand there are tissues
where VEGF is down-regulated causing complications
based on insufficient blood supply such as wound heal-
ing difficulties [17].

DM also provokes changes in TGF-f superfamily mem-
bers [15]. Bone morphogenetic protein 2 (BMP-2), one of
the members of this GF group, has significant influence
on a specific pathological change in DM. Namely, BMP-2
is up-regulated in walls of diabetic blood vessels causing
differentiation of osteoblasts and ectopic vascular calcifica-
tions. This is the main mechanism for atherosclerosis and
similar changes in vascular beds to occur in DM [18, 19].

THE EFFECTS OF DM ON DENTAL PULP

DM may cause various pathological changes in oral tis-
sues. Most of the studies on oral status in diabetic patients
reported changes in oral mucosa and marginal periodon-
tal tissues [14]. Endodontic research about the effect of
DM on dental pulp is very scarce. Epidemiological studies
reported higher prevalence of pulp and periapical diseas-
es in diabetic patients[20], while Wang et al. [21] found
higher frequency of tooth extraction after endodontic
therapy in patients with DM, suggesting lower success
rate of root canal treatment. Amatyakul et al. [22] found
lowered blood flow in diabetic pulp, while Inagaki et al. re-
ported higher prevalence of intrapulpal calcifications [23].
Histological studies showed increased thickness of blood
vessel basement membrane, reduction in collagen level
of intercellular substance and signs of chronic inflamma-
tion and angiopathy [24].It was concluded in the study of
Garber et al. that pulp in diabetic rats had compromised
reparatory response resulting in chronic pulp inflamma-
tion and reduced dentin bridge formation in comparison
to pulp in non-diabetic rats [25]. Histological studies re-
vealed higher concentrations of inflammatory mediators
and enzymes in diabetic pulp, as well as oxidative stress
parameters indicating higher level of reactive oxygen spe-
cies in diabetic pulp comparing to non-diabetic one [26,
27].1li¢ et al. analyzed human diabetic dental pulp and



found significant changes in levels of VEGF and BMP-
2,GF’s important for pulp reparative response [28].

VEGF is of great importance for microcirculatory
system of dental pulp. The expression of VEGF and its
receptors has been identified in pulp using polymerase
chain reaction (PCR) method[29, 30] as well as immu-
nohistochemical identification [31]. Increased expression
of VEGF has been noticed during some pathological con-
ditions of dental pulp such as inflammation, injury and
hypoxia [32-34].

BMP-2 is GF with significant role in dental pulp func-
tions. Expression of BMP-2 in dental pulp was demon-
strated immunohistochemicaly [35] and by PCR method
[9, 36]. This GF is responsible for odontoblast differentia-
tion of pulp stem cells and for up-regulation of odonto-
blast secretion in primary, secondary and tertiary den-
tinogenesis [37, 38].

Changes in these GF levels could be of special inter-
est when analyzing the effect of DM on pulp reparative
response. Their altered levels in DM could provoke inad-
equate reaction of dental pulp on noxious stimuli. This
is in concordance with the investigation of Garber et al.
[25] that provided evidences that DM impede dental pulp
reparation on rat model and with empirically known fact
from practice that reactions of diabetic dental pulp on
capping procedures may be very unpredictable.

CONCLUSION

Clinical dilemma whether to conduct pulp capping or to
extend indications for pulpectomy in medically compro-
mised patients with DM still exists. Fundamental physi-
ological and clinical data on this problem are scarce.
Extensive investigation should be conducted to reveal
and describe cellular and molecular mechanisms of rec-
ognized changes in pulp reparative response during DM.
Although these mechanisms are still insufficiently known,
therapeutic procedures in order to preserve the pulp vital-
ity in DM patients should be realized with caution.
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Dijabetes melitus i reparativni odgovor zubne pulpe
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KRATAK SADRZA)

Zubna pulpa je vezivno tkivo i poseban mikrocirkulatorni sistem sa znacajnim reparatornim sposobnostima u cilju ocuvanja njenog
vitaliteta. Terapijski postupci u lecenju obolele pulpe mogu da budu kompromitovani delovanjem brojnih faktora koji mogu uticati
na ishod le¢enja. Zubna pulpa kod pacijenata sa dijabetes melitusom (DM), zbog mikrocirkulatornih poremecaja ¢esto predstavlja
poseban terapijski izazov. Poznato je da funkcije i nivoi faktora rasta mogu biti promenjeni u dijabeti¢nim tkivima, pa samim timi u
zubnoj pulpi. Ovde su od najvece vaznosti faktori rasta znacajni za regulaciju reparatornog odgovora pulpe. Postoje eksperimentalni
dokazi da DM umanjuje reparativnu aktivnost zubne pulpe, pa zbog toga klinicke procedure vezane za ocuvanje vitaliteta dijabeticne

zubne pulpe treba realizovati uz znacajne mere opreza.

Cilj ovog rada je da se predstave osnovni faktori i parametri koji uticu na reparatorni odgovor pulpe zuba kod obolelih od DM.

Kljucne reci: zubna pulpa; dijabetes mellitus; faktori rasta

uvoD

Zubna pulpa je vezivno tkivo koje poseduje posebne karakteri-
stike jer predstavlja jedinstven mikrocirkulatorni sistem bez ko-
lateralnih grana. Takode, pulpa je smestena unutar ¢vrstih den-
tinskih zidova, $to onemogucava bilo kakvu promenu njenog
volumena. Ove osobine uslovljavaju ireverzibilne inflamatorne
promene u kratkom vremenskom periodu nakon delovanja tet-
nih nadrazaja. Ova sklonost je posebno potencirana kod osoba
obolelih od dijabetesa melitusa (DM) usled pojacane sklonosti
ka tkivnim o$tecenjima uzrokovanu prisutnim promenama na
velikim i malim krvnim sudovima.

Zubna pulpa ima znacajne reparatorne sposobnosti, $to je zna-
¢ajno za terapijske pristupe koji imaju za cilj o¢uvanje njenog
vitaliteta. Medutim, terapijski modaliteti mogu biti kompromito-
vani brojnim uticajima koji vode neuspehu tretmana. Zbog toga
je veoma vazno poznavati ove faktore radi postavljanja pravilne
indikacije, ali i realizacije terapijskih postupaka u cilju o¢uvanja
vitaliteta ovog tkiva. Zato dijabeti¢na zubna pulpa, sa brojnim
patoloskim promenama, predstavlja poseban izazov u terapiji.

Cilj ovog rada je da se predstave osnovni faktori i parametri
koji uti¢u na reparatorni odgovor pulpe zuba kod obolelih od DM.

