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ABSTRACT

The aim of this study was to measure the effect of
the elapsed time on micro-strain of dental structure
by strain gauge test of human and bovine teeth. Ten
standardized bovine incisors and ten standardized hu-
man premolars were obtained. To measure the strain
it was fixed one strain gauge on the buccal of each
sample and it was also performed a compression test
on each of dehydration times: T0: immediately after
removal from moisture; T5: after dehydration in room
temperature (23 £ 1°C) for 5 minutes; T15: dehydra-
tion for 15 minutes; T45: dehydration for 45 minutes,
T120: dehydration for 120 minutes; T24: dehydration
for 24 hours; T24Re: dehydration for 24 hours and re-
hydration for 24 hours in distilled water. The results
were statistically analyzed by using one-way ANOVA
and Tukey s test (p < 0.05). Mean and standard devia-
tion values in micro-Strain (uS) of human teeth were:
70: 56.7 £ 28.5 a; T5: 56.9 £43.7 a; T15: 40.2 + 29.7
ab; T45:41.2+22.1 ab; T120: 32.2 £ 22.5 ab; T24:
22.6+21.7b; T24Re: 38.5 £ 12.9 ab, and bovine teeth
were: T0: 47.5 £ 15.6 a; T5: 39.2 £ 12.5ab; T15: 34.2
+11.5 abc; T45:29.0+7.9 be; T120: 25.3 £10.5 be;
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724: 22.6 £ 10.2 bc; T24Re: 29.9 £ 13.2 be. The uS
values were decreased with increasing of the dehydra-
tion time for both teeth groups. It can be concluded that
dehydration caused strain decreasing being necessary
to keep the samples hydrated during strain gauge tests.
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INTRODUCTION

The primary function of the dental element is the
transmission of muscular force during the process of
preparation of food*. A compound harmoniously con-
stituted by the structure of mutual protection between
enamel and dentin establishes a stable state of stress-
strain during occlusal forces®?°.

Enamel is the most mineralized dental tissue, which
contains 96% mineral, 1% organic material, 3% water. The
composition of this structure is approximately 89% inor-
ganic components, 2% organic components and 9% wa-
ter5. Dentin is considered more permeable than the enam-
el due to its higher organic content and tubular structure.
Dentin weight is composed approximately by 70% miner-
als, 18% organic material and 12% water and its volume
shows 45% minerals, 30% organic matter and 25% wa-
ter'>!%, Small modifications in the structural composition
of the dentin and enamel can modify the structural com-
pound functions as to its capacity of receiving masticatory
forces'. Enamel is the dental structure specifically formed
to support the chemical, thermal and physical variations of
the oral cavity. Most free water within enamel is located
in the protein matrix and has an influence on the enamel
capacity of compressibility, in permeability and ionic con-
ductivity®. The change of concentration or composition of
these structures can influence directly in the mechanical
properties of the enamel’. Several studies have employed
the association of different experimental tests, as frac-
ture resistance®'®%, knoop hardness and nanoindentation

153



Soares PV, Pereira FA, Reis BR, Zeola LF, Soares CJ, Menezes MS. RPG Rev Pos Grad 2012;19(4):153-8.

tests®, and strain gauge test® to analyze the mechanical be-
havior of the dental structure.

For strain analysis of dental structure several ex-
perimental methods and computer-aided tests have been
used. The strain gauge test constitutes a non-destructive
test for measuring external strain of the dental struc-
ture. This test makes possible the analysis and through
mathematical calculations it is possible to calculate the
structure strain.

Due to evolution of the restoring techniques and
mainly preventive dentistry, the use of human teeth in
laboratory research has become limited for the great-
er maintenance of teeth in the oral cavity. Nowadays,
human teeth have being substituted by bovine teeth,
which are more easily collected, making possible the
standardization of the age, as well as minimizing risk
of transmission of infectious diseases*'.

There are some instances in which routine clinical
practices can cause changes in the hydration of teeth tis-
sues, like evaluation of pulpal sensitivity using forced
air, rubber-dam procedures for long time, and during
enamel/dentin preparation for bonding procedure. The
water loss imposed by these procedures can result in
dentin and enamel strain, if restrained, it can cause the
development of undesired and potentially deleterious
stress?. Therefore, the aim of this study was to measure
the influence of dehydration on the superficial strain of
dental structure, testing the hypothesis that the enamel
and dentin dehydration reduce the capacity of dental
structure strain.

