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RESISTANCE OF ENAMEL IN SUPRA-OCCLUSION CONTACTS
OF INDIVIDUAL TEETH IN RATS OF VARIOUS AGES

Introduction. Supra-occlusion is a position of a group of teeth or in-
dividual teeth, the cutting edge or chewing surface of which is located
above the occlusal plane. This condition is characterized as primary
traumatic occlusion, supra-contact or traumatic nodes, in which a num-
ber of structural and functional changes occur in the hard tissues of the
teeth and periodontal tissue. Traumatic occlusion of teeth is often caused
by occlusal intervention, such as high fillings or prostheses, parafunc-
tional habits. In physiological conditions, the protection of teeth from
chemical and mechanical interventions is provided by their structural
and functional resistance. However, the influence of supra-occlusion on
the resistance of tooth enamel, and especially in different age groups, has
not yet been studied. Therefore, we consider this topic relevant.

The objective of the work was to study the state of enamel resistance
in supra-occlusal contacts of individual teeth in rats of various ages ac-
cording to the enamel resistance test (ERT-test).

Materials and methods. The study involved 36 white male laborato-
ry rats aged 4 to 22 months and weighing 100 to 210 g. The animals
were divided into two groups (control and experimental), each was di-
vided into three subgroups (6 animals each) according to age categories:
young, mature, old-aged. In the study group, the state of supra-occlusion
was simulated by increasing the height of the lower right second molars
via filling 1 mm in height, without preparation of hard tissues of the
teeth. Previously, the animals were anesthetized intramuscularly with
sodium thiopental solution. After removing the animals from the exper-
iment on the 15th day by decapitation under general anesthesia with so-
dium thiopental, by intraperitoneal injection, the dental blocks were re-
moved and the structural and functional state of the tooth enamel was
determined by the ERT-test. Statistical processing of data was performed
using the program AtteStat V.12.5 with the determination of the mean
and its error (M = m). The probable significance of the difference in the
obtained data was determined by the Student's t-test (p < 0.05).

Study results. In the control group, ERT-test values decreased
(enamel resistance increased accordingly) in rats, depending on age. In
young rats, enamel resistance to acidic dissolution was the smallest, and
in mature and old-aged rats it increased. However, the difference be-
tween the age groups was not statistically significant (p > 0.05). A simi-
lar situation was registered in animals of the study group. However, sta-
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tistically significant differences were observed only between young and
old-aged rats (p = 0.025). In the control group, the acid resistance of
enamel is higher compared to study group (p = 0.007). In young rats
from the control group, enamel resistance to acids was 16.7% higher
than in the study group (p = 0.025). In mature animals of the control
group, the resistance of enamel to acid dissolution is 17.7% higher than
in the study group (p = 0.046), and in old-aged — by 15.2% (p = 0.2).

Conclusions. The resistance of enamel of teeth that are subjected to
increased stress via supra-occlusal interactions is reduced in young, ma-
ture and old-aged rats in comparison with the control group. Reduced
enamel resistance can be one of the risk factors in the occurrence of den-
tal caries.

Key words: traumatic occlusion, enamel resistance, ERT-test, rats,
supra-occlusion.
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PE3UCTEHTHICTb EMAJII TIPU CYHNPAOKJIO3IMHUX
KOHTAKTAX OKPEMUX 3YBIB Y IIIYPIB PI3HOI'O BIKY

AxkTyajbHicTh. Cynpaokio3is — MOJIOKEHHS TpyIH 3y0iB 4l OKpe-
MHUX 3y0iB, piKydHil Kpait abo >KyBaJbHA MOBEPXHS SKHUX PO3TAIIOBAaHA
BUILlE OKJItO3iiHOT momuHy. Lei ctaH XapakTepu3yloTh sIK IEpBHHHY
TpaBMaTUYHY OKIIIO3i0, CYNPAaKOHTAaKT ab0 TpaBMAaTH4YHI BY3JIH, NPH
SKOMY BHHHUKA€E PsJl CTPYKTYPHHUX Ta (YHKIIOHAJIBHUX 3MIH B TBEPAUX
TKaHMHaxX 3yO0iB i mapojoHTa. TpaBMaTuuHa OKIIO3is 3yOiB 4acTo BH-
KJIMKAEThCSl OKIIO31MIHUM BTpY4aHHSM, TaKUM SIK BUCOKI IIOMOM abo
MpoTe3n, napayHKIiIOHATbHI 3BHYKH. Y (Pi310JOTIYHIX YMOBAX 3aXUCT
3y0iB BiJ XIMIYHHX Ta MEXaHIYHUX BTpy4YaHb 3a0€3MEUYETHCS iX CTPYK-
TypHO-(YHKIIOHATHHOIO PE3UCTEHTHICTIO. AJIe TOCI 3aJUIIAIOTHCS HE
BUBUCHMMH ITIMTaHHS BIUIMBY ITJBHINEHOI OKIIO3ii Ha PE3UCTEHTHICTh
emaii 3y0iB, a TUM Tade B Pi3HUX BIKOBUX Tpymnax. ToMy If0 TeMy BBa-
KAEMO aKTYyaJIbHOIO.

