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FEATURES OF DIRECT
PHOTOCOMPOSITION RESTORATION
OF TEETH WITH DIFFERENT ENAMEL

CARIES RESISTANCE

Purpose of the study. The aim of the study was a clinical
evaluation of direct restorations of chewing teeth with
viable pulp, made of photocomposite at different times
of acid etching of enamel, depending on the level of its
caries resistance, which was evaluated by structural
and functional acid resistance. Research methods.
In 105 patients, 105 chewing teeth with Black Class I
cavities direct recovery using a nanohybrid photocomposite
was performed. In 38 patients of group I with high and
medium structural and functional acid resistance of
enamel and in 36 patients of group III with low and very
low acid resistance, total etching of hard dental tissues
was carried out for 15 seconds, in 31 patients of group Il
with high and medium acid resistance, enamel was etched
for 30 seconds, dentin — 15 seconds. Recovery status
was assessed according to criteria related to marginal
discoloration, marginal adaptation and secondary caries.
Scientific novelty. After 6 months, according to the criteria
of «marginal discoloration», «marginal adaptation» and
«secondary cariesy in patients of group I, violations were
found in 3 restorations (7.89%), in patients of group Il —
in 2 restorations (5.56%), in group III patients —
in 4 recoveries (12.90%), in 12 months, violations were
Jfound, respectively, in 7 restorations (20%), in 2 (5.88%)
and 11 restorations (40.74%,). Secondary caries was
diagnosed only in patients of group III, according to
terms, in 1 (3.23%) and 3 restored teeth (11.11%). The
total number of restorations with disorders in patients of
group III at 12 months was 1.6 and 5.5 times higher than
in patients of group I and II, while in patients of group 1
of recovery with disorders it was 3.5 times more than
in patients of group II, in which the time of its etching
was increased due to high or medium acid resistance of
enamel. To reduce the risk of complications and prolong
the duration of patients restorations with a high or medium
level of structural and functional acid enamel resistance,
the time of enamel acid etching should be increased to 30
seconds. In patients with a low or very low level of acid
resistance, an examination of the restorations condition
should be carried out every 6 months, special attention

should be paid to the secondary caries in the restored
teeth diagnosis. Conclusions. When carrying out direct
photocomposite teeth restoration, it is necessary to take
into account caries resistance of enamel by structural and
functional acid resistance and differentially approach the
time of its etching.

Key words: teeth, enamel, caries resistance, etching,
restoration, photocomposite material.
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OCOBJUBOCTI IPAMOI'O
®OTOKOMITO3UIIIMHOT' O
BIAHOBJIEHHS 3YBIB 3 PI3HOIO
KAPIECPE3UCTEHTHICTIO EMAJII