MaTteriaLs AND METHODS

Ten bovine central incisors of adult animals, with the
same size and age were collected, and ten intact mandib-
ular human premolar teeth with similar coronary dimen-
sions (Approved by Ethic Committee at Universidade
Federal de Uberlandia, Protocol number 051/09), were
collected. The teeth were cleaned with periodontal cu-
rette and submitted to prophylaxis with stone pumice
and water, and stored in distilled water under 4°C. Teeth
were embedded into polystyrene resin cylinder. Root
surface was covered with cyanoacrylate glue (Super
Bonder, Loctite) to prevent dehydration thought the root
surface. To measure dental strain,one strain gauge (PA-
06-060BG-350L; Excel Sensores, Sao Paulo, Brazil) was
fixed parallel to the long axis of each specimen, posi-
tioned on the center of the buccal face of bovine incisor
or premolar parallel to the long axis of the tooth, posi-
tioned at 25 from the load application axis®. According
to the manufacturer (Excel Sensores), the base material
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of these gauges consisted of a polyimide and metal con-
stantan film, with temperature self-compensation for
steel. The strain gauge grid had an area of 4.1 mm? and
an electrical resistance of 350 Q2. Strain gauges used for
this study had a gauge factor of 2.12 that is a propor-
tional constant between electrical resistance variation
and strain. To fix strain gauge, a 37% phosphoric acid
solution (3M ESPE, St. Paul, Minnesota, USA) was ap-
plied for 15 seconds to each enamel surface, which were
then washed with water for 15 seconds and dried with
air spray. The strain gauges were bonded on cervical re-
gion of human and bovine enamel with cyanoacrylate
adhesive (SuperBonder; Loctite, Sao Paulo, Brazil), and
the wires were connected to the data acquisition device
(ADS0500IP; Lynx Tecnologia Eletronica Ltda, Sao
Paulo, Brazil). In addition, strain gauge was fixed to
another specimen, which no load was applied, to com-
pensate for dimensional alterations due to temperature.
These samples were important for the measurement of
strain, without the influence of environmental tempera-
ture (Figure 1).

The samples were submitted to axial compres-
sion loading at a speed of 0.5 mm/min, applied with a
wedge-load device shape (Figure 1), until 250 N in
a mechanical testing machine (EMIC DL 2000; EMIC
Equipamentos e Sistemas de Ensaio Ltda, Sao José dos
Pinhais, Brazil). The data were transferred to a com-
puter that used specific acquisition, signal transforma-
tion and data analysis software (AqDados 7.02 and
AgAnalisys; Lynx Tecnologia Eletronica Ltda). During
load application, the data acquirer collected one strain
value every 0.3 seconds until a maximum load of 250 N
was attained (Figure 1). The strain measurement results
(uS) were obtained by values for the buccal cusp. The
strain (uS) of all teeth of each group were analyzed se-
quentially in 6 moments (n = 10) according to Table 1.

Figure 1 - (A) Strain Aquisition System. (B) Specific canal of strain
gauge connection. (C) Human sample, load application mode and
strain gauge position. (D) Bovine sample.
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Table 1
Description of experimental groups

Group

Protocol of sequential dehydration

TO strain measured immediately after removing the samples of the storing distilled water media at 23 + 1°C
T5 strain measured after 5 minutes of samples dehydration in dry environment at 23 + 1°C

T15 strain measured after 15 minutes of samples dehydration in dry environment at 23 + 1°C

T45 strain measured after 45 minutes of samples dehydration in dry environment at 23 + 1°C

T120

strain measured after 120 minutes of samples dehydration in dry environment at 23 + 1°C

T24 strain measured after 24hours of samples dehydration in dry environment at 23 + 1°C

T24Re | aterat 23 + 1°C

strain measured after 24 hours of samples dehydration in dry environment and re-hydration for 24 hours in distilled

Data were recorded and analyzed using a one-
way ANOVA followed by Tukey HSD test for each
teeth group. One-way analysis of variance and Tukey’s
method were performed with the use of a statistical
software package (SPSS 15.0J for Windows; SPSS
Japan, Tokyo, Japan), p < 0.05 was considered to be
statistically significant.

REsuLTs

One-way ANOVA showed significant differences.
The mean (uS) and standard deviation (SD) values for
all groups are showed on Table 2. For human teeth,
samples dehydrated showed a decrease in the values of
strain, so the more dehydrated the tooth is, the less is its
ability to deform when subjected to a load. The statisti-
cally difference is showed in the Tukey’s test (Table 2)
(p <0.05), which revealed that TO and T5 showed sig-
nificantly higher strain values than T24 (Table 2). There
was not statistically difference between TO and T24Re,
showing that re-hydration for 24 hours recovers the
strain levels similar to hydrated samples. Bovine de-
hydrated teeth demonstrated significantly decreasing
for strain values. The TO samples showed statistically
higher strain values than T24.

