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Published: December 2019 In this study, nanoparticles of silver powder (NAg) of 0.1 and 1% by

weight percent were added into the resin modified glass ionomer
powder. The resin-modified glass-ionomer cement (RMGIC) was used
as a control without the addition of silver nanoparticles (Nag).The
effects of silver powder nanoparticles (NAg) on shear bond strength,
flexural strength, compression strength, tensile strength and fracture
toughness were measured using a universal testing machine from
Lloyd. Recorded values of shear bond strength, bending strength,
compression strength, tensile strength in (MPa) and fracture toughness
in (MPa.m1/2) were collected, tabulated and statistically analysed. For
testing the significance between the means of tested properties of all
tested materials, which are statistically significant when the P value <
0.05, one way analysis of variance (ANOVA) and Tukey 's tests were
used. The addition of silver nanoparticles (NAg) to the glass ionomer
modified by the resin resulted in significantly higher shear bond
strength, flexural strength, compression strength, tensile strength and
fracture toughness. These results show that silver nanoparticles (NAg)
added to the resin-modified glass-ionomer cement can be used as a
dependable restorative material with improved shear bond strength,
flexural strength, compression strength, tensile strength and fracture
toughness. The addition of spherical nanoparticles of silver powder(
NAg) to RMGIC powder has been concluded that the shear bond
strength, flexural strength, compression strength, tensile strength and
fracture toughness increase.
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Introduction:-

In recent years, the use of amalgam as a restorative has decreased and this can be attributed to public concern
regarding the safety controversy'”. There is now a tendency towards the use of tooth-colored restorative materials
especially composite resins®.

However, resin composites still have their own significant deficiencies such as relative complicated manipulation
technique, non-adhesion to tooth, shrinkage, water absorption and relatively high thermal expansion coefficients® .
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Efforts have been made to find an alternative that can eliminate or reduce the disadvantages of amalgams and resin
composites®. Glass—ionomer cements (GICs) have so far been considered a leading candidate ®. GICs have shown
numerous unique characteristics that both resin composites and amalgams do not have ©”.Due to the ability to link
with calcium ions in the tooth, these unique properties include direct adhesion to the tooth®, anticariogenic
properties due to release of fluoride ©, due to low thermal expansion coefficients similar to the tooth, thermal
compatibility with tooth enamel and dentin ®, minimized microleakage due to low shrinkage at the tooth-enamel
interface ®, and low cytotoxicity due to low monomer content incorporated “°*%).regardless of numerous advantages
of GICs , low mechanical strength, brittleness and poor wear resistance have restricted the current GICs for use
mainly at certain low stress-bearing sites such as Class Il and Class V cavities
67 Recent improvements have resulted in materials with sufficient strength to withstand biting forces in both decidu
ous and permanent teeth in cavities of class | and class Il. They are the materials of choice for use with the A
traumatic Restorative Treatment (ART) technique'®. More recently introduced, resin-modified glass ionomer
cements (RM-GIC) claim to improve the mechanical properties of GICs™®.

The light-cured resin modified glass-ionomer cements are hybrid materials prepared by the incorporation of
photopolymerizable components into a conventional acid-base mixture. They consist of a complex mixture of
components, and may include; Poly acrylic acid or a modified poly acrylic acid, a photocurable monomer such as
hydroxyethyl methacrylate, HEMA, or a photocurable side chain grafted onto the poly (acrylic acid), a further
photopolymerizable molecule conventionally used in dental composite resin filling materials, such as bis-GMA or
similar substance, an ion-leachable glass and water.

(RMGICs) reduce the problems of moisture sensitivity and low early mechanical strength associated with
conventional glass ionomer cement™®. They are easier to be handled clinically*’; exhibits extended working time
and have significant improvement on some of the mechanical properties, such as flexural strength and diametral
tensile strength. The flexural strength and diametral tensile strength of RMGICs were reported to be 2-3 times
higher than those for conventional glass ionomer cement*®,

Silver is a metal known for its broad spectrum of activity against bacteria, fungi and certain viruses and in the form
of nanoparticles its properties are considerably enhanced '*%. Silver nanoparticles have affinity with molecular
groups that contain sulfur and phosphorus, which are found in bacterial membranes and within bacterial cells. These
nanoparticles release silver ions, damaging transmembrane electron transportation and preventing DNA
replication®®, On the other hand, several studies have demonstrated that silver nanoparticles are non-toxic to both
animals and humans cells**?. Indeed, nowadays silver nanoparticles are being applied as antimicrobials
incorporated in biomaterials and food packaging, and in coatings for water filters, washing machines, refrigerator
and air purifiers, in order to reduce surface microbial biofilm formation* %,

The objective of this study was to evaluate the shear bond strength, flexural strength, compression strength, tensile
strength and fracture toughness of nanoparticles of silver (NAg) added to resin-modified glass ionomer cements
(RM-GIC).