Mema oocniorncennn. Kniniuna oyinka npsamux pecmag-
DPayitl JHCy8anbHUX 3y0i8 3 HCUMMEIOAMHOI NYIbNOIO,
BUKOHAHUX 3 (DOMOKOMNO3UYIUHO20 Mamepiany 3a piz-
HO20 Yacy KUCIOMHO2O NPOMPAGIEHHS eMAill, 3A1eHCHO
6i0 piens ii Kapiecpe3ucmenmHocmi, Ky OYIHIOBANU 3d
CMPYKMYPHO-(DYHKYIOHATbHOKO KUCIOMOCMIUKICMIO.
Mamepianu i memoou oocnioncenns. Y 105 nayicu-
mi6 HAHOSIOPUOHUM (POMOKOMNOZUMOM OY10 NPOEedeHO
npame gionosnenHa 105 dcysanvHux 3y0i6 3 NOPOHCHU-
namu I knacy 3a bnexom. ¥V 38 nayicumie I epynu 3 suco-
KOI0 ma cepeoHboio CMpPYKMYypHO-QYHKYIOHANLHOIO KUC-
qnomocmitikicmio emani ma y 36 oci6 11l epynu 3 Huzbko0
ma OyjHce HU3bKOK KUCIOMOCMIUKICMI0O mMomanbHe npo-
MpasienHss meepoux mKaHuH 3y0ie npoeoounu 15 cexyno,
v 31 nayienma Il epynu 3 8ucoKkow ma cepeoHbOor KUCIO0-
mocmitxicmio emans npompasnroganu 30 cexyno, denmun—
15 cexyno. Cman 8iOHOBIEHb OYIHIOBANU 34 KpUMepismi,
AKI CIOCY8anUcsa Kpaiiogoco 3a06apenents, Kpatloso2o
npunseanus ma emopurHoeo kapiecy. Haykoea nosusna.
Yepes 6 micayie 3a Kpumepiamu «kpaiioge 3a0apeiLeHHY,
«Kpauiose NpuiseaHHay Ma «SMOPUHHULL Kapiecy y nayi-
enumis 1 epynu nopywenna oynu eusagneni y 3 pecmaspa-
yisix (7,89%), 6 ocio 1l epynu —y 2 gionosnennsx (5,56%),
v nayicumie III epynu — y 4 sionosnennsax (12,90%),
vy 12 micsayie nopyutenns 6cmanosieni, 6il0n08ioHo, y 7 6i0-
Hosnennax (20%), v 2 (5,88%) i 11 pecmaspayiax (40,74%).
Bmopunnuii kapiec 6ys diacnocmosanuii miibKu 6 ocio
111 epynu, 6ionosiono oo mepminis, 6 1 (3,23%) ma 3 6io-
nosnenux 3yoax (11,11%). 3azanvna Kinbkicmo 6i0HO8EHb
3 nopywennamu y nayieumig Il epynu y 12 micayis 6yna
y 1,6 ma 5,5 pazu 6invworo, nisic y nayicumie I ma Il epynu,
npu yvomy 6 ociod I epynu 6i0H061eHb 3 NOpYULeHHAMU VIO
v 3,5 pasu Ginvwie, nixc y nayieumie Il epynu, 8 akux 3a
8UCOKOT ab0 cepedHbol Kucromocmiukocmi emani yac it
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npompagnensn 0ye soinvuienull. Jna 3HUNCEHHA PUUKY
PO36UMKY YCKIAOHEeHb I NpoloHeayii mepminie (yHKyio-
HYBAHH5L BIOHOBILEHD ) NAYIEHMIG 3 BUCOKUM DO CepeOHimM
DpisHemM cmpyKmypHO-QYHKYIOHATILHOT KUCTIOMOCMILIKOCTI
emMani cuio 30iIbWUMY 4ac KUCIOMHO20 NPOMPAGIEHHS
emani 0o 30 cexyno. B ocib 3 nuzbkum abo oysce HU3bKUM
PiBHeM KUCTOMOCMIUKOCME 00CMeNCeHHs. CIAHRY pecmas-
payiii HeoOXioHo NPOBOOUMU KOXCHI 6 MicaYyis, 0coonusy
yeaey cio npudinsimu OoiaeHocmuyi y 8I0HO6LEHUX 3Y0ax
emopunno2o kapiecy. Bucnoexu. I[Ipu npogedenni nps-
MO20 (POMOKOMNOZUYIUHO2O GIOHOBNIEHHS 3Y0168 HEOOXIOHO
6pax06y6amu Kapiecpesucmenmuicms emani 3a Cmpyk-
MYPHO-QYHKYIOHALHOIO KUCIOMOCMIUKICMI0O ma Ouge-
PEHYI0BAHO NiOX00umu 00 Yacy it npompasieHHs.

Knrwouosi cnosa: 3y6u, emans, KapiecpesucmenmHicmo,

npompasieHus,  GiOHOGIEHHS,  (QOMOKOMNOZUYITIHULL
mamepiai.
Problem statement. For direct restoration

of teeth with carious lesions, modern restorative
materials are widely used, among which the most
common are photocomposites. The use of these
innovative materials makes it possible to achieve new
opportunities in restoring not only the anatomical
and functional, but also the aesthetic characteristics
of natural teeth [1, p. 234]. In the process of direct
restoration of teeth using photocomposite materials,
several important stages can be distinguished. One
of these stages is the etching of enamel and dentin,
which is carried out in order to increase the roughness
of their surface, which, in turn, provides conditions
for a strong adhesive connection and reliable
fixation of materials [2, p. 210]. The etching of hard
tissues and the use of various adhesive systems is a
necessary measure, since photocomposites do not
have independent adhesive properties [3, p. 12].

