
44 Serbian Dental Journal, vol. 59, No 1, 2012

UDC: 616.314-089:615.242.07 DOI: 10.2298/SGS1201044L

INFORMATIVE ARTICLE / INFORMATIVNI RAD

Nanotechnology in Dentistry – Current State and 
Future Perspectives

Tijana Lainović1, Larisa Blažić2, Michal Potran1

1Dental Department, School of Medicine, University of Novi Sad, Novi Sad, Serbia;
2Department for Dentistry of Vojvodina, School of Medicine, University of Novi Sad, Novi Sad, Serbia

INTRODUCTION

The universal definition of nanotechnology has not been 
established yet, since the existing definitions vary depend-
ing on the intended use. Therefore, current attempts to 
define nanotechnology can be divided in the three main 
groups: scientific definitions, public definitions and those 
that allow making certain decisions [1].

Nanotechnology is the science and engineering involved 
in design, synthesis, characterization and application of 
materials and devices whose smallest unit of measure-
ment in at least one dimension is on the nanometer scale 
(one billionth of a meter, 10-9 m) [2]. This means that 
what we consider nanomaterial or a nanodevice, has 
the smallest dimension of about 100 nm i.e. maximum 
1×10-7 m. For comparison, the diameter of human hair is 
about 50 μm and it is 50,000 times larger than the size of 
1 nm [3]. Further, the average diameter of the bacterium 
Streptococcus mutans 10 449 is around 0.321±0.007 μm 
[4], while the size of a hydrogen atom is in the range of 
0.1 to 0.2 nm [5].

Nanotechnology and the science of nanomaterials have 
a potential to provide benefits in numerous areas such 
as synthesis of new materials with advanced properties, 
production technology, information technology and elec-
tronics, ecology and energy conservation, nanobiosys-
tems, medical appliances, transportation, economy, etc. 
It is unlikely that there is any segment of human life and 
activity in which nanotechnology cannot be applied. It is 
also estimated that nanotechnology will affect the psychol-

ogy of people as well as their understanding of the world 
they live in (social phenomena, philosophical views and 
ethical considerations) [6, 7, 8].

According to the U.S. National Institutes of Health, 
nanomedicine includes the application of nanotechnology 
in a “very specific medical intervention at the molecu-
lar level, i.e. to treat disease and repair damaged tissue 
such as bones, muscles and nerves.” Johnson and McGee 
[9] maybe defined nanomedicine more appropriate as 
“nanomedicine involves medical interventions that use 
materials, machines and mechanisms created or con-
trolled by nanoscience and nanotechnology in order to 
monitor, improve or maintain health”. Accordingly, the 
potential applications of nanotechnology in medicine are 
drug and genetic material delivery (viral vectors, non-viral 
vectors, such as nanoparticles, liposomes, or dendrimers 
and so-called “gene guns”), imaging, molecular diagnosis, 
therapy, cardiology, orthopedics, etc. [2, 10-13].

Most of nanotechnology applied in medicine, can also 
be applied in dentistry. Nanodentistry has a potential to 
improve oral health by providing sophisticated preventive, 
diagnostic and therapeutic measures using nanomaterials, 
biotechnology and nanorobots [14]. That way, advanced 
dental care could be delivered throughout the world popu-
lation [2, 15].

The structure of material that has particles of a nanom-
eter size possesses special properties. Physical and chemi-
cal properties of materials become quite different when 
number of constitutional atoms is greatly reduced. A small 
number of atoms allow different positioning and distance 
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between them making those properties to be dominant 
physical and chemical properties of the object [5, 16].

EARLY VISION

At the annual meeting of the American Physical Society, 
back in 1959, the physicist and Nobel laureate Richard 
P. Feynman has drawn great attention of the scientific 
community by his revolutionary statement that “there is 
a plenty of room at the bottom.” He talked about future 
possibility to create materials and devices at the atomic 
or molecular level and by his speech he has influenced 
human mind to conceive an innovative way of thinking. 
He suggested that the existing machinery and equip-
ment should produce smaller tools which would than 
produce even smaller machines and tools and so on, up 
to the molecular level. He suggested that nanomachines, 
nanorobots and nanodevices could be ultimately used to 
develop a wide range of atomically precise microscopic 
instruments and production tools. Its historical lecture 
Feyman concluded with words: “This is a developmental 
path that cannot be avoided “[17, 18].

CURRENT STATE AND FUTURE PERSPECTIVES IN 
DENTISTRY

Nanotechnology offers a broad range of innovations and 
improvements in prevention, diagnostics and treatment 
of oral diseases. The characteristics of composite filling 
materials have been constantly improved. The mode for 
producing filler particles for composite materials has 
been changed on nanotehnological level in order to pro-
duce particles smaller than 100 nm. Traditional process 
for the production of small particles has been character-
ized by grinding larger pieces of glass, quartz or ceram-
ics, i.e. approach “from the top to the bottom” (“top-down” 
approach). In order to produce particles smaller than 100 
nm, that method has been replaced by chemical processes 
of direct molecular synthesis and bonding (direct molecu-
lar assembly) i.e. applying the approach “from the bottom 
to the top” (“bottom up” approach). Nanofilled composite 
systems have shown better physical properties including 
compressive strength, tensile strength, impact strength, 
flexural strength and abrasion resistance, etc. than tradi-
tional composites filled with microparticles [5]. In addi-
tion, aesthetic properties of nanomaterials are superior 
as compared to traditional, primarily due to the optical 
properties of nanoparticles as well as better polishability 
and maintaining polished surface for long time [5]. There 
are two main types of dental composites filled with nano-
fillers: nanohybrids and nanofilled. Nanohybrid compos-
ites contain fillers of different size e.g. larger glass particles 
(average size about 2000 nm) mixed with particles of a size 
around 10 nm, while nanofilled have more uniform particle 
size e.g. particle size of about 75 nm mixed with particles 
of sizes from 5 to 25 nm. Nanofilled composite materials 
are characterized by the combination of nanoparticles and 
“nano-cloud” (nanoclusters) introduced in Filtek Supreme 

(3M ESPE). These materials exhibit improved mechanical 
and physical properties as compared to the conventional 
composite materials for dental fillings [19].