Material and Method:-

Resin-modified glass—ionomer cement (RMGIC) (3M Dental Products, St. Paul, MN, USA) was used as the control.
The powder was 100% fluoro-alumino-silicate glass; the liquid was composed of polyalkenoic acid and a mixture of
other acrylates and light sensitive catalyst The resin-modified glass ionomer powder was added nanoparticles of
silver powder (NAg) of 0.1, 0.5 and 1 by weight percent.

Grouping of Specimens:-

The specimens were divided into 4 main groups of 30 specimens for each laboratory test (bond strength, flexural
strength, compression strength, tensile strength and fracture toughness). Each group was subdivided into 3
subgroups of 10 each specimens as following: Group A: RMGIC powder without any additives (control group),
Group B: RMGIC powder with 0.1 wt % NAg, Group C: RMGIC powder with 1 wt % NAGg.

Shear bond strength:-

Mold construction:

A specially designed split Teflon mould was manufactured to formthe 3 mm diameter and 2 mm thick RMGI disk
sample. The mold consisted of a metal ring that held two halves of Teflon together. These dimensions have been
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determined by Almummar etal 200127

Specimen preparation:

Non carious human molars were selected freshly extracted. The study included only sound enamel free of cracks or
staining .Saline solution used to store the extracted teeth to obtain buccal and lingual surfaces, they were sectioned
mesio distally. Each surface was embedded in self curing acrylic resin using a 2 cm long Teflon mold, 1 cm wide
and 1 cm thick, so that the external surface could be exposed. The blocks were stored in normal saline until they
were use after polymerization was completed before application of RMGIC, each surface was treated with a cavity
conditioner for 10 seconds according to the manufacturer's instructions, rinsed with water, air sprayed and then the
mold was centralized into the surface and Resin modified glass ionomer cement (RMGIC) is packed in the mold
using a plastic spatula, a celluloid matrix has been applied to the material in order to obtain a smooth finished
surface . The Curing time for RMGIC materials was 40 seconds using visible light Curing unit (light emitting
diodes) (LED ) according to the manufacturer's instructions. The celluloid matrix was removed after Curing and the
Teflon mold was carefully split and removed . After the mold was removed, side curing was carried out to ensure
proper polymerization. The acrylic blocks were stored at 370C for 24 hours in distilled water. Radiometer Curing
equipment used to ensure stable light intensity during the polymerization of all specimen

Shear bond strength testing:
Shear bond testing was done using a universal testing machine (Lloyd mechanical testing machine) at a cross head
speed of 0.5mm/min as shown in figure 1.

A specially designed upper attachment for the machine was fabricated with the same dimensions of the RMGIC disc
(3mm in diameter and 2mm in thickness) to fit into it.

The blocks were then mounted on the lower attachment and the upper attachment held the RMGIC disc on the
testing machine. They were then tested in shear at a crosshead speed of 0.5mm/min until fracture.

Maximum load needed to fracture the bond was obtained in Newton (N).
The shear bond strength in Kg/Cm? was calculated from the equation:
os=P/n.r’

Where:

os: shear bond strength in Kg/Cm?

P is the shear load in Kg

n=23.14

r is the radius of the specimen in Cm

The shear bond strength was converted to MPa by multiplying the results by 0.09807.