REPARATORNI ODGOVOR ZUBNE PULPE

Primarna uloga zubne pulpe je da stvara dentin. Reparatorna spo-
sobnost pulpe je predmet posebnog klinickog interesovanja jer
leZi u osnovi svih terapijskih procedura koje imaju za cilj o¢uvanje
vitaliteta. Ovaj odgovor zubne pulpe moze biti modifikovan nje-
nim morfolo$kim i funkcionalnim stanjem (pulpa zuba starijih
ili mladih osoba, lokalizacija pulpe, prethodni reparatorni procesi
itd.), a zna¢ajno zavisi od vrste i intenziteta $tetnog nadraZaja [1].
Specifi¢nost pulpe u odnosu na druga vezivna tkiva je produkcija
dentina, koja je pove¢ana tokom reparacije (tercijarna dentinoge-
neza). Slojevi novog dentina nastaju na pulpo-dentinskom spoju,
prvenstveno u smeru delovanja $tetnog nadraZaja sa ciljem zastite
pulpnog tkiva mogucim blokiranjem $tetnih uticaja. Preduslov
za odvijanje ovog procesa je lokalizovana, kontrolisana i blaga
zapaljenska reakcija koja dovodi do $irenja mreze malih krvnih
sudova, $to sledstveno obezbeduje adekvatno snabdevanje nutri-
jentima neophodnim za pove¢anu sekretornu aktivnost pulpe [2].

Tercijarna dentinogeneza moze da se odvija u dva potpuno
razli¢ita pravca i zavisi od intenziteta Stetnih nadrazaja. Kod

blagih i umerenih nadraZaja (na primer plitka karijesna lezija)
odontoblasti mogu da preZive i pojacaju svoju sekretornu aktiv-
nost formiraju¢i nove slojeve tercijarnog dentina [3] (reaktivna
dentinogeneza). U slu¢aju jakih stimulusa, odontoblasti bivaju
osteceni, pa se tada progenitorne Celije pulpe aktiviraju, migri-
raju i diferenciraju u Celije slicne odontoblastima. Ove Celije
potom formiraju slojeve novog dentina u procesu reparativne
dentinogeneze [4]. Procesi kako reaktivne tako i reparatorne
dentinogeneze su regulisani brojnim signalnim molekulama.

Tako je tercijarna dentinogeneza process koji je jasno prepo-
znat i dobro opisan, ¢elijski i molekularni mehanizmi njegove
regulacije nisu jo$ uvek potpuno jasni. Poznato je da ove procese
sprovode specifi¢ne celije. Celijske vrste neposredno odgovor-
ne za povecanu pulpnu sekreciju su odontoblasti i ¢elije sli¢ne
odontoblastima. Poreklo ovih drugih jos§ uvek je nedovoljno
jasno, ali je najverovatnije da nastaju iz progenitornih pulpnih
Celija (stem Celija, Rudzetovih (Rougett) pericitaisl.) [5]. Cafas
(Tziafas) i sar. su utvrdili da odontoblastima sli¢ne ¢elije mogu
da stvaraju dentin samo u okuZenju pulpnog tkiva, $to ukazuje
da u meducelijskoj supstanci pulpe postoje specifi¢ni stimula-
tori koji iniciraju i vode ovaj proces [6]. Danas se zna da su ovi
tkivni stimulatori u stvari faktori rasta (FR).

ULOGA FAKTORA RASTA U REPARACIJI ZUBNE PULPE

Faktori rasta su signalne molekule koje su po svojoj hemijskoj
strukturi polipeptidi ili mali proteini. Oslobadaju ih ¢elije, a nji-
hova regulatorna uloga se ostvaruje vezivanjem i aktivacijom
specifi¢nih transmembranskih receptora. FR se mogu vezati
za receptore na istoj ¢eliji koja ih je proizvela (autokrina vrsta
dejstva) ili za receptore na susednim Celijama (parakrina vrsta
dejstva). Kada se FR veZe za vancelijski deo receptornog mo-
lekula (tzv. ekstracelijski domen), unutaréelijski enzimski deo
receptora Ce zapoceti kaskadu specifi¢nih éelijskih reakcija. U
najvecem broju slucajeva ova kaskada reakcija dovodi do ek-
spresije specifiénog gena i sledstvene sinteze proteina odgovor-
nih za regulaciju odredenog ¢elijskog procesa [7]. Kao rezultat
aktivnosti FR mogu se desiti i netranskripcioni odgovori koji
dovode do aktivacije ve¢ postojecih proteina u celiji.

Veliki broj eksperimentalnih studija ukazuje da su klju¢ni FR
za regulaciju procesa reparacije pulpe oni iz familije faktora ra-
sta transformacije p (TGF-p) [8]. Kostni morfogenetski proteini,
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koji su inade ¢lanovi TGF-P familije, takode su identifikovani u
tkivu pulpe [9]. Angiogeni FR imaju poseban znacaj, imaju¢i u
vidu potrebu za adekvatnim vaskularnim snabdevanjem pulpe
koja ima povecanu sekretornu aktivnost. Faktor rasta vasku-
larnog endotela (VEGF) najznacajniji je angiogeni FR iden-
tifikovan u pulpi [10]. Osim tkiva zubne pulpe, svi pomenuti
FR identifikovani su i u dentinskom matriksu [11, 12]. Tokom
razvoja karijesne lezije, ali i kao posledica terapijskih postupaka
prekrivanja pulpe, ovi faktori se oslobadaju iz dentinskog ma-
triksa i ulaze u sledstvene procese regulacije [13].

DIJABETES MELITUS

Dijabetes melitus (DM) je sistemsko metabolicko oboljenje sa
hiperglikemijom kao glavnom karakteristikom. Ono moze na-
stati kao rezultat disfunkcije p ¢elija pankreasa (DM tipa 1), ili
kao rezultat povecane tolerancije ¢elija i tkiva na insulin (DM
tipa 2). DM, prvenstveno tipa 2, jedno je od najzastupljenijih
sistemskih oboljenja u ljudskoj populaciji [14]. DM je poseb-
no znacajno oboljenje zbog brojnih komplikacija koje mogu
ozbiljno da ugroze kvalitet Zivota pacijenata. Sve komplikacije
DM su u sustini posledica makrovaskularnih ili mikrovasku-
larnih promena u razli¢itim tkivima i organima i zato se mogu
klasifikovati kao makrovaskularne (ateroskleroza velikih krvnih
sudova, koronarna bolest i sl.) i mikovaskularne (dijabeti¢na
retinopatija, dijabeti¢na nefropatija i sl.) [15].

