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BOND STRENGTH OF THE BULK FILL COMPOSITE
MATERIALS

JAYNHA HA BPCKATA KAJ BULK FILL KOMINMO3UTHU
MATEPUJAIIN

Kostadinovska E.', Apostolska Elencevska S.%2, Rendgova V.2, Sarakinova O.', Jankulovska M.?
' University Dental Clinical Center “St. Pantelejmon” - Skopje, ?University “St. Cyril and Methodius” Faculty of Dentistry - Skopje

Abstract

INTRODUCTION. The Bulk Fill composites possess specific features, including increased flow rates in order to achieve an appropriate cavity adaptation. An improved
depth of at least 4 mm eliminates the need for layered application techniques, thereby reducing working hours. AIM. The aim of this study is to compare the shear bond
strength (SBS) of the recently introduced three different brands of Bulk Fill composites, with one conventional micro hybrid and one nano hybrid composite. MATERIALS
AND METHODS. In order to realize the set goals in our in vitro study, we included 35 extracted, non-carious molars in male and female patients of different ages as
research samples. Three commercial Bulk Fill composites (TetricEvoCeram Bulk Fill, TetricEvoCeram Bulk Flow, SureFil® SDR® Flow) have been tested and used to
control two conventional composites with a layered application technique of 2 mm (Filtek Z250, Gradia posterior). Randomly selected teeth were divided into 5 groups,
with 7 teeth each. RESULTS. The average values and standard deviations in all groups are presented in Table 2 and Figure 1. The highest average SBS (6.24 +
1.65MP) has been noted for the Filtek nano hybrid composite (Group V) bound to a dentine sample, while the lowest average SBS (4.52 + 0.65 MP) has been regis-
tered for full filling SDR composite (Group I). CONCLUSION. The results indicate that the application of bulk fill composite material results in an acceptable SBS com-
parable to that achieved through conventional RBC. As such, bulk fill composites can provide reliable alternatives to conventional composites. KEY WORDS: composit,
tehnique, strength.

AncTtpakt

BOBE]. Bulk Fill komnosuTv nocepyBaat cneumduyHi kapakTepucTiki, BKTy4yBajkv 3ronemeHa MPOTOYHOCT 3a Aa Ce MOCTUrHe COOABETHA afanTalvja Ha KaBuTeTuT.
lMopobpeHata anaboumHa of Hajmarky 4 MM ja envmuHMpa notpebara 3a CrioesuTa TEXHIKA Ha HAaHECYBakbe, a co Toa ce Hamanyea paboTHoto Bpeme. LIEJT. Lienta Ha
OBaa CTyAuja € fja ce COpeay jaunHata Ha cunata Ha cMonkHyBatbe (shear bond strength - SBS) Ha HeogamHa BoBefieHuUTe Tpu pasnuyHu BpeHaosn Ha Bulk fill
KOMMO3WTH, CO ef€H KOHBEHLOHANEH MUKPO XvbpuaeH 1 efeH HaHo xvbpuaeH komnosut. MATEPUJAI U METO[. 3a fa rv peanuavipame 3aaaferuTe Lienu Bo Hawata
VIH BATPO CTyauja kaKo UCTpaXyBaukv MpUMEpOK BKIyumBMe 35 eKcTpaxvpaHi, HEKap1oaHK, Momapy Kaj MaLyMeHTV Of MaLLKv 1 JKEHCKW PO CO pasnuyHa BospacT. bea
TecTvpanu Tpu komepumjantu Bulk fil (TetricEvoCeram Bulk Fill, TetricEvoCeram Bulk Flow, SureFil® SDR® Flow) komnoautn 1 6ea kopucTeHu kako KOHTpona ABa
KOHBEHLIMOHAMHI KOMMO3WT CO CIoeBYTa TeXHIKa Ha HaHecyBatbe of 2 mm (Filtek 2250, Gradia posterior). 3abute no cnyyaen u3dop 6ea nogenexu Ha 5 rpynu, co no
7 3abu. PE3YNTATMW. Hajsucokata cpeHa SBS (6,24+ 1,65MPa) e 3abenexana 3a Filtek HaHoxubpuaeH komnoawT (rpyna 1V) Bp3aH 3a npuMepok o AEHTVH, AoAeka
HajHuckmoT npoceyeH SBS (4,52 + 0,65 MPa) e pervctpupa 3a SDR komnosuToT co LienocHo nononHysarse (rpyna I). 3AKIYYOK. Pesyntatute nokaxysaat aeka
npumeHata Ha bulk fill komnoauTHWoT MaTepujan pesynTipa co npudative SBS koj e cnopeAnuB co oHoj NocTUrHaT npeky koHeeHuoHanHuTe RBC. Kako Taksu, bulk fill
KOMMO3UTUTE MOXeE Aa NPETCTaByBaaT CUrypHI anTepHaTBY Ha koHBeHLMoHanHUTe komnoanTi. KITYYHU 350POBMU: koMno3uTy, TexHWKa, jaumHa.

Introduction sues. The strength of the polymerization contraction
depends on:
The quest for restorative material having the optimum 1. The formula of the resin matrix and the amount
properties of fusion with solid dental substances leads to of the filler into the composite;
numerous dental materials, adhesive systems and restora- 2. The appearance of the cavity;

tive techniques. The main disadvantage of resin-based
materials is the contraction while bonding. The polymer-
ization contraction of the composite breaks the bond
between the dentine adhesive and the tooth tissue, espe-
cially in the insufficiently well-conditioned surfaces, and
this leads to oblique micro cracks. The prevention of these
micro cracks is in the creation of a stronger bond between
the dentine adhesive and the composite with the tooth tis-

98]

. The type of the base;

. The size, shape and location of the composite
layer;

. Light or chemical polymerization;

. Module of elasticity (factor C);

. The intensity of the connecting light, and

. Degree of inbuilt porosity"*3*°.

~
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The Bulk Fill composites possess specific features, the polymerization of the acrylic because the heat from
including increased flow rates in order to achieve an the polymerization could adversely affect the samples.
appropriate cavity adaptation. Elasticity and low poly- Immediately after hardening of the acrylic we opened
merization lead to stress reduction and micro-flow, and  the hoods and removed the prepared samples from the
thus to a reduction in postoperative sensitivity and the  mold.
emergence of secondary caries. An improved depth of at The coating enamel was cut by IsoMet 1000 (preci-
least 4 mm eliminates the need for layered application  sion cutting machine with diamond discs of Buehler Ltd,
techniques, thereby reducing working hours’. Today, tra-  Lake Blef, IL, USA) with water cooling, ensuring to
ditional techniques of placing composite resins include  reach only the surface dentin.
this technique’. Most physicians recommend layered We used surface dentine as close as possible to the
placement of composites with a layer thickness of 2 mm.  enamel, in order to reduce the test variations. We creat-
However, every dentist will prefer composite material ed a standard, repetitive, flat surface. We kept the sur-
that can be used with Bulk Fill technique especially for  faces of the teeth wet at any time, because dentine is par-
posterior restorations. Therefore, the purpose of this ticularly sensitive to dehydration. Exposing the surface
study is to compare the shear bond strength (SBS) of the  of the teeth in the air for several minutes can cause irre-
recently introduced three different brands of Bulk Fill  versible changes in the adhesive bond.

composites, with one conventional micro hybrid and one Three commercial Bulk Fill composites were tested
nano hybrid composite. and used to control two conventional composites with a

layered application technique of 2 mm. The materials
Material and methods used in the study are presented in Table 1.

Randomly selected teeth were divided into 5 groups,
In order to realize the set goals in our in vitro study,  with 7 teeth each.

we included 35 extracted, non-carious molars in male + Group I: After the adhesive application of each sam-
and female patients of different ages as research sam- ple with G Bond-GS, using a technique of self-etch-
ples, which after extraction have been stored at 4°C in a ing, we set a pier with SDR Flow (Dentsply. Konstanz.
0.5% solution of sodium hypo chloride for 24 hours Germany) composite resin with a height of 3.0 mm
before being washed with a saline solution and stored in and a diameter of 3.0 mm. Each composite excess
distilled water at room temperature during the test peri- was carefully removed and then polymerized for 20
od. seconds using a diode for transmitting polymerizing
The teeth used for this study were extracted for a light (LED) with intensity of 1000 mW/cm? (Elipar
period not longer than 6 months. Teeth extracted more S10, 3M ESPE, Seefeld, Germany).
than 6 months before use may be subject to degenerative + Group II: After the adhesive application of each sam-
changes in dentinal protein. ple with G Bond-GS, a pier with a composite resin
We used the occlusion surface of the extracted TetricEvoCeram Bulk Flow (Ivoclar. Vivadent. AG.
molars. Each tooth was placed in a 25 mm internal diam- Liechtenstein) with a technique of self-etching was
eter and 25 mm height mold, made of PVC (poly - vinyl placed with a height of 3.0 mm and a diameter of 3.0
- chloride). The mold was filled with mixed self-binding mm. Each composite excess was carefu]ly removed
acrylic - ORTOpOli-POliDCl’lt, Slovenia. When the molds and then polymerized for 20 seconds using a llght
were filled, they were placed in a cold water bath during emitting polymerizing light (LED) with a power of

Table 1. Materials used in the study.

Type of material Name Manufacturer VOIU(L}:; ((‘:::t;iller
Nanohybride composite Filtek Z250 3 M ESPE 73,5%
Nanohybride composite TetricEvoCeram Bulk Fill Ivoclar. Vivadent. AG. Liechtenstein 79% - 81%
Flow composite TetricEvoCeram Bulk Flow Ivoclar. Vivadent. AG. Liechtenstein

Flow composite SureFil® SDR® Flow Dentsply | Konstanz. Germany 68%
Microhybrid composite Gradia posterior GC Corp. Tokyo. Japan 81%

60 Macedonian Dental Review. ISSN 2545-4757, 2018; 41 (3): 59-65.



1000 mW/cm? (Elipar S10, 3M ESPE, Seefeld,
Germany).

e Group III: After the adhesive application of each
sample with G Bond-GS, a pier with composite resin
TetricEvoCeram Bulk Fill (Ivoclar. Vivadent. AG
Liechtenstein) with a height of 3.0 mm and a diame-
ter of 3.0 mm was set with a self-etching technique.
Each composite excess was carefully removed and
then polymerized for 20 seconds using a light emit-
ting polymerizing light (LED) with a power of 1000
mW/cm? (Elipar S10,3M ESPE, Seefeld, Germany).

* Group IV: After the application of the adhesive asset,
G Bond-GS, a column of conventional nano hybrid
composite resin Filtek Z250 (3M ESPE) with a height
of 3.0 mm and a 3.0 mm diameter was placed. Each
layer was two millimeters thick and polymerized with
LED polymerizing light with intensity of 1000
mW/cm? for 20 seconds (Elipar S10, 3M ESPE,
Germany).

* Group V: Following the application of the adhesive
asset, G Bond-GS, a column of conventional mono-
hybrid composite resin Gradia posterior GC (Corp.
Tokyo. Japan) was installed with a height of 3.0 mm
and a 3.0 mm diameter. Each layer was two millime-
ters thick and polymerized with LED polymerizing
light with a intensity of 1000 mW/cm? for 20 seconds
(Elipar S10, 3M ESPE, Germany).

Once prepared, the samples were stored in a 37 °C
incubator with a 100% humidity over 24 hours before
testing the shear bond strength (SBS) of the resin bond
using a universal test machine (INSTRON 4301) at a
speed of 0.5 mm/min. SBS of the dentin composite resin
was recorded in Newton and calculated in MP, and the
cross-sectional area of the composite composition was
taken into account.

Statistical analysis was carried out with SPSS
Statistics v. 22 software (IBM, NY, USA). One-way
ANOVA was used for group comparison of the relation
strength. Shapiro-Wilk and Levene tests were carried out
in order to assess the assumptions on the data normality
and the difference homogeneity. Post hoc testing for
multiple comparisons among groups was carried out by
the Tukey’s HSD test. P-values were adjusted by the
Bonferron correction method for multiple comparisons.
The confidence level was set at 95% (p<0.05).