In the future, nanotechnology and biomimetic 
approach (biomimetics – mimicking the natural structure 
and properties of biological materials), could be used for 
repair and restoration of damaged enamel [20]. Chen et 
al. [21] have synthesized hydroxyapatite nano-rods which 
have a structure similar to the enamel prisms (enamel- 
prism-like hydroxyapatite nanorods). These hydroxyapa-
tite nano-rods possess a feature so called self-connection 
and switching (self-assembly) and may become nano-
restoration that mimic naturally occurring processes, and 
as such, could be used to restore tooth structure. Similar 
nano-structures that could also be used for the restoration 
of tooth substance are nanospheres; genetically engineered 
peptides that bind to the surface of inorganic materials 
(GEPIs – genetically engineered peptides for inorganics), 
amelogenin-based materials as well as restorations that 
release fluoride [19, 22, 23].

There are number of published papers that have stud-
ied possibilities for dental caries prevention of using the 
benefits of nanotechnology [20, 24-27]. In this studies, 
nanomaterials have been synthesized and tested. For 
example, biphasic calcium fluoride/fluorinated hydroxya-
patite (CF/FHAp) nanocrystals have been synthesized, 
characterised and in vitro tested as potential dental filling 
material with ability to prevent dental caries by fluoride 
ion release [24]. Also, Min et al. [25] in an in vitro study 
presented the application of hydroxyapatite nanoparticles 
which, if added to soft drinks for athletes, could prevent 
teeth erosion. Furthermore, Kim et al. [26], in laboratory 
conditions, tested the effect of nano-carbonate apatite 
(n-CAP) in the prevention of late discoloration of teeth 
after bleaching. They found that 10% n-CAP can substan-
tially maintain achieved color after whitening and provide 
adequate recovery of tooth enamel.

Based on the current knowledge, it is certain that 
nanotechnology has a great potential for prevention of 
dental caries. Tschoppe et al. [27] found in their study 
that toothpaste and preparations for the caries prevention 
that contain nano-hydroxyapatite (n-HAp) can enhance 
the process of remineralization in enamel and dentin. In 
an in vitro study, they compared the effect of toothpaste 
with added n-HAp or zinc-carbonate/nanohydroxyapa-
tite (ZnCO3/n-Hap) particles with conventional fluoride 
toothpastes on bovine enamel and dentin remineraliza-
tion. They found similar or better effects when used tooth-
paste with nanoparticles [27].

In the sphere of dental implantology that is making 
steady progress, further improvement is possible by modi-
fying the surface of endosseous implants with nanoscale 
surface modification techniques. Such altered properties 
of nanosurfaces affect cell adhesion, proliferation, and 
differentiation. The process of osseointegration could be 
better and faster using that type of surface modification. 
There are already a few commercial nano-modified dental 
implant systems available for clinical use [28]. Time will 
show strengths and weaknesses of dental implants surface 
modifications through long-term clinical evaluation.
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Some promising results using nanotechnology modi-
fication have already been obtained in one of the most 
popular areas in dentistry, guided tissue and periodontal 
regeneration [29]. New materials with addition of nano-
particles should serve as a scaffold for tissue ingrowths 
to improve the ability of tissue regeneration. Srinivasan 
et al. [29] found that experimental alginate/nano-bioac-
tive glass ceramic composite scaffolds could be useful in 
periodontal regeneration. Such structure provides good 
protein adsorption and cell adhesion and proliferation.

Although modern protocols for the treatment of pulp 
diseases and apical periodontitis guarantee high success 
rates, a new approach in endodontic therapy, which would 
be also the ideal therapy, is the induction of healthy tissue 
and replacment of diseased or necrotic pulp tissue. Fioretti 
et al. studied the anti-inflammatory effects of biologically 
active nanostructured multilayer films on fibroblasts [30]. 
They reported first time use of these films containing mel-
anocortin peptides (α-MSH), (which can stimulate human 
pulp fibroblasts in order to modulate pulpal inflamation) 
as a new active biomaterial for endodontic regeneration.

If the idea of nanorobots becomes realized, they 
would have a significant application in orthodontics. 
Manipulation with periodontal tissue would allow teeth 
movement and positioning [18].

Natural tooth appearance and durability, new forms 
of local anesthesia, treatment of dentine hypersensitivity, 
regeneration of tooth structure, improving preventive and 
regenerative procedures are also some areas for potential 
use of these nano-systems [2, 17, 18].

NANOTECHNOLOGY AS A RISK FOR HUMAN 
HEALTH AND ENVIRONMENT

The amount of free nanoparticles in nature depends on 
various factors: their physico-chemical properties, quan-
tity and time of exposure. Nanomaterials released in the 
enviroment can be further modified by: temperature, 
pH, different biological conditions and presence of other 
pollutants. In this interaction nanomaterials can alter 
atmosphere, soil and water. These transformations and 
interactions can adversely affect the current state of the 
environment and be harmful to human health and bal-
ance of the ecosystems [31, 32, 33].