Medutim, postoje i sustinske fizioloske promene kod obole-
lih od DM. Osnovni patofizioloski mehanizam promena tokom
DM je hiperprodukcija superoksida u mitohondrijama, koja na-
staje kao posledica hiperglikemije i dovodi do povecanja oksi-
dativnog stresa u tkivima [15]. Ovo vodi u aktivaciju specifi¢nih
patofiziolo$kih mehanizama, koji se smatraju direktnim pokre-
ta¢ima histoloskih promena. Aktivacija proteinske kinaze C i
stvaranje glikozilisanih zavr$nih produkata metabolizma glavni
su mehanizmi koji izazivaju promene u funkcijama razli¢itih
FR i znacajno doprinose specifi¢noj dijabeti¢noj patologiji [15].

VEGF je najznacajniji FR odgovoran za razvoj dijabeti¢nih
komplikacija. U fizioloskim uslovima, on je odgovoran za va-
skulogenezu, angiogenezu i njima povezane procese [16]. Nivoi
i funkcije VEGF su izmenjeni u tkivima i organima tokom DM.
Postoje tkiva sa povisenom aktivno$¢u ovog FR, $to dovodi do
komplikacija usled ekstenzivne patoloske angiogeneze kao kod
dijabeti¢ne retinopatije. Sa druge strane, ima tkiva u kojima je ak-
tivnost VEGF sniZena izazivajuc¢i komplikacije usled neadekvat-
nog snabdevanja krvlju, kakvo je oteZano zarastanje rana [17].

DM izaziva promene i u aktivnosti TGF-p familije [15]. Kos-
tni morfogenetski protein 2 (BMP-2) ima znacajan uticaj na ra-
zvoj specifi¢nih patoloskih promena tokom DM. Naime, BMP-2
ima pojacanu aktivnost u zidovima dijabeti¢nih krvnih sudova
i uti¢e na diferencijaciju osteoblasta i ektopi¢ne kalcifikacije.
Ovo je glavni mehanizam ateroskleroze i sli¢cnih promena koje
nastaju na krvnim sudovima tokom DM [18, 19].

EFEKTI DM NA ZUBNU PULPU

DM dovodi do brojnih patoloskih promena na oralnim tkivima.
Ve¢ina studija vezanih za oralno stanje dijabetic¢ara ukazala je na
promene na oralnoj mukozi i marginalnom parodoncijumu [14].

Endodontske studije o efektima DM na zubnoj pulpi veoma su
retke. Epidemioloske studije su pokazale ve¢u prevalenciju pulpnih
oboljenja i oboljenja apeksnog parodoncijuma [20], dok suVang
(Wang) i sar. [21] uodili ve¢u ucestalost ekstrakcija zuba nakon
sprovedenog endodontskog tretmana kod pacijenata sa DM.
Amatjakul (Amatyakul) i sar. [22] nasli su smanjen protok krvi u
dijabeti¢noj pulpi, dok su Inagaki i sar. utvrdili vec¢u ucestalost in-
trapulpnih kalcifikacija [23]. Studije na tkivnom nivou pokazale su
zadebljalost bazalne membrane krvnih sudova, smanjenje koli¢ine
kolagena u medudelijskoj supstanci i znake hroni¢ne inflamacije
i angiopatije [24]. U istaZivanju Garbera i sar. utvrdeno je da je
reparatorni odgovor u pulpi dijabeti¢nih pacova bio kompromito-
van, $to je dovelo do hroni¢ne inflamacije i redukovanog stvaranja
dentinskog mosta [25]. Studije na ¢elijskom nivou su pokazale da
su u dijabeti¢noj pulpi povecane koncentracije medijatora i enzima
inflamacije, kao i parametri oksidativnog stresa, §to ukazuje na po-
vecani nivo slobodnih radikala u dijabeti¢noj pulpi u poredenju sa
zdravom [26,27].1li¢ i sar. su analizirali [judsku dijabeti¢nu pulpu
iuo¢ili znacajne promene u nivoima VEGF i BMP-2, FR znacajnih
za reparatorni odgovor pulpe [28].

VEGF je od velikog znacaja za mikrocirkulatorni sistem zub-
ne pulpe. Ekspresija VEGF i njegovih receptora je identifikovana
u tkivu pulpe metodom lan¢ane reakcije polimeraze (PCR) [29,
30] kao i imunohistohemijski [31]. Pove¢ana ekspresija VEGF
utvrdena je u nekim patoloskim stanjima zubne pulpe kao $to
su zapaljenje povreda i hipoksija [32-34].

BMP-2 je FR sa znadajnom ulogom u funkciji zubne pulpe.
Ekspresija BMP-2 u zubnoj pulpi je dokazana imunohistohe-
mijski [35] 1 PCR metodom [9, 36]. Ovaj FR je odgovoran za
diferencijaciju odontoblasta iz pulpnih stem ¢elija i za pove¢anu
sekretornu aktivnost odontoblasta u primarnoj, sekundarnoj i
tercijarnoj dentinogenezi [37, 38].

Promene u nivoima ovih faktora rasta mogle bi biti od poseb-
nog interesa kada se analiziraju efekti DM na reparatorni odgovor
pulpe, imajuci u vidu njihov znacaj za regulaciju ovog procesa.
Njihovi promenjeni nivoi tokom DM mogu izazvati neadekvatnu
reakciju zubne pulpe na $tetne nadraZaje. Ovo je u saglasnosti sa
istrazivanjem Garbera i sar. [25], koji su utvrdili da DM ugrozava
reparaciju zubne pulpe na animalnom modelu pacova, ali i sa
empirijski poznatom ¢injenicom da su reakcije dijabeti¢ne pulpe
na proceduru prekrivanja pulpe vrlo nepredvidljive.

ZAKLJUCAK

Klinicka dilema da li sprovesti postupak prekrivanja pulpe ili
prosiriti indikacije za pulpektomiju kod pacijenata sa kompro-
mitovanin op$tim stanjem usled DM i dalje postoji. Bazi¢ni
fiziologki pokazatelji i na dokazima zasnovani klini¢ki podaci
o0 ovom problemu su oskudni. Trebalo bi sprovesti opsezna istra-
zivanja o ¢elijskim i molekularnim mehanizmima reparatornog
odgovora pulpe tokom DM. Zato je neophodno uvek sa oprezom
pristupati terapijskim procedurama u cilju o¢uvanja vitaliteta
zubne pulpe kod osoba obolelih od DM.
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SUMMARY

Traumatic neuroma represents reactive hyperplasia of irregularly positioned Schwann neurofibril cells and connective
tissue - stroma that develop as a result of unsuccessful attempts to regenerate peripheral nerve after injury.