MeTto10 poGoTu OyJi0 BUBYEHHS CTaHy PE3MCTEHTHOCTI eMaii MpH
CYNPAOKJIIO31IIHUX KOHTaKTax OKpeMHUX 3y0iB y IypiB Pi3HOTO BiKy 3a
TecToM emaseBoi pesuctentHocTi (TEP-Tect).

Martepianu i meroau. Jlocnimkenns Oyino nposereHe Ha 36 Oinmux
mabopaTOpPHUX IIypaX-CaMmIgx BiKOM Bif 4 10 22 MicAIiB i Barorw Bif
100 mo 210 r. Teapunau Oynu po3MoniIeHI Ha IBi rpymu (KOHTPOJIBHA i
JIOCTiTHA), B KOKHIHM 3 SKUX BUIULLIN TPU MATpynH (o 6 TBapwH) Bil-
MOBITHO IO BIKOBUX KaTeropiif: Momomi, 3pimi, crapedi. B mocmigHii
TpyIi MOJENIOBAIM CTaH CYNPaoKIo3ii 3y0iB HUISIXOM ITiJBHIIEHHIM
BUCOTH HIDKHIX MPABUX APYTHX MOJISIPIB 32 PaxXyHOK MOCTAHOBKH ILIOM-
6m BucoToI0 | MM 6e3 mpemapyBaHHs TBEpAWX TKaHWH 3y0iB.. [Tomepen-
HBO TBapHH AaHECTE3YBAJIM BHYTPIIIHBOM S3€BO PO3YMHOM TiOMEHTAT
Hatpito. Ilicis BUBEeEHHS TBapHH 3 €KCIEPUMEHTY Ha 15 100y muisxom
JIeKartiTamii mij 3arajJbHOI0 aHeCTe3iel0 TIOTEHTAl HATPilo, NUITXOM
BHYTPIIIHLOYEPEBHOI iH'€KIIT BHIy4ann 3yOolenenti OJ0KH Ta MpoBo-
T BU3HAYEHHS CTPYKTYPHO-(YHKIIOHAJIEHOTO CcTaHy eMaii 3yois 3a TEP
— TectoM. CTaTHCTHYHY OOpOOKY JaHMX MPOBOAWIM 32 JONOMOTOIO IIPO-
rpamu AtteStat v.12,5 3 BU3HaueHHSIM cepeiHbol Ta 1 moxubku (M £ m).
BiporigHy 3Ha4ymiicTs pi3HUI OTPUMaHMX JAAHUX MPOBOMIM 32 Hapa-
MeTpuaHuM Kpurepiem Ct’roaenta (pu p < 0,05).
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Pe3yabTaTh aociigxeHnsi. B koHTposbHIN rpyni nokazHuku TEP-
TECTy 3MCHIIYBAIHCH (PE3NUCTEHTHICTh €Mali BiATIOBIAHO ITiIBUIIyBa-
JIach) y IIypiB 3aJIe)KHO BiX BiKy. Y MOJOIUX PE3UCTCHTHICTH eMalli J10
KHCJIOTHOTO PO3YMHEHHS Oyiia HaWMEHIIO0, a y IIypiB 3piloro i crape-
4Oro BIKy mHifBUINyBanach. OJHAK PI3HUI MK BIKOBUMH TpyIamMH HE
Masa craTucTH4YHOI BiporiaHocti (p > 0,05). ¥V TBapuH nocniaHoi rpynu
peecTpyBaliach aHAJNOTiYHA cUTYyallist. [IpoTe CTaTUCTHYHO 3HAYMMI Bij-
MIHHOCTI BiIMiYaJIi JIMIIE MiX LIypaMH MOJIOJIOTO 1 cTapedoro Biky (p =
0,025). B KOHTpOJIBHI# Py KHCAOTOCTIHKICTh €Malli BUINA 32 TOCITIIHY
(p = 0,007). Y mrypiB Momo1oro BiKy 3 KOHTPOJBHOI TPYITH PE3UCTCHT-
HICTh eMaii g0 il kucioT Oyma Ha 16,7% BUIIA 3a TBapHH JOCIiTHOI
rpym (p = 0,025). Y 3pinux TBapuH KOHTPOIBHOI IPYNH CTIHKICTh eMa-
i 10 KUCIIOTHOTO po3unHeHHs Ha 17,7% Bumma 3a mocinay (p = 0,046),
a crapedoro — Ha 15,2% (p = 0,2).