BG-light-LTD,4002 Plovdiv, 430- 490nm, Bulgaria.
LI-189.Li-Cor Inc,Lincoln,NE68504,USA.
Lloyd universal testing machine (model LRX plus Il. Fareham, England

Specimens’ preparation for mechanical testing:

Each group was mixed with glass ionomer cement liquid on a glass slab using plastic cement spatula. The mixed
cement was condensed in the Teflon mold which was placed on glass plate. Celluloid strips covered the specimens
and pressed with another glass plate. All specimens were exposed for 2 minutes to light emitting diodes (LED) (BG-
light -LTD, 4002 Plovdiv, 430-490 nm, Bulgaria). After setting the specimens were removed from the mold and
stored in distilled water 24 hours Prior testing. Radiometer Curing equipment used to ensure steady light intensity
during the polymerization of all specimens (LI-189.Li -Cor Inc, Lincoln, NE68504, USA) .Lloyd mechanical testing
machine (Lloyd instrument, LRX plus PI No. 01/2962 England) was used to measure all specimens.
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Fig 1:- A photograph of shear bond strength testing

Flexural strength:

Mold construction:

A specially designed Teflon mold was manufactured to form a rectangular specimen with 25 mm length, 5 mm
width and 3 mm height dimensions. These dimensions were determined in accordance with the International
Organization for Standards 1SO No0.4049 (2000) recommendation

Flexural strength testing:

Flexural strength was quantified by a three point loading test using Lloyd mechanical testing machine as shown in
figure 2. Each specimen was adjusted to the bending attachment consisting of two parallel supports 20 mm apart and
the load was applied with a third rod placed centrally between the two support. The specimens were loaded to
fracture at a speed of 0.75 mm / min. The maximum force required to fracture the specimens from the stress strain
curve was recorded in Newtons. The flexural strength was calculated in (MPa) for all specimens from the following
equation:

Q=23PI/ 2bd’.
Where Q the flexural strength in MPa, (P) is the maximum load at the point of fracture in (N), | is the distance
between the supports (mm), b is the width of the specimen and d is the thickness of the specimen.

Fig 2:- A photograph of flexural strength testing

Compressive strength:-

Mold construction:

In accordance with International Standards Organization (1SO) No 9917 (2000), a specially designed Teflon mold of
4 mm in diameter and 6 mm in height was manufactured.
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Compressive strength testing:
The specimens were loaded on done using a universal testing machine at a cross head speed of 0.5mm/min as shown
in figure (3).

The specimens were placed with flat end vertically between the two metal plates.
The load was applied until the specimen was crushed and the peak force required to fracture each specimen was
recorded in Newton from stress strain curve. The compressive strength was calculated in (MPa) using the following

equation:

Compressive strength = 4P/nd
Where (P) is the load at the fracture point (N) and d is the diameter (mm) of the specimen.

~—

Fig 3:- A photograph of compressive strength testing

Diametral tensile strength:

Resin-modified glass—ionomer cement is a brittle material that cannot withstand tensile stresses; therefore, an
indirect tensile test is used to measure the tensile strength of resin - modified glass - ionomer cement A compressive
load is placed on a cylindrical sample diameter in this test. The compressive stress induces tensile stress in the force
application plan. The tensile stress is directly proportional to the compressive load in such a situation..

Mold construction:
According to International Standards Organization (1SO) No 7489 (2000), a specially designed Teflon mold with a
diameter of 6 mm and a height of 4 mm was manufactured.

Diametral tensile strength testing:

In this test, the disc specimen was mounted on the Lloyd mechanical testing machine and the load was applied to the
specimen using a cross head speed of 0.5 mm/min applying a compressive force on the specimen until fracture. The
diametral tensile strength was calculated in (MPa) using the following equation:

DTS = 2P/xndt

Where (DTS) is the diametral tensile strength (MPa), (P) is the load (N) at the fracture point, d is the diameter of the
specimen t is the thickness of the specimen.

Fracture toughness:

Mold construction:

A specially designed Teflon mold was manufactured to form a rectangular specimen with a length of 25 mm, a
width of 5 mm and height of 3 mm. These dimensions were determined by the American Society for Tests and
Materials (ASTM Designation) recommendation (E182005, 2005).
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Fracture toughness testing:
In the middle of of each specimen a notch was made on one edge with 2.5 lengths using a sandpaper disk. The
samples were tested by three bending points in a LIoyd mechanical testing machine at a crosshead speed of 2 mm /
min,with the notch on the tensile side and the loading pin aligned with the notch. Fracture toughness was determined
calculated in (MPa.m"2) from the following equation:
KIC = (PQ. S/IBW 1.5) f (alw)
Where KIC is stress intensity factor, PQ is peak load at fracture, S is the distance between supports, a is the notch
depth, w is the width of the specimen and B is the thickness of the specimen and F is calculated from the following
Equation:

(2+a/w) (0.886 +a/w -13.32 a?/w” + a3 /w>-5.6 a*/w?)