This paper presents the case of a patient with painless traumatic neuroma of the lower lip formed in the same place
where he previously had surgically removed salivary cyst of minor salivary gland — mucocele. Histopathological exami-

nation confirmed the diagnosis of traumatic neuroma.
Keywords: traumatic neuroma; lower lip; mucocele

INTRODUCTION

Nerve severance or damage can inevitably occur dur-
ing minor oral surgery interventions. That can result in
temporary or permanent sensory changes related to the
region of nerve distribution. Furthermore, the develop-
ment of a traumatic neuroma at the injury site can occur
as a consequence of nerve damage.

Traumatic neuroma is reactive nonneoplastic process
rather than true neoplasm. It’s pseudo-tumorous lesion
that forms when proximal segment of peripheral nerve
undergoes proliferative response while distal segment
undergoes Walerian degeneration [1].

Traumatic neuromas, or amputation neuromas, rep-
resent a reactive hyperplasia of irregularly arranged
Schwann cells and neurofibrils in a connective tissue
stroma resulting from unsuccessful attempts of regen-
eration [2]. These lesions are generally not considered
to be frequent but the most common intraoral sites are
mental area, lower lip and tongue [3]. However, only few
cases of traumatic neuroma have been described on the
lower lip [4, 5].

The current case report presents traumatic neuroma
of mental nerve on the lower lip after mucocele excision
was done.

CASE REPORT

A 41-year old male was referred to the Clinic of Oral Sur-
gery, Faculty of Dentistry, University of Belgrade, Serbia,
for extraction of the right maxillary third molar. Dur-
ing clinical examination, the presence of localized sub-
mucosal swelling in his lower right fornix was noticed.
The patient reported that he had surgical excision of a

painless, soft tissue mass of approximately 10 mm in di-
ameter, localized in his right lower fornix 26 years ago.
The histopathological finding has confirmed the clinical
diagnosis of mucocele. Postoperatively, the patient expe-
rienced numbness on the right side of the lower lip and
chin. His symptoms lasted about twelve months and spon-
taneously disappeared. About thirteen years following the
surgery, the patient noticed a soft tissue mass localized
in the same place as previous lesion. New lesion has been
growing slowly without numbness or any other symptoms
therefore the patient did not visit an oral surgeon until the
third molar extraction was indicated. Intraoral examina-
tion showed a half spherical, movable, firm, painless, soft
tissue mass covered by a normal mucosa, measuring 10
mm in diameter, located in the right lower fornix.

The patient underwent surgical excision of the lesion.
During surgical procedure the lesion was easily separat-
ed from surrounding tissues. It was connected to mental
nerve with a pedicle of 10 mm in length and 1 mm in
diameter (Figure 1). The pedicle was carefully separated
from mental nerve and surgically removed together with
the lesion. Both, spherical soft tissue mass and pedicle
were sent for histological examination. The day after the
surgery the patient had mild burning sensations in the
area of the mental foramen. He also complained of a mild
skin paresthesia of the chin but not the lip. The third post-
operative day all symptoms disappeared.

Microscopically, the lesion was composed of irregularly
arranged and interlacing nerve fibres in a fibrous stroma.
The lesion comprised spindle cells with scant cytoplasm,
elongated oval nuclei arranged in interlacing bundles, and
variably sized fascicles with abundant fibrous stroma. Oc-
casionally, a single axon surrounded by Schwann cells was
observed in the peripheral areas of the mass (Figure 2).
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Figure 1. Intraoperative view showing lesion connected to the
mental nerve

Slika 1. Intraoperativni nalaz nakon odvajanja od okolnog tkiva.
Neurom je peteljkom bio vezan za n. mentalis

Figure 2. Irregularly arranged and interlacing nerve fibers in a fi-
brous stroma, HE; 40x, 100x

Slika 2. Iregularno rasporedeni i isprepletani snopovi proliferisanih
nervnih vlakana u fibroznoj stromi, HE; 40x, 100x

DISCUSSION

Traumatic neuroma is not a true neoplasm but a reactive
proliferation of neural tissue after interruption or other
damage of a nerve bundle [6] representing an ineffective
attempt of nerve repair [7]. The nerve elements can be
injured by different factors, including pressure, ischemia,
crushing, cuts, and lacerations, stretching or bleeding into
the surrounding area [8].

The most common intraoral sites are mental area,
lower lip, and tongue [3]. From surgical trauma point of
view, neuromas of mental nerve have been reported to
occur following sagittal split osteotomy, chin augmenta-
tion, and tooth extraction [3, 7, 9-12]. Clinical findings
may vary. The most common symptoms include pain,
tenderness and paresthesia [8, 11, 13, 14]. The pressure
on a local area may aggravate the pain. Infiltration of lo-
cal anesthesia into the painful region provides relief [11,
13, 14]. However, 25% cases of traumatic neuromas could
be asymptomatic lesions which confuses diagnosis [15].

In our paper the case of painless traumatic neuroma
is presented. Considering that painless lesion occurred at
the same site as previous lesion we firstly assumed that it
was newly formed mucocele. We came to that conclusion
as mucocele is one of the most common oral lesions on
the lower lip according to numerous authors [16]. Muco-
cele is developed after an injury of a minor salivary duct,
usually after biting trauma and a spillage of mucus into
the surrounding submucosal connective tissue as a conse-
quence. The most common complaint is painless swelling.
Depending on location the clinical appearance is differ-
ent. The superficial lesions are blue and fluctuant while
deeper ones have normal color of mucosa and they are
firm. The clinical findings in our patient corresponded to

the clinical presentation of deeper mucocele lesions. The
treatment of choice was surgical excision of the mucocele
and surrounding minor salivary glands. But, improper
surgical treatment as well as continued lip biting habits
could result in recurrence as described in 27.78% of cases
[17]. However, as the new lesion appeared thirteen years
later it was less likely to be mucocele recurrence. On the
other hand there was a great possibility that new muco-
cele or some other benign connective tissue lesion have
been developed. Beside mucocele the differential diag-
nosis included fibrolipoma, schwannoma, neurofibroma,
fibroephithelial polyp and small salivary gland tumors.