BucHoBkH. Pe3ucrenTHIiCTh emaini 3y0iB, SIKI MiJAIOTHCS TiJBHIIE-
HOMY HaBaHTa)KCHHIO Yepe3 CYMPaOKII03iiHI B3aEMOBITHOCHHHU, 3HUXKY-
€TBCS Y HIypPIB MOJIOJIOTO, 3pIJIOT0 1 CTapeyoro BiKy B IMOPIBHSIHHI 3 KOH-
TPOJIBHOIO TPYIOK. 3HUKCHHS PE3UCTCHTHOCTI eMalli MOYKE BUCTYIIATH
oJTHUM 3 (pakTOpiB pU3MKY y BUHHKHEHHI Kapiecy 3y0iB.

KoarouoBi ciioBa: TpaBmMaTnyHa OKIIO3if, PE3UCTEHTHICTH eMai,
TEP — tecT, mypH, CympaoKITo3is.

ABTOp, BilNoBiTaIbHUI 32 TUCcTYBaHHs: S.ZVyagin@med.sumdu.edu.ua

Introduction

Supra-occlusion is a position of a group of
teeth or individual teeth, the cutting edge or
chewing surface of which is located above the
occlusal plane. In this situation, the teeth
experience an increased chewing load. This
condition is characterized as primary traumatic
occlusion, supra-contact or traumatic nodes, in
which a number of structural and functional
changes occur in the hard tissues of the teeth and
periodontal tissue. Traumatic occlusion of teeth is
often caused by occlusal intervention, such as high
fillings or prostheses, parafunctional habits [1].

Cracks in the enamel may occur at the site of
supra-occlusion due to chronic microtrauma [2].
Chronic occlusal trauma due to an increase in the
concentration of chewing pressure on the teeth is
considered the main local etiological factor that
gradually leads to tooth wear and increased attrition
of hard tissues [3, 4].

Occlusal trauma of the teeth may be caused not
only by their supra-occlusive contacts, but also
parafunction in patients. Parafunctions can cause
stress and tension in hard tissues, which leads to the
appearance of cracks or fractures of teeth [5, 6].

Excessive occlusal load on individual teeth
also causes stresses in the enamel, which lead to

the appearance of cervical lesions of the teeth in
the form of abfraction defects [7, 8, 9, 10].

In physiological conditions, the protection of
teeth from chemical and mechanical interventions is
provided by their structural and functional
resistance. However, the influence of supra-
occlusion on the resistance of tooth enamel, and
especially in different age groups, has not yet been
studied. Therefore, we consider this topic relevant.

The objective of the work was to study the state
of enamel resistance in supra-occlusal contacts of
individual teeth in rats of various ages according to
the enamel resistance test (ERT-test).

Materials and study methods

The study involved 36 white male laboratory
rats aged 4 to 22 months and weighing 100 to
210 g. The animals were divided into two groups
(control and experimental), each was divided into
three subgroups (6 animals each) according to age
categories: young, mature, old-aged. The age of the
animals was determined by two conditions: humber
of months from birth and body weight. Young
animals included rats at the age of 3—-4 months with
a weight of 90-100 g; mature animals — at the age
of 6-8 months with a weight of 150-170 g; old-aged
rats 20-22 months. and a mass of 200-220 g [11].

During the experiment, the vivarium room was
kept at a high temperature, and the rats were
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provided with proper care. During the entire period
of research, the animals were fed dry granulated
food, which was characterized by a balanced
content of ingredients necessary for a full life.

In the study group, supra-occlusion of teeth was

simulated.  Preliminary, the animals were
anesthetized intramuscularly with a sodium
thiopental ~ solution (2 mg/kg, Thiopental,

Kyivmedpreparat PJSC, Kyiv, Ukraine). Excessive
mechanical load on the teeth was simulated by
increasing the height of the lower right second
molars via filling 1 mm in height, without
preparation of hard tissues of the teeth. 37%
orthophosphoric etching gel for enamel and dentin
(Latus, Ukraine), microaplicator (Latus, Ukraine),
adhesive system of the fifth generation
Prime&Bond NT (Dentsply Sirona, Germany),
universal  micro-hybrid light-solid composite
material Latelux (Latus, Ukraine) and LED.D
photopolymerizer (WOODPECKER, China) were
used for the filling in accordance with the
manufacturer's instructions.

