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Objective: To compare the effect of 4 remineralizing materials on the incipient artificial carious lesion and
its proximal sound enamel when used with fluoride dentifrice.

Study Design: Models mimicking proximal contact were made, each of which was placed with an artificial
carious specimen in contact with a sound enamel specimen. Each carious specimen was treated with one of
four materials: glass ionomer cement (GIC), resin modified glass ionomer cement (RMGIC), 5000 ppm
sodium fluoride (F-gel), and casein phosphopeptide amorphous calcium phosphate (CPP-ACP). The GIC
and RMGIC specimens were thermocycled. Then all specimens were pH-cycled for 5 days with twice a day
soaking in 1,000 ppm NaF dentifrice solution. Specimens were examined by polarized light microscopy and
lesion area quantified by image analysis.

Results: RMGIC significantly yielded smaller areas of lesion than CPP-ACP and GIC (p<0.05). F-gel
reduced more area of lesion than CPP-ACP significantly (p<0.05). In the associated contact, RMGIC sig-
nificantly reduced the area of lesion better than CPP-ACP (p<0.05).

Conclusions:The most effective remineralizing material in reducing the carious lesion areas was RMGIC
followed by F-gel, GIC and CPP-ACP. The demineralization inhibitory effects on the associated sound con-
tact enamel followed the same trend.
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INTRODUCTION
raditionally, caries have been treated by removing the
I affected tooth structure and restoring the cavities with
different dental materials. Management of caries has
now shifted to a more conservative approach, which includes
early intervention before the lesion cavitates.

When proximal caries is detected and after the risk fac-
tors have been modified, the dentist may consider using rem-
ineralizing agents to enhance the reversal of proximal lesion
due to its difficulty to access by saliva.

One way to prevent and reverse caries is to keep the envi-
ronment around the lesion in a state that promotes reminer-
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alization and inhibits demineralization with the use of mate-
rials containing fluoride, calcium phosphate all of which can
be applied professionally or by patients themselves where
there is adequate compliance.

Glass ionomer cements (GIC) and resin modified glass
ionomer cements (RMGIC) are fluoride products for profes-
sional application, while F-gels such as sodium fluoride gel
can be applied by patients. GIC have the ability to release
and reuptake fluoride, which can be especially effective in
preventing recurrent caries."”* Moreover, GIC adheres very
well to enamel and dentin by physicochemical bonding.**

RMGIC has the ability to recharge and release fluoride
like GIC, but in greater amounts®’; it can also bond with
tooth structure. Its advantages over conventional GICs
include better wear resistance,® higher compressive strength
and higher fracture strength.’

Sodium fluoride gels have high fluoride concentrations
and have been shown clinically to reduce the decayed-miss-
ing-filled (DMF) index when compared with the use of low
fluoride concentration materials." After the use of F-gels,
CaF, is formed on the demineralized enamel." Hydrogen
phosphate ions (HPO?,) in saliva are suggested to adsorb to
the active sites (kinks) resulting in fluorapatite formation on
the surface of calcium fluoride crystals, which helps reduce
their dissolution rate.'"'"

Casein phosphopeptide amorphous calcium phosphate
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(CPP-ACP) consists of casein phosphopeptides (CPP),
aggregating with calcium phosphate to form clusters of
amorphous calcium phosphate (ACP) in metastable solu-
tion" preventing calcium phosphate precipitation and result-
ing in a state of supersaturation with respect to enamel thus
depressing demineralization and promoting remineraliza-
tion" throughout the body of a carious lesion.* CPP-ACP
has been shown to remineralize tooth structures and inhibit
the cariogenic mechanism in vitro,”™'*" in animal studies'
and in vivo.""***' Previous research also reported that once
enamel was remineralized by CPP-ACP, it became more acid
resistant."

The objective of this in vitro study was to compare the
effect of 4 remineralizing materials: GIC, RMGIC, F-gel,
and CPP-ACP on the reduction of proximal artificial carious
lesion area and their ability to decrease the extent of caries
formation in intact enamel when used with fluoride denti-
frice. The null hypothesis was that there are no differences
among the four materials in the remineralization of proximal
carious lesions and inhibition of demineralization of associ-
ated intact enamel.

MATERIALS AND METHODS

In this study, the products representing professionally
applied materials were GIC (Fuji VII, GC Corporation,
Tokyo, Japan) and RMGIC (Proseal, Reliance Orthodontic
Products Inc., Itasca, Illinois). Representing self applied
product were 5000 ppm sodium fluoride gel (Prevident,
Colgate-Palmolive Company, New York, USA) and CPP-
ACP (Tooth Mousse, GC Corporation Tokyo, Japan).