Traumatic neuroma can be differentiated from fibroli-
poma by the lack of lobular pattern, fibrosis and absence of
lipoblasts [18]. Traumatic neuroma differs from schwano-
ma by a more superficial position, absence of Antoni type
tissues architecture, and additional number of axons and
myelin sheaths within the lesion. Neurofibromas have ex-
pansive growth, usually are located deeply, and have no spe-
cific site of occurrence. They exhibit pattern in which cells
are arranged in short fascicles. They are commonly found
in patients with Von Recklinghausen's disease that was not
present in our case. Traumatic neuroma differs from neu-
rofibroma in the presence of broader fascicles with more
axons and myelin sheath and also the lack of significant
mucopolysaccaride ground substance and mast cells [18].

Mucocele is one of the most common lesions of lower
lip and preliminary diagnosis was based on that fact. Dur-
ing the surgical treatment it was found that the lesion was
connected to mental nerve suggesting neural origin of the
lesion. Also the spherical mass neither matched in color
nor in consistency with deep mucocele. The histological
features of the mass were consistent with the diagnosis
of traumatic neuroma. Treatment of choice for traumatic
neuroma is surgical excision. Apart classical surgical
excision another techniques like cryosurgery and laser
therapy could be a method of choice for the treatment of
traumatic neuroma.

In this case we assumed that traumatic neuroma had
occurred as a result of tissue damage by blade during the
previous surgical excision of mucocele or by needle dur-
ing local anaesthetic administration. This is supported by
the fact that after the first surgical intervention patient
complained about lower lip paraesthesia that lasted about
ayear.

In conclusion, nerve injury and consequently traumatic
neuroma are possible by-effects of mucocele excision even
though it is not a major facial surgical procedure.
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Traumatski neurom mentalnog nerva nakon ekscizije mukokele

donje usne
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KRATAK SADRZA)

Traumatski neurom predstavlja reaktivnu hiperplaziju iregularno postavljenih Svanovih éelija i neurofibrila u vezivno-tkivnoj stromi
koja nastaje kao posledica neuspesnih pokusaja regeneracije nakon povrede perifernog nerva.

U ovom radu je prikazan sluaj pacijenta sa bezbolnim traumatskim neuromom donje usne koji se pojavio na istom mestu gde je
prethodno hirurski uklonjena salivarna cista male pljuvacne zlezde donje usne — mukokela. Histopatoloski nalaz je pokazao da je

uklonjena promena bila traumatski neurom.
Kljucne reci: traumatski neurom; donja usna; mukokela

uvoD

Opste je poznato da u toku oralno-hirurskih intervencija moze
do¢i do povrede nervnih struktura. Kao posledica, dolazi do
subjektivnih senzornih ili motornih promena u inervacionoj
zoni povredenog nerva. Osim toga, ponekad postoje i objek-
tivni znaci koji se mogu manifestovati pojavom traumatskog
neuroma na mestu povrede.

Traumatski neurom predstavlja reaktivnu ne-neoplasti¢nu
leziju viSe nego pravu neoplazmu. Ovaj patoloski entitet je po-
znat kao pseudotumor i nastaje usled proliferatibnog odgovora
proksimalnog segmenta perifernog nervnog vlakna, dok dis-
talni segment podleZe Valerovoj degeneraciji (Wallerian dege-
neration) [1].

Traumatski neurom, odnosno amputacijski neurom, pred-
stavlja reaktivnu hiperplaziju iregularno postavljenih Svano-
vih Celija i neurofibrila u vezivno-tkivnoj stromi koja nastaje
kao posledica neuspe$nih pokusaja regeneracije [2]. Ove lezije
nisu ¢este, a uobicajena mesta pojave u usnoj duplji su podrucja
bradnog otvora, donje usne i jezika [3]. Kada je u pitanju po-
drucje donje usne, u literaturi postoji samo nekoliko opisanih
slu¢ajeva traumatskog neuroma [4, 5].

U ovom radu opisan je traumatski neurom bradnog nerva u
podrucju donje usne, nastao nakon ekscizije mukokele.

PRIKAZ PACIJENTA

Cetrdesetjednogodisnji muskarac primljen je na Kliniku za
oralnu hirurgiju Stomatoloskog fakulteta Univerziteta u Beo-
gradu radi ekstrakcije gornjeg desnog umnjaka. U toku klini¢-
kog pregleda primeceno je prisustvo submukoznog, loptastog,
jasno ogranic¢enog otoka u predelu donje usne sa desne strane.
Pacijent je naveo da je pre 26 godina bio podvrgnut hirurskoj
eksciziji bezbolne mekotkivne strukture pre¢nika 1 cm koja je
bila lokalizovana na istom mestu. Promena je klini¢ki odgo-
varala mukokeli, $to je potvrdeno histopatoloskom analizom.
Nakon operacije pacijent se Zalio na utrnulost u regiji desne
polovine donje usne i brade. Prema re¢ima pacijenta, simptomi
su trajali oko 12 meseci, nakon ¢ega su spontano i§¢ezli. Trinaest
godina posle operacije pacijent je primetio novu mekotkivnu
promenu na mestu prethodne lezije. Tokom tog perioda lezija se
uvecavala veoma sporo (bez utrnulosti, kao i bilo kakvih drugih

simptoma), te pacijent nije do$ao na pregled sve dok ekstrakcija
gornjeg treceg molara nije bila indikovana. Intraoralnim pregle-
dom je ustanovljeno postojanje polukruzne, pokretne, ¢vrste i
bezbolne mekotkivne strukture koja je prekrivena normalnom
sluzokoZom, ¢ija je veli¢ina bila 10 mm u pre¢niku. Pacijentu je
sugerisano hirursko uklanjanje lezije. U toku operacije lezija je
lako odvojena od okolnog tkiva i primeceno je da je peteljkom
duzZine oko 10 mm povezana sa mentalnim nervom (Slika 1).
U skladu sa tim, peteljka je pazljivo odvojena od mentalnog
nerva i uklonjena zajedno sa lezijom. Odstranjeno tkivo zajedno
sa peteljkom poslato je na histopatolosku analizu. Prvog po-
stoperativnog dana pacijent je prijavio ose¢aj pe¢enja u zoni
projekcije mentalnog otvora. Takode, naveo je i blagi osecaj
parestezije koze brade, ali ne i usne. Tri dana nakon operacije
svi simptomi su nestali.

Mikroskopski, lezija se sastojala od iregularno rasporedenih
i isprepletanih nervnih vlakana u fibroznoj stromi. Pored toga,
tkivo je sadrzalo i vretenaste Celije sa oskudnom citoplazmom,
izduzenim ovalnim jedrom, rasporedene u medusobno ispreple-
tanim snopovima razli¢itih veli¢ina uz obilje fibrozne strome.
Mestimi¢no, pojedinaéni akson okruzen Svanovim ¢elijama
nalazio se u perifernim delovima tumorskog tkiva (Slika 2).