Results

The average values and standard deviations in all
groups are presented in Table 2 and Figure 1. The high-
est average SBS (6.24 + 1.65MP) was noted for the
Filtek nano hybrid composite (Group IV) bound to a

dentine sample, while the lowest average SBS
(4.52 £0.65 MP) was registered for full filling SDR
composite (Group I). From Table 3 we can see that this
difference between Group IV and I is statistically signif-
icant (p=0.031). Although Group III showed higher
bonding strength than group I, group II, and group V,
these differences were not considered statistically signif-
icant (p values between group III and I, group III and II,
group III and V, were found as p=0.196, p=0.272 and
p=1.000

Table 2. Average Values and Standard Deviations
respectively

Descriptive Statistics
Dependent Variable: SBS

Composite Mean De\?itadt.ion N
SDR 4.5223 | 0.65986 7
Tetric EvoCeram flow 4.8716 | 1.03139 7
Tetric EvoCeram bulk fill | 5.8462 | 0.72230 7
Filtek 6.2481 | 1.65103 7
Gradia 5.0344 | 0.54211 7
Total 5.3045 | 1.14579 | 35

9.007]

8.007

7.004 ®

SBS

6.00

l @

4.00-

3.007

T T T T T
SDR Tetric EvoCeram Tetric EvoCeram Fittek Gradia
flow bl fil

Composite

Figure 1. Average Values and Standard Deviations
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Table 3. Pairwise Comparisons
Dependent Variable: SBS

Mean 95% Confidence Interval for
M) . (J) Composite Difference | Std. Error Sig. Difference *
Composite -
(-J) Lower Bound | Upper Bound

Tetric EvoCeram flow -0.349 0.537 1.000 -1.975 1.277

Tetric EvoCeram bulk fill -1.324 0.537 0.196 -2.950 0.302
SDR

Filtek -1.726* 0.537 0.031 -3.352 -0.100

Gradia -0.512 0.537 1.000 -2.138 1.114

SDR 0.349 0.537 1.000 -1.277 1.975
Tetric Tetric EvoCeram bulk fill -0.975 0.537 0.794 -2.601 0.651
EvoCeram
flow Filtek -1.377 0.537 0.156 -3.003 0.250

Gradia -0.163 0.537 1.000 -1.789 1.463

SDR 1.324 0.537 0.196 -0.302 2.950
Tetric Tetric EvoCeram flow 0.975 0.537 0.794 -0.651 2.601
EvoCeram
bulk fill Filtek -0.402 0.537 1.000 -2.028 1.224

Gradia 0.812 0.537 1.000 -0.814 2.438

SDR 1.726* 0.537 0.031 0.100 3.352

Tetric EvoCeram flow 1.377 0.537 0.156 -0.250 3.003
Filtek

Tetric EvoCeram bulk fill 0.402 0.537 1.000 -1.224 2.028

Gradia 1.214 0.537 0.311 -0.412 2.840

SDR 0.512 0.537 1.000 -1.114 2.138

Tetric EvoCeram flow 0.163 0.537 1.000 -1.463 1.789
Gradia

Tetric EvoCeram bulk fill -0.812 0.537 1.000 -2.438 0.814

Filtek -1.214 0.537 0.311 -2.840 0.412

Based on estimated marginal means
*. The mean difference is significant at the 0.05 level. b. Adjustment for multiple comparisons: Bonferroni.

Univariate Tests
Dependent Variable: SBS

Sum of Df Mean F si Partial Eta | Noncent. | Observed

Squares Square 9 Squared | Parameter | Power *®
Contrast 14.392 4 30.244 3.569 0.017 0.322 14.276 0.810
Error 30.244 30 1.008

The F tests the effect of Composite. This test is based on the linearly independent pairwise comparisons among the estimated mar-
ginal means.
a. Computed using alpha = 0.05
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Table 4. Sapiro-Wilk test of normality

Kolmogorov-Smirnov® Shapiro-Wilk
Composite
Statistic df Sig. Statistic df Sig.
SBS SDR 0.245 7 0.200* 0.864 7 0.165
Tetric EvoCeram flow 0.226 7 0.200* 0.863 7 0.161
Tetric EvoCeram bulk fill 0.172 7 0.200* 0.949 7 0.719
Filtek 0.208 7 0.200* 0.950 7 0.727
Gradia 0.243 7 0.200* 0.853 7 0.131
*. This is a lower bound of the true significance. a. Lilliefors Significance Correction
Although the binding strength of Tetric Table 5. Leven test of homogeneity
evo ceram bulk fill composites was the high- ;.;\tlel:e a1 | af2 sig.
est (5.84 £0.72) compared with the other two Istic
bulk fill composites, SDR (4.52 £ 0.65) and SBS | Based on Mearu 2.291 4 30 0.083
) . Based on Median 1.498 4 30 0.228
Tetric evo ceram flow (4.87 + 1.03), no statis- Based on Median and 1 498 2+ |18.465| 0.244
tically significant differences between bulk fill with adjusted df ) ’ '
composites were registered. Based on trimmed mean | 2.198 4 30 0.093
Table 6. Post Hoc Tests
0 Mean 95% Confidence Interval
. (J) Composite Difference | Std. Error Sig.
Composite -
() Lower Bound | Upper Bound
Tetric EvoCeram flow -0.3493 0.53669 0.965 -1.9060 1.2074
SDR Tetric EvoCeram bulk fill -1.3239 0.53669 0.126 -2.8807 0.2328
Filtek -1.7258* 0.53669 0.024 -3.2825 -0.1691
Gradia -0.5121 0.53669 0.873 -2.0688 1.0447
_ SDR 0.3493 0.53669 0.965 -1.2074 1.9060
Tetric Tetric EvoCeram bulk fill -0.9746 | 0.53669 0.384 -2.5314 0.5821
EvoCeram |—
flow Filtek -1.3765 0.53669 0.103 -2.9332 0.1802
Gradia -0.1628 0.53669 0.998 -1.7195 1.3940
) SDR 1.3239 0.53669 0.126 -0.2328 2.8807
Tetric Tetric EvoCeram flow 0.9746 | 0.53669 0.384 -0.5821 2.5314
EvoCeram |—
bulk fill Filtek -0.4019 0.53669 0.943 -1.9586 1.1549
Gradia 0.8118 0.53669 0.563 -0.7449 2.3686
SDR 1.7258* 0.53669 0.024 0.1691 3.2825
Filtek Tetric EvoCeram flow 1.3765 0.53669 0.103 -0.1802 2.9332
i
Tetric EvoCeram bulk fill 0.4019 0.53669 0.943 -1.1549 1.9586
Gradia 1.2137 0.53669 0.186 -0.3430 2.7705
SDR 0.5121 0.53669 0.873 -1.0447 2.0688
Gradia Tetric EvoCeram flow 0.1628 0.53669 0.998 -1.3940 1.7195
Tetric EvoCeram bulk fill -0.8118 0.53669 0.563 -2.3686 0.7449
Filtek -1.2137 0.53669 0.186 -2.7705 0.3430

Based on observed means.
The error term is Mean Square(Error) = 1.008. *. The mean difference is significant at the 0.05 level.

MakenoHcku ctomartonowwku nperned. ISSN 2545-4757, 2018; 41 (3): 59-65. 63



Table 7. Tukey HSD?" test
SBS

Tukey HSD=*

Subset
Composite N
1 2

SDR 7 4.5223

Tetric EvoCeram flow 7 48716 | 4.8716
Gradia 7 5.0344 | 5.0344
Tetric EvoCeram bulk fill 7 5.8462 | 5.8462
Filtek 7 6.2481
Sig. 0.126 0.103

Means for groups in homogeneous subsets are displayed.
Based on observed means.

The error term is Mean Square(Error) = 1.008.
a. Uses Harmonic Mean Sample Size = 7.000.
b. Alpha =0.05.

Discussion

The purpose of this study was to do research and
compare SBS of the composite resins with the bulk
application technique and the conventional composite
resins with a layered material application technique.
Thus, although Bulk Fill composites showed lower SBS
values than the conventional composite, a significant
difference between Filtek and SDR was registered. Thus,
the first null-hypothesis was partially rejected.

Agarwal et al.® evaluated the cervical marginal and
internal adaptation of composite resins with posterior
full charge with different viscosities, before and after
thermo cycling. They found that liquid bulk fill compos-
ites demonstrated significantly better marginal adapta-
tion. However, researchers found no difference between
conventional composites and bulk fill composites®.

Previous studies have shown that samples tested with
composite resins with bulk fill application technique
show better polymerization depth than those treated with
conventional composite resins’. However, in this study,
there was no significant difference between the three
bulk fill composites, despite the fact that tetric evo
ceram bulk fill demonstrated higher SBS than the SDR
and Tetric evo ceram flow, which is in line with a study
by Hakan Colak et al. Thus, the second null-hypothesis
was accepted.

In his in vitro study, Miroslaw Orlowski et al. com-
paring the marginal integrity between the four types of
Bulk Fill composite materials came to the conclusion

that bulk fill liquid and sonic activated liquid composites
have better marginal adaptation than bulk fill composites
in paste form".

Peutzfeldt and Asmussen showed that fluidity level
in the application of the composite material affects the
marginal adaptation; the increased fluidity of the com-
posite makes it better to adhere to the walls of the cavi-
ty". In our study, although there was a difference
between the strength of the relationship in the three bulk
fill composites, the results obtained are not extremely
significant, which is correlated with the study of
Alrahlah et al.".

In this study, bulk fill composite filling showed sta-
tistically similar SBS values. This may be because they
have shown very similar mechanical properties and con-
sistency'* . As confirmed in various in vitro studies,
resinous full-fill composite materials can be polymer-
ized into a thicker layer of material, since the degree of
polymerization and micromechanical properties can be
maintained within the 4-millimeter layers at a radiation
time of up to 20 seconds.

Conclusion

Although this study has a number of limitations, the
results indicate that the application of bulk fill compos-
ite material results in an acceptable SBS comparable to
that achieved through conventional RBC. As such, bulk
fill composites can provide reliable alternatives to con-
ventional composites. This can be of potential benefit to
dentists because the bulk fill composite materials are
simpler than the conventional composites and can be
more efficiently applied. However, further research in
this area is required to better understand how the relation
forces of these adhesion systems relate to clinically
acceptable conditions.
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Abstract

The instrumentation of the root canal system involves the enlargement and shaping of the complex endodontic space and its disinfection. Various instruments and tech-
niques have been developed and described for this critical phase of treatment of the root canal system. Although many data on the cleaning and shaping of the root
canal system can be found in the literature, the definitive scientific evidence of quality and the clinical proper use of various instruments and techniques remain incom-
plete. The reasons for this outcome are the existence of methodological problems, due to which it is difficult to make a comparison between the various studies that
relate to the different endodontic systems and their implementation in endodontic treatment-retreatment. Therefore, the main purpose of this study is to summarize the
data from previous research related to the examination and comparison of various endodontic systems and to consider the role of individual endodontic systems in the
final success of the endodontic treatment-retreatment. Key words: efficiency, rotary systems for retreatment, root canals, evaluation, debris extrusion, instrument design.

AncTpakT

MogroToBKkata Ha KOPEHCKVOT KaHaMeH CUCTEM BKIydyBa MPOLLMPYBaHE 11 0BNUKyBare Ha KOMMMEKCHUOT EHLOZOHTCKI MPOCTOP W Heroa AesvHdexupja. Pasnuyxu
VHCTPYMEHTI M TEXHUKW CE Pa3BMEHW U OMMLLAHM 33 OBaa KpUTWYHa basa Ha TPETMaH Ha KOPEHCKUOT kaHareH cuCTeM. /ako MHOry mopatouu 3a MOAroToBka Ha
KOPEHCKVOT KaHaneH CUCTEM MOXaT Aa Ce HajaaT Bo nuTeparypara, AeUHUTUBHUTE Hay4HY [OKa3N 3a KBANUTETOT 1 KIMHUYKOTO COOABETHO KOPUCTEHE Ha PasnnyHi
VHCTPYMEHTI U TEXHWKW OCTAHyBaaT HELenocHu. Mpu4MHIATE 33 BAKBUOT WCXOR CE MOCTOEHE Ha METOZOMOLIKATE Mpobnemu, mopaan Kou e TELKO Aa Ce Hampasy
CriopenyBatbe Mery pasnuyHUTe UCTPaKyBakba, KoM Ce OOHECYBaaT Ha PasMMYHUTE EHEOLOHTCKA CHCTEMW W HUBHATA MMMNEMEHTALMja BO EHOOAOHTCKUOT TPETMaH-
peTpeTMaH. Mopaay Toa, rMaBHa Lien Ha 0Baa CTyAvja e fja ce cy6nvmmMpaaT NofaToLvTe Of MPETXOAHUTE UCTPaxyBatba Ko Ce OHECYBAAT Ha MCTIUTYBakLE 1 criopenta
Ha Pa3nuyHUTE EHOOLOHTCKY CUCTEMM U [a Ce COrfieaa yrorata Ha MoeAvHUTE EHOOLOHTCKW CUCTEMM BO KOHEUHMOT YCMEX Ha eHOO[OHTCKUOT TPETMaH-PETPETMaH.
KnyuHu 360poBy: eqmKacHOCT, POTALIMIOHY CUCTEMM 38 PETPETMaH, KOPEHCKY KaHanu, eanyaLyja, ekcTpyauja Ha AeGpuC, Au3ajH Ha UHCTPYMEHTOT.

system and thus allows the irrigation and application of
medicaments for more effective results in order to elim-
inate bacteria and their products. This remains to be one

Introduction

The ultimate goal of endodontic therapy is a fully

filled canal system with adequate fillers and preserving
a healthy apical periodontium. The success of the
endodontic therapy is correlated with the efficiency of
the treatment system to be used in this procedure.
Technological advances and its implementation in den-
tistry offer a variety of modern endodontic systems. In
the past, endodontic treatment was realized only with the
help of manual instruments.