Faw) =

(1_a/W)3/2

The recorded values have been collected, tabulated and analyzed statistically. For testing the meaning between the
means of tested properties of all tested materials, which are statistically significant when the P value 0.05, one way
analysis of variance (ANOVA) and Tukey's tests were used..

Results:-

The comparison between the mean shear bond strength in (MPa) in table (1) and figure (4), the mean flexural
strength in (MPa) in table (1) and figure (5), the mean compression strength in (MPa) in table (1) and figure (6), the
mean tensile strength in (MPa) in table (1) and figure (7) and the mean of fracture toughness in (MPa.m"?) in table
(1) and figure (8) of RMGIC groups.

RMGIC powder with 1 wt % nanoparticles of silver (NAg) (group C) showed the significantly highest mean shear
bond strength , highest mean flexural strength, highest mean compression strength, tensile strength and highest mean
fracture toughness followed by RMGIC powder with 0.1 wt % NAg (group B) then RMGIC powder without any
additives (control group) showed significantly lowest mean strength.

Table (1): Comparisor) between the means of shear bond strength in (MPa), flexural strength in (MPa) and fracture
1/2

toughness in (MPa.m™*) of (Nag) tested groups.
Groups Group A Group B Group C P-value
Shear bond strength (MPa) Mean SD Mean SD Mean SD

12.78° | 053 1652° | 047 22.21° 0.2 <0.001*
Flexural strength (MPa) 12.31° 0.83 17.75° 0.87 25.75° 1.1 <0.0001*
Compressive strength (MPa) 48.52° | 2.18 59.08° | 3.55 67.78° 3.76 <0.001 *
Tensile strength (MPa) 4.85° 0.45 5.08° 0.69 7.78° 0.61 <0.001 *
Fracture toughness (MPa.m1/2) 0.17° 0.02 0.369" 0.05 0.566° 0.08 <0.001 *

* Significant at P < 0.05, Means with different letters are significantly different according to Tukey’s test.
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Fig. 4:- Bar chart of means of shear bond strength in (MPa) of the tested groups.
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Fig. 5:- Bar chart of means of Flexural strength in (MPa) of the tested groups.
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Fig. 6:- Bar chart of means of Compressive strength in (MPa) of the tested groups.
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Fig. 7:- Bar chart of means of tensile strength in (MPa) of the tested groups.
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Discussion:-

Glass ionomer cement is one of the most important dental cements popular for its biocompatibility, bacteriostatic pr
operties and double bonding mechanisms (ionic and micromechanical bonds)®®. A contemporary idea to increase the
strength and improve the mechanical properties of glass ionomer cements is added to the cement matrix by different
nanoparticles.

In this study, instead of conventional glass powder, we added silver nanoparticles (NAg) to RMGI. Nanoparticles w
ere higher in crystallinity and colloidal stability is more effective andeasier to apply.Results of this study demonstrat
ed that the incorporation of silver nanoparticles (NAQ) to resin glass ionomer cement increased

bondstrength, flexural strength, compressive strength, tensile strength and fracture toughness ~ compared resin
modified glass ionomer cement.

The results also showed that the increase in the percentage of NAg added to the glass ionomer cement modified by r
esin from 0.1 percent to 1 percent wt also resulted in an increasein all these mechanical properties tested.In the prese
nt study silver nanoparticles (NAg) were incorporated into the resin modified glass ionomer powder
with concentrations of 0.1 and 1 by weight percent.

Silver nanoparticles (NAg) have powerful antibacterial properties®® . Their small particle size and large surface area
could enable them to release more Ag ions at a low filler level, thereby reducing Ag particle concentration necessary
for efficacy®®. The Ag ions in the resin agglomerated to form nanoparticles that became part of the resin®..

The addition of nanoparticles of silver (NAg) was increased compressive strength, diametral tensile strength and
flexural strength. These fillers were able to bond to the matrix by chemical bonding®.

Because the majority of shear bond failures were cohesive failures, the interfacial bond at the interface was stronger
than cohesive bond within the material itself.

Flexural forces are generated under clinical situations, and the dental materials need to withstand the repeated
flexing, bending, and twisting forces®.