Tooth Preparation and Selection, Sectioning

Thirty sound human maxillary premolars and fifteen per-
manent mandibular molars without cracks, white spot
lesions or fillings were collected after extraction for clinical
reasons. The use of these teeth satisfied the requirements of
the Chulalongkorn University Institutional Review Board
(IRB) and informed patient consent was obtained for their
use. All teeth were cleaned and cut bucco-lingually into
mesial and distal halves. Each half was divided longtitudi-
nally into 4 and 6 specimens for premolar and molar groups
respectively, resulting in 12 specimens for each molar and 8
specimens for each premolar. All surfaces of the specimens
were coated with nail varnish except for a 2x1 mm? window
at the same level of the mesial and distal surfaces.

Artificial carious specimens and intact enamel specimens

All specimens were divided into 2 groups. Artificial car-
ious specimens from premolars were immersed in artificial
caries solution (Polyacrylic acid 20% 8 ml, Lactic acid 85%
0.88 ml , saturated hydroxyapatite 50 ml , Deionized water
92 ml ,pH 4.8)*at 37°C for 84 hours, while intact enamel
specimens from molars were kept in deionized water to be
used as sound enamel specimens.

Grouping of specimens

In premolars, 30 randomly selected carious specimens
from each mesial and distal surface were used as original
control, pH-cycling control, and each material applied
group. Every group of premolar specimens except the origi-
nal control group was in contact with intact specimens from
molars.

Premolar X

A

Mesial [ Xistal

N

Distal Mesial

Molar

Premolar : X - Fuji VII

- Proseal

- Prevident

- Original control (kept in deionized
water)

- Control for pH-cycling

Molar : Y

Specimens in contact with those of premolars.

Figure 1. A specimen from a premolar was placed in contact with another specimen from a molar in the proximal contact model.
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Each material was applied according to the manufactur-
ers’ instructions. Eight mm’ of F-gel and CPP-ACP were
applied with proxabrush to specimens, while GIC or
RMGIC were painted to cover 2x1 mm’® surface of the
specimens.

Placing specimens in proximal contact

One carious premolar specimen was placed in contact
with another intact molar specimen within the 1mm. slots of
2 epoxy premolar resin models in contact (Fig. 1). The posi-
tion of both specimens is right below the contact point where
caries usually occurs. A total of 30 treated specimens and 30
intact specimens were used to assemble proximal contact
models for each treatment condition. 30 specimens were
used as original controls and 30 pairs were used as pH-con-
trols for each proximal surface. (Fig. 1)

Thermocycling and pH-cycling model

Three, thirty pairs of models treated with GIC or RMGIC
and their pH-cycling controls were immersed in artificial
saliva and then thermocycled at 5°C and 55°C with 1 minute
dwell time for 500 cycles while 90 pairs of models treated
with CPP-ACP or F-gel and their pH-cycling controls were
immersed in artificial saliva at 37°C for the same length of
time. Then all models went through a pH-cycling process
(Table 1), soaking twice a day in fluoride dentifrice solution
for 5 days. The process of pH-cycling was divided into 2
periods. The first period contained GIC, F-gel and their con-
trol. The second period contained RMGIC, CPP-ACP and
their control.

Embedding of specimens

After the pH cycling, the coronal areas of models con-
taining the specimens were embedded in resin cylinders and

Table 1. pH-cycling procedure

then each specimen was cross-sectioned at the mid-point of
the window with a hard tissue cutting machine (LEICA SP
1600, Nussloch Germany). The sections were approximately
100 um-thick.

Calculating the lesion area

The sections were analyzed for carious lesions with
polarized light microscopy (9300 MEIJI, Saitama, Japan).
The pictures of the lesions were captured with an Axio Cam-
era then adjusted to 100% contrast by Adobe Photoshop
software for the localized carious lesion region. Then, the
areas of lesions were calculated with Image Pro Plus soft-
ware (Image Pro Plus software, version 405) (Media Cyber-
netics Inc., Silver Spring, MD, USA). The delta values for
remineralization were calculated from the differences in
areas of lesions between the experimental specimens and the
pH-cycling controls.

