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AbsTrAcT

the aim of research was to perform scanning electronic microscopy-assisted study on mor-
phology features of the formed occlusion precipitate in dentinal tubules at application of differ-
ent desensitizing agents in experiment. the study was performed on 48 teeth of laboratory rats 
(24 animals). as desensitizing agents pro-argin technology, ammonium hexafluorosilicate 
(amhFS), proline hexafluorosilicate (prhFS), lysine hexafluorosilicate (lyshFS) and glutamic 
acid hexafluorosilicate (gluhFS) were used; one group of animals served as the control (without 
the use of any desensitizing agent). among all investigated agents, from the point of view of 
structural indicators of dentinal tubules occlusion, amhFS and gluhFS differed favorably. this 
especially concerns the latter agent, which compared to the most close amhFS had more sig-
nificant properties of dentinal tubules occlusion by depth (an average of 15.8 microns) and by the 
quantity (55.12%). 
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introDuction

The studies on different morphological and 
functional characteristics of the formed mineral 
precipitate in dentinal tubules under the influence 
of desensitizing agents are usually performed 
under in vitro conditions with the use of different 
recipes of artificial saliva and specially prepared 
dentinal disks from teeth of different animals. The 
visual evaluation of the substratum and the x-ray 
microanalysis of its chemical composition are 
done as well [absi e. et al., 1989; mollica F. et al., 
2008]. In this respect it is necessary to note the 
practically irreplaceable value of scanning elec-
tronic microscopy of dentin that allows visual 
evaluation of dentinal tubules occlusion, the de-
gree and depths of this process alongside with cer-
tain morphometric studies. 

The action of calcium phosphate in different 
compositions was studied to reveal that due to the 
use of calcium phosphate the mineralized precipi-
tation originated in dentinal tubules of 10-15 mi-
cron depth and the permeability of dentin de-
creased by 15%, while the calcium/phosphorus 
(Ca/P) ratio was above 1.25 [Suge t. et al., 1995]. 
The combination of the same agent with sodium 
fluoride did not influence on the depth of occlu-
sion formation or permeability, but the Ca/P ratio 
was lower: 1.03. As established, addition of cal-
cium phosphate to hexafluorosilicate led to an in-
crease of the Ca/P ratio not only on the surface, but 
also in dentinal tubules; however, it did not affect 
dentin permeability, and the depth of occlusion 
was 10-15 microns [Kawasaki a. et al., 1996]. 
Studies on the short-term use of various concentra-
tions of nano-carbonate apatite established that ap-
plication of the maximum concentration of this 
substance (in the given research it made 20%) was 
the most effective [lee S. et al., 2008]. 
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It was revealed that bioactive glass occluded 
dentinal tubules more reliably than the toothpastes 
specially intended for this purpose (“Colgate Sensi-
tive” and “Sensodyne Freshmint”), which are not 
steady against the influence of acids [Wang Z. et al., 
2010]. The similar opinion was expressed by 
S. Sauro and associates, who recorded rather low 
values of dentin permeability at application of bio-
active glass and sodium bicarbonate, though the sta-
bility to acids was established only for bioactive 
glass that created a steadier surface [Sauro S. et al., 
2010]. The use of “Bioglass” paste for tubules oc-
clusion resulted in the following: after the three-day 
application 53.2-65.4% of dentinal tubules were oc-
cluded, and the average depth of occlusion was 
55.8-62.7 microns. Nevertheless, at single applica-
tion of the paste results were more modest: 41.2% 
of the tubules were occluded, and the depth of pen-
etration was 32.5 microns [lee B. et al., 2007]. 
Other studies testified to new possibilities of bioac-
tive glass (biosilicate) application as well. In par-
ticular, it was found out that this material even after 
the single use might lead to a rather steady effect on 
sedimentation of hydroxiapatite crystals in dentinal 
tubules [tirapelli c. et al., 2010]. Besides, the bio-
active glass might reduce the current of dentinal liq-
uid and, accordingly, reduce hypersensitivity of 
teeth [mitchell J. et al., 2011]. 

material anD methoDS 
The aim of the research was studying the mor-

phology features of the formed occlusion precipitate 
in dentinal tubules at application of different desensi-
tizing agents in experiment. The study was performed 
on 48 teeth of laboratory rats (24 animals). Pro-Argin 
technology, ammonium hexafluorosilicate (AmHFS), 
proline hexafluorosilicate (PrHFS), lysine hexafluo-
rosilicate (LysHFS) and glutamic acid hexafluorosili-
cate (GluHFS) were used as desensitizing agents. 
One group of animals served as the control (without 
application of any desensitizing agent). The men-
tioned agents were invented by the authors of this 
article [petrosyan a. et al., 2011]. 

experiment design: Intra-abdominal nembutal 
narcosis was applied. Preparation of the cervical 
parts of the lower teeth from vestibular surface was 
done by round diamond burs, small deepening was 
created (with dentin penetration). Etching of the 
prepared area was done during 1 minute, then the 

surface was washed out, dried and the desensitizing 
agent applied. Upon repeating this procedure 4 
times during 4 days the animals were withdrawn 
from the experiment. To avoid the euthanasia of 
animals, under conditions of the described narcosis 
cutting of the processed teeth on the cervical level 
was done by separation disks, and the root pulp was 
coagulated. The received samples of teeth (cross-
cut sections) were marked and preserved in test 
tubes with 10% formalin for one week. 