Nanoparticles have unique physicochemical properties 
that can be different in comparison with the same mate-
rial in macroscale size. The main characteristic of these 
particles is greater difference between the surface area 
and unit weight, and higher surface reactivity [3, 4, 15]. 
It might lead to increased absorption through the lungs, 
skin, digestive tract and it might cause side effect to the 
lungs and other organs [2, 17]. Nanoparticles are so small 
that they can interact with DNA, RNA and other intrace-
lular components. The question is what kind of immune 
response could be activated by these small particles, and 
what will be the metabolism, absorption and elimination 
path of these products?

There is a need for systemic solutions, monitoring and 
recording of potential hazard as well as finding timely 

responses in order to achieve safety for human health and 
environment.

CONCLUSION

It can be predicted that nanotechnology will have a great 
impact on dental research, dental prevention, diagnostics 
and treatment solutions. Major advances are expected in 
the sphere of preventive dentistry and mimicking pro-
cesses that occur in nature (biomimetics). More accurate 
diagnostics will lead to detecting diseases in the earliest 
stages allowing timely applied treatment. Nanotechnology 
will create better treatment solutions themselves, and 
thus, overall features of oral health care will be improved. 
On the other hand, there are poorly understood risks for 
human health and environment that nanotechnology 
might cause. What will the application of nanotechnol-
ogy and nanomaterials bring to the world, remains to be 
seen. However, nanotechnogy will be in focus of modern 
civilization reflection and action.

ACKNOWLEDGEMENTS

This paper represents the part of research realized in the 
framework of the project “Research and development of 
modeling methods and approaches in manufacturing den-
tal recoveries with the application of modern technolo-
gies and computer aided systems“ – TR 035020, financed 
by the Ministry of Science and Technological Development 
of the Republic of Serbia.

The authors would like to thank Karmen Stankov, MD, 
PhD, Assistant Professor, Clinical center of Vojvodina, 
Medical faculty Novi Sad, for her support and helpfull 
guidance with translation of scientific terms originally 
written in English.

REFERENCES

1. Balogh L. Why do we have so many definitions for nanoscience and 
nanotechnology? Nanomed Nanotechnol Biol Med. 2010; 6:397-8.

2. Sahoo SK, Parveen S, Panda JJ. The present and future of nano-
technology in human health care. Nanomed Nanotechnol Biol 
Med. 2007; 3:20-31.

3. Jandt KD, Sigusch BW. Future perspectives of resin-based dental 
materials. Dent Mater. 2009; 25:1001-6.

4. Ryan V, Hart TR, Schiller R. Size determination of streptococcus 
mutans 10449 by laser light scattering. Biophys J. 1980; 31:313-24.

5. Mitra SB, Wu D, Holmes BN. An application of nanotechnology in 
advanced dental materials. JADA. 2003; 134:1382-90.

6. Davies S. How we talk when we talk about nano: the future in lay-
people’s talk. Futures. 2011; 43:317-26.

7. Burri R, Bellucci S. Public perception of nanotechnology. J Nanopart 
Res. 2008; 10:387-91.

8. Kahan DM. Nanotechnology and society – the evolution of risk 
perceptions. Nature Nanotech. 2009; 4:705-6.

9. Johnson S, McGee G. Nanotechnologies in health care: a needs ass-
esment regarding ethics and policy in nanomedicine. Available from: 
http://www.hcs.harvard.edu/~hhpr/currentissue/07spring/156-164.
pdf Published 2007, Accessed December 26th, 2011.

10. Emerich DF, Thanos CG. Nanotechnology and medicine. Expert 
Opin Biol Ther. 2003; 3:655-63.



47Stomatološki glasnik Srbije. 2012;59(1):44-50

11. Moghimi SM, Hunter AC, Murray JC. Nanomedicine: current sta-
tus and future prospects. FASEB J. 2005; 19:311-30.

12. Emerich DF. Nanomedicine – prospective therapeutic and diag-
nostic applications. Expert Opin Biol Ther. 2005; 5:1-5.

13. Jain KK. Nanodiagnostics: application of nanotechnology in molec-
ular diagnostics. Expert Rev Mol Diagn. 2003; 3:153-61.

14. Subramani K, Ahmed W. Emerging Nanotechnologies in Dentistry: 
Processes, Materials and Applications. Waltham, MA: Elsevier Inc; 2012.

15. Kanaparthy R, Kanaparthy A. The changing face of dentistry: nano-
technology. Int J Nanomedicine. 2011; 6:2799-804.

16. Trajković V, Marković Z. Nanomedicina: stanje i perspektive. In: 
Raković D, Uskoković D. Biomaterijali. Beograd: Institut tehničkih 
nauka SANU, Društvo za istraživanje materijala; 2010. p.762-77.

17. Freitas RA Jr. Nanotechnology, nanomedicine and nanosurgery. 
Int J Surg. 2005; 3:243-6.

18. Gupta J. Nanotechnology applications in medicine and dentistry. 
J Investig Clin Dent. 2011; 2:81-8.

19. Saunders S. Current practicality of nanotechnology in dentistry. 
Part I: Focus on nanocomposite restoratives and biomimetics. Clin 
Cosmet Investig Dent. 2009; 1:47-61.