Statistical Analysis

Statistical Analysis was performed with Sigmastat 2.03
software. Mean values and standard deviations of lesion
areas for each group were calculated. The paired Students t-
test was used to analyze the difference between the original
lesion controls from both proximal surfaces to ensure that
there was no statistically significant difference, thus allow-
ing comparison of the results from both surfaces. As the pH-
cycling was processed from 2 periods, the difference
between the lesion area of the pH-cycling control group in
both periods was analyzed by the paired Students t-test to
ensure that the 2 periods were not different in mimicking the
oral environment. One way repeated measurement of vari-
ance (ANOVA) and Turkey’s multiple comparison were used
to analyze the differences among the lesion areas underneath
various materials and the demineralized enamel adjacent to

period duration Procedure
1 1 minute Soak in fluoride dentifrice solution (Fluoride dentifrice mixed with deionized water 1:3 M/V)
5 minutes Immerse in deionized water
3 minutes Remove from deionized water. Apply CPP-ACP to appropriate group
30 minutes Immerse in artificial saliva (Magnesium chloride 0.07 g, Calcium chloride 0.199 g, Potassium
hydrogen phosphate, 0.439 g,Sodium carboxymethyl cellulose 6.0 g, Sodium fluoride 0.005 g,
Sorbitol 70% 36 g, Sodium benzoate 2.4 g, Deionized water 1200 ml)
5 minutes Immerse in deionized water
5hours 26 minutes Immerse in demineralizing solution (Calcium 2.0 millimolars, Phosphate 2.0 millimolars, Buffer
acetate acid, 0.075 molars, pH 4.3)
5 minutes Immerse in deionized water
1 minute Soak in fluoride dentifrice solution
2 5 minutes Immerse in deionized water
3 minutes Remove from deionized water Apply CPP-ACP or Prevident to appropriate groups.
30 minutes Immerse in artificial saliva
5 minutes Immerse in deionized water
16hours45minutes Immerse in remineralizing solution (Calcium 1.5 millimolars, Phosphate 0.9 millimolars, Potassium
chloride 150 millimolars, Trisbuffer 0.1 molars, pH 7.0)
5 minutes Immerse in deionized water
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Table 2. Mean values of lesion area and delta mean of control group and each experimental group.

Types of Lesion under Delta mean lesion Lesion adjacent Delta mean lesion

materials materials area under materials to materials area adjacent to materials
(mm2+SD) (mm2+SD) (mm?2+SD) (mm2+SD)

Mesial baseline control 0.092+0.029 - - -

Distal baseline control 0.092+0.029 - - -

pH-cycling control period 1

0.119+0.0268

0.100+0.025A

pH-cycling control period 2

0.120+0.018B

0.101+0.021A

Proseal 0.058+0.011C+ 0.061+0.023C 0.049+0.008¢* 0.050+0.023¢
Prevident 0.061+0.010C.D 0.059+0.022C.D 0.054+0.010C.b- 0.047+0.026C
Fuiji VII 0.070+0.016D-E 0.049+0.028C.D 0.053+0.010C.b- 0.047+0.027¢
CPP-ACP 0.078+0.016E 0.042+0.027D 0.058+0.010P+ 0.043+0.025€

Different letters in each column indicate statistical significance among groups (p<0.05)
* indicates statistically significant differences compared with the pH-cycling control. (p<0.05)

materials. The differences in the net gain in areas of lesions
(delta means) among experimental groups were analyzed by
one way ANOVA and Multiple comparison. Paired Student
t-test was used to analyze the differences between the lesion
areas of the pH-cycling control groups and the lesion areas
of each experimental group.

RESULTS

There was no statistically significant difference between the
original lesion controls from both proximal surfaces and
between the lesion area of the pH-cycling control groups
from both periods and thus all results could be compared
(p>0.05).

Treatment with each of the remineralizing materials
yielded statistically significantly smaller lesion areas when
compared with the pH-cycling controls (»<0.05). In carious
specimens, RMGIC was most effective in promoting
remineralization, followed by F-gel, GIC and CPP-ACP
respectively, with a statistically significant difference
between RMGIC vs CPP-ACP, RMGIC vs GIC and F-gel vs
CPP- ACP (p<0.05). For delta mean analyses, we found a
statistically significant difference only between RMGIC and
CPP-ACP (p<0.05) (Table 2).

For intact enamel specimens adjacent to the materials,
results indicated that all of the four remineralizing materials
statistically significantly reduced lesion area when com-
pared with the pH-cycling controls (p<0.05). RMGIC was
also the most efficient in inhibiting demineralization, fol-
lowed by GIC, F-gel and CPP-ACP respectively. There was
a statistically significant difference between RMGIC and
CPP-ACP only. The delta means of lesion areas adjacent to
the four materials did not show any statistically significant
differences.