Mechanical instrumentation of the root canal system
is a very important stage in endodontic therapy, because
it enables the shaping and enlargement of the root canal

of the most difficult tasks in endodontic therapy. The
main objectives of the instrumentation of the root canal
system are prevention of periradicular infections and/or
realization of endodontic treatment in cases where the
infection already exists through:
- Removal of vital and necrotic tissue from the main
root canal
- Creation of sufficient space for irrigation and med-
ication
- Preservation of the integrity and location of the
apical canal anatomy
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- Avoiding iatrogenic damage to the canal system
and root structure

- Making the root canal filling easier

- Avoiding further irritation and / or infection of
periradicular tissues

The techniques for processing the root canal include:
manual instrumentation, root canal instrumentation,
ultrasonic instrumentation, use of laser systems and NIT
systems (separately or in combination). Ingle' formal-
ized a technique for the instrumentation of the root canal
system, which was then accepted as a “standardized
technique”, which compares all other techniques that
follow it. In this technique, each subsequent instrument
is actively introduced to the working length, after which
the canal shape is achieved, which corresponds to the
shape and size of the final instrument. Shilder* pointed
out to the need of removing all organic contents from the
entire root canal space using instruments and abundant
irrigation and he considers that the final shape of the
canal system does not depend solely on the individual
and unique anatomy of each root canal, but also on the
technique of work and the material for final filling.

Shilder described five design goals for the root chan-
nel system:

1. Continuous enlargement of the canal to the funnel
form

2. The diameter of the cross section of the canal
should be narrower at each point, descending api-
cal

3. The instrumentation of the root canal should fol-
low the shape of the original canal

4. Apical anatomy should remain in its original posi-
tion

5. The apical opening should be preserved in its
original size.

He also described four biological principles:

1. The configuration of the instruments should be
appropriate to the root canals

2. To prevent the extrusion of necrotic debris beyond
foramen apicale

3. Removal of all tissue from the root canal space

4. Creating a sufficient space for intra-canal medica-
ments.

Starting from these design goals and biological prin-
ciples, which are necessary for successful endodontic
treatment, the complete endodontic treatment or retreat-
ment is a real challenge. The complexity of the anatomy
of the root canal system, including a wide range of vari-
ations in number, length, curvature, and root canal diam-
eter; the complexity of the apical anatomy with the

accessory canals; the communications between the canal
space and the lateral periodontium as well as the furca-
tion area are the factors that affect the final result of the
endodontic therapy.

Fauchard, one of the founders of modern dentistry,
describes instruments for endodontic instrumentation of
root canals and the removal of the pulp in his book “Le
chirurgien dentist”, giving a systematic description of
the instrumentation of the root canal system for the first
time at that time. Edvard Maynard is responsible for the
development of the first endodontic manual instru-
ments**. In 1852, Arthur used thin instruments for pro-
cessing the root canals™. In 1885, Gates Glidden instru-
ments were introduced, and in 1915 K-file instruments,
and until today, they are part of the standard endodontic
instruments. Although standardization of instruments
was proposed by Trebitsch in 1929 and again by Ingle in
1958, ISO specifications for endodontic instruments
were only accepted in 1974,

The first description of the use of machine rotary
devices (dental hand pieces) is by Oltramare'. He used
endodontic rectangular instruments that he introduced
passively into the root canal up to the foramen apicale,
and then started their rotation. He insists that in curved
channels only thin instruments should be used to avoid
fractures of the instrument. In 1889, William H. Rollins
was the first to use canal instruments with a different
design of the working part developed for machine root
canal preparation with a 360° rotation. In order to avoid
instrument fractures, the rotational speed was limited to
100 r.p.m.” In the following years, several different
endodontic rotary systems were introduced, but they all
used the same principle of operation (rotation of 360°
with rotational speed of 100 r.p.m). In 1928, W & H
(Burmoos, Austria) created a system that used a combi-
nation of rotational and vertical motion of the instru-
ment. Due to well-managed marketing, Europe’s most
popular endodontic hand pieces were Hander-handpiece
(W & H) in 1958 and Giromatic (MicroMega, Besancon,
France) in 1964. The root canal instruments in both sys-
tems were made of stainless steel, and their work was
limited to only one type of motion; either rotational or
vertical motion of the instrument up and down. Racer
instruments used vertical motion and Giromatic recipro-
cal with rotation of 90°. The dentist could only affect the
rotational speed of the hand-piece and the vertical ampli-
tude of the endodontic instrument by moving the dental
hand-piece'™ .

Then a period of modified endodontic hand-pieces
followed, with a main goal to achieve a flexible move-
ment in order to follow the anatomy of the root canal.
Excalibur (W & H), which enables the lateral oscillation
of the instrument and Endoplaner (Microna,
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Spreitenbach, Switzerland) are examples of the develop-
ment of endodontic hand-pieces using flexible motion'* .
The endodontic hand-pieces made of nickel-titanium
(NiTi) were first described by Walia et al.'*. NiTi rotary
instruments were introduced later and they used a 360°
rotation at low speed. Contemporary endodontics con-
tinued to use manual instruments, but NiTi rotary instru-
ments and new techniques for their use (a variety of
endodontic motor-rotary systems) offer new perspec-
tives for the instrumentation of the root canal system
with the potential to overcome some of the major disad-
vantages of traditional endodontic instruments.

Discussion

Methodological aspects in the evaluation of the quality
of the root canal preparation

During the past decades, a number of studies have
been conducted and published on the instrumentation of
the root canal system. Unfortunately, the results are part-
ly contradictory and do not result in definitive conclu-
sions that would point to the advantage of certain
endodontic systems (manual or motor systems). There is
also a significant deficit of studies in terms of the quali-
ty of the root canal instrumentation. The fact is that
despite the use of endodontic instruments for almost a
century, there is no defined mode of operation that
would represent a gold standard for their usage'". In
most experimental studies published in the literature,
there are a small number of rotary systems or rotational
techniques that are examined and compared. Only a few
studies included the comparison of four' ' five* or
six and more'-***** devices and techniques. In most of
these published studies, the survey involves a limited
number of parameters, which yield results of a limited
character. Most of the studies are still focusing primari-
ly on, or only on, the shape of the root canal system and
much smaller is the number of studies that analyze the
ability of endodontic systems for root canal cleaning. Data
on the working time with a certain endodontic system, as
well as safety at work (in terms of instrument fractures
and periapical debris extrusion as prevention of addi-
tional infection) are not usually the target of specific
experiments, but are accompanying observations of
research designed for other purposes. The wide range of
experimental designs of endodontic instruments and dif-
ferent working methods, as well as the various evalua-
tion criteria, do not allow the comparison of results from
different studies, even when performed with the same
endodontic system and technique.

Many publications do not contain sufficient data on
the composition of the examined sample, the experience

of the operator, and in particular there has been criticism
that many study protocols have been modified by the
researchers instead as proposed by the manufacturer of
the endodontic system, which may result in inadequate
usage of the instruments and lead to false results and
conclusions.

Evaluation criteria for endodontic treatment

The first criterion is the cleanliness of the root canal
space after endodontic treatment. Several different pro-
tocols have been described. Some of these studies are
only of descriptive nature® *"* *  whereas others use
predefined results. These scoring systems include those
with three results**, four results* ¥, and even seven
results according to examined endodontic systems®®. In
most of the studies, the cleanliness of the root canal
space has been shown to be superior in the coronary sec-
tion of the root canal compared to the apical third".
Because of this, it seems that the evaluation procedure
that specifies the results for different parts of the root
canal is more adequate.

The second criterion is the evaluation of the postop-
erative form of the root canal system. The purpose of
these type of studies is to evaluate the preservation of the
original shape of the canal® *. It was ascertained that
working with samples of extracted human teeth provides
better reproduction of the clinical conditions, in contrast
to studies using acrylate blockages*. On the other hand,
the wide spectrum of variations in the three-dimensional
morphology of the root canal system makes standardiza-
tion of the procedure difficult to achieve®.

There are variations in the length and width of the
root canal, the density of the dentin, the irregular calcifi-
cation of the pulp, the size and location of the apical con-
striction, and in particular the angle, radius, length and
location of the curvatures of the root canal, including the
three-dimensional nature of the curvatures™ *. Several
techniques have been described to determine the charac-
teristics of the curvature and most commonly used is the
Schneider technique®.

The third criterion is to determine the quantity of
debris extrusion through the apical constriction, carried
out by collecting and measuring this material during the
preparation of the extracted teeth' ***. The methods of
evaluating the apical debris extrusion are different in
various studies, but some can be compared. A signifi-
cantly higher amount of apical-extruded debris was
found in endodontic retreatment with manual instru-
ments compared to motor dental hand-pieces, which is
consistent with the results of other studies’"-*>>. Bharathi
et al.” measured a significantly lower amount of apical
extruded debris in endodontic retreatment with ProFile
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instruments, compared to Hedstrom’s manual instru-
ments. In addition, machine endodontic systems (Mtwo
and Reciproc) have proved to be more successful than
Hedstrom’s manual instruments in terms of the quantity
of apical extrusion (residues in the root canal prepara-
tion)”. In a study by Topguoglu et al.**, all evaluated
techniques for endodontic retreatment caused apical
debris extrusion. The researchers concluded that the
hand instruments produced significantly more apical
extruded material than the ProTaper, D-RaCe and R-
Endo rotary systems, while there was no statistical dif-
ference between the rotating systems, which is consis-
tent with the results of Pesi¢ et al.”. Findings from pre-
vious studies have shown that machine endodontic sys-
tems tend to direct debris in root canal preparation up to a
maximum percent coronary, rather than apically®" > ¢,
These studies indicate that the Crown-down technique
reduces the possibility of debris extrusion to apical, that
is, allows the evacuation of the debris of the root canal
treatment in the coronary direction®.

The fourth criterion is about safety work, and with
regard to instrument fractures, apical blockades, loss of
working length, perforation. Most of these questions
have not been systematically examined in specially
designed research for this purpose™®. The instrument
fractures may be related to the type, design and quality
of the instruments, the material from which they are pro-
duced, the rotational speed and torque, the pressure dur-
ing preparation, the angle and radius of curvature of the
root canal, the frequency of use, the technique of sterili-
zation, as well as the level of expertise of the operators.

The fifth criterion is the evaluation of working time
in order to obtain conclusions about the efficiency of the
system or technique. Data on working time show great
differences in identical instruments and techniques,
which is due to different methodological approaches, but
also due to individual factors (operator)®*'.

Conventional rotary systems

Gottingen and coworkers" have realized a series of
experiments comparing the ability to prepare the root
canal system, the ability to completely clean it without
residues and the work reliability of various conventional
machine endodontic instruments'. The study includes a
total of 15 groups with 15 teeth. The following endodon-
tic systems were examined: Giromatic, Endolift,
Endocursor, Canal-Leader, Canal-Finder, Intra-Endo 3-
LDSY, manual preparation, Excalibur, Endoplaner,
Ultrasound and Rotofile NiTi Instruments (known as
MiTy-Roto-Files).The average curvature of the root
canal of the various groups in this study was between
17.81° and 25.11°, and all the root canals were prepared

to size # 35 of the instrument. Further studies were per-
formed on Excalibur® and Endoplaner. All of these stud-
ies have shown that the instrumentation of curved canals
using conventional stainless steel instruments in many
cases resulted in a serious change in the anatomy of the
root canal system, as well as large depositions of debris
and smear layers along the canals® > “**. In addition, in
some of the machine endodontic systems there were
identified major deficiencies in terms of work safety
(apical blockages, loss of working length, perforations
and fractures of the instrument'’ "7 28 324963,

NiTi systems
Metallurgical aspects

The metallurgical aspects of the NiTi instruments
refer to the two main characteristics of this alloy com-
posed of approximately 55% nickel and 45% titanium,
namely: the memory shape of the metal and the superior
elasticity. The elastic limit of bending and torsion is two
to three times higher than that of steel instruments. The
modulus of elasticity is considerably lower for NiTi
alloy than for steel and therefore forces applied to the
radicular dentine in the instrumentation of the canal are
much smaller than when working with steel instruments.