Examination of the samples was done by scanning 
electronic microscopy. For this purpose the scanning 
electronic microscope (SEM) VEGA TS 5130MM 
(accelerating voltage: 20 kv; probe current: 10÷100 
pa; vacuum: 5x10-5 tor) was used. To remove charges 
the surface of samples was metalized by carbon using 
the method of vacuum dusting. The samples were at-
tached to the aluminum holder by silver paste and 
inserted into the vacuum chamber of the microscope. 
Images were obtained for morphological examina-
tion of the samples surface and morphometric study. 
The depth of occlusion formation in dentinal tubule 
was measured in two points: in the areas of the most 
and the least penetration (Figures 1 and 2), and then 
the average value for each sample was calculated 
(only the occluded tubules were considered). The 
percent of the occluded tubules was counted in the 
microscope field of view (FOV), where 14-17 tu-
bules were observed as a rule (magnification: 2000).

reSultS anD DiScuSSion

The results of the research performed are pre-
sented as a Table with the groups located vertically 
according to increase in average values of indica-
tors, and values of Student’s criterion (t-test) are 
presented between the descending indicators (for 
example, t1 is the coefficient between groups 
“control” and “Pro-Argin”; t2 is coefficient of 
“Pro-Argin”; and PrHFS, etc.). 

As expected, the spontaneous course (control 
group) of mineralization process of prepared areas 
and formation of occlusive mass was marked by the 
least values of structural indicators with a rather 
high value of Student’s test in comparison with the 
close-standing group. Among all investigated de-
sensitizing agents, the use of Pro-Argin technology 
showed the least property of occlusion formation by 
depth; nevertheless it surpassed application of 
PrHFS by the indicator of occluded tubules quan-
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Figure 1. obturation: control group. Figure 2. obturation: gluhFS group.

Figure 3. Depth of occlusion formation in groups 
1: control; 2: pro-argin; 3: prhFS; 4: lyshFS; 
5: amhFS; 6: gluhFS. 

Figure 4. percent of occluded tubules in groups 
1: control; 2: prhFS; 3: pro-argin; 4: lyshFS; 
5: amhFS; 6: gluhFS).
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Structural indicators of dentinal tubules occlusion in groups of experimental animals 

(data of scanning electronic microscopy)

Research groups
(desensitizing agents)

Structural indicators of dentinal tubules occlusion
Depth of occlusion formation 

(in microns)
Percent of occluded tubules 

(in FOV)
Control 4.79±0.53 8.11±0.94
Pro-Argin 10.04±0.45 36.57±1.61

t1 7.61 15.30
PrHFS 12.51±0.67 34.07±4.03

t2 3.09 0.58
LysHFS 12.59±0.86 37.10±2.34

t3 0.07 0.65
AmHFS 13.12±0.75 49.64±1.39

t4 0.46 4.61
GluHFS 15.80±0.84 55.12±2.01

t5 2.39 2.24
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tity. As to the indicator of occlusion formation 
depth, PrHFS had statistically more reliable quali-
ties than Pro-Argin group (t2=3.09). In other cases, 
the dynamics of mentioned indicators had the simi-
lar hierarchical tendency, which is more visually 
presented in diagrams (Figures 3 and 4). 

From the point of view of structural indicators 
of dentinal tubules occlusion, ammonium hexaflu-
orosilicate (AmHFS) and glutamic acid hexaflu-
rorsilicate (GluHFS) favorably differed among all 
investigated agents. This especially concerns 
GluHFS, which had more significant properties for 
dentinal tubules occlusion both by depth and by 
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quantity compared to the mostly close-standing 
AmHFS. Moreover, these agents differed in statis-
tical significance: values of Student’s criterion 
made 2.39 and 2.24, accordingly). 

Thus, the performed morphometric research re-
vealed rather clear and reliable differences in prop-
erties of different desensitizing agents manifested 
as their different activity expressed for both the 
depth of occlusion formation in dentinal tubules, 
and the percent of occluded tubules. Moreover, 
from this standpoint, application of GluHFS was 
the most effective, thus indicating the necessity of 
further research in this direction.
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