20. Hannig M, Hannig C. Nanomaterials in preventive dentistry. Nature 
Nanotech. 2010; 5:565-9.

21. Chen N, Clarkson BH, Sun K, Mansfield JF. Self-assembly of syn-
thetic hydroxyapatite nanorods into enamel prism-like structure. 
J Colloid Interface Sci. 2005; 288:97-103.

22. Zhou B, Liu Y, Wei W, Mao J. GEPIs-HA hybrid: a novel biomaterial 
for tooth repair. Med Hypotheses. 2008; 71:591-3.

23. Tamerler C, Sarikaya M. Molecular biomimetics: nanotechnology 
and bionanotechnology using using genetically engineered pep-
tides. Phil Trans R Soc A. 2009; 367:1705-26.

24. Azami M, Jalilifiroozinezhad S, Mozafari M, Rabiee M. Synthesis and 
solubility of calcium fluoride/hydroxy-fluorapatite nanocrystals for 
dental applications. Ceram Int. 2011; 37:2007-14.

25. Min J, Kwon H, Kim B. The addition of nano-sized hydroxyapatite 
to a sports drink to inhibit dental erosion – in vitro study using 
bovine enamel. J Dent. 2011; 39:629-35.

26. Kim Y, Kwon H, Kim B. Effect of nano-carbonate apatite to pre-
vent re-stain after dental bleaching in vitro. J Dent. 2011; 39:636-42.

27. Tschoppe P, Zandim D, Martus P, Kielbassa A. Enamel and den-
tine remineralization by nano-hydroxyapatite toothpastes. J Dent. 
2011; 39:430-7.

28. Mendonça G, Mendonça D, Aragão F, Cooper L. Advancing den-
tal implant surface technology – from micron- to nanotopogra-
phy. Biomater. 2008; 29:3822-35.

29. Srinivasan S, Jayasree R, Chennazhi K, Nair S, Jayakumar R. 
Biocompatible alginate/nano bioactive glass ceramic composite 
scaffolds for periodontal tissue regeneration. Carbohyd Polym. 
2012; 87:274-83.

30. Fioretti F, Mendoza-Palomares C, Helms M, Al Alam D, Richert L, 
Arntz Y, et al. Nanostructured assemblies for dental applications. 
ACS Nano. 2010; 4:3277-87.

31. National Nanotechnology Initiative, Environmental, Health and 
Safety Issues, Available from: http://www.nano.gov/you/environ-
mental-health-safety. Accessed January 14th, 2012.

32. Barnard AS. Nanohazards: knowledge is our first defence. Nature 
Mater. 2006; 5:245-8.

33. Haramina T. Rizici uporabe nanočestica. Polimeri. 2008; 29:115.

Received: 15/12/2011 • Accepted: 01/02/2012



48 Lainović T. et al. Nanotechnology in Dentistry – Current State and Future Perspectives

Nanotehnologija u stomatologiji – sadašnjost i perspektive

Tijana Lainović1, Larisa Blažić2, Mihal Potran1

1Katedra za stomatologiju, Medicinski fakultet, Univerzitet u Novom Sadu, Novi Sad, Srbija;
2Klinika za stomatologiju Vojvodine, Medicinski fakultet, Univerzitet u Novom Sadu, Novi Sad, Srbija

UVOD

Još ni je utvr đe na je din stve na de fi ni ci ja na no teh no lo gi je, jer se 

po sto je će de fi ni ci je raz li ku ju u za vi sno sti od svr he upo tre be. 

Sto ga se ak tu el ni po ku ša ji de fi ni sa nja na no teh no lo gi je mo gu 

po de li ti u tri osnov ne gru pe: na uč ne de fi ni ci je, jav ne de fi ni-

ci je i one ko je omo gu ća va ju do no še nje od re đe nih od lu ka [1].

Na no teh no lo gi ja je na u ka, ali i pro iz vod ni pro ces ko ji je 

uklju čen u di zaj ni ra nje, sin te zu, ka rak te ri za ci ju i pri me nu ma-

te ri ja la i ure đa ja či ja se naj ma nja je di ni ca me re u naj ma nje 

jed noj di men zi ji na la zi na na no me tar skoj ska li (je dan mi li jar-

di ti deo me tra, 10-9 m) [2]. To zna či da ne što što zo ve mo na-

no ma te ri ja lom ili na no u re đa jem ima naj ma nju di men zi ju od 

oko 100 nm ili ma nju, od no sno naj vi še 1×10-7 m. Po re đe nja ra-

di, preč nik ljud ske dla ke je oko 50 μm, od no sno njen preč nik 

je pe de set hi lja da pu ta ve ći od jed nog na no me tra [3]. Pro seč ni 

preč nik bak te ri je Strep to coc cus mu tans 10449 je 0,321±0,007 

μm [4], dok je ve li či na jed nog vo do ni ko vog ato ma u ra spo nu 

od 0,1 nm do 0,2 nm [5].

Na no teh no lo gi ja i na u ka o na no ma te ri ja li ma ima ju mo guć-

nost obez be đi va nja pred no sti u mno gim obla sti ma, kao što su: 

sin te za no vih ma te ri ja la s na pred nim svoj stvi ma, teh no lo gi je 

pro iz vod nje, in for ma ci o ne teh no lo gi je i elek tro ni ka, eko lo gi ja 

i ušte da ener gi je, na no bi o si ste mi, pri me na u me di ci ni, una pre-

đe nje tran spor ta, eko no mi je itd. Ma lo je ve ro vat no da po sto ji 

bi lo ko ji seg ment ljud skog ži vo ta i de lo va nja na ko ji na no teh-

no lo gi ja ne će ima ti uti ca ja; čak se pro ce nju je da će uti ca ti na 

pro me ne u psi ho lo gi ji lju di i nji ho vo raz u me va nje sve ta u ko-

jem ži ve (dru štve ni fe no me ni, fi lo zof ska gle di šta i etič ka raz-

ma tra nja) [6, 7, 8].

