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INTRODUCERE

La ora actuala se inregistreaza o crestere progresiva a studiilor de investigare a
proprietatilor noilor materiale de restaurare dentara directa, din perspectiva analizei
proprietatilor optice, fizice, chimice si de calitate a adeziunii. Aceste studii vizeaza
aplicabilitatea clinica a evolutiei complexe si variate a materialelor giomere fluide, prin
comparatie cu materialele componente si cu cele anterior disponibile in domeniu.
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Scopul acestei teze de doctorat constd in analiza complexda a proprietatilor
noilor materiale hibride giomere fluide, pentru restaurari directe. Totodat3, studiul de
fata urmareste aplicarea cunostiintelor dobandite pentru sintetizarea si analiza unui
material giomer experimental, cu proprietati comparabile materialelor comerciale.

STADIUL ACTUAL AL CUNOASTERII

Aceastd sectiune trateazd, pe parcursul a trei capitole, urmatoarele aspecte
teoretice: a. definirea si clasificarea principalelor materiale de restaurare dentara
esteticd directe disponibile, aceste materiale fiind: cimenturile ionomere de sticla,
rasinile compozite si materialele hibride; b. proprietdtile complexe ale materiale de
restaurare dentara estetica directa; c. prezentarea pe larg a proprietatilor si aplicatiilor
clinice complexe ale materialelor hibride giomere.

CONTRIBUTIA PERSONALA
Studiul 1. Absorbtia de apa si solubilitatea giomerilor fluizi

Obiective

Obiectivul acestui studiu a fost analizarea unui giomer experimental, preparat in
laboratorul Universitatii ,Babes Bolyai” UBB-ICCRR, privind: a. absorbtia de apa si
solubilitatea In apa distilata; b. modificarile de suprafata si rugozitate, tnainte si dupa
imersia in apa distilatd, In comparatie cu trei variante comerciale de giomeri fluizi:
Beautifil Flow Plus X F00, Beautifil Flow F02, Beautiful Flow Plus X FO3 (Shofu Dental,
Japonia), toate de culoare A2.

Material si metoda

Giomerul experimental a fost fabricat prin amestecarea rasinii cu umplutura de
sticla pre-reactionata.

Materialele comerciale selectate au fost: Beautifil Flow Plus X F00, Beautifil Flow
F02 si Beautifil Flow Plus X FO3 de la Shofu, Kyoto, Japonia.

Au fost pregatite sase esantioane din fiecare material (7,5 mm in diametru si 1
mm grosime). Esantioanele au fost depozitate 24 h Intr-un desicator si ulterior
cantarite, obtindnd masa initiala (m1). Grosimea si diametrul fiecarui esantion au fost
masurate cu un subler electronic, iar volumul a fost calculat dupa formula: V = nir2h
[mm3], unde r reprezinta raza medie, h reprezinta grosimea medie si V reprezinta
volumul.

Toate esantioanele au fost stocate in 30 mL de apa distilatd, in recipiente
individuale de sticla, timp de 30 de zile, intr-o baie termostatata, la 37 °C (*2). Dupa 24
de ore, esantioanele au fost cantdrite, obtindnd m2. Urmatorul pas a fost pastrarea
intr-un desicator, pand la obtinerea unei mase constante m3. S-a repetat cantdrirea
esantioanelor in zilele 2, 3, 7, 14, 21 si 30 si s-a calculat solubilitatea si absorbtia de apa
a giomerilor studiati.
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Toate esantioanele au fost investigate prin microscopie electronica de baleiaj
(SEM) si microscopie de forta atomica (AFM), in vederea caracterizarii starii initiale si
dupa expunerea suprafetei materialului la mediul umed.

Rezultate

in cazul giomerului experimental, s-au inregistrat valorile cele mai mari ale
absorbtiei de apa, dintre materialele testate in zilele 3, 7, 14, 21, 30. Valoarea cea mai
scazuta a absorbtiei de apa, pentru fiecare dintre zilele de investigatie, a fost
inregistrata de materialul B-F0O.

Giomerul B-F02 inregistreaza cea mai scazuta valoare a solubilitatii, urmat de B-
F00. Giomerul experimental inregistreaza cea mai ridicata solubilitate in apa.