These unique properties are related to the fact that
NiTi is the so-called “alloy with memory of shape”,
which exists in two different crystalline forms: austenite
and martensite. The austenitic phase is transformed into
a martensitic phase during stress at a constant tempera-
ture and in this form a small force for working with the
instrument is required. After the release of the metal
from the stress moment, it returns to the austenitic phase
and the instrument returns to its original form. Because
of these properties of the NiTi alloy, it became a reality
to produce endodontic instruments with a larger cone of
2%, which is a standard for steel instruments®.

Design of NiTi systems

Over the years, several different NiTi systems have
been designed and introduced to dentists. The character-
istics of the design of the endodontic instrument such as:
cutting angle, number of blades, top design, cone and
intersection will affect its flexibility, cutting efficiency
and torsion resistance.

NiTi Rotary Systems

Initially, NiTi instruments were used to work with
conventional motor dental hand-pieces resulting in clin-
ically unacceptable number of instrument fractures. For
this reason, manufacturers have created controlled
torque motors with individual adjustment of the torque
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limits for each individual instrument, which aims to
allow the instrument to operate under the limit of its
elasticity, which reduces the risk of fracture®.

Root instrumentation studies using various NiTi sys-
tems in recent years have focused on analyzing the abil-
ity to maintain the curvature of the root canal and main-
taining its original form as well as the safety of opera-
tions with these new motor systems, while relatively lit-
tle information is available for their cleaning ability in
terms of the quantity of the extrusion material and the
absence of debris and smear layer of the walls of the root
canal. The results for the Quantec instruments were
clearly superior to the hand instruments for the middle
and apical third of the roots canals and with best results
for the coronary third of the root canal®. In a further
study, the differences between Quantec SC and
Lightspeed® were analyzed, with both systems showing
almost complete removal of debris. In most samples in
both groups, the cleanliness was better in the coronary
than in the apical part of the root canals. Studies that ana-
lyzed the endodontic systems: FlexMaster, ProTaper and
Hyflex showed almost complete removal of the residues
of the canal instrumentation® ™.

All studies together point to the fact that the various
endodontic rotary NiTi systems vary in their efficiency,
which is probably due to the different design and tech-
nological processing of the NiTi alloy. Regarding the
safety aspects, there is a significant incidence of instru-
ment fractures during the instrumentation of the root
canal”. There may be two types of fractures: torsion and
flexural fractures™. Flexural fractures may arise from
defects in the surface of the instrument and occur after
cyclical fatigue™. Anatomical conditions such as radius
and curvature of the root canal, frequency of use, differ-
ent torque as well as operator experience are among the
main factors for fractures™.

Additional aspects of occupational safety, such as the
frequency of apical blockades, perforations, loss of work-
ing length or apical residue extrusion, have not been sys-
tematically evaluated so far. From the studies presented so
far it can be concluded that loss of working length and api-
cal blockages actually occur in some cases, while the per-
foration is considered to be insignificant. The quantity of
apical extruded material was analyzed in a minimal num-
ber of studies, and it was found that the difference
between manual, conventional machine and rotary NiTi
endodontic systems was not significant™ .

Most of the comparative studies present some evi-
dence of shorter working hours with rotary NiTi systems
compared to manual instrumentation. The reason for this
is considered to be the smaller number of instruments in
NiTi systems (ProTaper), which are required for com-
plete endodontic instrumentation.

Conclusion

All the results obtained so far have shown that the
use of NiTi endodontic systems results in less tension
and better preservation of the form in the instrumenta-
tion of the root canals, especially those with curvature;
the use of NiTi instruments alone does not provide com-
pletely clean walls of the root canal (the purity decreas-
es from the coronal to the apical part of the root canal);
the use of EDTA during instrumentation does not com-
pletely remove the smear layer; the use of NiTi instru-
ments with the active blade is superior to the instruments
with radial surfaces in terms of the purity of the channel
walls; the use of NiTi instruments in accordance with the
manufacturer’s recommendations shows that they are
safe to use; it is necessary to use a special engine (endod-
motor) at a constant speed that is low and with torque
control. All of these conclusions indicate that the appli-
cation of NiTi instruments facilitates the preparation,
especially of curved root canals.

Modern technological developments allow those
benefits to be implemented by the manufacturers of
endodontic systems in their product range. Therefore, it
is necessary to carry out new research that will examine
the benefits and characteristics of the new endodontic
systems and whose results will give new practical
knowledge of the efficiency of these systems in the real-
ization of their goal: endodontic instrumentation of the
root canal system with preserved anatomy, maximum
possible cleanliness of radicular walls, minimal debris
extrusion, shorter working time and greater safety.
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Abstract

Introduction: The first permanent molar plays an important role in mastication and it preserves the vertical dimension of the jaws. Because of the particular anatomi-
cal form, the early eruption and the carelessness of the parents, it is usually prone to caries. The presence of caries on this tooth is often an indicator of the condition
of other teeth. Aim: To evaluate the DMFT and its components of first permanent molars among 12 year old children in all regions of the Republic of Macedonia. Material
and method: 19355 children at the age of 12 were examined by 147 calibrated dentists in dental offices. The data were entered in forms recommended by the WHO
and statistically processed. Results: The DMFT was 1.59 (1.52 in males, 1.66 in females). The lowest DMFT value was recorded in the Northeast region - 0.92, and
the highest in the Polog region - 2.96. The F component was the major contributor to DMFT Index (51.24%) followed by the D component (43.78%) and the M com-
ponent (4.97%). Conclusion: Analysis has shown that consistent application of preventive measures is needed to reduce each of the DMFT components. Key words:
DMFT index, first permanent molar, 12 year old children, preventive measures.

AncTtpakt

Bogep;: MpBuoT TpaeH Monap 1Ma BaxHa yrora npy MacTykaLyjaTa v ja vyBa BepTvkanHata AMMeHavja Ha BunuuuTe. 3apaay cnelydmryHata aHaTomcka (opma, paHata
epynuvja 1 HeBHAMaHKe Ha POUTENNTE, Haj4ecTo e NOANOXKeH Ha Kapuec.MpuUcyCTBOTO Ha kapuec Ha 0Boj 3ab YeCTo e HaWKaTop 3a cocTojbata Ha ocTaHaTuTe 3abu.
Llen: [la ce HanpaBy eBanyauvja Ha KEI nHaekcoT kaj 12 roguiuHi Aelia Bo cute pervonn Bo Penybniuka Makegonuja. Matepujan n metoa: bea nperneganm 19355 geua
Ha 12 roviHa Bo3pac of 147 kanubpupaty CToMaTonam Bo CTOMATOMOLLKY opAuHaLn.MoaaTouuTe Gea BHeceHm Bo popMynapy npenopayaqy og C30 v cratncTuyki
o6pabotenn. Pesyntaru: KENN BpeaHocTa usHecyalue 1.59 (Momunka-1.52, nesojuntba-1.66). Hajuucka KEM BpeaHocT belue 3abenexaHa Bo CeBEpoMUCTOUEH pervioH
0.92, a Hajavcoka Bo MonoLuku pervioH 2.96. M komnoHeHTaTa belwe rnaseH Hocuten Ha KEM uHpexcot (51.24%) cneaeHa of komnoHeHTa K (43.78%) 1 kommoHeHTa E
(4.97%). 3aknyqok: AHanu3ata Ha KEM6 nokaxa Aexa e notpebHa AocneHa npyMeHa Ha NPEBEHTUBHI MEPK 3@ HamManyBakbe Ha cekoja komnoHeHTa Ha KEM. Knyynu
360poBu: KEM nxaekce, nps TpaeH Monap, 12-roauluHy fela, NPeBEHTUBHI MEpKH

Introduction

Good oral health is essential for the optimal general
health and the overall quality of life. Furthermore, oral
health incorporates the integrity and good condition of
the specific parts of the oral cavity - teeth, oral mucosa,
masticatory muscles, tongue, TMJ, and salivary glands -
which participate in the performance of the vital func-
tions such as chewing, speech and swallowing'.

Having this in mind, an important aspect to be men-
tioned when talking about oral health is the dental caries.

In theory, it is a multifactorial disease that occurs for
several reasons, such as irregular nutrition, the presence
of pathogens, the morphology of teeth, inadequate oral
hygiene, genetic predisposition and time’. Furthermore,
caries and periodontal disease are historically considered
as the most important global burden of oral health. The
research points out that dental caries is still a major
health problem in most industrialized countries since it
occurs in 60-90% of school children and the vast major-
ity of adults. In 2004, WHO updated the epidemiologi-
cal information available in the databases™*.
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Additionally, the first permanent molar is the most
important unit in the masticatory system and for the
overall oral health. Early loss of this tooth can signifi-
cantly affect the efficiency of mastication, decrease the
vertical dimension, cause premature eruption of the sec-
ond and third molar and dislocate the neighboring
teeth.

Due to its specific anatomical form, early eruption
and ignorance about oral health by the side of the parents
is very likely to cause initial caries to this tooth. The
presence of caries of the first permanent molar is often
an individual indicator of the oral health condition®.

Maintaining healthy lasting first molars is important
because they erupt at an early age and are the first erupt-
ed teeth of the series of permanent dentition. Therefore,
epidemiological studies with molars can be a powerful
tool in planning an appropriate health system and health
strategies’.

The age of 12 years is universally accepted as the
most appropriate age for monitoring dental caries, since
all permanent teeth, other than the third molars, are usu-
ally erupted®.

The World Health Organization (WHO) considers
children of 12 years of age as one of the most important
target groups, since in most countries children at this age
attend a school that facilitates their mobilization in epi-
demiological research®.

The most important demographic indicator for
evaluation and measurement of dental caries is the
DMFT Index. This index shows the number of
permanent teeth with cavities, the number of extracted
teeth and the number of sealed teeth. The DMFT Index
is used as an important criterion for assessing the status
of oral health. But this index does not illustrate the true
prevalence of teeth caries in a community. Therefore, the
percentage of people without caries is used as a
complementary index of the prevalence of caries in
epidemiological studies’.

Aim

To evaluate the value and structure of the DMFT
index in 12 year old children in Republic of Macedonia

Material and methods

The epidemiological study was conducted during
September and October 2014 in all primary schools in
eight regions in the Republic of Macedonia. All students
from 6th grade, who were present at school on this day,
were examined. The total number of children at the age
of 12 (born in 2002), was 20.602. Precisely 19.355

(93.94%) were examined, of which 9.938 (51.34%) were
boys, and 9.417 (48.65%) were girls. The dental exami-
nations were performed by 147 dentists calibrated
according to WHO standards for equalizing diagnostic
criteria'.

The examinations were performed in a dental office
with a probe and a mirror. However, X-ray methods to
confirm the diagnosis were not used. The data were
entered into unified translated and adapted forms recom-
mended by the WHO, by dental assistants and then they
were statistically processed.

Also, the data was categorized according to the
WHO criteria for ranking the DMFT values for 12 year
old individuals, including 0-none; 0-1.1 very low; 1.2-
2.6 low; 2.7-4.4 medium,; 4.5-6.5 tall; more than 6,6 very
high caries rank'.

Additionally, all components of the DMFT Index
were analyzed, with emphasis on component K as an
indicator for the necessary dental treatment of the exam-
ined category of participants.

The obtained data was also evaluated by sex and
according to the region where the respondents come
from, regardless of whether they come from an urban or
rural area of the region and regardless of their socio-eco-
nomic status.

Because the Ministry of Education is an official col-
laborator of the National Strategy for Prevention of Oral
Diseases in Children 0-14 Year in the Republic of
Macedonia, and the dental examinations are carried out
every year according to the program frameworks and
evaluation of the Strategy, no special permission was
required for the implementation of this epidemiological
study.

Results

The results of the epidemiological study showed that
the DMFT index of the first permanent molar in 12 year
old children in Republic of Macedonia is 1.59.
Separately in the regions, the results are as follows: 0.79
in the Northeast region, 1.27 in the Pelagonia region,
1.50 in the Skopje region, 1.58 in the Southwest region,
1.70 in the Southeast region, 1.77 in the East region,
2.03 in the Vardar region and 2.12 in the Polog region
(Table 1).