DISKUSIJA

Traumatski neurom nije neoplazma u pravom smislu te reci,
ve¢ reaktivna proliferacija nervnog tkiva koja nastaje nakon
prekida ili neke druge povrede nervnog snopa [6] i predstavlja
neuspes$an pokusaj nervne regeneracije [7]. Nervni elementi
mogu biti povredeni delovanjem razli¢itih faktora ukljucujuéi
pritisak, ishemiju, nagnjecenje, presecanje, kao i laceracije, ra-
stezanje i krvarenje u okolnom tkivu [8]. Sto se ti¢e intraoralne
lokalizacije, traumatski neurom se najcesce javlja u podrucju
bradnog otvora, donje usne i jezika [3]. Sa aspekta hirurske
traume, pojave neuroma mentalnog nerva su opisane nakon
sagitalne osteotomije, kostane augmentacije bradnog predela,
ali i vadenja zuba [3,7,9-12].

Klinic¢ki simptomi mogu varirati. Uobicajena klinicka slika
uklju¢uje bol, Zarenje i paresteziju [8, 11, 13, 14]. Bol se moze
pojacati pritiskom na zahvaéenu regiju. Infiltracija lokalnog
anestetickog rastvora u bolno podru¢je donosi olaksanje [11,
13, 14]. Sa druge strane, u 25% pacijenata traumatski neuromi



mogu biti asimptomatske lezije, $to ¢esto otezava postavljanje
dijagnoze [15].

U ovom radu je prikazan slucaj bezbolnog traumatskog ne-
uroma. Bududi da se bezbolna mekotkivna formacija javila na
istom mestu kao i prethodna lezija, postojala je pretpostavka da
se radi o recidivu mukokele. Mukokele su jedan od naj¢es¢ih
patologkih entiteta usne duplje i predominantno se javljaju u
regiji donje usne [16]. Nastaju kao posledica povrede malih
pljuvaénih kanala i Zlezda, naj¢esce ugrizanjem. Usled oSte-
¢enja salivarnog kanala dolazi do izlivanja mukusa u okolno
submukozno vezivno tkivo. Najces¢i simptom na koji se paci-
jenti Zale je bezbolni otok. Treba istaci da klinicka slika zavisi
od lokalizacije. Povrsno lokalizovane lezije su plavicaste boje i
pokazuju fenomen fluktuacije, dok su dublje lezije tvrde i ima-
ju boju normalne sluzokoze. Terapija ovih lezija je hirurska i
podrazumeva eksciziju mukokele i uklanjanje okolnih malih
pljuva¢nih Zlezda. Neadekvatna hirurska tehnika kao i dalje
prisustvo navike grickanja usne mogu rezultovati recidivom u
27,78% pacijenata [17].

Klini¢ki nalaz kod pacijenta iz ovog rada je odgovarao kli-
nickoj slici dublje lokalizovane mukokele. Kako je do pojave
nove lezije doslo 13 godina nakon prve intervencije, manje je
verovatno da je u pitanju recidiv. Sa druge strane, postojala je
velika mogu¢nost da je u pitanju nova mukokela ili neka druga
benigna mekotkivna struktura.

Diferencijalno dijagnosticki, pored mukokele, u vidu treba
imati fibrolipom, $vanom, neurofibrom, fibroepitelijalni polip
i tumor malih pljuva¢nih zlezda. Traumatski neurom se moze
razlikovati od fibrolipoma po odsustvu lubalarne grade, fibroze
kao i masnih ¢elija [18]. Sa druge strane, od $vanoma se razliku-
je po tome $to je obi¢no postavljen povr$nije. Takode, odusustvo
Antoni tipa tkivne arhitekture i ve¢i broj aksona i mijelinskih
struktura ukazuju na to da je u pitanju traumatski neurom pre
nego $vanom. Neurofibromi imaju ekspanzivan rast, obi¢no su
lokalizovani dublje u tkivu i nemaju specifi¢cno mesto nastaja-
nja. Odlikuje ih grada u kojoj su ¢elije rasporedene u kratkim

Stomatoloski glasnik Srbije. 2016;63(2):93-97

snopovima. Po pravilu se javljaju kod pacijenata sa von Rec-
klinghausenovom bole$¢u, $to nije bio slu¢aj kod prikazanog
pacijenta u ovom radu. Traumatski neurom se od neurofibroma
razlikuje po prisustvu Sirih snopova sa viSe aksona i mijelinskih
obloga, kao i po odsustvu znacajne koli¢ine mukopolisaharida
i mast ¢elija [18].

Mukokela je jedna od najcesc¢ih lezija donje usne, te je tako
i privremena dijagnoza postavljena u ovom slucaju. U toku
operacije ustanovljeno je da je lezija povezana sa mentalnim
nervom, $to je ukazalo na to da lezija moze biti porekla nervnog
tkiva. Pored toga, ni boja ni konzistencija lezije nisu odgovarale
mukokeli.

Ono $to je vazno istadi je to da hirurska ekscizija predstavlja
tretman izbora za traumatski neurom. Osim klasi¢ne hirurske
ekscizije postoje i druge tehnike le¢enja kao $to su kriohirurgija
i terapija laserom. Zahvaljujuci manjoj invazivnosti, ove tehnike
se namecu kao dostojna alternativa klasi¢noj hirurgiji.

Histopatoloska analiza je nesumnjivo potvrdila da je u pi-
tanju traumatski neurom. Na osnovu preoperativnih anamne-
stickih podataka i podataka dobijenih nakon operacije, kao i
histopatoloskog nalaza, traumatski neurom je najverovatnije
nastao kao posledica povrede skalpelom tokom prethodne hi-
rurske intervencije, ili povrede iglom u toku aplikacije lokalnog
anestetickog rastvora ili $ivenja.Takode, ovo potkrepljuje i po-
datak da se nakon prve operacije pacijent Zalio na paresteziju
donje usne.

Moze se zakljuciti da je povreda nerva i posledi¢na pojava
traumatskog neuroma jedna od mogucih komplikacija eksci-
zije mukokele, iako ova intervencija ne predstavlja ekstenzivnu
oralnohirur$ku proceduru. Imaju¢i u vidu da je usna izgradena
od vezivnog i masnog tkiva, krvnih sudova, nerava i pljuva¢nih
zlezda, jasno je da svaki tumor usne moze imati $irok spektar
diferencijalno dijagnostickih patoloskih entiteta. Kako je klini¢-
ka prezentacija benignih i malignih tumora u regiji usne veoma
sli¢na, eksciziona biopsija je neophodna kako bi se mogla po-
staviti sigurna dijagnoza.
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Da li ste pazljivo citali radove?