La momentul initial, B-FO3 prezenta cea mai scazuta valoarea a rugozitatii,
dintre materialele comerciale, iar G avea cea mai scdzutd rugozitate dintre toate
materialele studiate. La finalul perioadei de imersare, B-F00 a avut suprafata cea mai
putin rugoasa dintre materialele analizate. Cea mai importanta crestere a rugozitatii a
fost inregistrata in cazul materialului experimental G.

Concluzii

Studiul de fata aduce informatii importante privitoare la comportamentul
acestor materiale in momentul expunerii la mediul umed.

Studiul 2. Cercetarea proprietatilor mecanice, a eliberarii de fluor si de
monomer rezidual caracteristice giomerilor

Obiective

Obiectivul prezentului studiu este de a face o comparatie detaliata intre un
giomer fluid si trei giomeri comerciali de la Shofu Inc. Kyoto, Japonia, cu privire la
eliberarea de fluor, monomeri reziduali si proprietatile mecanice.

Material si metoda

Pentru analiza eliberarii de fluor, din fiecare material au fost preparate 5 probe
(1 mm grosime, 15 mm in diametru), care au fost plasate in 45 ml apa distilata si 5 ml
solutie tampon TISAB III, la 372C. Masuratorile specifice au fost efectuate zilnic in
primele 7 zile ale experimentului, iar apoi in a 14-a, 21-a, 30-a si a 60-a zi. Analiza
eliberarii ionilor de fluor a fost efectuata cu ajutorul unui electrod selectiv precalibrat,
cu solutii standardizate cu concentratii variind intre 10-5-102 mol/L F-. Toate
masuratorile, atat pentru solutiile investigate, cat si pentru cele standardizate, au fost
efectuate In 50 ml apa distilata si solutie tampon TISAB III (45:5) la 379C (¥2).

Pentru analiza eliberarii monomerilor reziduali, dupa 60 de zile, mediul de
depozitare (apa distilata/TISAB III) a fost congelat si apoi liofilizat. Monomerii
reziduali au fost separati din mediul de stocare liofilizat si reziduul a fost resuspendat
in 0,6 ml de acetonitril, filtrat in filtre PTFE (filtru cu pori pentru ionul de fluor) de 0,22
um si analizat prin HPLC (cromatografie).
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Testele au fost efectuate cu un cromatograf echipat specific: cu o pompa
inteligentd, o unitate de gradient ternar, un termostat de coloand, un detector
inteligent si o supapa de injectie.

Pentru analiza fiecarei proprietatil mecanice, cate 10 probe din fiecare material
au fost fabricate in matrite de teflon: pentru rezistenta la compresiune probele sunt de
forma cilindricd, avind 8 mm inaltime si 4 mm in diametru; pentru rezistenta la
tractiune, avand o forma cilindrica, de 3 mm grosime si 6 mm in diametru; pentru
rezistenta flexiune, avand forma dreptunghiulara de 25 mm lungime, 2 mm fnaltime si
2 mm latime.

Rezultate

La sfarsitul perioadei de investigatie, la 60 de zile, valorile medii ale cantitatilor
totale de fluor eliberate au fost urmatoarele: 32,92 ppm (F02), 23,06 ppm (F03), 22,04
ppm (G) si 6,08 ppm (F00). Pentru eliberarea cumulatd de fluor, exista diferente
statistic semnificative intre toate grupurile analizate (p<0,05) pe parcursul fiecarei zile
de investigatie.

Cel mai mare procent de monomeri reziduali (Bis-GMA si TEGDMA) este prezent
in mediul de depunere a FOO (3%), in timp ce valoarea cea mai scdazuta a fost gasita
pentru G (1,2%). Giomerii comerciali au eliberat un procent mai mare de TEGDMA,
giomerul experimental a eliberat un procent mai mare de Bis-GMA.

Toti giomerii au prezentat valori ale rezistentelor la flexiune mai mari decat
limita impusa de standardul in vigoare, astfel Incat toate materialele testate, inclusiv
giomerul experimental, au proprietati mecanice adecvate pentru utilizarea clinica.

Concluzii

Studiul de fatd aduce informatii importante privitoare la proprietatilor
mecanice, eliberarea de fluor si de monomer rezidual caracteristice giomerilor fluizi
analizati.

Studiul 3. Proprietatile optice si de mascare ale giomerilor fluizi

Obiective

Scopul acestui studiu a fost compararea culorii, transluciditatii si capacitatii de
mascare a giomerilor fluizi, avand diferite nuante si proprietati de curgere.

