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ABSTRACT 

 
Production of the materials modified by nanoparticles of silver, copper, silicon, zinc, titanium, cobalt is 

considered to be an acute issue for prevention of complications at the dentist’s, since their application as a 
modified additive allows improving physico-mechanical, physico-chemical and toxic-hygienic properties of 
dental materials. Recently, serious and focused attention has been paid to a perspective material – nano-sized 
silicon. Application of nano-sized silicon particles introduced into fixative dental materials leads to 
improvement of physico-chemical and physico-mechanical properties of crystallizing materials, whereas, low 
thermal conductivity of silicon may increase its working capacity and decrease heat release in the reaction of 
crystallization; this, in turn, will have an impact on prevention of complications after performed orthopedic 
procedures. Considering the fact that volume of procedures depends on these properties, it would be 
reasonable to reduce working time hardening to net time hardening when fixating orthopedic constructions on 
supporting teeth; this allows increasing the volume of manipulations with prepared mass without worsening 
its properties. Nano-sized silicon particles are reported to be co-catalysts of methylmethacrylate resulting in 
the decreased amount of residual monomer after the process of polymerization, thereby, increasing sanitary-
chemical and toxic-hygienic characteristics of polymer; this fact has an impact on prevention of complications 
when using removable dentures. 
Keywords: prophylaxis, prevention of complications, orthopedic dentistry, nano-sized particles, nano-silicon, 
fixating materials, polymers, scanning electron microscopy. 
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TOPICALITY 
 

Production of materials having a complex of improved or new properties beneficial for prevention of 
complications at the orthopedist’s is reported to be one of the perspective trends in the dental material 
science in recent years [2,10,15]. They include novel types of dental materials, such as nano-cementum, nano-
composites and nano-polymers that may be used in dentistry [11,26,37]. Development of national high-test, 
bio-compatible, high-technological fixating materials for fixed dental prostheses and polymers for removable 
dentures will undoubtedly influence prevention of complications when making prosthetic appliances for teeth 
and increase a quality of orthopedic care and patients’ life [3,14,23,30].  

 
Nano-structural materials are known to be extremely perspective, since application of nano-additives 

allow simultaneously improving such material properties as thermostability, impact resistance, chemical 
stability, reduction of permeability, solubility, surface porosity – and all this is achieved without increasing 
weight and density of the material [1,5,13,38,39]. Prevention of toxic and allergic stomatitis when applying 
removable dentures may be achieved only in complete bio-compatibility and increase of biodegradation 
properties of polymers [4,12,16,22]. 

 
Recently, serious and focused attention has been paid to a perspective material – nano-sized silicon 

[17,20,27,36]. Nano-sized silicon particles introduced into fixating dental materials lead to improvement of 
physico-chemical, physico-mechanical properties of crystallizing materials, whereas, low thermal conductivity 
of silicon may increase its working capacity and decrease heat release in the reaction of crystallization 
[6,18,29,31]. These properties exactly influence prevention of complications when fixing permanent dentures 
[4,7,28,32]. Development of high-test, bio-compatible, high-technological nano-composites is considered to be 
an acute issue of prevention of complications when making removable dentures [8,19,24,33]. Modification of 
acrylic polymer by nano-sized silicon particles gives an opportunity to improve such physico-mechanical 
properties as impact resilience, fracture strengths, temperature resistance, barrier improvement factors, and 
reduce the shrinkage of polymer at the polymerization stage [9,20,21,35]. Nano-sized silicon particles are 
reported to be co-catalysts of methylmethacrylate resulting in the decreased amount of residual monomer 
after the process of polymerization, thereby, increasing sanitary-chemical and toxic-hygienic characteristics of 
polymer; this fact has an impact on prevention of complications when using removable dentures [25,34]. 

 
Aim of study 
 

The aim of study is to prevent orthopedic complications when making fixed and removable dentures 
by modifying dental materials with nano-sized silicon particles. 
 

MATERIALS AND METHODS 
 

To solve defined problems basic and clinical aspects of certain dental materials were modified, 
compared and studied. These materials included zinc-phosphate cement “Viscin” produced by “Raduga-R” 
(Voronezh, Russia), glass-ionomer materials «Fuji» (Japan), “CelitIonomer-FH” produced by “Celit” (Voronezh, 
Russia), polymers based on methylmethacrylate “Ftorax” (Ukraine), an acrylic polymer produced by “Raduga-
R” (Voronezh, Russia), “Acry-free” (Israel) with standard formula.Porous silicon was used in this study as a 
modifying additive. It is a red-brown powder consisting of silicon microgranules sized 1-5 µm penetrated by 
nano-pores with diameter 1-10 nm (Figure 1). 
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Figure 1: Scanning electron microscopy of nano-sized silicon particles JEOLJSM 6380 LV (Х 100 000). Nano-
sized silicon particles, sized 10-50 nm. Particles are in the void volume. 

 
Nano-sized silicon particles were received by electrochemical etching of crystallized silicon followed 

by its ultrasound processing, by electrochemical etching of crystallized silicon in the solution on the basis 
ofhydrofluoric acid (Figure 2). Scanning electron microscopy of the powder revealed particles of various 
shapes; this correlated with nano-sized silicon particles sized 10-50 nm. Particles were in the void volume. 
 