The depth of microdefects in hard tissues due to acid
exposure depends on a number of factors, in particular,
the concentration of acid and the time of its contact
with hard tissues, the structure and composition of
the enamel and dentin of the restored teeth, the age of
patients, which, among others, determines the degree
of mineralization of hard tissues, and so on. [2, p. 180,
4, p. 275]. Recently, these factors include dental fluid,
which in the hard tissues of teeth with viable pulp is
constantly moving in the direction from the pulp to the
surface ofthe enamel ata certainspeed [5,p. 117,6,p.31].
Researchers associate such centrifugal movement of
dental fluid, which is controlled, in their opinion, by the
degree of functional activity of the pulp, with enamel
caries resistance, that is, its ability to withstand the
action of cariogenic acid factors [6, p. 31]. Decisive in
caries resistance of enamel is structural-functional acid
resistance of enamel (SFARE).

Until now, when carrying out etching of tooth
enamel with viable pulp, as one of the stages of direct

restoration with photocomposites, the individual level
of its acid resistance was not taken into account. In all
cases of direct restoration of teeth with carious cavities,
standard accepted recommendations for etching time
were followed, with variations only depending on
the concentration of the acid agent used. However, it
can be assumed that in patients with different levels
of SFARE, the time of its acid etching to achieve the
required depth of microdefects should be different.
Insufficient strength of the adhesive bond, in turn,
can affect the marginal adaptation of the restoration
material to the enamel, the appearance of marginal
discoloration, and the development of secondary
caries.

Purpose of the study. The aim of the study was
a clinical evaluation of direct restorations of chewing
teeth with a viable pulp, made from a photocomposite
at different times of acid etching of the enamel,
depending on the level of its caries resistance, which
was evaluated by structural and functional acid
resistance.

Research methods. The study was conducted
in the clinic of the Department of Dentistry Ne 1 of
the Donetsk National Medical University. Inclusion
criteria: outpatient dental patients aged 35 to 44 years,
examined posterior teeth with viable pulp and Black
class I carious cavities, diagnosis of acute and/or
chronic media caries, intact maxillary central incisor.
In total, 105 patients were examined, in whom 105
posterior teeth with Class I cavities according to
Black were restored using the direct method using
the universal light-curing nanohybrid restorative
material Filtek Z550, 3M ESPE.

The study did not include patients in whom the
studied chewing teeth had carious cavities and/or
fillings on any surface other than the occlusal one,
or they were previously endodontically treated,
persons with complete or partial overlap of the
vestibular surface of the upper central incisor with
a restoration material, with artificial orthopedic
or orthodontic appliances, patients with poor oral
hygiene, periodontal pathology (periodontitis or
periodontal disease), salivary gland disease, complete
dentition, mental illness, including those associated
with alcohol or drug use, cognitive impairment,
recent myocardial infarction or stroke, patients with
pregnancy or lactation, as well as if patients planned
to leave during the observation period.

Before the study, the state of oral hygiene was
determined in each patient according to the simplified
Green-Vermillion index (OHI-S) and the level of
SFARE of teeth according to the enamel resistance
test (TER), the evaluation of the test results was
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carried out according to an improved method
using the computer software product “CompTER”
[7, p. 18]. To do this, a digital intraoral photograph
was taken in the “macro” mode, after which the
program automatically determined the microdefect
staining intensity in points.

Depending on the test indicators, all examined were
divided into three groups. Groups I and II included,
respectively, 38 (36.2% of the total number of
examined) and 36 patients (34.3%), who had a high
(TER score of 1-3 points) or an average (TER score
of 4-5 points) SFARE level. The patients of these
groups were restored, respectively, 38 (36.2%) and
36 chewing teeth (34.3%). Group III included
31 patients (29.5%) with a low (67 points) or very low
(8-10 points) level of acid resistance, in these patients
31 teeth (29.5%) of the masticatory group were restored.