The percentage reduction in area of carious lesions under
each material compared to post pH cycling controls ranged
from 35-53%, and the percentage reduction of new lesion
area in the adjacent sound contact enamel specimens com-
pared to post-pH-cycling controls varied from 42-50%
(Table 3)
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Table 3. Percentage reduction in area of lesion under materials and
the percentage reduction of new lesion area adjacent to
materials compared with pH-cycling control.

Types of Percentage reduction in | Percentage reduction of

materials area of lesion under lesion area adjacent
materials to materials compared

with pH-cycling control

Distal side | Mesial side Distal side | Mesial side

Proseal - 53.04 50.48 -

Prevident 48.91 - - 46.72

Fuji VII - 40.87 46.71 -

CPP-ACP 35.14 - - 42.18

DISCUSSION

The present in vitro study has demonstrated that RMGIC has
greater efficacy in promoting remineralization both on the
carious specimens and the intact enamel specimens than
GIC. These results concur with the data from previous
studies, which found that RMGIC released higher amounts
of fluoride than normal GIC.*” RMGIC contain hydrox-
yethyl methacrylate (HEMA), which increases dissolution of
polymer matrix from the material, hence allowing RMGIC
to release higher amounts of fluoride than normal GIC in the
early dissolution stages.” The setting reaction for GIC is an
acid-base reaction involving fluoride-containing glass and a
polyacid. This reaction results in fluoride release and forma-
tion of a silica gel surface matrix that in turn acts as a bar-
rier, obstructing further elution of fluoride from the material.
In contrast, RMGIC contains more monovalent metal ions
that cannot cross-link with the ion matrix, hindering the for-
mation of a closely bonded silica gel barrier, thereby provid-
ing a looser matrix for water transportation and fluoride
release.® Furthermore, RMGIC has a lower powder/liquid
ratio than GIC, which allows for better dissolution of fluo-
ride from materials and its diffusion to the environment than
GIC.” Also, RMGIC shows lower microleakage than
GIC.*#*»2%" The greater microleakage with GIC may result in
the concentration of fluoride in the gap between the material
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and tooth surface being less than with RMGIC. Microleak-
age may also allow acid to diffuse easily from the environ-
ment to the enamel surface at the material-tooth interface,
promoting greater demineralization with GIC than RMGIC.

CPP-ACP was the least efficacious treatment in both pre-
venting demineralization of the intact enamel specimens and
in remineralizing the artificial carious specimens despite the
fact that CPP-ACP has been reported to have additional
effects in the prevention of demineralization when used with
1100 ppm fluoride dentifrice, the same concentration used in
our present study.'*** This additive effect may be less than the
anticariogenic effect of materials with high fluoride concen-
trations or a continually fluoride-releasing materials. Fur-
thermore, the present study was performed in the absence of
an oral microbial environment or plaque accumulation on
the tooth surfaces which may have resulted in decreased
CPP-ACP adherence to tooth surfaces since CPP-ACP has
been suggested to be incorporated into plaque by binding to
bacterial cell surfaces and to the intercellular plaque
matrix.”? Moreover, a recent study reported that the rate of
remineralization by CPP-ACP increased with a decrease in
pH from 7 to 5.5.” We used approximately 17 hours of rem-
ineralizing period (pH7) to mimic the oral condition after
their risk factors have been modified. In continuous low pH
condition, the CPP- ACP may yield better results.

The results of this study can be clinically applied in cases
of non-compliant patients; the dentist may choose to sepa-
rate the teeth with an elastic band and then after etching, use
an extra-fine brush to apply a thin layer of liquid RMGIC on
the carious lesion then light cure the material instead of rely-
ing on the patient to use self-applied fluoride. Alternatively,
RMGIC can also be dabbed on to the matrix band, which is
then slid through the open contact area and adapted to the
proximal contour of the tooth before being light-cured.

CONCLUSION

In this study we found that all of the 4 remineralizing mate-
rials yielded less lesion area than control groups indicating
the potential of the materials to be used for the reversal of
caries in non-cavitated initial lesions. These in vitro studies
should now be corroborated in further in vivo studies to fully
assess the application of these materials for clinical use.

ACKNOWLEDGEMENT
This study was supported by the Dental Research Fund,
Dental Research Project 3205-312, Faculty of Dentistry,
Chulalongkorn University.