Discussion

The hypothesis of this study was accepted that de-
hydration induced there decreasing of capacity of dental
structure strain. The structure sound teeth loss promoted
by fractures?!, carie's, cavity preparations' and endodon-
tic treatment'>?! may cause changes the biomechanical
behavior of the teeth. However, little has been studied
about the reduction of water that is an important compo-
nent of sound teeth. The water plays an important role
not only in the dentin'®, but in the enamel as well',

Mature dentine contains approximately 50% of
inorganic phase and 40% of organic one. The major
part of the organic phase is collagen and polymer that

Table 2
Mean (uS) and standard deviation values as function of
dehydration in humans and bovines teeth

Dehydration Time Human Teeth Bovine Teeth
Immediate (TO) 56.7 (28.5) a 47.5 (15.6) a

5 min (T5) 56.9 (43.7) a 39.2 (12.5) ab
15 min (T15) 40.2 (29.7) ab 34.2 (11.5) abc
45 min (T45)

120 min (T120) 32.2 (22.5) ab 25.3 (10.5) bc
24 hours (T24) 226 (21.7) b 22.6 (10.2) bc
R24 hours (T24Re) 38.5(12.9) ab 29.9 (13.2) bc
Different letters in rows indicate statistically significant differences

(ANOVA and Tukey's test; p < 0.05).

(
(
412 (22.1) ab 29.0 (7.9) be
(
(

normally exist in an aqueous environment®''. It is of-
ten associated with proteoglycans which contain a large
amount of bound water. The inorganic or mineral phase
in dentine is mostly a carbonated apatite''. Mature
dentine contains approximately 10% water by weight
and 22% water by volume®. It has been calculated that
75.2% water is in the dentinal tubules, and 24.8% is in
the mineralized matrix.

Mature enamel contains 94-96% hydroxyapatite
crystallites, with the remainder being mainly organic
matrix and water®. As it is well known, hydroxyapatite
is thermally and chemically stable under the above ex-
perimental conditions. Therefore, most of the mechan-
ical response performed on different environments
must be associated with the changing of properties of
the organic matrix and water loss®. Water acts in the
inter-connection of mineral and protein structure, its
loss can end up in severe alterations in the biomechan-
ical behavior of the dental structure. Therefore, the ab-
sence of water can lead to structural defects causing
different behavior both at the time of biomechanical
testing and clinically®.

Free water in dentine is a dynamic phase, and
that movement through the porosities and tubules in
dentine may influence the response of bulk dentine
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structure during mechanical functions. Previous stud-
ies have suggested that the fluid filled dentinal tubules
could function by hydraulically transferring and dis-
sipating the occlusal forces applied to teeth”!*. Several
studies®>!! have analyzed the influence of the loss of
water on the biomechanical behavior of dental struc-
ture. And they concluded that the loss water in den-
tine induces a lower capability of strain and stress
at fracture when compared to fully hydrated dentine
samples. And the magnitude of elastic or reversible
strains experienced by fully hydrated dentine was con-
spicuously higher than the partially dehydrated den-
tine. This study agrees with a recent analysis, so it is
possible to observe that the loss of water decreases
the strain capacity (Table 1). Complete hydration,
i.e., presence of free water in the tubulo-canalicular
system increases both resilience and toughness of the
dentine. The increasing of the resilience (the capacity
of a material to absorb energy elastically upon load-
ing) and toughness (the ability to resist fracture) imply
that the free water in the tubulo-canalicular systems
provides dentine the ability to absorb loads elastical-
ly and consequently increase the fracture resistance.
Study of the biomechanical behavior of fully hydrated
and dehydrated dentine using moiré interfermometry,
demonstrated that the presence of water resulted in a
stress/strain response characteristic of tough material,
while the loss of free water resulted in stiffening, and
response characteristic of brittle material®.

Recent studies demonstrated that the anisotropy
of the enamel is dependent on another structure as
important as the prism. Proteins and water present in
the prismatic interfaces act as agents of interprismat-
ic union®. Thus, the behavior of the structure of the
enamel undergoes major change occurs when water
loss, and in general we can conclude that both dentin
and enamel for normal anisotropic characteristics in
tooth structure would be jeopardized. This fact induc-
es a changed biomechanical behavior as can be seen
the difference in pattern of strain as the samples suf-
fered dehydration process. There is a straight down-
ward by decreasing the values of superficial strain in
long axis.