When taking the DMFT structure’s aspect, the F
(filled first permanent molars) was dominant in all
regions except in the Polog and the Northeast region.
Additionally, the results showed that in the Skopje
region 56.14% of the first permanent molars were filled
and 39.9% were decayed; 61% of the first permanent
molars in the Pelagonia region were filled, and 33.94%
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Figure 1. Decayed first permanent molar among children at the age of 12 across regions in RM
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Figure 2. Extracted first permanent molar among children at the age of 12 across regions in RM
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Table 1. DMFT of first permanent molar among children at the age of 12 across regions in the Republic of Macedonia

Skopski | Pelagoniski | Poloski | Southwest | Northeast | East |Vardarski|Southeast| R.Macedonia
1.50 1.27 212 1.58 0.79 1.77 2.03 1.70 1.59
1.43 1.25 2.04 1.47 0.81 1.61 1.98 1.61 1.52
1.58 1.30 2.20 1.69 0.78 1.94 2.09 1.79 1.66

Table 2. DMFT components of first permanent molar among children at the age of 12 across regions in the
Republic of Macedonia

Skopski | Pelagoniski | Poloski | Southwest | Northeast | East | Vardarski | Southeast | R.Macedonia

Number 3867 947 3723 1048 710 1219 1087 885 13486

DECAYED | total
Percentage | 39.9 33.94 56.98 36.57 51.78 44.65 47.75 34.76 43.78
Number 383 141 455 188 49 88 92 137 1533

EXTRACTED | total
Percentage | 3.95 5.05 6.96 6.56 3.57 3.22 4.04 5.38 497
Number 5441 1702 2355 1629 612 1423 1097 1524 15783

FILLED total
Percentage | 56.14 61.0 36.04 56.85 44.63 52.12 48.19 59.85 51.24

were decayed; 56.85% of the first permanent molars in
the Southwest region were filled, and 36.57% were
decayed. 52.12% of the first permanent molars in the

East region were filled, and 44.65% were decayed,
48.19% of the first permanent molars in the Vardar
region were filled, and 47.75% were decayed; 59.85% of
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Table 3. MFT components of first permanent molar among children at the age of 12 across regions in the Republic

of Macedonia in relation to gender

Generation 2002 REGIONS
— first permanent molar
Analyses 2014 Skopski |Pelagoniski| Poloski | Southwest | Northeast | East Vardarski | Southeast | R.Macedonia
Number 2012 546 1969 555 365 617 559 465 7088
Boys
Percentage| 42.12 38.15 60.75 40.68 51.48 47.82 49.38 39.98 46.89
DECAYED
Number 1855 401 1754 493 345 602 528 420 6398
Girls
Percentage| 37.74 29.50 53.28 32.84 52.11 41.80 46.15 30.56 40.78
Number 164 70 209 80 27 41 30 61 682
Boys
Percentage| 3.43 4.89 6.44 5.86 3.80 3.7 2.65 5.24 4.51
EXTRACTED
Number 219 7 246 108 22 47 62 76 851
Girls
Percentage|  4.45 5.22 747 719 3.32 3.26 5.41 5.53 5.42
Number 2600 815 1063 729 317 632 543 646 7345
Boys
Percentage| 54.43 56.95 32.79 53.44 44.71 48.99 47.96 55.54 48.59
FILLED
Number 2841 887 1292 900 295 791 554 878 8438
Girls
Percentage| 57.80 65.26 39.24 59.96 44.56 54.93 48.42 63.90 53.78

the first permanent molars in the South-East region were
filled, and 34.76% were decayed. From this, the overall
results showed that at the level of the Republic of
Macedonia 51.24% of the first permanent molars were
filled, and 43.78% were decayed.

Alongside with this, the component M (missing first
permanent molars) participated with the lowest percent-
age in the structure of the DMFT index. In the Republic
of Macedonia 4.97% of the first permanent molars were
extracted. Region wise, the results pointed out that
3.95% of the first permanent molars were extracted in
the Skopje region, 5.05% in the Pelagonia region, 6.96%
in the Polog region, 6.56% in the Southwest region,
3.57% in the Northeast region, 3.22% in the East region,
4.04% in the Vardar region and 5.38% in the South-East
region (Table 2).

Taking the aspect of gender distribution into consid-
eration, girls in the Republic of Macedonia have higher
values of the DMFT index, 1.66, compared to the boys
that accounted for 1.52. The F component is dominant in
both sexes, but higher in girls compared to boys, except
for the Northeast region where the value of the DMFT
index as well as all DMFT components are approxi-
mately present in both girls and boys. The M component

is also with higher values among girls in all regions, but
the D component is higher among boys in each region
and in the country level of the Republic of Macedonia
(Table 3).

Discussion

Many authors put emphasis on the aspect that teeth
with deep fissure have a higher caries risk than teeth
with smooth surfaces".

To start with, Fleger and all. predicate that in dental
morbidity, first permanent molars play a big role and one
third of this group of teeth is devitalized until the of age
18. Only 0.7% of adolescents have four healthy first per-
manent molars®.

Furthermore, the study of MC Donald shows a high
frequency of cavities on the occlusal surfaces of the first
permanent molars for all age groups and that the first
permanent molar remains the most common location of
caries for a very short period after its eruption™.

Serban and all, according to analyzes from their
study, claim that the presence of the carious lesions of
the first permanent molar reach their peak at about 12
years of age and this condition is in direct correlation
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with the hygiene-dietary habits and with the health con-
cept of the state'.

Additionally, Wyne AH believes that caries preva-
lence data are the basis for building health policies and
preparing preventive programs and points out the need
for treatment among the population'.

All of these claims as well as our personal experi-
ences were a motive for the preparation of this study,
even more when taking into consideration that, although
caries is a widespread oral disease, and this is a well-
documented condition among different population
groups in many areas around the world, it is not the case
in the Republic of Macedonia. In particular, the condi-
tion of the first permanent molar with the structure of all
components of the DMFT index, especially among the
12 year old children participating in our study, has not
been investigated and documented.

Also, our goal was to evaluate the condition of the
same group of teeth that were sealed immediately after
eruption (when participants were 6-year-old children
and included in the national preventive program)
because the same children at the age of 12 are no longer
subject for intensive monitoring by the preventive teams.

According to the results of the study, the DMFT
index of the first permanent molar in the 12 year old
children in the Republic of Macedonia was 1.59, which
is in the frame of the values that we found in our
research. In the Republic of Macedonia, the value of the
DMFT index for girls was 1.66 and for boys 1.52, which
also coincided with the situation in other countries
where this data has been researched.

Speaking of the other studies that have researched
the same data, Sadeghi estimated that the DMFT value
of the first permanent molar is 1.9 + 1.6 (boys 1.83, girls
1.98)";

A HaerianArdakani and all. estimate that the DMFT
value of the first permanent molar is 1.17 + 1.26 (boys
0.88, girls 1.33)¢;

Parnian Poureslami and all. predicate that the
DMFT value of the first permanent molar is 1.97-2.60
(boys 2.13, girls 2.43)'%;

Massom T and all. concluded that the DMFT value
of the first permanent molar is 2.17 + 1.39 (boys 2.19,
girls 2.22)".

Wei Yin and all. estimated that the DMFT value of
the first permanent molar is 0.61 (boys 0.47, girls
0.75)*;

Gorgi Z. and all. claim that the DMFT value of the
first permanent molar is 1.00 + 1.36 (boys 0.93 + 1.33,
girls 1.07 = 1.39)*".

Regarding the structure of the DMFT components,
research has shown that in the Republic of Macedonia
the F component is the leader component in this index

with 56.14% as in many countries in Eastern and Central
Europe, but this is not the case around the world where
the D component is the dominant one® "%,

Considering the fact that the oral health condition of
the first permanent molar is the main carrier of the
DMFT value, then the current condition of the first per-
manent molar among our participants clearly indicates
improvement of the oral health of these children who
were included in the National Preventive Program since
their age of 6.

This fact is confirmed by Alvarez-Arenal and
all. noting that the prevalence of caries in 12-year-olds
was 71%, and the first permanent molar accounted for
64.1% of this percentage™.

Conclusion

The results of this study show that oral health in 12-
year-olds in the Republic of Macedonia needs to be
improved by the consistent implementation of preven-
tive measures at an earlier age since it reduces the value
of the DMFT Index and all its components in permanent
molar and the overall dentition in both sexes.
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Abstract
The importance of fluoride concentration in saliva is well established, based on the main role of the fluoride ions, that is decreasing the demineralization and

enhancing the remineralization of enamel, even in patients with carious risk. The aim of the present study is to measure the fluoride concentration in saliva in patients
under fixed orthodontic treatment with metal braces by using two different types of orthodontic adhesives — composite and resin-reinforced glass ionomer cements.
The subjects for this study were 60 patients scheduled for orthodontic therapy in the Department of Orthodontics, University Clinic of Dentistry “St. Pantelejmon” -
Skopje. Patients were divided in two groups according to the adhesive type used for bonding: - The first group comprosed of 30 patients whose braces were bonded
with composite adhesive, - The second group comprised of 30 patients whose braces were bonded with resin-reinforced glass ionomer adhesive (RRGICs). The results
showed that resin-reinforced glass ionomer adhesive (RRGICs) releases fluoride one day after bonding the braces and there was rapid decrease of fluoride concen-
tration in saliva one month later. The outcome was different in the patients with composite adhesive where we had a slow decrease of fluoride concentration in T1 peri-
od. Key words: Demineralization; Composite; Glass ionomer cement.

AncTtpakt

BaxHocTa Ha KOHLUEHTpaLmjaTa Ha dnyopuan BO NnyHkata e [06po YTBpAEHa BP3 OCHOBA HAa [MaBHaTa ymora Ha (hnyopuaHuTe jOHW, LITO ja Hamanyea
JeM1Hepanu3aLvaTa 1 ja nogobpysa pemuHepanu3aLaTa Ha emajnoT, Aypu 1 Kaj naLueHTI co puank o4 kapuec. LienTa Ha oBaa cTyavja e Mepetse Ha KoHLEHTpaLmjaTa
Ha (hnyopuam BO NiyHKaTa Kaj nauveHTI NoA MKCEH OPTOOHTCKI TPETMaH CO MeTanHy BpekeTy Co KOpUCTeHE Ha [1Ba Pa3nuyHi OPTOLOHCK aTXe31BI - KOMMO3UTHI
11 CMONECTU MoaNMLUMpaHN rmac-joHomMep LiemeHTw. MpeameT 3a oBaa cTyavja 6ea 60 naLMeHTV 3akaxaHn 3a OPTOLOHTCKA Tepanuja Bo oaaenoT 3a OpTogoHLma,
YHUBEp3uTETCKA KuHWKa 3a cTomatornoruja "CB. MaHtenejmoH"- Ckonje. MauveHTuTe 6ea nogeneHu Bo ABE rpynu Criopez TUMOT Ha aTXE3MBOT KOPUCTEH 33 BP3yBat-E:
- MNpsata rpyna o 30 naLyeHTy Kaj kou e KOpUCTEH KOMMO3UTEH aTxeavB; - Bropata rpyna of 30 nawveHTw, Kaze e KopUcTeH CMONecTo MoANMMLIPaH rmac-oHOMepeH
atxeans (RRGICs). PesynraTute nokaxaa Aeka cMonecTo MoanduLmpaH rnac-joHomepet arxeaus (RRGICs), ro ocniobozysa dnyopuaoT eaeH AeH no NoBp3ayBareTo
Ha npoteauTe 1 6p30TO HamanyBake Ha KOHLEHTpaLmjaTa Ha hnyopua BO NyHKaTa efeH Mecel, nofouHa. CutyauvjaTa e Apyra kaj naLeHTuTe Co KOMMO3UTEH aTX3nB,
kade LWTo nMame 6aBHO HamanyBakbe Ha KOHLeHTpaLuja Ha thnyopuz Bo T1 nepuop. Knyuu 36oposu: [lemuHepanusavyja, Komnosu, nac-joHomep LemeHT

The importance of fluoride concentration in saliva is
well established, based on the main role of the fluoride

Introduction

Cleaning orthodontic brackets and bands represents a
challenge for the patient wearing them, these attach-
ments act as plaque-retaining structures leading to dem-
ineralization of adjacent enamel'.

Recent studies have shown that 50% to 75% of all
orthodontic patients develop demineralization on the
labial surface during fixed appliance therapy*°.

ions, which is decreasing the demineralization and
enhancing the remineralization of enamel, even in
patients with carious risk* .