All patients underwent professional oral hygiene
and selected the shades of the photocomposite material
using the standard tooth color visual perception
scale Vita classical A1-D4, VITA Zahnfabrik, in
the presence of natural or artificial lighting. Then,
infiltration or conduction anesthesia was performed
and the working field was isolated with a rubber
dam. The preparation of carious cavities in the
chewing teeth of patients of all groups was carried
out within healthy hard tissues with the formation
of cavities for photocomposites, in accordance with
the requirements [1, p. 235]. During the restoration
was used adhesive system Adper Single Bond 2, 3M
ESPE. Before its application in patients of groups I
and I1II, a total etching of hard tissues on the bottom
and walls of the cavities was performed using 35%
phosphoric acid gel Scotchbond Universal Etchant,
3M ESPE, within 15 seconds. In patients of group
II, enamel was etched for 30 seconds, dentine etched
for 15 seconds. Restorative material Filtek Z550,
3M ESPE, for modeling the anatomical shape of the
teeth, was introduced in portions with a thickness not
exceeding 2 mm, and each layer was polymerized
with a light flux of an LED photopolymerizer with
a gradually increasing intensity of the light flux
up to 1400 mW/cm? in the “soft start” mode for
20 seconds.. Next, the restorations were finished and
polished to give the restoration a “dry sheen”.

The control examination of the restorations was
performed the next day after the restoration, after 6
and 12 months. Restorations were assessed visually
and instrumentally, using a dental mirror and a sharp
angled probe, in accordance with modified criteria
G. Ryge: marginal discoloration, marginal adaptation,
secondary caries [8, p. 216]. According to the criteria
“marginal discoloration” and “marginal adaptation”,

marks were given from A to C or D. In case of an
excellent state of restoration without violations, a
grade A was recorded according to these criteria. If
during the examination according to the criterion
“marginal discoloration”, a surface color change was
detected at the border of the restoration material and
enamel, such restoration deserved a rating of B; if the
staining spread deeper towards the pulp, score C was
recorded; if the defect reached the dentin or the base
of the restoration - grade C; in case of partial absence
of restoration material with exposure of the bottom
of the cavity, a score of D was given. If, next to the
restoration, signs of secondary caries were detected
in the tooth, then its presence was ascertained and,
with the consent of the patient, appropriate treatment
was carried out.

The results of clinical studies were processed
using the methods of variation statistics, calculation
of average values and assessment of their reliability
using a statistical software package for Microsoft
Excel 2010. We took into account the absolute and
relative indicators of the number of restorations
without violations and with violations with certain
estimates for each criterion.

Before the start of the study, informed
voluntary consent was obtained from all patients
for diagnostics, treatment, surgery and anesthesia
(medical documentation — form Ne 003-6/0, approved
by the Ministry of Health of Ukraine). The studies
were approved by the Commission on Bioethics
of the Donetsk National Medical University, they
were carried out in accordance with the principles
of the Declaration of Helsinki adopted by the
General Assembly of the World Medical Association
(1997-2000), the Council of Europe Convention
on Human Rights and Biomedicine (1997) and the
legislation of Ukraine. The results of the examination
were recorded in the medical records of the dental
patient (medical documentation — form Ne 043/o,
approved by the Ministry of Health of Ukraine).

Research results and their discussion. Before
the restoration of teeth in patients of all three studied
groups, oral hygiene in terms of the OHI-S index was
satisfactory, and the corresponding indicators did
not differ significantly (p>0.05) from each other —
1.48+0.10 points, 1.33+0.08 points and 1.35+0.09
points, in accordance with the ordinal numbering
of the groups. The indicators of SFARE of teeth
according to TER in patients of groups I and II also
did not differ significantly (p>0.05) and amounted to
3.04+0.09 points and 3.12+0.07 points, respectively.
Significantly (p<0.05), this indicator was worse in
patients of group III — 7.36+0.12 points.



50 “Bulletin of Dentistry” “Bicnux cmomamonoeii”, Ne 2 (123), T 48-2023

The examination of the restorations, which was
carried out the day after they were carried out, showed
that all 105 restorations (100%) in the persons of the
three groups had no violations, therefore, they were
rated with the highest grade A.

After 6 months, a follow-up examination was
carried out, in which 105 restorations (100%) were
again examined, i.e. the same number as at the
beginning of the study. In patients of group I, only
in 1 restoration (2.63+£2.60% of the number of
restorations in patients of this group) a complication
was found according to the criterion "marginal
discoloration". This damage was superficial, localized
within the enamel, so this restoration was rated B. All
the remaining 37 restorations (97.37+2.60%) had no
marginal staining, as a result of which they received
an A rating. The same evaluation according to the
criterion "marginal adaptation" in patients of this
group received 35 restorations (92.11+4.37%), no
violations were detected in them. In 3 restorations
(7.89+£4.37%), a marginal gap was found between the
material and enamel without dentin exposure, which
corresponds to the assessment of B.