Material si metoda

Pentru prepararea esantioanelor s-au folosit trei giomeri comerciali cu
proprietati de curgere diferite: F00-minim3, FO3-medie, FO2-medie, in doua culori (A2
si A3). Materialele au fost depuse intr-o matrita rotunda si s-au obtinut discuri de 1
mm grosime (10 mm in diametru). S-au confectionat 21 de esantioane din fiecare
culoare, din fiecare material (126 esantioane in total). Fundalurile s-au pregatit similar,
folosind giomeri in culorile A2, A3 si respectiv C3.

S-a masurat spectrul de reflectanta a fiecarui esantion, asezat pe fundalurile alb,
negru, A2, A3, C3, avand sucroza interpusa cu rol de mediu optic.
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S-au calculat diferentele de culoare Intre esantioanele asezate pe fundal alb,
transluciditatea si capacitatea de mascare, cu formula CIEDE2000.

Rezultate

Parametrii L* si a* ai probelor A2 nu au prezentat diferente statistic
semnificative intre cele trei tipuri de materiale (p>0,05). Parametrul b* a fost
semnificativ diferit pentru perechile F00-F02 si FO0-F03. Pentru probele de culoare
A3, parametrul L* a prezentat diferente statistic semnificative intre cei trei giomeri
(p<0,05).

Materialul cel mai putin translucid a fost F00. Cele mai mari diferente de
transluciditate au fost observate intre materialele FOO si F02, atidt pentru probele
colorate A2, cat si pentru A3. Aceste diferente au fost peste pragul de perceptibilitate;
cu toate acestea, toate valorile au fost sub pragul de acceptabilitate.

Capacitatea de mascare a probelor colorate A2 a fost semnificativ diferita intre
toate cele trei materiale (p<0,05). Cu toate acestea, capacitatea de mascare a probelor
colorate A3, pentru acelasi fundal, a fost semnificativ diferitd doar intre materialele
F00-F03 si F02-F03. Diferenta de culoare a depasit pragurile de perceptibilitate si
acceptabilitate, In toate circumstantele.

Concluzii

Giomerii fluizi prezinta parametrii de luminozitate si transluciditate ridicati si o
capacitate de mascare insuficienta pentru fundalul C3.

Studiul 4. Investigarea calitatii adeziunii unor sisteme adezive
autogravante, cu si fara eliberare de fluor

Obiective

Scopul studiului de fata constd in evaluarea prin SEM a calitdtii adeziunii
obtinute la nivelul cervical al dintilor, utilizdnd adezivi autogravanti, cu si fara
eliberare de fluor.

Material si metoda

La nivelul unui lot de dinti extrasi s-au preparat cate doua cavitati cervicale,
palatinal si vestibular, cu dimensiunile: 4 mm de la marginea gingivala la cea coronars,
5 mm mezio-distal si 1.5 mm profunzime. Hibridizarea plagilor dentinare s-a facut cu
FL Bond, adeziv autogravant cu eliberare de fluor si cu Beautibond, adeziv autogravant
fara eliberare de fluor, la nivelul aceluiasi dinte. Toate cavitatile au fost obturate cu
Beautifil FOO.

S-au efectuat 800 de cicluri de termociclare, apoi dintii au fost inglobati in rasina
acrilica si sectionati, pentru expunerea interfetelor dinte-obturatie. Zonele de interfata
au fost analizate prin SEM.

Rezultate

In cazul legiturii adezive relizate de adezivului autogravant fari eliberare de
fluor, s-a remarcat o desprindere frecventa sau aparitia de fisuri la nivelul interfetei cu
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structura dentard. Aspectul stratului adeziv autogravant cu eliberare de fluor din
studiu a aratat o legatura stabilad atat la nivelul structurilor dentare cervicale, cat si la
nivelul materialului de obturatie a adezivului FL Bond. S-au decelat putine zone
fisurate sau desprinse, un strat adeziv de grosime crescutd, precum si dimensiunea
variabila a particulelor de sticla pre-reactionata, prezente in interiorul acestuia.

Concluzii

Studiul de fata aduce informatii importante privitoare la proprietatilor adezive
ale adezivilor autogravanti cu si fara eliberare de fluor.