Zubna pulpa kod osoba sa dijabetesom ima
nekompromitovan reparatorni odgovor na
nadrazaje?

a) Da

b) Ne

¢) Zavisi od nadrazaja

Traumatski neurom je:

a) reaktivna hiperplazija Svanovih éelija
b) karcinom donje vilice

¢) melanom

Fluorapatit je:
a) najstabilniji kalcijum-ortofosforni mineral

¢) najmeksi mineral

Automatsko odredivanje linearnih veli¢ina lica na
osnovu fotografija je proveravano na uzorku od:
a) 20 fotografija

b) 30 fotografija

c) 35 fotografija

Kod osoba sa dijabetesom nivoi faktora rasta su:
a) promenjeni

b) nepromenjeni

¢) zavisi od nadraZaja

Traumatski neurom je:
a) Cesta pojava

b) retka pojava

¢) izuzetno retka pojava

Pozicije definisanih ta¢aka na digitalnoj fotografiji
su odredivane:

a) sa pauzom od 3 dana

b) sa pauzom od 7 dana

c) sa pauzom od 14 dana

10.

11.

12.

13.

14.

Eksperimentalni dokazi o umanjenoj
restaurativnoj aktivnosti pulpe kod osoba sa
dijabetesom:

a) postoje

b) ne postoje

¢) nema ni klini¢kih ni eksperimentalnih potvrda

Traumatski neurom se ¢es$ce javlja u:
a) donjoj vilici

b) gornjoj vilici

c) u obe vilice podjednako

Najveca koncentracija fluoroapatita se kod ¢oveka
nalazi:

a) u kostima

b) u gledi

¢) u vezivnim tkivima

Odgovor pulpe moze biti modifikovan njenim
morfoloskim i funkcionalnim stanjem?

a) Da

b) Ne

¢) U zavisnosti od oboljenja

Klini¢ki nalaz neuroma odgovara:
a) ekspanzivnom karcinomu

b) mukokeli

¢) melanomu

Traumatski neurom se u usnoj duplji najcesce
javlja:

a) u predelu bradnog otvora donje usne

b) u predelu sekuti¢a gornje usne

c) u predelu molara gornje usne

Faktori rasta su po hemijskoj strukturi:
a) protein

b) vitamin

c) neutralne materije



15.

16.

17.

Fluorotit se u biomedicini koristi kao:
a) aktivno terapijsko sredstvo

b) nosac lekova

¢) za$tita mekih tkiva

Traumatski neurom je obi¢no:

a) sa jako izrazenim simptomima

b) sa simptomima u vidu bola, Zarenja i parestezije
c) sa probadaju¢im bolovima

Fluorat je:
a) manje stabilan od hidroksiapatita

c) efikasniji u zastiti od karijesa od hidroksiapatita

18.

19.

20.

Serbian Dental Journal, vol. 63, N° 2, 2016

Klju¢ni faktor rasta za regulaciju procesa reparacije
pulpe je:

a) BMP-2

b) TGF B

¢)VEGF

Za sintezu fluorapatita najcesce se koristi:
a) kalcijum-hidroksid

b) kalcijum-karbonat

c) kalcijum-silikat

Odstupanja od merenih veli¢ina dobijenih
vrednosti kretala su se od:

a) 0,1 do 0,5%

b) 0,1 do 0,6%

¢) 0,03 do 0,6%

Odgovore slati na email adresu Urednistva casopisa ,,Stomatoloski glasnik Srbije“. Ta¢ni 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 asopis Srpskog lekarskog
drustva osnovan 1953. godine. Casopis objavljuje: origi-
nalne nau¢ne i stru¢ne radove, pregledne radove, prikaze
iz prakse, saopstenja, informativne i edukativne radove,
istoriografske radove, izvestaje s kongresa i stru¢nih sa-
stanaka, prikaze knjiga, komentare i pisma urednistvu,
struc¢ne vesti i 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 $tampu 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 re¢i. 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 reci. Kratak sadrzaj
originalnog rada treba strukturirati na sledece delove: Uvod
(u okviru kojeg se navodi cilj rada), Materijal i metode rada,
Rezultati i Zakljuc¢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 genericka 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, klini¢kih 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 reci 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 tatnog broja kolona i redova koji ¢e ¢initi mrezu
tabele. Kori$¢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¢énosti da dostave digitalne fotografije, onda
originalne slike treba skenirati kao Grayscale (ili u boji) u
rezoluciji 300 dpi i snimiti ih u originalnoj velicini.



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$¢enje apstrakta kao referen-
ce, a apstrakte starije od dve godine ne citirati. Reference
¢lanaka koji su prihvaceni 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 nadi na inter-
net-stranici http://www.nlm.nih.gov/bsd/uniform_requi-
rements.html.
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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 ¢asopisu, te izjavu da
su rukopis proditali 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 §tampanje. 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
$alje postom ili donosi u Urednistvo, rukopis se dostavlja
ods$tampan 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 za godinu u kojoj pre-
daju rad za publikovanje.

Adresa:

Srpsko lekarsko drustvo

Urednistvo ¢asopisa ,,Stomatoloski glasnik Srbije®
ul. Kraljice Natalije 1

11000 Beograd

Srbija

Telefon: +381 (0)11 3245 149
E-mail: stomglas@bvcom.net
Internet-adresa: http://www.stomglas.org.rs
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Instructions for Authors

Serbian Dental Journal is the journal of the Serbian
Medical Society, founded in 1953. The journal publishes
original scientific and professional papers, review articles,
case reports, preliminary research reports, informative
and educational papers, historical papers, summaries of
papers presented on congresses and professional meet-
ings, book reviews, comments and letters to the Editor,
professional news and social chronicle.

All manuscripts are peer-reviewed. Manuscripts are re-
viewed by two anonymous referees and, if necessary, a
statistician. The final decision on paper acceptance for
publishing is made by the Editor-in-Chief. Authors are
informed of acceptance or rejection of the paper within
eight weeks after manuscript submission.

Copyright is transferred from the author(s) to the pub-
lisher upon paper acceptance and no fees are paid for
papers to be published. Manuscripts are not returned to
the author. For any reproduction and repeated publish-
ing of part or the whole paper, written consent from the
publisher is requested.

The journal is published in English and Serbian.