After removing the animals from the experiment
on the 15th day by decapitation under general
anesthesia ~ with  sodium  thiopental, by

Control group

oo

a

intraperitoneal injection, the dental blocks were
removed and the structural and functional state of
the tooth enamel was determined by the ERT-test.
[12].

To determine enamel resistance, the dental
crowns were treated with distilled water and dried
with a cotton swab. A drop of 1% hydrochloric acid
solution was applied to the buccal surface of the
lower right second molar. After 5 seconds, the acid
was washed off with distilled water and the crown
of the tooth was dried with a cotton swab. Next, a
tampon moistened with 1% aqueous solution of
methylene blue was applied to the crown of the
tooth. After that, the dye is removed from the
enamel surface with a cotton swab with one
movement.

Color intensity of the etched enamel area was
estimated in points on a ten-field color scale
(Fig. 1). The scale is a line of different intensity of
blue color areas that correspond to the color of the
tooth enamel after acid etching and subsequent
staining with a methylene blue dye. The
arrangement of shades goes from lighter to darker
and corresponds to a score from 1 (the lightest) to
10 (the darkest).

=

|
X S
bL — c

Figure 1 — ERT-test in rats by age: a — young, b — mature, ¢ — old-aged

Experimental rats were cared for in accordance
with the provisions of the European Convention on
the protection of vertebrates, used in experiments
and other scientific purposes (Strasbourg, 1986)

and the General ethical principles of animal
experiments, approved by the First National
Congress on Bioethics (Kyiv, 2001).
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Statistical processing of data was performed
using the program AtteStat V.12.5 with the
determination of the mean and its error (M + m).
The probable significance of the difference in the
obtained data was determined by the Student's t-test

Study results and discussion

The study of enamel resistance indicators in rats
showed (Table 1) that the value of the ERT-test
differs both between groups of study animals and
within groups, depending on age.

(p < 0.05).

Table 1 -ERT-test results in rats of various age, points

Group of rats P
Rat age Control Study
n M=£m n M=m
Young 6 25+0.22 6 3.0+0.0 0.025
Mature 6 2.33+0.21 6 2.83+0.17 0.046
Old-aged 6 2.17+0.31 6 25+0.22 0.2
Total 18 2.33+0.14 18 2.78+0.10 0.007

In the control group, ERT-test values decreased
(enamel resistance increased accordingly) in rats,
depending on age. In young rats, enamel resistance
to acidic dissolution was the smallest, and in mature
and old-aged rats it increased. However, the
difference between the age groups was not
statistically significant (p > 0.05). A similar
situation was registered in animals of the study
group. However, statistically significant differences
were observed only between young and old-aged
rats (p = 0.025).

The decrease in enamel resistance in young
animals is due to its insufficient mineralization after
teething, the peculiarities of the enamel structure,
and the specific structure (permeability,
microhardness stability in an acidic environment)
[13]. It is proved that the tooth enamel at the early
stages of physiological "maturation” due to an
insufficiently formed prismatic structure, lack of
protective layer, significant permeability, large
number of retention points has morphological
characteristics of hypomineralization and low caries
resistance and acid resistance [14]. This s
confirmed by the data of clinical and laboratory
studies, which indicate the crucial importance of the
enamel mineralization processes in maintaining the
state of caries resistance [15].

Conclusions

The resistance of enamel of teeth that are
subjected to increased stress via supra-occlusal
interactions is reduced in young, mature and old-
aged rats in comparison with the control group.
Reduced enamel resistance can be one of the risk
factors in the occurrence of dental caries.

Analyzing the state of enamel resistance
between the studied groups of animals, we also
registered a significant difference in the resistance
of tooth enamel. In the control group, the acid
resistance of enamel is higher compared to study
group (p = 0.007). This trend is typical for animals
of all age groups, but the ERT-test data varies
depending on the age of the rats and the
experimental conditions.

In young rats from the control group, enamel
resistance to acids was 16.7% higher than in the
study group (p = 0.025). With age, the resistance of
tooth enamel increases, but the general trend in the
difference of the ERT-test values remains. Thus, in
mature animals of the control group, the resistance
of enamel to acid dissolution is 17.7% higher than
in the study group (p = 0.046), and in old-aged — by
15.2% (p=0.2).

That is, the results of the experiment indicate a
decrease in the resistance of the enamel of teeth that
are subjected to excessive stress. If we assume that
the teeth are subjected to a similar load in young
people engaged in physical exercises with weights,
as well as in orthodontic patients whose teeth are
forcibly moved, our data coincide with the results
of other researchers [16].

Prospects for future research

The obtained data on the functional state of the
enamel of teeth that are subjected to mechanical
overload give grounds to investigate structural
changes in the tissues of the teeth and periodontium
in the supra-occlusal interactions of individual teeth
in the age aspect.
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