 
 
Figure 2: Synthesis parameters: electrolyte – HF + C2H5OH+H2O, current density 80 mA/cm2, time of etching 

– 40 min, monocrystallized plate p-type, resistance – 12 Ohm x cm, orientation (100). 
 

To reduce size of particles a zinc-phosphate metal powder was additionally grounded in a ball drum, 
with further riddling via electric sieves with a cell size 25 µm. At the final stage of the production nano-silicon 
was added to the ready powder using a vibroscreen (in the proportion 0.005%-1% to the powder weight). 

 
Acrylic polymer was modified by nano-sized silicon particles that were added to a monomer using an 

electric mixer in the proportion 0.01%-0.3% to the powder weight. Nano-silicon was weighed using an 
analytical balance with an error of measurement equal 0.00001 g. 

 
Physico-chemical parameters of changes that occurred after modification of the investigated 

materials by nano-sized silicon particles were studied using infra-red spectroscopy, an infra-red FT 
spectrometer “Vertex” produced by “Bruker” company, at the Department of Solid State and Nano-Structure 
Physics and the Department of Optics and Spectroscopy of the Voronezh State University. Scanning electron 
microscopy, i.e. a scanning electron microscope JEOLJSM 6380 LV, was used to assess chipping surface of 
standard and modified samples of investigated materials and to study their qualitative volumetric-spatial 
characteristics. 

 
A tooth cut with a whole piece cap fixed on the modified fixating material was also studied. Electron 

microprobe analysis was used to qualitatively specify macro- and microcomponents in the investigated 
modified fixating dental materials of complex chemical composition. To assess planar distribution of several 
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chemical elements simultaneously relevant X-ray images were done in various colors and superimposed on 
each other – radiologic mapping was performed.  

 
Physico-mechanical parameters of fixating materials and polymers were studied in accordance with 

common standards to dental cements on the basis of OOO “Celit” and OOO “Raduga-R” (Voronezh, Russia). 
The following parameters were specified for fixating dental materials: compressive strength, hardening time of 
materials, thickness of the formed film of fixating material, adhesive ability towards tooth dentine and 
solubility of the materials in fluids. The following parameters were specified for samples of the investigated 
polymers on the basis of methylmethacrylate: disruptive strength, bending strength, fracture resistance, water 
absorption and acid resistance.  

 
AUTHORS’ RESEARCH RESULTS 

 
Changes arising during the reaction of crystallization in the modification of fixating materials by silicon 

nano-particles were registered during the infra-red FT spectroscopy process. The most changes were observed 
in the proportion 0.06%-0.3% of the modifying additive to the weight of “Viscin” powder.  

 
The graph demonstrated a peak in the area of wavenumbers in the range of 590 to 630 cm-1; that 

correlated with the formation of silico-phosphate gel (Figure 3). The graph of modified glass-ionomer material 
demonstrated a peak in the area of wavenumbers ranged from 1020 to 1150 cm-1; that correlated with the 
formation of silico-gel (Figure 4). 

 

 
 

Figure 3: Spectrogram analysis of the investigated samples: red – initial material “Viscin”; blue – modified 
nSi “Viscin”. The graph demonstrated a peak in the area of wavenumbers in the range of 590 to 630 cm -1; 

this correlated with the formation of silico-phosphate gel. 
 

 
 

Figure 4: Spectrogram analysis of the investigated samples: blue – modified nSi “CelitIonomer-FH”, red - 
“CelitIonomer-FH”. The graph of modified glass-ionomer material demonstrated a peak in the area of 

wavenumbers ranged from 1020 to 1150 cm-1; that correlated with the formation of silico-gel. 
 



ISSN: 0975-8585 

November–December 2018  RJPBCS 9(6)  Page No. 1661 

Expressed changes were observed in the proportion 0.005%-0.01% of a modifying additive to the 
powder weight. The graph of an acrylic polymer modified by nano-silicon demonstrated main peaks of 
absorption in infra-red sample spectra in the frequency range 1723 cm-1and 1141 cm-1(Figure 5). 
 

 
 

Figure 5: Spectrogram analysis of the investigated samples: red – acrylic polymer “Ftorax”, blue – acrylic 
polymer “Radacryl” with nSi. The graph of an acrylic polymer modified by nano-silicon demonstrated main 

peaks of absorption in infra-red sample spectra in the frequency range 1723 cm-1and 1141 cm-1. 
 

The intensity of the main peak decreased after addition of nano-silicon. This means that nano-sized 
silicon particles are integrated into polymer chains and have a significant impact on polymer parameters, even 
despite a small amount of an additive.  

 
Study of samples of fixating materials using a scanning optic microscope revealed improvement of 

structuring nature of modified materials in the hardening state, which manifested in smoother surface relief 
pattern, regular “gel-formation” and sharply-defined borders (Figure 6). 
 

a) b) 

c) 
 
Figure 6: Optic microscopy (x 50000) a - “CelitIonomer-FH”, b – “Fuji”, c – modified “CelitIonomer-FH”. Study 

of samples of fixating materials using a scanning optic microscope revealed improvement of structuring 
nature of modified materials in the hardening state, which manifested in smoother surface relief pattern, 

regular “gel-formation” and sharply-defined borders. 
 