Pre ma de fi ni ci ji Ame rič kog na ci o nal nog in sti tu ta za zdra vlje, 

na no me di ci na je ste pri me na na no teh no lo gi je u „ve o ma spe ci-

fič nim me di cin skim in ter ven ci ja ma na mo le ku lar nom ni vou, 

od no sno u le če nju bo le sti i re pa ra ci ji ošte će nih tki va, kao što su 

ko sti, mi ši ći i živ ci”. Džon son (Johnson) i Me gi (McGee) [9] na-

ve li su mo žda bo lju de fi ni ci ju na no me di ci ne: „Na no me di ci na 

pod ra zu me va me di cin ske in ter ven ci je u ko ji ma se ko ri ste ma-

te ri ja li, ma ši ne ili me ha ni zmi kre i ra ni ili kon tro li sa ni po mo ću 

na no na u ke i na no teh no lo gi je ra di po sma tra nja, una pre đe nja i 

odr ža va nja zdra vlja lju di.” U skla du s tim, mo gu će pri me ne na-

no teh no lo gi je u me di ci ni su u cilj noj is po ru ci le ko va i ge net-

skog ma te ri ja la (vi ru sni vek to ri, ne vi ru sni vek to ri, kao što su 

na no če sti ce, li po zo mi ili den dri me ri i tzv. ge ne guns), kao sred-

stvo u imi džing di jag no sti ci, mo le ku lar noj di jag no sti ci, kar di-

o lo škoj te ra pi ji, or to pe di ji itd. [2, 10-13].

Ve ći na na no teh no lo gi ja ko je se pri me nju ju u me di ci ni mo že 

se ta ko đe pri me ni ti i u sto ma to lo gi ji. Na no sto ma to lo gi ja po se-

du je po ten ci jal vi še stru kog po bolj ša nja oral nog zdra vlja omo gu-

ća va njem so fi sti ci ra nih pre ven tiv nih, di jag no stič kih i te ra pij skih 

me ra pri me nom na no ma te ri ja la, bi o teh no lo gi ja i na no ro bo ta 

[14]. Sto ga bi sta nov ni štvo ši rom sve ta mo glo do bi ti na pred ni-

ju sto ma to lo šku za šti tu [2, 15].

Tre ba na po me nu ti da struk tu re ve li či ne na no me tra ima-

ju po seb na svoj stva. Fi zič ka i he mij ska svoj stva ma te ri ja la iz u-

zet no se me nja ju ka da se broj ato ma ko ji či ne ma te ri jal znat no 

sma nji. Ma li broj uslo vlja va dru ga či ji ras po red i me đu ra sto ja-

nje za po vr šin ske ato me, a te oso bi ne do mi ni ra ju fi zič kim i he-

mij skim svoj stvi ma objek ta [5, 16].

NAGOVEŠTAJI NOVIH SAZNANJA

 Na go di šnjem sa stan ku Ame rič kog dru štva fi zi ča ra dav ne 1959. 

go di ne fi zi čar i no be lo vac Ri čard F. Fajn man (Ric hard P. Feynman) 

iza zvao je ve li ku pa žnju na uč ne jav no sti svo jom re vo lu ci o nar-

nom iz ja vom da „po sto ji do volj no pro sto ra na dnu”. On je ta da 

go vo rio o mo guć no sti ma da se u bu duć no sti na pra ve ma te ri ja li 

i ure đa ji na atom skom ili mo le ku lar nom ni vou, te je uti cao na 

to da se u ljud skoj sve sti zač ne ino va ti van na čin raz mi šlja nja. 

Pred lo žio je da po sto je će ma ši ne pra ve ma nje ala te ko ji ma bi 

se pra vi le još ma nje ma ši ne i ala ti, i ta ko sve do mo le ku lar nog 

ni voa. Uka zao je na to da bi se ta kve na no ma ši ne, na no ro bo ti 

i na no u re đa ji mo gli, na po slet ku, ko ri sti ti za raz vi ja nje ši ro kog 

spek tra atom ski pre ci znih mi kro skop skih in stru me na ta i ala ta 

za pro iz vod nju. Svo je isto rij sko pre da va nje Fajn man je za klju-

čio re kav ši: „To je raz voj ni put ko ji se ne mo že iz be ći” [17, 18].