The absorption of the fluoride ions from the oral flu-
ids in the sound enamel is low and limited at a neutral
pH. If the fluoride ions are present in the mouth at the
time when the pH is decreasing and the carious lesion is
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starting, their effect is to inhibit the demineralization of
the enamel by promoting remineralization™* > .

In Orthodontics, white spot lesions and marginal gin-
givitis raise much concern among professionals, who
have been tackling this problem by making use of mate-
rials to decrease and prevent such damage to oral health,
among which are the ionomer cements (GICs). Since
their introduction in 1971, GIC have been employed for
a number of applications mainly due to its chemical
adhesion to enamel, dentin and other surfaces in addition
to rereleasing fluoride®.

The evolution of GIC properties has contributed to
the decrease in dental caries among orthodontically
treated patients due to the biological and chemical char-
acteristics of the material®.

Despite these favorable characteristics, the adhesion
of brackets to dental enamel is not entirely adequate,
often not being strong enough to resist to masticatory
forces and orthodontic movements®'.

In order to overcome this problem, manufacturers
have developed hybrid products by incorporating a resin
matrix system to GICs, thus combining the retentive
capacity of resins with the well known beneficial prop-
erties of GICs™.

These materials were denominated as resin-rein-
forced glass ionomer cements (RRGICs).

RRGICs can be used in Orthodontics due to their
resistance to orthodontic forces, thus becoming a useful
material for bonding orthodontic accessories and pre-
serving the dental enamel. It is accepted that the
RRGICs analysed in this study release fluoride and are
used for bonding brackets and attaching®.

The aim of the present study is to measure fluoride
concentration in saliva in patients under fixed orthodon-
tic treatment with metal braces by using two different
types of orthodontic adhesives - composite and resin-
reinforced glass ionomer cements.

Material and methods

The subjects for this study were 60 patients sched-
uled for orthodontic therapy in the Department of
Orthodontics, the University Clinic of Dentistry “St.
Pantelejmon” - Skopje. Patients were divided in two
groups according to the adhesive type used for bonding:

- The first group was composed of 30 patients whose
braces were bonded with composite adhesive

- The second group comprised of 30 patients whose
braces were bonded with resin-reinforced glass
ionomer adhesive (RRGICs).

All experimental procedures were conducted in
accordance with the Declaration of Helsinki’s recom-

mendations guiding physicians in biomedical research
involving human subjects. All participants and their par-
ents or guardians received written information about the
aims and design of the study and signed a written
informed consent form.

The criteria for inclusion were as follows: permanent
dentition period, crowding, age 12-25 years, good gen-
eral health, general dentistry completed and consent to
participate. Criteria for exclusion were: diabetes melli-
tus, autoimmune connective tissue diseases, any syn-
drome and antibiotic therapy in the last 3 months. The
orthodontic process in all subjects started with 0.012
NiTi. Subjects were required to establish good oral
hygiene status, none used supplementary fluoride during
the study and none of them received any periodontal pro-
cedure before or during the active orthodontic treatment.

Saliva collection

Samples of saliva were collected into plastic speci-
men containers as wholly unstimulated saliva for a peri-
od of two minutes in three periods:

T, — collecting saliva before bonding the braces
T; — collecting saliva the day after bonding
T, — collecting saliva one month later.

The fluoride content of the saliva samples was
analysed by the Taves®” micro diffusion method as
described in detail by Zero at al.*>. The volume of the
saliva was adjusted to 3ml with double deionized water,
and 0.1 ml of 1.65 mol/l NaOH was added to the central
trap. One milliliter of 6 mol/l HCI, saturated with hexa-
methyldisiloxane, was added to the sample before the
dish was sealed. The samples were rotated for 18 hours
on a rotary shaker at 80 rpm. At the end of the diffusion
period, the NaOH traps were removed. The samples con-
tained in the traps were dried at 65°C for 2 hours, and
buffered with 1 ml of 0.34 mol/l acetic to a final pH at
5.0. Fluoride was then measured by a fluoride ion-spe-
cific electrode (Model 960900, Orion Research, Inc.).

The electrode was gauged every day by using stan-
dard solution of fluoride (0.05, 0.010, and 0.19 ppm).
Fluoride release was measured at T, T, and T, periods.

Results

Orthodontic brackets and bands act as biofilm-retain-
ing structures, which can cause demineralization of the
adjacent enamel during orthodontic treatment.

Therefore, an effective prevention against enamel
demineralization adjacent to the orthodontic attachments
is necessary.

The amount of fluoride release from each material
during the study period is shown in Table 1 and 2.
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Table 1. Descriptive analysis (F in saliva in TO,T1 and T2)
Glas-jonomer cement

Glas-jonomer cement
p value
T i T
v 1 2 T T4/To-Ty/T1-To
0.04+ |0.0418+|0.0399+ " "
F 0.02 0.02 0.02 0.00008**/0.77/0.0001

p (Friedman ANOVA; post hoc Wilcoxon-Matched pairs
test)**p<0.01

Table 2. Descriptive analysis (F in saliva in TO,T1 and
T2) - Composite

Composite
p value
T T T
0 1 2 To-Ty/To-Ty/T1-To
0.04+ | 0.039+ | 0.04+
F 0.081 0018 | 0018 1.0 ns/0.53 ns/0.55ns

p (Friedman ANOVA,; post hoc Wilcoxon-Matched pairs test)

For the group of patients with resin-reinforced glass
ionomer adhesive (RRGICs) we obtained a significant
higher fluoride release of 0.0418 mg/L in T, period,
respectively at the first day and than a rapid decrease at
T, period, after one month, respectively 0.0399 mg/L
comparing with the fluoride concentration at T, period
0.04 mg/L.

The situation was different in patients with compos-
ite adhesive where we observed a slow decrease of fluo-
ride concentration at T period, 0.039 mg/L and stabi-
lization of fluoride concentration as the situation before
adhering the braces, respectively 0.04 mg/L in T, period.

Discussion

In order to reduce the occurrence of such demineral-
ization processes, the orthodontic attachments should be
maintained with materials which can release fluoride
and provide adequate adhesion to both enamel and stain-
less steel".

Some studies have shown that part of the fluoride
release from these materials is absorbed by adjacent den-
tal tissues, making them more resistant to secondary
caries in addition to reducing demineralization and
increasing remineralization. Nevertheless, both the mag-
nitude and the duration of the anticariogenic effects of
fluoride depend mainly on its concentration and reten-
tion time within the oral cavity. Therefore, it is better to
have fluoride released for longer periods of time rather
than the initial “burst effect” of the material, since the
longevity of the orthodontic appliance should be taken
into account™.

Kielbassa et al. reported that RRGICs have an anti-
cariogenic effect compared to non-fluoridated compos-
ites. This anticariogenic effect is crucial in the orthodon-
tic treatment’.

Salivary fluoride levels vary from 0.01-0.10 mg/L
depending on the water fluoride usage and the diet of the
individual. Langerolf and Oliveby stated that saliva
influences caries attack mainly by its rate of flow and by
its fluoride content'”.

Daws at al. quote the normal concentration of fluo-
ride in saliva as being about 0.019 mg/L and also con-
firmed that salivary fluoride levels were independent of
flow rates, and that higher concentration of fluoride in
saliva led to the formation of calcium fluoride which had
a longer clearance time".

Many researchers now believe that continuous low
concentration of fluoride in saliva, particularly at the
plaque/saliva/enamel interface is necessary for caries
prevention'.

Leverett et al. showed that caries-free subjects had
higher salivary fluoride than high caries subjects”.

Shields et al. showed that subjects with no caries
experience, from both fluoridated and non-fluoridated
communities, had salivary fluoride levels of 0.04 mg/L
or greater, whereas high caries subjects from both fluor-
idated and non-fluoridated communities had salivary
fluoride levels of 0.02 mg/L or less'™.

Duggal et al. also showed consistent inverse rela-
tionship between salivary fluoride concentration and
dental caries in 272 children".

Sjorgen et al. reported that a caries-active group in
Sweden had lower salivary fluoride levels than a caries-
inactive group'®. Also they reported that type, shape and
surface area of the cement can significantly influence the
fluoride release process.

The model of the fluoride levels variation in this
study is similar to other studies and is explained by the
CaF, formation, which represent the major product of
the reaction between fluoride with enamel, and which
precipitates wherever the dental hard tissues are exposed
to high concentrations of fluoride, inhibiting the enamel
demineralization and enhancing the remineralization®’.

CaF, is relatively stable at a neutral pH. When the pH
is decreased, CaF, dissociates and fluoride ions are
released and adsorbed in enamel. The dissolution of the
CaF, formed on the teeth surfaces, in saliva and in den-
tal bacterial plaque is the key of the preventive effect of
fluoride in saliva.

The preventive effect of fluoride is unquestionably
connected with the fluoride ions reserve in saliva in the
periods when the pH is decreasing in the oral cavity.
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Conclusion

The results showed that resin-reinforced glass

ionomer adhesive (RRGICs) releases fluoride one day
after bonding the braces and there is rapid decrease of
fluoride concentration in saliva one month later. The out-
come was different in patients with composite adhesive
where we had a slow decrease of fluoride concentration
in T period.
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Abstract

The impact of adequate nutrition on teeth development, alveolar bone and periodontal ligament, has been proved more than once, yet it still remains unclear if partic-
ular components of nutrition have certain influence on the occurrence or severity of periodontal diseases. Periodontal health relies on a balance between the host, envi-
ronmental and bacterial factors. Although there is considerable evidence linking diminished antioxidant status to increased oxidative damage and disease severity, there
have been, up to now, a few dietary studies. Therefore the aim of our study was to analyse dietary habits among student population and their relation to periodontal
and gingival index values. In order to gain a homogenous group concerning age, life style, and oral hygiene habits the group consisted of 200 dentistry students in the
last two years. For the examination we developed a questionnaire of 24 questions concerning the quality and type of dietary products. At the same time all participants
were subjected to periodontal examination where periodontal index values and oral hygiene were noted. The data were statistically evaluated by a correlation test and
a student t-test. From the results of our research we can conclude that patients should be advised, along with oral hygiene procedure, to consume vegetables and fruits
in order to maintain periodontal health or to reduce disease severity. Key words: nutrition, gingival bleeding, periodontal health.

AncTpakr

BrinjanneTo Ha apfexsaTHaTa McxpaHa Bp3 pa3BojoT Ha 3abuTe, anBeonapHaTa kocka v MEepUOAOHTANHUOT NIMTaMEHT € [OoKaXaHo MHOTY MaTil, HO cemak OcTaHyBa
HejacHo anu ofpeseHn KOMMOHEHTU O CXpaHaTa MMaaT M3BECHO BrivjaHue Bp3 MojaBaTa UMk CTENEHOT Ha pa3Boj Ha NapodoHTanHata Gonect. MapofoHTanHoTo
31pasje ce 6aaupa Ha pamHOTEXa NOMery (hakTopy Kow 3aBucaT Of MHAMBMEYaTa, OKonvHaTa 1 bakTepunTe. Mako noctojat 3HauMTENHW JOKa3u KoM r0 NOBp3yBaaT
HaMaseHnoT CTaTyC Ha aHTMOKCUAAHCH CO 3rONEMEHOTO OKCUAATMBHO OLUTETYBaHE 1 CEpUO3HOCTA Ha BoMecTa, HanpaBeH! Ce U HEKOMKY JOMOMHUTENHI CTYAMM.
Llenta Ha HaweTo ucTpaxyBarbe Oelle Aa Ce aHanuavpaar HaBuKUTE BO MCXpaHaTa Kaj CTyAeHTckaTa momynauuja v HWBHAaTa MoBP3aHOCT CO BPEAHOCTUTE Ha
NapoAOHTalIHUTE MHOEKCH. Co uen face ,qoﬁme XOMOreHa rpyna Ha ucnutaHuum, B0 04HOC Ha BO3pacTa, HAYMHOT Ha XMBOT U OParnHO-XUrMeHCKUTe HaBuK, rpynarta
ce coctoeLue og 200 CTyAEHTV Mo cTomMaTonoruja, 04 NocneaHUTe ABE roauHY. 3a UCMUTYBAETO NOATOTBUBME NPaLLanHUK of 24 npaluakka BO Bpcka CO KBANUTETOT
11 BUTOT Ha mcxparata. Bo 1cTo Bpeme cuTe yyecHnLy Gea NoanoxeHu Ha NapodoHTONOLLKM Npernes, kaae Wro 6ea 3abenexanu BpeAHOCTUTE Ha NapofOHTaNHUOT
VHOEKC M KBANMTETOT Ha OfpXyBate Ha opanHata xurvexa. MojatouuTe Gea CTAaTUCTUUKA €BanyupaHu CO KopenauuoHa aHanusa u CTypeHToB t-ect. Op
pesynTatute [OBUEHN NPy CTPaXyBaHETO, MOXEME fia 3akny4ume Aeka nauveHTute Tpeba fia ce coBeTyBaaT, 3aefHO CO NpOLefypaTa 3a opanHa XurveHa, Aa
KOHCyMMpaaT 3efeHdyK 11 0BOLLje, CO LIeN fia Ce OfpXu 30paBjeTo Ha MapoAOHTOT WK [a Ce Hamanu cepuosHocTa Ha bonecta. KnyuHu 36opoBu: ucxpaHa,
TVHMBAIHO KPBApete, NapOAOHTONOLLKO 3fpaBje.