General instructions The manuscript should be typed
in MS Word, with double line spacing, only in Times New
Roman font and letters size 12 pt. Page margins should be
25 mm, page size set to A4 format, and text typed aligned
left with paragraph indentations of 10 mm. Words should
not be hyphenated. If special symbols are used in the text,
preferred font is Symbol. References should be marked
with Arabic numbers in brackets, e.g. [1,2], in the order of
appearance in the text. Page numbers should be inserted
at the bottom of the page, starting from the title page.

Title page The first page should contain: the title of the
paper without abbreviations, authors’ names without
professional titles, authors’ affiliations; the exact postal
address of the corresponding author, telephone number
and e-mail address must be given at the bottom of the
title page.

Summary and keywords The second page should con-
tain a structured summary of the paper with Introduc-
tion (with the aim), Material and Methods, Results and
Conclusion with up to 250 words. Each of these segments
should be written as a new paragraph with bold subtitles.
Only the most important results should be indicated with
the statistical level of significance. Following summary
it is recommended to list 3 to 6 keywords related to the
paper. Keywords should be chosen according to the Medi-
cal Subject Headings — MeSH (http://www.nlm.nih.gov/
mesh).

Structure of the manuscript Original paper should have
the following subheadings: Introduction (with the aim),
Material and Methods, Results, Discussion, Conclusion
and References. Case report should contain: Introduction,
Case Report, Discussion, Conclusion and References. No
patients’ names, initials or record numbers should be in-
dicated. Review and informative article consists of Intro-
duction, subheadings, Conclusion and References. Only
distinguished authors with at least five citations of their
published papers are eligible to publish review articles.

Text of the manuscript Text should be written in short
and clear sentences, avoiding foreign language words and
inadequate terms and interpretation from the literature.
Medications should be indicated by their generic names.
For each abbreviation, full term should be indicated when
first mentioned in the text, except for standard measur-
ing units. Decimals should be separated with a comma
in Serbian, and with a dot in English. Numbers should be
approximated to one decimal place. All results of hema-
tological, clinical and biochemical measurements should
be quoted in the metrical system according to the Inter-
national Unit System (SI).

Length of the manuscript The entire manuscript (title
page, summary, the whole text, list of references, all enclo-
sures including captions and legends) should not exceed
7,000 words for a review article, 5,000 words for an origi-
nal paper, and 3,000 words for an informative article and
case report. The number of words can be checked in MS
Word using Tools—Word Count or File-Properties—Sta-
tistics options.

Tables Tables should be marked in Arabic numbers in the
order of appearance in the text, and should be prepared in
MS Word using Table-Insert-Table, with clearly defined
number of columns and rows. Abbreviations used in a
table should be explained in the legend under the table.

Graphs Graphs should be prepared in MS Excel, in order
to maintain a clear view of all values within the cells.

Photographs Photographs should be marked in Arabic
numbers in the order of appearance in the text. Only
original digital photographs (black-and-white or color),
resolution of 300 dpi, and .tiff or .jpg format, are accept-
able. If authors do not posses or are not able to provide
digital photographs, then the original photos should be
scanned as Grayscale (or RGB color) with resolution of
300 dpi, and saved in original size.

Schemes Schemes should be drawn in CorelDraw or Ado-
be Illustrator programmes. The text in the scheme should
be typed in Times New Roman, font size 10 pt.
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References The reference list is the responsibility of the
authors. Cited articles should be readily accessible to the
journals readership. Therefore, following each reference,
its DOI number and PMID number (if the article is in-
dexed for MEDLINE/PubMed) should be typed.

References must be marked in Arabic numbers and cited
in the order of appearance in the text. The number of
references should not exceed 30, except in review and
informative articles, when no limits are established. The
use of abstracts as references should be avoided and an
abstract more than two years old should not be quoted by
any means. When citing accepted papers, these should be
indicated as “in press” and a proof of acceptance should
be provided.

References are cited according to the Vancouver style
(Uniform Requirements for Manuscripts Submitted to
Biomedical Journals), rules and formats established by
the International Committee of Medical Journal Editors
(http://www.icmje.org), used by the U.S. National Library
of Medicine and scientific publications databases. Exam-
ples of citing publications (journal articles, books and
other monographs, electronic, unpublished and other
published material) could be found on the web site http://
www.nlm.nih.gov/bsd/uniform_requirements.html.
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Cover letter A cover letter should be signed by all authors
and with the following content: written consent that the
paper was not previously published and is not simulta-
neously submitted to publication in other journals, and
written consent that the paper was reviewed and approved
by all other co-authors.

Authorship Authorship is based only on: crucial contri-
bution to the article conception, obtaining of results or
analysis and interpretation of results; design of the manu-
script or its critical review of significant intellectual value;
final revision of the manuscript being prepared for publi-
cation. Funding, collection of data or general supervision
of the research group alone cannot justify authorship.

Submission Manuscript and all enclosures can be sent by
e-mail (stomglas@bvcom.net). If sent by registered mail
or delivered in person at the Editorial Office in Belgrade,
it should contain two printed copies and a CD with the
version identical to that on paper.

Address:

Serbian Medical Society

Editorial Board of the Serbian Dental Journal
Kraljice Natalije 1

11000 Belgrade

Serbia

Phone: +381 11 3245 149
E-mail: stomglas@bvcom.net
Web site: http://www.stomglas.org.rs
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Dental links / Stomatoloski linkovi

MEDLINE
http://www.nlm.nih.gov/databases/databases_medline.html

OPERATIVE DENTISTRY
http://www.jopdent.org/journal/journal.php

JOURNAL OF CONTEMPORARY DENTAL PRACTICE
http://thejcdp.com/

JOURNAL OF THE AMERICAN DENTAL ASSOCIATION (JADA)
http://jada.ada.org/

BRITISH DENTAL JOURNAL
http://www.nature.com/bdj/index.html

JOURNAL OF DENTAL RESEARCH
http://www.iadr.com/

CANADIAN MEDICAL ASSOCIATION JOURNAL (CMAJ)
http://www.cmaj.ca/

JOURNAL OF THE AMERICAN MEDICAL ASSOCIATION (JAMA)
http://jama.ama-assn.org/

JOURNAL OF THE CANADIAN DENTAL ASSOCIATION (JCDA)
http://www.cda-adc.ca/jcda/

JOURNAL OF PERIODONTOLOGY
http://www.joponline.org/loi/jop

JOURNAL OF ORTHODONTICS
http://jorthod.maneyjournals.org/

INTERNATIONAL JOURNAL OF PAEDIATRIC DENTISTRY
http://www.wiley.com/bw/journal.asp?ref=0960-7439

AUSTRALIAN DENTAL JOURNAL
http://www.ada.org.au/Publications/adj.aspx
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