KRATAK SADRŽAJ
Na no teh no lo gi ja je mul ti di sci pli nar no po lje na uč nog is tra ži va nja o raz li či tim vr sta ma na no če sti ca, kao i o pri me ni na no ma te ri ja la 
i na no u re đa ja u mno gim obla sti ma ljud skog in te re so va nja. Na no teh no lo gi ja nu di na pre dak u in du stri ji, pro iz vod nim, in for ma ci o-
nim i ko mu ni ka ci o nim teh no lo gi ja ma, elek tro ni ci, eko lo gi ji i ušte di ener gi je, eko no mi ji itd. Go to vo da ne po sto ji oblast ljud ske de-
lat no sti u ko joj na no teh no lo gi ja i no vi na no pro i zvo di ne mo gu ima ti uti ca ja. Ka da se go vo ri o na no i no va ci ja ma, nji ho va pri me na 
u me di ci ni i sto ma to lo gi ji i po zi tiv ni efek ti upo tre be na no ma te ri ja la i na no ro bo ta ne ke su od glav nih te ma. Me đu tim, ne do volj no 
po zna va nje po ten ci jal nih opa sno sti po zdra vlje lju di i ži vot nu sre di nu do vo di do ne su gla si ca u na uč nom i jav nom mnje nju o to me 
šta su pred no sti, a šta ma ne na no teh no lo ške evo lu ci je, kao i ka kva će bi ti bu duć nost ka da na no teh no lo gi ja bu de sa stav ni deo sva-
ko dne vi ce. Cilj ovog ra da bio je da se pred sta vi zna čaj na no teh no lo gi je u broj nim obla sti ma, a na ro či to u me di ci ni i sto ma to lo gi ji, 
i uka že na mo gu će po sle di ce nji ho vog uvo đe nja po zdra vlje i ži vot nu sre di nu.
Ključ ne re či: na no teh no lo gi ja; na no ma te ri ja li; sto ma to lo gi ja
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DANAS I SUTRA U STOMATOLOGIJI

Na no teh no lo gi ja nu di ši rok spek tar ino va ci ja i po bolj ša nja u 

pre ven ci ji, di jag no sti ci i te ra pi ji obo lje nja zub nih struk tu ra i 

pot por nih tki va. U obla sti re sta u ra tiv ne sto ma to lo gi je, ne pre-

sta nom raz vo ju do pri no se i una pre đe ne od li ke kom po zit nih 

ma te ri ja la za zub ne is pu ne. Sam na čin pro iz vod nje če sti ca 

pu ni la ca za kom po zit ne ma te ri ja le mo rao je bi ti pro me njen 

s na no teh no lo škog aspek ta, ka ko bi se pro iz ve le če sti ce ma-

nje od 100 nm. Tra di ci o nal ni po stu pak za pro iz vod nju ma lih 

če sti ca od li ku je mle ve nje ve ćih ko ma da sta kla, kvar ca ili ke ra-

mi ke – pri stup „od o zgo na do le” (engl. top-down ap pro ach). Za 

pro iz vod nju če sti ca ma njih od 100 nm, na ve de na me to da je 

za me nje na di rekt nom mo le ku lar nom sin te zom i po ve zi va njem 

(engl. di rect mo le cu lar as sembly) ili pri stu pom „od o zdo na go re” 

sin te zi na no če sti ca (engl. bot tom-up ap pro ach), ko ji se ostva ru je 

he mij skim pro ce si ma. U po re đe nju s kom po zit nim ma te ri ja li-

ma pu nje nim mi kro če sti ca ma, na no pu nje ni si ste mi po ka zu ju 

bo lje fi zič ke oso bi ne, uklju ču ju ći čvr sto ću na pri ti sak, za te znu 

čvr sto ću, ži la vost, ot por nost na sa vi ja nje i ha ba nje itd. [5]. Osim 

to ga, estet ska svoj stva na no ma te ri ja la su mno go bo lja u od no su 

na pret hod ne pro iz vo de, pr ven stve no zbog op tič kih svoj sta va 

na no če sti ca, ali i po bolj ša nih po ten ci ja la za fi nal nu ob ra du, 

kao i du žeg oču va nja is po li ra ne po vr ši ne [5]. Za sad po sto je dve 

glav ne vr ste den tal nih kom po zi ta pu nje nih na no pu ni o ci ma: tzv. 

na no hi bri di i na no pu nje ni. Na no hi brid ni kom po zit ni ma te ri ja li 

sa dr že pu ni o ce raz li či tih ve li či na – npr. ve će če sti ce sta kla (u 

pro se ku ve li či ne oko 2000 nm), me ša ne sa če sti ca ma ve li či ne 

oko 10 nm, dok na no pu nje ni ima ju ujed na če ni je di men zi je 

če sti ca – npr. če sti ce ve li či ne oko 75 nm me ša ne sa če sti ca ma 

ve li či ne 5-25 nm. Na no pu nje ne kom po zit ne ma te ri ja le od li ku je 

kom bi na ci ja na no če sti ca i tzv. na no o bla ka (engl. na noc lu sters), 

a ko mer ci jal ni pro iz vod pred sta vlja Fil tek Su pre me (3M ESPE). 

Ovi ma te ri ja li po ka zu ju po bolj ša na me ha nič ka i fi zič ka svoj stva 

u po re đe nju s kon ven ci o nal nim kom po zit nim ma te ri ja li ma za 

zub ne is pu ne [19].

U bu duć no sti bi se na no teh no lo gi ja i bi o mi me tič ki pri stup 

(bi o mi me ti ka – imi ti ra nje pri rod nih struk tu ra i svoj sta va bi-

o lo ških ma te ri ja la) mo gli ko ri sti ti za re pa ra ci ju i ob na vlja nje 

ošte će ne gle đi [20]. Čen (Chen) i sa rad ni ci [21] su sin te ti sa li hi-

drok si a pa tit ne na no šta pi će, ko ji ima ju struk tu ru na lik na gleđ-

ne pri zme (engl. ena mel-prism-li ke hydroxyapa ti te na no rods). 