Concluzii generale

1. Cantitatea similara de umplutura a giomerul experimental G si materialul B-
F02 le induc comportament asemanator in cazul expunerii la mediul umed.

2. Toate materialele investigate au prezentat valori negative ale solubilitatii.

3. In ceea ce priveste absorbtia de ap3, analiza efectuatd a aritat diferente
semnificative intre toate cele patru grupuri de materiale cu exceptia perechii F02 si
F03. Cea mai mare valoare a absorbtiei la finalul perioadei de investigatie a fost
inregistrata in cazul materialului G si F02, aspect evidentiat si prin SEM si AFM.

4. Prin cantitatea zilnica de fluor eliberata giomerii se dovedesc eficienti in ceea
ce priveste posibilitatea preventiei cariilor si remineralizarea tesuturilor. Cea mai
mare valoare medie pentru eliberarea totalda de fluor/zi este inregistrata pentru
materialul FO2.

5. Monomerii reziduali eliberati sunt inevitabili in cazul expunerii constante
actiunii fluidelor orale si diferda in functie de materialul analizat astfel: giomerii
Beautifil au eliberat un procent mai mare de TEGDMA, giomerul experimental a
eliberat un procent mai mare de Bis-GMA

6. Toti giomerii au prezentat valori ale rezistentelor la flexiune mai mari decat
limita impusa de standardul in vigoare, astfel incat toate materialele testate, au
proprietati mecanice adecvate pentru utilizarea clinica.

7. S-a gasit o corelatie intre cantitatea de umplutura a materialelor giomere
fluide si proprietatile optice ale acestor materiale.

8. Giomerii fluizi au un grad mare de transluciditate si capacitate scazuta de
mascare a unui substrat discromic, la grosimea de 1 mm.

9. Diferentele de culoare dintre giomerii fluizi cu aceeasi culoare se situeaza sub
pragul de perceptibilitate, in majoritatea cazurilor.

10. Probele de culoare A2 au avut o capacitate de mascare mai mica decat
esantioanele de culoare A3.

11. Adezivii autogravanti realizati In conformitate cu tehnologia S-PRG arata
prin investigatii SEM capacitatea formarii unui strat hibrid puternic si rezistent
solicitdrilor specifice din cavitatea orala.
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INTRODUCTION

There is currently a gradual increase in studies investigating the properties of
new direct dental restorative materials, from the perspective of analyzing the optical,
physical, chemical and adhesive properties. These studies evaluate the clinical
applicability of the complex and varied evolution of flowable giomers, in comparison to
the component materials and other materials previously available in the field.
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The aim of this doctoral thesis is to analyze the complex properties of the new
flowable hybrid materials, for direct restorations. At the same time, the present study
aims to apply the knowledge acquired for the synthesis and analysis of an
experimental giomer material, with properties comparable to commercial materials.

CURRENT STATE OF KNOWLEDGE

This part is comprised of three chapters, detailing the following theoretical
aspects: a.The definition and classification of the available direct dental restoration
materials, these materials being: glass-ionomers, composite resins and hybrid
materials; b. the complex properties of direct aesthetic dental restoration materials; c.
the comprehensive presentation of the complex clinical properties and applications of
the hybrid giomer materials.

PERSONAL CONTRIBUTION
Study 1. Water sorption and solubility of flowable giomers

Objectives

The objective of this study was to analyze an experimental giomer, prepared in
the laboratory of ,Babes Bolyai” University UBB-ICCRR, regarding: a. Water sorption
and solubility in distilled water; b. surface changes and roughness, before and after
immersion in distilled water in comparison with three commercial variants of flowable
giomers: Beautifil Flow Plus X F00, Beautifil Flow F02, Beautiful Flow Plus X F03
(Shofu Dental, Japan), all color A2.

Materials and methods

The experimental giomer was made by mixing the resin with the pre-reacted
glass filler.

The selected commercial materials were: Beautifil Flow Plus X F00, Beautifil
Flow F02 and Beautifil Flow Plus X FO3 from Shofu, Kyoto, Japan.

Six samples of each material (7.5 mm in diameter and 1 mm thick) were
prepared. The samples were stored for 24 hours in a desiccator and then weighed,
obtaining the initial mass (m1). The thickness and diameter of each sample were
measured with an electronic caliper, and the volume was calculated according to the
formula: V = mr2h [mm3], where r represents the average radius, h represents the
average thickness and V represents the volume.