Introduction

Dietary quality and nutrition are important in the pro-
motion and maintenance of health throughout the entire
life span. They occupy a prominent position in disease
prevention and health promotion. When combined with
other modifiable risk factors, such as tobacco or physi-

cal activity, diet and nutrition may have an additive or
multiplier effect on an array of chronic diseases, includ-
ing cardiovascular disease, diabetes, obesity, cancer,
osteoporosis, and dental diseases.

Periodontal disease includes gingival inflammation
and further development of loss of soft-tissue attachment
to the tooth and resorption of the alveolar bone, ulti-

84

Macedonian Dental Review. ISSN 2545-4757, 2018; 41 (3): 84-88.



mately leading to tooth loss. The disease is found prima-
rily among adults with increased numbers in older age
but can also be found in younger individuals'*:.
Although convincing scientific evidence support the fact
that the pathogenesis of periodontitis involves anaerobic
oral bacteria and that tissue damage occurs as a result of
the complex interaction between pathogenic bacteria and
the host’s response to infection, several local and sys-
temic factors are known to be associated with the risk or
the severity of the periodontal disease***.

Nutrition is known to be important for maintaining
periodontal health, and different dietary aspects have
been put forward as possible aggravating factors. The
two potential mechanisms in the relation of diet to gin-
gival and periodontal health are diet in relation to plaque
formation and the effect of different nutritional deficien-
cies on periodontal tissues. Research into the local effect
of diet on plaque has focused largely on the effect of an
abrasive diet in reducing plaque formation. Although
animal studies have shown a relationship between diet
and plaque formation”**", the significance to humans is
questionable because of differences in tooth morphology

The impact of adequate nutrition on teeth develop-
ment, alveolar bone and periodontal ligament, has been
proved many times, yet it still remains unclear if partic-
ular components of nutrition have certain influence on
the occurrence or severity of periodontal disease.

Periodontal health relies on a balance between the
host, environmental and bacterial factors.

The primary etiology of periodontal disease is bacte-
rial, but a susceptible host is also necessary for disease
initiation.

The effect of nutrition as one of the modifying fac-
tors of the host immune response has been unjustly
underestimated.

Although there is considerable evidence linking
diminished antioxidant status to increased oxidative
damage and disease severity, there have been a few
dietary studies.

Reactive oxidative species cause tissue damage by
variety of different mechanisms which include:

- DNA damage,

- Lipid peroxidation,

- Protein damage including gingival Hyaluronic
acid and proteoglican,

- Ogxidation like alfa 1 antitripsine *"'2*

- Stimulation of proinflamatory cytokines release
by monocytes by activation of nuclear factor Nf
kB®.

Since the antioxidant content of fruits and vegetables

may be a key factor in their beneficial effects, and lack
of wider studies, on the other hand, investigating the

dietary intake of such food and periodontal health, we
undertook this examination whose main objective is:

- To explore the possible influence of dietary intake
of food rich with vitamins on periodontal health.

Material and methods

At the Clinic of Oral Pathology and Periodontology
we conducted an investigation with 200 participants. In
order to gain a homogenous group concerning age, life
style, and oral hygiene habits the group consisted of den-
tistry students in the last two years.

For the examination we developed a questionnaire of
24 questions concerning the quality and type of dietary
products. For each question participants were offered
three possibilities for the frequency of consuming the
food that was pointed out — I rarely eat, I eat two of three
times a week and a habit of consuming such food every
day. According to the chosen answer participants were
divided into three groups.

At the same time all participants were subjected to
periodontal examination where periodontal index values
and oral hygiene were noted.

Index values were compared between groups.

The data were statistically evaluated by a correlation
test and a student t-test.

Results

Participants were divided into three groups according
to their answers to the questions.

The average score for plaque index values was 0.73
according to criteria proposed by Green-Vermilion.

The highest correlation p<0.0001 using Spearman
was determined between index values of gingival
inflammation and gingival bleeding on probing
(Sillnes&Loe) and question number 11 (vegetable
intake) and question number 18 (citrus fruits intake).
Values of the correlation coefficient are presented in
Graphs 1, 2 and 3. The intake of vegetables is correlated
both to gingival inflammation and gingival bleeding,
with correlation coefficients of p=-0.27 and p= -0.22,
accordingly. Consumption of fruits is correlated to gin-
gival inflammation with correlation coefficients of

p=0.17.
Student t-test was done for the same questions and

index values of gingival bleeding and inflammation.
Differences between all groups with different vegetable
intake regarding gingival inflammation were found, with
group A (low consumption of vegetables) differing from
group B with a statistical significance of p=0.015 and
from group C with a statistical significance of p=0.023.
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Graph 1. Spearman correlation matrix for Gingival
inflammation and vegetable intake.
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Graph 2. Spearman correlation matrix for Gingival
bleeding on probing and vegetable intake.
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Graph 3. Spearman correlation matrix for Gingival
inflammation and citrus fruit intake

Regarding gingival bleeding, group A showed lower val-
ues than groups C and B, with a statistical significance
of p=0.001. (Graph 4, Graph 5)
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Graph 4. Gingival bleeding values for the three groups
regarding vegetable intake
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Graph 5. Gingival inflammation values for the three
groups regarding vegetable and citrus fruit intake

As expected no significant correlation was found for
periodontal destruction and attachment loss for any of
the investigated variables.

Discussion

The soft tissue of the oral cavity is made up of
epithelial cells that have rapid rates of replication,
metabolism and maturation which require a steady sup-
ply of essential nutrients. These cells turn over every
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three to seven days, which makes the tissues of the oral
cavity a sensitive indicator of adequate nutrition.
Although the role of diet and nutritional factors in main-
taining periodontal health is unclear, it is known that the
defense mechanism of the gingival tissue and saliva can
be affected by nutritional intake and status"'*'.

The influence of dietary intake of antioxidants, main-
ly vitamins, on reducing the oxidative stress damage in
tissues should be considered.

The group of compounds known as antioxidants is
the major defense against stress. Primarily, antioxidants
which prevent the formation of new radical species
include enzymes systems such as peroxide dismutase
and glutathione peroxidase.

Secondary, antioxidants trap radical species and pre-
vent chain reaction, include nutrition such as vitamin A,
C and carotenoids.

The richest sources of vitamins are vegetables and
fruits. Through the digestive tract, they reach all body tis-
sues and cells, where they are essential for various meta-
bolic processes, for example vitamin B for DNA synthe-
sis, vitamin C for collagen synthesis, protection from
oxidative damage, vitamin A for DNA replication'®".

The importance of dietary intake food rich with vita-
mins for the maintenance of periodontal health was con-
firmed by the results of our study.

The participants who declared daily intake of vegeta-
bles and citrus fruits once or more than once a day had
significantly lower index values of gingival bleeding and
inflammation than those who took these types of food
rarely.

Lower index values in the third group, in our opin-
ion, may be due to antioxidant capability of vitamins in
these types of food:

- Antioxidant effect: nutrients with antioxidant
reaction help maintain cell integrity by reducing
the free radical damage to host tissue that is initi-
ated by the host’s inflammatory and immune reac-
tions. They also serve to protect the host from bac-
terial damage;

- Immuno-modulatory effect: nutritional vitamin
enhance host immunological response in gingival
tissue;

- Both vegetables and fruits are considered to be
solid and abrasive food which results in dimin-
ished plaque accumulation.

The role of dietary vitamin C as a contributing risk
factor for periodontal disease has been investigated
using data from the Third National Health and Nutrition
Examination Survey (NHANES III), and the results have
been compared between smokers and nonsmokers"®.
The periodontal health of 12.419 adults aged 20 or older

was compared to their dietary vitamin C intake. The
dietary intake of vitamin C showed a statistically signif-
icant relationship to periodontal disease in current and
former smokers as measured by clinical attachment. It
was concluded that those with the lowest intake of vita-
min C, and who also smoke, are likely to show the great-
est clinical effect on the periodontal tissues. Thus, a
weak but significant dose—response increase of risk for
periodontal disease in lower vitamin C intake groups
was found. The effect of mega-doses of vitamin C on
non-deficient individuals has received little attention. A
relationship between low levels of vitamin C and
impaired wound healing has been demonstrated, and it
has been suggested that gingival tissues undergoing
healing could benefit from increased levels of vitamin C.
In healthy young adult males classified according to
periodontal status, one single intravenous dose of 500
mg of ascorbic acid resulted in statistically significant
correlations between gingival status and ascorbic acid
levels in whole blood and urine". This is in contrast to a
more recent study by Woolfe et al."”, who evaluated the
relationship of vitamin C supplementation to gingival
clinical parameters. An intake of 1 g vitamin C per day
for 6 wk in normal human subjects did not have an effect
on the gingival response to the initial therapy; identical
gingival responses to periodontal therapy were found in
control and vitamin C—supplemented patients. Final
blood vitamin C levels appeared to have increased min-
imally, suggesting that excesses of the vitamin were
excreted in the urine. On the basis of the best available
evidence, there are no benefits to the periodontal patient
of taking vitamin C supplements and the dietary refer-
ence intake may be easily met through consumption of a
healthy, balanced diet* 2=,

Conclusion

From the results of our research we can conclude that
patients should be advised, along with oral hygiene pro-
cedure, to consume vegetables and citrus fruits on daily
basis in order to maintain periodontal health or to reduce
disease severity.
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AND CLINICAL PARAMETERS IN CHRONIC ADULT
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Abstract

Aim: to determine the correlation between the concentration of the collagenase MMP-1 in the inflammatory gingival bounding tissue in patients with a chronic form
of periodontal disease with the clinical parameters. Material and methods: 32 patients with a chronic form of periodontal disease were monitored, according to the
criteria set by AAP 1999. The index of dental plaque Silness-Loe was clinically followed, the index of gingival inflammation Loe-Silness, the index of clinical attach-
ment loss and the Miller-Pelzer index of bone resorption. For setting the concentrations of MMP-1, the quantitative enzyme method was used, with the commercial
set Colorimetic SensoLyte MMP-1 ELISA Kit. Results: We found the presence of a positive correlation between IDP and the examined MMP-1 (r =0.55).
Significantly positive correlation was present between |Gl and MMP-1. (r =0.77). The loss of attachment and resorption of the alveolar bone were strongly corre-
lated with the concentrations of MMP-1 (r=0.83 and r=0.76). Conclusion: The microorganisms from the biofilm initiate the production of the collagenase MMPs-1
and their concentrations rise with the development of the inflammatory processes, leading to the loss of attachment and resorption of the alveolar bone. Key words:
MMP-1, chronic periodontal disease, biofilm, inflammation.