The compressive strength of resin-modified glass ionomer cement containing nanoparticles of silver is much higher.
It was due to strong covalent bonds of resin matrix *.

Fracture toughness is a measurement of a material’s ability to resist catastrophic failure and is a better indicator of
clinical strength than average stress-based tests®.

Mitchell et al. compared the fracture toughness of conventional, resin-modified glass ionomer and composite luting
cements and made the same suggestion stating that fracture toughness is a material property and may be a more
reliable parameter to predict clinical performance than compressive or diametral strength measurements™.

Another factor that may influence mechanical properties is the uptake of water. The hydrophobic characteristic of
filler rr31ight influence surface and grain boundary diffusion, and then increase the resistance of the cement to water
uptake®’.

Following post-set water uptake, the acidic monomers of RMGIC ionize then react with the filler to initiate an acid-
base reaction, producing ionic cross-linking®. In these dual setting systems, resin reinforcement produces higher
bond strengths to dental tissues as well as enhanced mechanical strength®*“°.

Conclusion:-

This study shows that incorporation of nanoparticles of silver (NAg) to resin glass ionomer cement increased the
bond strength, flexural strength, compressive strength, tensile strength and fracture toughness as compared to resin
modified glass ionomer cement.

Reference:-

1. Widstrom E, Birn H, Haugejorden O, Sundberg H: Fear of amalgam: dentists’ experiences in the Nordic
countries. Int Dent J 1992;42:65-70.

195



ISSN: 2320-5407 Int. J. Adv. Res. 7(12), 188-197

N~ W

©w

11.

12.

13.

14.

15.

16.
17.

18.
19.

20.

21.

22.
23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Forss H, Widstrom E: From amalgam to composite: selection of restorative materials and restoration longevity
in Finland. Acta Odontol Scand 2001;59:57-62.

Craig R: Restorative dental materials. 10th ed. St Louis, MO: Mosby-Year Book, Inc.; 1997.

Moszner N, Salz U: New developments of polymeric dental composites: Prog Poly Sci 2001;26:535-76.

Smith D: Development of glass—ionomer cement systems. Biomaterials 1998;19:467—78.

Davidson C, Mjzr I: Advances in glass—ionomer cements. Chicago, IL: Quintessence Publ Co; 1999.

Wilson A, McLean J: Glass—ionomer cements. Chicago, IL: Quintessence Publ Co; 1988.

Lacefield W, Reindl M, Retief D: Tensile bond strength of a glass—ionomer cement. J Prosthet Dent
1985;53:194-8.

Forsten L: Fluoride release from glass—ionomer cement. Scand J Dent Res 1977;85:503-4.

. Nicholson J, Braybrook J, Wasson E: The biocompatibility of glass-poly (alkenoate) glass—ionomer cements: a

review. J Biomater Sci Polym Ed 1991;2:277-85.

Hume W, Mount G: In vitro studies on the potential for pulpal cytotoxicity of glass—ionomer cements. J Dent
Res 1988;67:915-8.

Czarnecka B, Deregowska-Nosowicz P, Limanowska-Shaw H, Nicholson J: Shear bond strengths of glass-
ionomer cements to sound and to prepared carious dentine. J Mater Sci 2007;18:845-9.

Wilde M, Delfino C, Sassi J, Garcia P, Palma-Dibb R: Influence of 0.05% sodium fluoride solutions on
microhardness of resin-modified glass ionomer cements. J Mater Sci 2006;17:869-3.

Anstice H, Nicholson J: Studies on the structure of light-cured glass-ionomer cements. J Mater Sci 1992; 3:
447-1.

Sidhu S, Watson T: Resin-modified glass-ionomer materials: a status report for the American Journal of
Dentistry. Am J Dent 1995;8:59-7 .

Jordan R, Suzuki M, MacLean D: Light-cured glass ionomers. J Esthet Dent 1989;1:59-1.

Momoi Y, Hirosaki K, Kohno A, Cabe J: Flexural properties of resin-modified ‘‘hybrid’” glass-ionomers in
comparison with conventional acid—base glass-ionomers. Dent Mater J 1995;14:109-19.

Guggenberger R, May R, Stefan K: New trends in glass- ionomer chemistry. Biomaterials 1998 ;19 : 479-84.
Morones J, Elechiguerra J, Camacho A, Holt K, Kouri J, Ramirez J. The bactericidal effect of silver
nanoparticles. Nanotech J 2005;16:2346-2353.