When investigating samples of acrylic polymers, it was revealed that maximal changes of chipping 

surface of materials were registered in the addition of nano-sized silicon particles in the proportion of 0.01% -
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0.05% to the powder weight (Figure 7). Moreover, this resulted in improvement of structuring nature of 
samples in polymerized state manifesting in smoother chipping surface relief pattern. Using scanning electron 
microscopy authors took pictures in the mode of secondary electron emission of tooth cross section, studied 
distribution of elements in the tooth cross section. 

 
Authors performed radiologic color mapping of fixating materials modified by nano-silicon (Figure 8) 

and electron microprobe analysis (Figure 9). Investigation to specify nano-silicon in dentin thickness was also 
performed; it supported the lack of nano-silicon in the dentin (Figure 10).  

 

a) b) 

c) 
 

Figure 7: Scanning electron microscopy (x 50000): a) – acrylic polymer; b) – acrylic polymer modified by 
silicon nano-particles in the proportion 0.01% to the powder weight; c) – acrylic polymer modified by silicon 
nano-particles in the proportion 0.05% to the powder weight, characterized by smoother chipping surface 

relief pattern. 
 

 
 
Figure 8: Radiologic color mapping of the studied zinc-phosphate cement modified by nano-silicon. JEOLJSM 

6380 LV (Х50 000). (Ca -blue, P -green, Si - red). 
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Figure 9: Electron microprobe analysis with detection of percentage of nano-silicon. JEOLJSM 6380 LV (Х 50 

000). Spectrum 4 – fixating material. 
 
Microanalysis: 
 
Element     Weighed % Atomic%  
  CK          23.49             41.62 
  OK          29.40             38.90 
MgK          0.75             2.40 
SiK          0.37             0.31 
  PK          6.78             4.66 
ZnK          34.69             11.29 
BiM          1.69             0.17 
  Total            100.00 

 

 

Микроанализ: 
Element    Weighed %         Atomic % 
CK           23.58            38.14 
OK           30.67            37.24 
NaK            0.61             0.52 
Mg K                  0.12                         0.10 
P K            15.21             9.54 
ClK             0.33                        0.18 
CaK             29.47                   14.28 
Total                 100.00 

 
Figure 10: Electron microprobe analysis with detection of percentage of nano-silicon. JEOLJSM 6380 LV (Х 50 

000). Spectrum 7 – tooth dentin. 
 

Modification of fixating materials by nano-silicon influenced changes of their physico-mechanical 
parameters, namely, increased strength of tooth characteristics on the borderline with fixating material. 
Improvement of this parameter by 15% was registered in samples of modified zinc-phosphate cement with 
nano-silicon content in the proportion 0.06% to the powder weight. It became possible to increase the studied 
parameter when modifying glass-ionomer fixating material and obtain an average compressive strength value 
equal to that of the widely applied imported fixating glass-ionomer material “Fuji” in the proportion of an 
additive 0.005% to the powder weight.  

 
Investigation of the net time hardening demonstrated that this value in modified zinc-phosphate 

cement was by 35-40 sec higher than in the initial sample; and this value in modified glass-ionomer fixating 
materials with 0.005% content of nano-sized silicon particles was by 15-20 sec. higher; this allowed performing 
longer manipulations in the oral cavity. Dentine adhesion of modified samples of fixating materials increased in 
2.5-3 times; this is, undoubtedly, beneficial and can increase efficiency and reliability of permanent denture 
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fixation. Exothermal reaction of crystallization of studied materials reduced by 3°C; this appeared to be one 
more positive issue regarding influence of temperature stimulus on the pulp of supporting teeth.  

 
All polymer basic strength parameters increased when adding silicon nano-particles to acrylic polymer 

in the proportion 0.03%-0.05% to the powder weight. Thus, an average value of the disruptive strength limit 
increased by 15.6%, bend strength – by 8.5%, elasticity modulus – by 1,8%, a fracture resistance value 
increased by 12%. The obtained values of water absorption and acid resistance of an acrylic polymer 
“Radacryl” and its modifications decreased in 2.5 times in comparison with initial samples. 

 
CONCLUSIONS 

 
Thus, the analysis of the results obtained proves that modification of fixating materials by silicon 

nano-particles provide their better properties in comparison with the initial samples and increase quality of 
permanent denture treatment. This is especially important for prevention of complications when fixing 
permanent denture constructions. Study results of physico-mechanical parameters of acrylic polymers indicate 
that being in the oral cavity removable dentures produced from modified basic materials were less exposed to 
the moist environment influence expressed in the penetration of moisture with all its microorganisms and 
chemical compounds deep into the material; this apparently influence prevention of complications when 
making removable dentures. Biocompatibility of polymers nano-structured by nano-silicon has a great impact 
on the prevention of toxic and allergic stomatitis when making removable dentures.  
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