AncTtpakT

Llen: aa m ytBpanMe kopenauuute nomery koHueHTpauumte Ha MMM-1 Bo MHNamMMpaHuTe rMHMMBANHI TKUBHM MCEYOLW Kaj NaLMEHTUTE CO XPOHMYHA (hopMa Ha
napofoHTanHarta bonecr, co knuHuykuTe napametpu. Matepujan n mMeToa: Bo cTyAnjata 6ea BkmyyeHn 32 naLMeHTV CO XPOHWYHA (hopMa Ha MapofoHTanHaTa
Bonect Bo cornacHocT co kputepuymute Ha AAM op 1999. KnuHudkn i npocneayBMe WHAEKCOT Ha AeHTaneH mnak no Silness-Loe, MHAEKCOT Ha rvHrMBanHa
nHdpnamaumja no Loe-Silness, knuHuukvoT ryéutok Ha npunoj (CAL), kako - Miller-Pelzer-oBnoT nhpekc Ha pecopniuyja Ha anBeonapHara kocka. 3a yTBpAyBatbe Ha
KoHueHTpauuute Ha MM-1 Gelue KOpUCTEH KBAHTUTATMBEH EH3WUMCKW MeTon co komepuujantuot ceT Colorimetic SensoLyte MMP-1 ELISA Kit. Pesynraru:
YTBPAMBME MPUCYCTBO Ha No3nTUBHA kopenatyja nomery WM v ucnutysanata MMI-1 (r =0.55). 3HavajHa, cunHo 13paseHa No3uTMBHA kopenauyja nocToeLle nomery
ATV v MMIN-1 (r=0.77). KnuHuukvoT rybutok Ha mpunoj, Kako v pecopnuvjata Ha aneeonapHata kocka 6ea WCTO Taka CUMHO MO3UTUBHO KOPEMMpaHu Co
KoHLeHTpauumuTe Ha MMIT-1 kaj nawyeHTuTe co XpoHyHa napogoHTonatvja (r=0.83 and r =0.76). 3akny4ok: MUKpOOpraHU3MUTE OF AEHTANHMOT nnak (6rocunmor)
ja vH1Umpaat npoaykupjata Ha MMIT-1 1 HejauHNTe KOHLIEHTpaLWK Ce 3rofieMyBaaT Co HanpefyBameTo Ha MHKhNamMaTopHuTe NpoLiecH, A0BEAYBajkV A0 rybuTok Ha
npumoj ¥ pecopnuuja Ha aneeonapHata kocka. Knyuxu 36oposu: MMM-1, xpoHnyHa napopoHTanHa bonect, 6uodunm, nHpnamaumja.

Introduction tissues of the teeth, leading to progressive destruction of
connective tissue attachment and the alveolar bone. The

Periodontal disease is a common, bacterial induced,  bacterial etiology of the disease was discovered and con-
chronic inflammatory disease that affects the supporting  firmed a long time ago, and the bacteria and pathogenet-
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ic mechanisms that lead to progression of the disease
were identified'. However, tissue destruction as a domi-
nating process is caused by the cascade of proteolytical
enzymes originating from bacteria of the biofilm, as well
as from the enzymes originating from the host-respon-
sive cells**. The host initiates and controls the release of
enzymes, including matrix-metalloproteinases (MMPs),
to allow the tissues to retreat from the microbial destruc-
tive lesions. Recently, there has been increasing evi-
dence implicating MMPs as key mediators in the tissue
destruction associated with the various forms of peri-
odontal disease, including the progression from gingivi-
tis to periodontitis*.

Matrix metalloproteinases are a family of 25 geneti-
cally various, but structurally related zinc and calcium-
dependent endopeptidases that degrade the extracellular
matrix (ECM) of interstitial stroma and the basement
membrane components’. MMPs are expressed by vari-
ous types of cells, inflammatory cells (monocytes,
macrophages, lymphocytes and polymorphonuclear
cells), and by resident cells (fibroblasts, epithelial and
endothelial cells).

MMP-1 is synthesized and secreted by the tissue
fibroblasts and macrophages in the chronic inflamma-
tion, but it has also been associated with normal tissue
remodelling®. In vitro MMP-1 is expressed in numerous
cells, such as hondrocytes, osteoblasts, keratocytes and
various tumour cells’®. MMP-1 can initiate extracellular
matrix destruction and cooperates with other MMPs in
collagen degradation®. MMP-1 (and MMP-13) are the
key enzymes responsible for degradation of type I and
III collagen.

The aim of this study was to evaluate the correlations
between concentrations of MMP-1 in the inflammatory
gingival bounding tissue at patients with a chronic form
of periodontal disease with the clinical parameters.

Material and methods

In order to realize this goal, at the Clinic of Oral
Pathology and Periodontology were studied 32 patients
of both sexes, male and female, aged from 21 to 65
years, with moderate to severe expression of a chronic
form of periodontal disease: pocket depth over 4mm
according to the criteria proposed by the AAP, 1999. In
all subjects, after their history was taken, we conducted
a clinical examination to determine the level of peri-
odontal destruction. We noted the dental plaque by using
index IDP - Silness-Loe; gingival inflammation by using
index IGI - Loe-Silness; clinical attachment loss — CAL,
and index of bone resorption by Miller-Pelzer. All sub-
jects were healthy and none of them had used antibiotics
within the 6 months preceding the study. The test mate-

rial was taken with the incision of inflamed gingival tis-
sue during conventional treatment — curettage of the
periodontal pockets. Gingival biopsies contained epithe-
lium, connective tissue, proliferated sulcular epithelium
and pathologically altered epithelium from the bottom of
the pockets. Samples were stored in sterile plastic tubes,
then in the shortest period of time were frozen and kept
at - 80°C until further laboratory analysis, but not for
more than 6 months. For setting the concentrations of
MMP-1 a quantitative enzymatic method was used, the
commercial SensoLyte MMP- 1 ELISA Kit Colorimetric
from AnaSpec Inc, and with the help of this we obtained
a quick, safe and sensitive determination of concentra-
tions of MMP - 1 in the gingival tissue substrate.

The test material (samples) was frozen and kept in
the Laboratory of the Faculty of Pharmacy in Skopje.
The laboratory assays were performed at the Institute of
Molecular Biology and Genetics at the Faculty of
Natural Sciences and Mathematics at the “Ss. Cyril and
Methodius” University, Skopje. Obtained data were sta-
tistically processed using Statistics 6.1 computer pro-
grams for Windows.

The protocol for the collection of samples from
human subjects was approved by the ethical committee
for medical-dental investigations of the Faculty of
Dentistry at the Ss. Cyril and Methodius University,
Skopje, according to the Helsinki Declaration on Human
rights.

Results and discussion

Although research investigations into the pathogene-
sis of periodontal disease traditionally focused on the
impact of bacterial infection, in the last two decades
more attention has been directed towards the study of
host response factors (mechanisms) that determine the
disease'. Molecular and cellular studies on the patho-
genesis of the disease confirm that biofilm is a primary
etiologic factor, but the disease still occurs as a result of
the interaction between specific pathogens and sensitive
immune and immune-inflammatory host-responses®,
which are modulated by a number of intrinsic (genetic)
and externally induced factors".

Table 1 shows mean values of clinical parameters -
IDP, IGI, CAL, the index of bone resorption and con-
centration of MMPs-1 in inflamed gingival samples in
patients with a chronic form of periodontal disease. The
mean value for the index of dental plaque (IDP) ranged
from 1 to 3 (2.37 £ 0.61). The gingival inflammation
index (IGI) ranged from 1 to 3, mean 2.3140.59. Clinical
attachment loss (CAL) ranged from 4 to 7mm; the aver-
age value was 5.25 + 1.18 mm. The average value for the
index of bone resorption was 3 £+ 0.92mm, ranging from
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2 to 4mm. Concentration of MMP-1 ranged from 301.36
to 1456.76 pg/100 microg. protein in inflamed gingival
tissues, the average value was 749.02 + 338.03 pg/100
microg.protein.

Table 1. Average values of examined clinical parame-

ters IDP, IGI, CAL and the index of bone resorption and
concentration of MMPs-1 in patients with a chronic form
of periodontal disease

Parameters mean SD min max
IDP 2.37 | 0.61 1 3
IGI 2.31 0.59 1 3
CAL 5.25 1.18 4 7
Bone resorp. index 3 0.92 2 4
MMPs-1 749.02 | 338.03 | 301.36 |1456.76

Analysing the correlations between the concentration
of MMP-1 in inflamed gingival tissues and clinical
parameters, we noted a significant positive correlation
between the mean values of the index of dental plaque
and MMP-1 (r =0.55). This means that large amounts of
dental plaque cause increased concentrations of exam-
ined MMP-1. Numerous studies suggest that the interac-
tion of bacteria present in the biofilms with inflammato-

Correlation: r = 0,55
1600

ry cells (monocytes/macrophages, polymorphonuclear
cells), and with residential cells (fibroblasts) results in
the release of proteases from the host-cells. Bacterial
adhesion activates secretion of proinflammatory media-
tors, such as (IL-1a, IL-1B, TNF-a) from epithelial cells,
which diffuse into connective tissue and stimulate host-
cells to produce and release matrix metalloproteinase'.
Hence, increased levels of interstitial collagenase were
detected in inflamed human gingival tissues, gingival
fluid and inflammatory exudates from gingiva>. MMP-1
that is present in these tissues is proven to be converted
from a latent to an active, destructive form of this
enzyme during the inflammatory processes in periodon-
tal disease. Domeij and co-workers'® suggest that gingi-
val fibroblasts are capable of producing MMP-1 (and
MMP-3), as a result of IL-1 and TNF-a stimulation.

Graph 1 shows the correlation between the dental
plaque index and MMP-1 in patients with a chronic form
of periodontal disease. Pearson’s coefficient of correla-
tion suggests that there is a significant positive correla-
tion between these parameters (r=0.55).

We noted a significant positive correlation between
the IGI and MMP-1 in patients with chronic periodonti-
tis (r=0.77). These results suggest that the intensification
of gingival inflammation leads to increased values of
MMP-1. Our findings comply with the results of Alfant
et al.”. In their studies they detected a statistically sig-
nificant reduction of the collagenases MMP-1 (-8,-13) 6
weeks after periodontal therapy, and they observed a
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Graph 1. Correlation between IDP and MMP-1 in patients with chronic periodontitis
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Graph 2. Correlation between Gl and MMP-1 in patients with chronic periodontitis
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Graph 3. Correlation between CAL and MMP-1 in patients with chronic periodontitis

post-therapy reduction in gingival bleeding index, indi-
cating reductions in gingival inflammation. Similar
results were noted by Buduneli, Tuter and Sorsa'®'** in
their previous studies, investigating MMP changes asso-
ciated with treatment of chronic periodontitis. Some
other authors suggest that tissue extracts and cultured
tissue samples from inflamed gingiva increase the colla-
genase activity, compared with healthy gingiva®.

Graph 2 shows the correlation between the IGI
(index of gingival inflammation) and MMP-1 in patients
with chronic periodontitis. Pearson’s coefficient of cor-
relation suggests that there is a significant, strong, posi-
tive correlation between these parameters (r =0.77).

The loss of attachment was strongly, positively cor-
related with the concentrations of examined MMP-1 in
patients with a chronic form of periodontal disease
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Graph 4. Correlation between the index of bone resorption and MMP-1 in patients with a chronic form of periodontal

disease

(r=0.83). This means that increasing levels of MMP-1 in
inflamed gingival tissues lead to a severe loss of epithe-
lial attachment. Chronic periodontal inflammation is
characterized by increased apical proliferation and
migration of gingival sulcular epithelial cells. This
results in degradation of periodontal ligament collagen
fibers and finally irreversible loss of tooth attachment. In
periodontal diseases, inflamed gingival sulcular epitheli-
um exhibits local loss of integration, evidently associat-
ed with epithelial migration into underlying periodontal
connective tissue”.

Graph 3 shows the correlation between CAL (clinical
attachment loss) and MMP-1 in patients with chronic
periodontitis. Pearson’s coefficient of correlation sug-
gests that there is a significant, very strong positive cor-
relation between these parameters (r = 0.83).

Pearson’s coefficient of correlation suggests that the
resorption of the alveolar bone is strongly, positively
correlated with the concentrations of examined MMP-1
in patients with a chronic form of periodontal disease
(r=0.76). Our findings agree with Hayami et al.”. In
their studies they indicate that inhibition of collagenases
with dexamethasone increases the formation of mineral-
ized nodules in the PDL. During the periodontal disease,
destruction and loss of extracellular matrix (ECM)
occurs which is mediated by MMP originating from
inflammatory and resident cells present in the periodon-
tal ligament complex. PDL cells are crucial for the
regeneration of lost periodontal and mineralized tissues,

through processes due to differentiation of precursor
cells into osteoblasts. Hajami et al.** suggest that with
the presence of elevated levels of MMP-1 (or MMP-13),
such differentiation can be inhibited, because of the
reduced amount of osteoblasts which are able to mend
and repair the bone tissue. Moreover, they suggest fur-
ther in vivo studies on animal models, aiming to get
more information about the mechanisms that involve
MMP-1 and/or MMP-13 in the inhibition of osteoblasto-
genesis and limited bone repair.

Graph 4 shows the correlation between the bone
resorption index and the concentration of MMP-1 in
patients with chronic periodontitis. Pearson’s coefficient
of correlation suggests that there is a significant positive
correlation between these parameters (r = 0.76).

Conclusion

The microorganisms from the biofilm initiate the
production of the collagenase-MMP-1 and their concen-
trations rise with the development of the inflammatory
processes, leading to the loss of attachment and resorp-
tion of the alveolar bone.
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