In patients of group II, the results of the study
according to the criteria "marginal discoloration”
and "marginal adaptation" were similar to those
of persons in group 1. Only 1 (2.78+2.74% of the
number of restorations in the examined patients of this
group) and 2 restorations (5.56+3.82%), respectively,
received a grade B according to these criteria. All
violations were within the enamel. Grade A, which
means the absence of any violations, was given to
35(97.22+2.74%) and 34 restorations (94.44+3.82%),
respectively. There were no cases of secondary caries
in patients of groups I and II. During this period, only
4 complications were found in patients of group I,
and 3 in patients of group II.

Most of all violations according to the studied
criteria after 6 months were detected in the
restorations of patients of group III, there were,
in particular, 7. Grade B, which corresponds to
marginal discoloration along the perimeter of the
restoration with a depth within the enamel, was set
to 1 restoration (3.2343.17% of the number of works
in this group). In another 1 restoration (3.23+3.17%),
discoloration extended along the margin of the
material in the direction of the pulp, such a violation
deserved a C score. No marginal discoloration was
detected in 29 performed works (93.55+4.41%), all
of them received an A grade. The marginal adaptation
of the material to the enamel was impaired in a total
of 4 restorations (12.904+6.02%), and in 3 restorations
(9.68+£5.31%) the violations were localized to

enamel-dentinal border (grade B), in 1 restoration
(3.23£3.17%) the defect deepened into the dentin
(grade C). 27 restorations (87.104£6.02%) without
violations received an A rating according to the
"marginal adaptation" criteria.

It should be noted that it was in patients of this
group that signs of secondary caries were recorded
in 1 restored tooth (3.23+£3.17%) after 6 months.
Accordingly, 30 patients (96.77+3.17%) did not have
secondary caries.

In general, within 6 months in patients of all
studied groups, 14 complications were detected
in 9 restorations (8.57% of the total number of
restorations), including in patients of group I in 3
restorations (7.89% of the number of works in patients
of this group), in patients of group II in 2 restorations
(5.56% of the number of restorations in individuals of
this group ), in patients of group III in 4 restorations
(12.90% of the number of restorations of patients in
this group). Such quantitative indicators are explained
by the fact that in one restoration, not one, but two or
more violations were often detected. Patients whose
restored teeth were found to have any abnormalities
according to these criteria were excluded from further
study. With their consent, corrections or replacements
of the damaged restorations were carried out.

After 12 months, 96 patients (91.4% of the
initial total number) were examined, among which
there were 35 people in group I (92.1% of the initial
number), in group II — 34 people (94.4%), in group
I — 27 patients (87.1%).

Examination of the restorations showed that in
patients of group I, according to the criteria "marginal
discoloration", 32 restorations (91.43+4.37% of
the number of restorations in the persons of this
group in this period) were in excellent condition
and received the highest grade A. In 2 restorations
(5.71+£3.92%), discoloration was detected at the
border of the photocomposite — enamel, for which
they were rated B, another 1 work (2.86+2.82%)
was rated C due to the fact that the discoloration
extended deeper into the dentin, i.e. with marginal
discoloration, there were a total of 3 restorations
(8.57+4.73%). The number of restorations with
a violation of the marginal adaptation of the
material to the enamel during this period increased
to 6 (17.14+£6.37%), among them in 4 works
(11.43£5.38%) the defects were within the enamel,
in 2 restorations (5.714£3.92%) the disorders
deepened into the dentin, for which the restorations,
respectively, received grades B and C. At the same
time, 29 restorations (82.8+£6.37%) were without
violations, therefore they received an A grade.
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In patients of group II, after 12 months,
32 restorations (92.14+4.04% of the number of
examined restorations in a given period) were in
excellent condition according to the criteria “marginal
discoloration” and corresponded to grade A, grade B
was received by 2 works (5.884+4.04%). Violation of
the marginal adaptation of the material was found
only in 1 restoration (2.94+2.90%). All the remaining
33 restorations (97.06+£2.90%) corresponded to the
highest grade A. There were no cases of secondary
caries in patients of the first two groups, as in the
previous study period. In general, in patients of
groups I and I, 9 and 3 complications were found,
respectively.