Kalishwaralal K, BarathManiKanth S, Pandian SRK, Deepak V, Gurunathan S. Silver nanoparticles prevents
the biofilm formation by Pseudomonas aeruginosa and Staphylococcus epidermidis. Coll Surf B: Biointer
2010;79:340-344.

Li Q, Mahendra S, Lyon D, Brunet L, Liga M, Li D et al. Antimicrobial nanomaterials for water disinfection
and microbial control: Potential applications and implications. Water Res 2008;42:4591-4602.

Allaker R: The use of nanoparticles to control oral biofilm formation. J Dental Res 2010;89:1175-1186.

Blecher K, Nasir A, Friedman A. The growing role of nanotechnology in combating infectious disease.
Virulence 2011;2:1-7.

Sayes C, Fortner J, Guo W, Lyon D, Boyd A, Ausman K et al. The differential cytotoxicity of water-soluble
fullerenes. Nano Lett 2004;4:1881-1887.

Sondi I, Salopek-Sondi B. Silver nanoparticles as an antimicrobial agent: a case study on E. coli as a model for
Gram-negative bacteria. J Coll Inter Sci 2004;275:177-182.

Yudovin-Farber I, Beyth N, Nyska A, Weiss El, Golenser J, Domb AJ. Surface characterization and
biocompatibility of restorative resin containing nanoparticles. Biomacromolecules 2008;9:3044-3050
Almuammar M, Schulman A, Salama F: Shear bond strength of six restorative materials. J Clin Pediatr Dent
2001;25:221-5.

Yoon S, Lee YK, Kim YU, Kim MC, Kim KN, Kim SO, et al. The effect of hydroxyapatite on bonding
strength between dental luting cement and human teeth. Key Engineering Mat 2005;284-286:935-956.

Morones J, Elechiguerra J, Camacho A, Holt K, Kouri J, Ramirez J, et al: The bactericidal effect of silver
nanoparticles. Nanotechnology 2005;16:2346-53.

Cheng Y, Zeiger D, Howarter J, Zhang X, Lin N, Antonucci J, et al: In situ formation of silver nanoparticles in
photo cross linking polymers. J Bio Mat Res2011;97B:124-31.

Cheng L, Zhang K, Melo M, Weir M, Zhou X, Xu H: Anti-biofilm dentin primer with quaternary ammonium
and silver nanoparticles. J Dent Res 2012;91:598-04.

Ikemura K, Tay F, Endo T, Phashley D: A review of chemical-approach and ultramorphological studies in the
development of fluoride-releasing dental adhesives comprising new pre-reacted glass ionomer (PGR)
fillers. Dent Mater J.2008;27:315-39

196



ISSN: 2320-5407 Int. J. Adv. Res. 7(12), 188-197

33.

34.
35.

36.

37.

38.

39.

40.

Wang L, D Alpino PH, Lopes LG, Pereira JC. Mechanical properties of dental restorative material: relative
contribution of laboratory test. J Appl Oral Sci. 2003;11:162-67.

Smith D: Composition and characteristics of glass ionomer cements. J Am Dent Assoc. 1990;120:20-2.
Miyazaki M, Moore B, Onose H: Effect of surface coatings on flexural properties of glass ionomers. Eur J Oral
Sci 1996;104:600-4.

Mitchell C, Douglas W, Chen Y: Fracture toughness of conventional, resin-modified glass-ionomer and
composite luting cements. Dent Mater 1999;15:7-13.

Prosser H, Powis, D, Wilson A: Glass-ionomer cements of improved flexural strength. J Dent Res 1986;5:146-
8.

Van Meerbeek B, Mohrbacher H, Celis J, Roos J, Braem M, Lambrechts P, Vanherle G: Chemical
characterization of the resin-dentin interface by micro-Raman spectroscopy. J Dent Res 1993; 72: 1423-8.

Attin T, Buchalla W, Kielbass AM, Hellwig E. Curing shrinkage and volumetric changes of resin-modified
glass-ionomer restorative materials. Dent Mater 1995;11:359-62.

Lin A, Mclntyre N, Davidson R: Studies on the adhesion of glass-ionomer cements to dentin. J Dent Res1992;
71: 1836-41.

197


https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=2404039
https://www.ncbi.nlm.nih.gov/pubmed/2404039