Enamel and dentin from different animal spe-
cies have been for long used as substitutes for human
ones, since mammalian and human teeth are morpho-
histologically similar to each other. The constant use
of bovine teeth in dental researches has stimulated a
number of studies searching to certify the suitability
of this procedure. Dental hard tissues characteristics
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are the principal factor when analyzing the possibili-
ties of substituting the usage of human teeth by ani-
mal teeth on in vitro researches. If there were no sig-
nificant differences between human and animal teeth,
then the results of any research performed with these
animal teeth would have more value and significance
to the dental community*'*. But as there are some dif-
ferences, human enamel presented less interprismat-
ic substance and distinct prisms, and bovine enamel
showed greater amount of interprismatic substance
with “fibril-like” structures’. Bovine dentin showed a
relative visual lower presence of intertubular dentin
than human one, together with a relatively more pres-
ence of peritubular dentin’. Thus, bovine teeth have
a different behavior as can be observed through the
results of this study (Table 2). However, in this study,
the comparison between groups of teeth was not done,
mainly for the fact that teeth used were not identical,
to bovine incisors used, which have a coronal portion
larger and therefore more structure, and loss of wa-
ter slower than in human teeth. The premolars have
a lower crown portion, and thus a smaller amount of
water to be lost.

The use of non-destructive tests gives information
on the structural behavior of complex dental, which is
an experimental method for measuring different types
of strain through the use of gauges adhered on the ex-
ternal face of the dental structure!’. The application of
a load generates a stress that result in structural strain,
and may increase according to the geometry and me-
chanical properties, exceeding the elastic regime until
the collapse of the structure?®, which is non-destructive.
In this study, the method of strain gauge test enabled
structural changes was observed in the microstrain pat-
tern of the samples the extent to which they were dehy-
drated. The gauge adhered to the outside surface of the
tooth, measured the performance of the overall tooth
structure before the application of a load. The results
agree with studies of whose found that dehydration ef-
fect on mechanical characteristics samples®”.

CONCLUSION

Within the limitations of the present study it was
possible to conclude that the free water influenced
stress-strain on the distribution of the occlusal forces
applied to teeth. And the loss water promoted a modifi-
cation in the dental structure; thus the necessary care in
research laboratory with the samples, stages of prepa-
ration of laboratory samples, moldings, cavity prepa-
rations and during the testing, and these always be
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ity of dental structure strain.
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Resumo

Influéncia da desidratacao no padrao de deformacao de dentes humanos e bovinos: estudo
in vitro

O objetivo deste estudo foi medir o efeito do tempo decorrido em microdeformacgao da estrutura dental por
teste de extensometria de dentes humanos e bovinos. Obtiveram-se dez incisivos bovinos padronizados e dez
pré-molares humanos padronizados. Para medir a deformag¢do foram fixados extensometros sobre a face vesti-
bular de cada amostra, e também foi realizado um teste de compressdo em cada um dos tempos de desidratagdo:
T0: imediatamente apos a remoc¢do da umidade; T5: apos desidratagdo em temperatura ambiente (23 + 1°C)
por 5 minutos; T15: desidratacdo por 15 minutos, T45: desidratacdo durante 45 minutos, T120: desidratagdao
por 120 minutos;, T24: desidratacdo por 24 horas; T24Re: desidrata¢do por 24 horas e re-hidrata¢do duran-
te 24 horas em agua destilada. Os resultados foram analisados estatisticamente utilizando o one-way ANOVA
e teste de Tukey (p < 0,05). Os valores da média e desvio-padrdao em microdeformacdo (uS) de dentes humanos
foram: TO: 56,7 + 28,5 a; T5: 56,9 + 43,7 a; T15: 40,2 + 29,7 ab; T45: 41,2 = 22,1 ab, T120: 32,2 + 22,5 ab;
T24: 22,6 £ 21,7 b; T24Re: 38,5 £ 12,9 ab e dentes bovinos foram: T0: 47,5 = 15,6 a; T5: 39,2 + 12,5 ab;
T15: 34,2+ 11,5 abc;, T45:29,0+7,9 be; TI120: 25,3 £ 10,5 be; T24: 22,6 + 10,2 be, T24Re: 29,9 + 13,2 be. Os
valores uS foram reduzidos com o aumento do tempo de desidrata¢do para ambos os grupos de dentes. Pode-se
concluir que a desidratag¢do causada promoveu maior rigidez da estrutura, sendo necessario manter as amostras
hidratadas durante testes laboratoriais.
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