In persons of group IlI, the situation according to
all the studied criteria was worse. In 4 restorations
(14.81+6.84% of the number of restorations in this
period), marginal discoloration was detected, and
in 3 restorations (11.11£6.05%) the discoloration
was localized within the enamel, in 1 restoration
(3.70£3.63%) it went deep into the dentin, which
corresponded to grades B and C. Grade A was given
to 23 restorations (85.19+6.84%). The marginal
adaptation of the material within the enamel was
broken in 4 restorations (14.81+6.84%), this
corresponds to grade B, in 1 restoration (3.70+3.63%)
the defect extended beyond the enamel-dentin border,
this is the grade C, 1 more restoration (3.70£3.63%)
turned out to be partially missing, the defect deepened
almost to the bottom of the cavity, for which the
restoration was rated D. In general, violations
according to the "marginal adaptation" criteria were
found in 6 restorations (22.22+8.00%). Excellent
marginal adaptation was retained by 21 restorations
(77.78+8.00%) with an A grade.

Secondary caries was diagnosed in 3 restored
teeth (11.11£6.05%) of patients in this group, and no
signs of secondary caries were found in 24 restored
teeth (88.894+6.05%). According to all the studied
criteria, patients in this group had 13 disorders.

After 12 months, according to the studied criteria,
in general, 25 violations were found in 20 restorations
(20.83% of the number of restorations in this period),
among them, in particular, violations in patients of
group | were in 7 restorations (20% of the number
restorations in persons of this group during this period),
in the examined group II — in 2 restorations (5.88% of
the corresponding number), in patients of group Il — in
11 restorations (40.74% of the number of restorations in
persons of this group), that is, the number of restorations
with disorders was the largest in patients of group III.

Thus, despite numerous attempts to increase
the effectiveness of direct restoration of teeth

with photocomposite materials by modifying the
design of carious cavities, optimizing the adhesive
technique, light polymerization of materials, and so
on, the number of complications remains quite high
[9, p. 387, 10, p. 205]. Thus, after 1 year, violations
of the marginal adaptation of restorative materials
are found in 57.4+6.7% of restorations, secondary
caries — in 22.24+5.7% of restored teeth [11, p. 25].

The study showed that the marginal adaptation of the
photocomposite material and marginal discoloration,
as well as the development of secondary caries in
the restored teeth, are in a certain way related to the
initial level of caries resistance, which reflects the
structural and functional acid resistance of the enamel.
This is confirmed by the total number of disorders
in patients of group III according to clinical criteria
directly related to marginal adaptation and marginal
discoloration, which at 6 months was 1,7 and 2,3 times
higher than similar indicators in patients of groups I
and II, respectively. In the period of 12 months, the
number of violations according to the specified criteria
in the restorations of patients of group III, compared
with the other two, was also greater by 1,4 and
4,3 times, respectively. Particularly convincing are the
results regarding secondary caries, which during the
entire study period was registered only in the restored
teeth of patients of group III, which is a consequence
of the corresponding low or very low initial level of
SFARE. The most important result of the study is
that after 12 months, the total number of violations
according to the relevant criteria in patients of group I
turned out to be 3 times more than in patients of group
I, in whom, in the presence of a high or medium level
of SFARE, the enamel etching time was increased to
30 seconds. A differentiated approach to determining
the enamel etching time depending on its acid
resistance will reduce the risk of complications and
extend the life of direct restorations of teeth from
photocomposite materials.

Conclusions. When conducting direct
photocomposite restoration of teeth using total
etching of hard tissues prior to applying the adhesive
system, it is necessary to take into account caries
resistance of enamel, which is determined by its
structural and functional acid resistance. In patients
with a high or medium level of structural and
functional acid resistance of the enamel, the acid
etching time of the enamel should be increased to
30 seconds. In persons with low or very low levels
of acid resistance, follow-up examinations of the
condition of direct restorations should be carried
out every 6 months, with particular attention to the
diagnosis of secondary caries in the restored teeth.
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