All samples were stored in 30 mL of distilled water in individual glass
containers for 30 days in a thermostatic bath at 37°C (* 2). After 24 hours, the samples
were weighed, obtaining m2. The next step was to keep them in a desiccator until a
constant mass m3 was obtained. The weighing of the samples was repeated on days 2,
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3, 7, 14, 21 and 30 and the solubility and absorption of the studied giomers were
calculated.

All samples were investigated by scanning electron microscopy (SEM) and
atomic force microscopy (AFM), in order to characterize the initial state of the surface
and the post water-exposure state of the surface, of each material.

Results

For the experimental giomer, the highest values of water sorption were
recorded, among the tested materials, on days 3, 7, 14, 21, 30. The lowest value of
water sorption, for each investigation day, of was recorded for material FOO.

Giomer F02 has the lowest solubility value, followed by F00. The experimental
giomer has the highest water solubility.

Initially, FO3 had the lowest surface roughness of the commercial materials, and
G had the lowest surface roughness of all the materials studied. At the end of the
immersion period, the FOO had the least rough surface of the analyzed materials. The
most significant increase in roughness was registered for the experimental material G.

Conclusions

The present study provides important information on the behavior of these
materials when exposed to a wet environment.

Study 2. Research on the mechanical properties, fluoride and
monomer releasing of the flowable giomers

Objectives

The aim of this study was to make a detailed comparison between an
experimental flowable giomer and three commercial ones, from Shofu Inc. Kyoto,
Japan, on fluoride release, residual monomers release and mechanical properties.

Materials and methods

For the fluoride release analysis, 5 samples (1 mm thick, 15 mm in diameter)
were prepared from each material and placed in 45 ml of distilled water and 5 ml of
TISAB III buffer solution, at 37°C. Specific measurements were performed daily for the
first 7 days of the experiment, and then on the 14t, 21st, 30th, and 60t days. The
analysis of fluoride release was performed using a selective pre-calibrated electrode,
with standardized solutions with concentrations ranging from 10-5-10-2 mol/L F-. All
measurements, for both investigated and standardized solutions were performed in 50
ml of distilled water and TISAB III buffer (45:5) at 37°C (¥2).

For the residual monomers release analysis, after 60 days, the storage medium
(distilled water/TISAB III) was frozen and then lyophilized. The residual monomers
were separated from the lyophilized storage medium and the residue was resuspended
in 0.6 ml of acetonitrile, filtered through 0.22 um PTFE (pore filter for fluorine ion)
filters and analyzed by HPLC (high precision liquid chromatography).
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The tests were performed with a specially equiped chromatograph: a smart
pump, a ternary gradient unit, a column thermostat, a smart detector and an injection
valve.

For the analysis of each mechanical properties, 10 samples of each material
were manufactured in teflon molds: for the compressive strength the samples are
cylindrical in shape, having 8 mm in height and 4 mm in diameter; for tensile strength,
cylindrical in shape, 3 mm thick and 6 mm in diameter; for flexural strength, having a
rectangular shape 25 mm long, 2 mm high and 2 mm wide.

Results

At the end of the investigation period, at 60 days, the mean values of the total
fluoride release were as follows: 32.92 ppm (F02), 23.06 ppm (F03), 22.04 ppm (G)
and 6.08 ppm (F00). For cumulative fluoride release, there are statistically significant
differences between all groups (p <0.05), during each day of investigation.

The highest percentage of residual monomers (Bis-GMA and TEGDMA) was
detected in the storage medium of FOO (3%), while the lowest value was found for G
(1.2%). Commercial giomers released a higher percentage of TEGDMA, the
experimental giomer released a higher percentage of Bis-GMA.

All giomers showed values of bending strength greater than the limit imposed
by the standard in force; all tested materials, including experimental giomer, have
mechanical properties suitable for clinical use.

Conclusions

The present study provides important information on the mechanical
properties, the fluoride and residual monomer release, characteristic to the analyzed
flowable giomers.

Study 3. Optical properties and masking capacity of flowable
giomers

Objectives

The aim of this study was to compare the color parameters, translucency and
masking capacity of flowable giomers, with different shades and flowing properties.