Ovi hi drok si a pa tit ni na no šta pi ći ima ju oso bi nu sa mo po ve zi-

va nja i ukla pa nja (engl. self-as sembly) i mo gu po sta ti na no re-

sta u ra ci je ko je opo na ša ju pro ce se ko ji se ja vlja ju u pri ro di, te 

bi se, kao ta kve, mo gle ko ri sti ti u ob no vi struk tu re zu ba. Slič ne 

na no struk tu re ko je bi se ta ko đe mo gle ko ri sti ti u svr hu ob no-

ve zub ne sup stan ce je su na nos fe re – pep ti di na sta li ge net skim 

in že nje rin gom ko ji se ve zu ju za po vr ši ne od neo r gan skih ma-

te ri ja la (engl. ge ne ti cally en gi ne e red pep ti des for inor ga nics – 

GE PIs), te ma te ri ja li na ba zi ame lo ge ni na, re sta u ra ci je ko je 

ot pu šta ju flu or itd. [19, 22, 23].

Ob ja vlje no je ne ko li ko stu di ja ko je su se ba vi le pre ven ci jom 

ka ri je sa ko ri ste ći pred no sti na no teh no lo gi je [20, 24-27]. U ovim 

is tra ži va nji ma sin te ti sa ni su i is pi ta ni ma te ri ja li sa na no če sti-

ca ma, gde su ka rak te ri sa ni na no kri sta li dvo fa znog kal ci jum-

flu o ri da, od no sno flu o ri sa nog hi drok si a pa ti ta (engl. bip ha sic 

cal ci um flu o ri de/flu o ri na ted-hydroxyapa ti te – CF/FHAp na-

no crystals). Na ve de ni ma te ri ja li su u uslo vi ma in vi tro is pi ta ni 

kao po ten ci jal ni sto ma to lo ški is pu ni s mo guć no šću pre ven ci-

je ka ri je sa po mo ću ot pu šta nja jo na flu o ra [24]. Ta ko đe, stu di ja 

in vi tro ko ju su re a li zo va li Min (Min) i sa rad ni ci [25] po ka za-

la je mo gu ću pri me nu osve ža va ju ćih pi ća s hi drok si a pa tit nim 

na no če sti ca ma za spor ti ste, ko ja bi spre ča va la stva ra nje ero zi-

ja na zu bi ma. Kim (Kim) i sa rad ni ci [26] su u la bo ra to rij skim 

uslo vi ma is pi ta li dej stvo na no kar bo nat nog apa ti ta (engl. na no-

car bo na te apa ti te – n-CAP) u pre ven ci ji po nov nog pre bo ja va-

nja zu ba na kon iz be lji va nja. Usta no vi li su da de se to pro cent ni 

n-CAP mo že zna čaj no du go odr ža va ti po stig nu tu bo ju na kon 

estet skog tret ma na iz be lji va nja zu ba, te omo gu ći ti i ade kva tan 

opo ra vak zub ne gle đi.

Na osno vu do sa da šnjih sa zna nja iz ve sno je da u na no teh-

no lo škim ot kri ći ma le ži ve li ki po ten ci jal u pre ven ci ji ka ri je sa 

u bu duć no sti. Čo pe (Tschop pe) i sa rad ni ci [27] za pa zi li su da 

zub ne pa ste i pre pa ra ti za pre ven ci ju ka ri je sa ko ji sa dr že na no-

hi drok si a pa tit (engl. na no-hydroxyapa ti te – n-HAp) mo gu po-

bolj ša ti pro ces re mi ne ra li za ci je gle đi i den ti na. U is tra ži va nju 

in vi tro po re di li su dej stvo zub nih pa sta s če sti ca ma n-HAp ili 

cink-kar bo nat-na no hi drok si a pa ti ta (ZnCO3/n-Hap) s kon ven-

ci o nal nim flu o rid nim pa sta ma na re mi ne ra li za ci ju go ve đe gle-

đi i den ti na. Usta no vi li su slič ne ili bo lje efek te re mi ne ra li za ci je 

pri li kom ko ri šće nja zub nih pa sti s na no če sti ca ma [27].

U obla sti sto ma to lo ške im plan to lo gi je, ko ja se stal no una-

pre đu je, mo gu ća su da lja po bolj ša nja pri me nom en do o se al nih 

im plan ta ta iz me nje nih teh ni ka ma mo di fi ka ci je po vr ši ne u okvi-

ru na no ska le. Ta ko iz me nje ne oso bi ne na no po vr ši na uti ču na 

ad he zi ju, pro li fe ra ci ju i di fe ren ci ja ci ju će li ja. Pro ces ose o in te-

gra ci je mo že bi ti bo lji i br ži pri me nom po vr šin ske mo di fi ka ci je 

zub nih im plan ta ta na no teh no lo gi jom. Već po sto ji ne ko li ko ko-

mer ci jal nih im plan tat nih si ste ma s na no mo di fi ko va nom po vr-

ši nom do stup nih za kli nič ku pri me nu [28]. Du go roč no pra će nje 

u kli nič kim uslo vi ma uka za će na pred no sti i ma ne na no mo di-

fi ko va nih po vr ši na zub nih im plan ta ta.