Materials and methods

Three commercial giomers with different flowing properties were used for the
sample preparation: F00-low, F03-medium, F02-medium, in two colors (A2 and A3).
The materials were deposited in a round mold and discs 1 mm thick (10 mm in
diameter) were obtained. 21 samples of each color, from each material (126 samples in
total) were made. The backgrounds were prepared similarly, using giomers in A2, A3
and C3 colors, respectively.

The reflectance spectrum of each sample was measured placed on black, white,
A2, A3 and C3 backgrounds, with sucrose interposed, as optical solution.
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The color differences were calculated between the samples deposited on a white
background, the translucency and the masking capacity, with the formula CIEDE2000.

Results

Parameters L* and a* of the A2 samples did not show statistically significant
differences between the three types of materials (p>0.05). Parameter b* differed
significantly for F00-FO2 and F00-F03 pairs. For the A3 color samples, the L*
parameter had statistically significant diferrences between the three giomers (p<0.05).

The least translucent material was F00. The highest translucency differences
were observed between materials FOO and F02, for both A2 and A3 samples. These
differences were above the perceptibility(PT) threshold; however, all values were
below the acceptability(AT) threshold.

The masking capacity of the A2 samples was significantly different between all
materials (p<0.05). However, the masking capacity of A3 samples, for the same
background, was significantly different only between F00-F03 and F02-F03. The color
difference exceeded the PT and AT values in all circumstances.

Conclusions

Flowable giomers have high brightness and translucency parameters and
insufficient masking capacity for the C3 background.

Studiy 4. - Investigation of the adhesion quality of self-etching adhesive
systems, with and without fluoride release

Objectives

The aim of this study was to evaluate the adhesion quality obtained at the
cervical level of teeth, using self-etching adhesives, with and without fluoride release,
using scanning electron microscopy (SEM).

Materials and methods

On a group of extracted teeth, two cervical cavities were prepared, on the palatal
and buccal surfaces, with the following dimensions: 4mm from the gingival to the
coronary margin, 5mm mesio-distal and 1.5mm in depth. The FL Bond self-etch,
fluoride releasing adhesive was used on one side and Beautibond, fluoride-free self-
etch adhesive, on the opposing side of the same tooth. All cavities were filled with
Beautifil FOO.

A number of 800 cycles of thermocycling were performed, and then the teeth
were embedded in acrilyc resin and sectioned to expose the tooth-filling interfaces.
The interface areas were analyzed by SEM.

Results

The tooth-filling interface aspect of the self-etch adhesive without fluoride
release had frequent detachments or defects. The aspect of the self-etch fluoride-
releasing adhesive layer had a more stable interface between tooth and filling. Few
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cracked or detached areas appeared, a thick layer of adhesive was noticeable, as well
as variable sizes of the pre-reacted glass particles present inside the hybrid layer.
Conclusions
The present study provides important information on the adhesive properties of
self-etching adhesives with and without fluoride release.

General conclusions

1. The similar amount of filler of experimental giomer G and material F02
induces similar behavior in case of wet environment exposure.

2. All investigated materials showed negative solubility values.

3. In terms of water sorption, the analysis performed showed significant
differences between all four groups of materials, except the F02 and F03 pair. The
highest sorption values were recorded for material G and F02, which was also shown
by SEM and AFM investigations.

4. The daily amount of fluoride released by the giomers proves to be effective in
terms of caries prevention and remineralization. The highest average value for total
fluoride release/day was recorded for material FO2.

5. The residual monomers released are unavoidable in case of constant
exposure to the action of oral fluids and differ depending on the material analyzed as
follows: Beautifil giomeres released a higher percentage of TEGDMA, the experimental
giomer released a higher percentage of Bis-GMA.

6. All giomers showed values of bending strength greater than the limit imposed
by the standard in force, so all tested materials have mechanical properties suitable for
clinical use.

7. A correlation was found between the amount of filler of flowable giomers and
the optical properties of these materials.

8. Flowable giomers have a high degree of translucency and a low masking
capacity of a dyschromic substrate, for 1 mm sample thickness.

9. The color differences between flowable giomers with the same color are
below the perceptibility threshold, in most cases.

10. The A2 samples had a lower masking capacity than the A3 samples.

11. Self-etching adhesives with S-PRG technology show through SEM
investigations the ability to form a strong hybrid layer, resistant to the specific
demands of the oral cavity.