U naj po pu lar ni je is tra ži vač ke obla sti u sto ma to lo gi ji ubra-

ja ju se vo đe na tkiv na i vo đe na pe ri o don tal na re ge ne ra ci ja, gde 

su već ostva re ni zna čaj ni re zul ta ti pri me nom na no teh no lo ških 

mo di fi ka ci ja [29]. Is tra ži va či po ku ša va ju da im ple men ti ra ju no-

ve ma te ri ja le sa do dat kom na no če sti ca kao po tke za pro ra sta nje 

tki va, ra di po bolj ša nja spo sob no sti ob na vlja nja tki va. Sri ni va-

san (Sri ni va san) i sa rad ni ci [29] utvr di li su da eks pe ri men tal ne 

al gi nat ne, od no sno na no bi o ak tiv ne sta kle no-ke ra mič ke kom-

po zit ne po tke mo gu bi ti ko ri sne u pe ri o don tal noj re ge ne ra ci-

ji. Ova kve struk tu re omo gu ća va ju do bru ad sorp ci ju pro te i na i 

ad he zi ju i pro li fe ra ci ju će li ja.

Ma da sa vre me ni pro to ko li le če nja od obo lje nja zub ne pul-

pe i apek snih pa ro don ti ta obez be đu ju vi so ku sto pu uspe ha, 

no vi pri stup u en do dont skoj te ra pi ji, ko ji bi ujed no pred sta-

vljao i ide al nu te ra pi ju, je ste in du ko va nje za me ne obo le log ili 

ne kro tič nog pulp nog tki va zdra vim. S tim ci ljem Fjo re ti (Fi o-

ret ti) i sa rad ni ci [30] su oba vi li is tra ži va nje ko jim su is pi ti va-

li an ti za pa ljenj ske efek te ko je ima ju bi o lo ški ak tiv ni vi še sloj ni 

na no struk tu ri ra ni fil mo vi na fi bro bla ste. Pr vi put su pred sta-

vi li fil mo ve ko ji sa dr že me la no kort ne pep ti de (α-MSH), a ko-

ji mo gu da sti mu li šu fi bro bla ste ljud ske pul pe na mo di fi ka ci ju 

za pa ljenj skog pro ce sa, kao no ve ak tiv ne bi o ma te ri ja le za re ge-

ne ra ci ju en do don ci ju ma.

Ako se ide ja o na no ro bo ti ma ostva ri, oni bi na šli zna čaj nu 

pri me nu u sfe ri or to don ci je. Ma ni pu la ci jom pe ri o don tal nim 

tki vi ma omo gu ći lo bi se po me ra nje i po zi ci o ni ra nje zu ba u že-

lje ne po lo ža je [18].
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Odr ža va nje iz gle da pri rod nih zu ba i nji ho va traj nost, no vi 

vi do vi lo kal ne ane ste zi je, le če nje pre o se tlji vo sti zu ba, ob na vlja-

nje nji ho ve struk tu re, una pre đe nje me ra pre ven ci je i re ge ne ra-

tiv nih po stu pa ka ta ko đe su ne ke od obla sti u ko ji ma je mo gu ća 

pri me na na ve de nih na no si ste ma [2, 17, 18].

RIZIČNOST NANOTEHNOLOGIJA PO ZDRAVLJE LJUDI 

I ŽIVOTNU SREDINU

Ko li či na slo bod nih na no če sti ca u pri ro di za vi si će od raz li či tih 

fak to ra: nji ho vih fi zič ko-he mij skih svoj sta va, ko li či ne i vre me na 

iz lo že no sti. Na no ma te ri ja li se u kon tak tu sa ži vot nom sre di nom 

mo gu da lje mo di fi ko va ti pod uti ca jem tem pe ra tu re, pH, raz li-

či tih bi o lo ških uslo va i po sto ja nja dru gih za ga đi va ča. U ta kvoj 

in ter ak ci ji na no ma te ri ja li mo gu iz me ni ti at mos fe ru, ze mlji šte 

i vo de ne po vr ši ne. Ova kve in ter ak ci je i tran sfor ma ci je ima ju 

po ten ci jal ne ga tiv nog de lo va nja na po sto je će sta nje ži vot ne 

sre di ne, te mo gu ugro zi ti zdra vlje lju di i eko si ste me [31, 32, 33].

Na no če sti ce ne kog ma te ri ja la ima ju je din stve na fi zič ko-he-

mij ska svoj stva, ko ja mo gu bi ti raz li či ta u po re đe nju s istim 

ma te ri ja lom u ko ma du, u ma kro ve li či ni. Osnov na od li ka ovih 

če sti ca je ste ve ća raz li ka iz me đu po vr ši ne i ma se po je di ni ci, 

kao i po vi še na po vr šin ska re ak tiv nost [3, 4, 15]. Ta kve oso bi ne 

mo gu do ve sti do po ve ća ne ap sorp ci je na no če sti ca kroz plu ća, 

ko žu i di ge stiv ni trakt, te mo gu iza zva ti spo red ne efek te na plu-

ći ma i osta lim or ga ni ma [2, 17]. Na no če sti ce su ta ko ma le da 

mo gu da re a gu ju sa DNK, RNK i unu tar će lij skim kom po nen ta-

ma. Sto ga se po sta vlja pi ta nje ka kav će bi ti imu no lo ški od go vor 

na ova ko ma le če sti ce i ka kvi će bi ti me ta bo li zam, ap sorp ci ja i 

eli mi na ci ja ovih pro iz vo da?

Neo p hod no je is ta ći da po sto ji po tre ba za si stem skim re še-

nji ma, po sma tra njem i evi den ti ra njem po ten ci jal nih opa sno sti, 

kao i za bla go vre me nim iz na la že njem od go vo ra ra di po sti za-

nja od go va ra ju ćeg ni voa bez bed no sti po zdra vlje lju di i ži vot-

nu sre di nu.
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