The authors thank Ms. Paipun Pitthayanon for her statis-
tical analysis advice and Professor Anthony J Smith for his
kind assistance in language editing.

REFERENCES

1. Forsten L. Short- and long- term fluoride release from glass ionomers and
other fluoride-containing filling materials in vitro. Scand J DentRes,
98(2): 179-185, 1990.

2. Francci C, Deaton TG, Arnold RR, Swift EJ Jr, Perdigdo J, Bawden JW.
Fluoride release from restorative materials and its effects on dentin
demineralization. J Dent Res, 78(10): 1647-1654, 1999.

The Journal of Clinical Pediatric Dentistry

3. Rosenstiel SE, Land MF, Crispin BJ. Dental luting agents: A review of the
current literature. J Prosth Dent, 80(3): 280-301, 1998.

4. Donly KJ. Enamel and dentin demineralization inhibition of fluoride-
releasing materials. J Dent, 7(5): 275-278, 1994.

5. Muzynski BL, Greener E, Jameson L, Malone WF. Fluoride release from
glass ionomers used as luting agents. J Prosth Dent, 60(1): 41-44,
1988.

6. Lin YC, Lai YL, Chen WT, Lee SY. Kinetics of fluoride release from and
reuptake by orthodontic cements. J Orthod Dentofac Orthop, 133(3):
427-434, 2008.

7. Sidhu SK, Watson TF. Resin-modified glass- ionomer materials. Part 1:
Properties. Dent Update, 22(10): 429-432, 1995.

8. Nicholson JW, Croll TP. Glass- ionomer cements in restorative dentistry.
Quintessence Int, 28(11): 705-714, 1997.

9. Cutress T, Howell PT, Finidori C, Abdullah F. Caries preventive effect of
high fluoride and xylitol containing dentifrices. ASDC J Dent Child,
59(4): 313-318, 1992.

10. Rolla G. On the role of calcium fluoride in the cariostatic mechanism of
fluoride. Acta odontologica Scand, 46(6): 341-345, 1988.

11. Chander S, Chiao CC, Fuerstenau DW. Transformation of calcium fluo-
ride for caries prevention. J Dent Res, 61(2): 403—407, 1982.

12. Reynoles EC. Anticariogenic complexes of amorphous calcium phos-
phate stabilized by casein phosphopolypeptide: A review. Special Care
in Dentistry, 18(1): 8-16, 1998.

13. Reynoles EC, Cai F, Cochrane NJ, Shen P, Walker GD, Morgan MV,
Reynolds C. Fluoride and casein phosphopeptide-amorphous calcium
phosphate. J Dent Res, 87(4): 344-348, 2008.

14. Ramalingam L, Messer LB, Reynolds EC. Adding Casein Phosphopep-
tide-amorphous Calcium Phosphate to Sports Drinks to Eliminate in
vitro Erosion. Ped Dent, 27: 61-67, 2005.

15. Reynolds EC, Cain CJ, Webber FL, Black CL, Riley PF, Johnson IH,
Perich JW. Anticariogenicity of Calcium phosphate Complexes of Tryp-
tic casein Phosphopeptides in the Rat. J Dent Res, 74(6): 1272-1279,
1995.

16. Reynolds EC. Remineralization of Enamel Subsurface Lesions by
Casein Phosphopolyupeptide-stabilized Calcium Phosphate Solutions.
J Dent Res, 76(9): 1587-1595, 1997.

17. Roberts AJ. Role of Models in Assessing New Agents for Caries Pre-
vention- Non-Fluoride Systems. Advances in Dent Res, 9(3): 304-311,
1995.

18. Cai F, Shen P, Morgan MV, Reynolds EC. Remineralization of enamel
subsurface lesions in situ by sugar- free lozenges containing casein
phosphopeptide-amorphous calcium phosphate. Australian Dent J,
48(4): 240243, 2003.

19. Itthagarun A, King NM, Yiu C, Dawes C. The Effect of Chewing Gums
Containing Calcium Phosphate on the Remineralization of Artificial
Caries-Like Lesions in situ. Caries Res, 39: 251-254, 2005.

20. Shen P, Cai F, Nowicki A, Vincent J, Reynolds EC. Remineralization of
Enamel Subsurface Lesions by Sugar-free Chewing Gum Containing
Casein Phosphopeptide- Amorphous calcium phosphate. Journal of
Dental Research, 80(12): 2066-2070, 2001.

21. White DJ. Use of synthetic polymer gels for artificial carious lesion
preparation. Caries Res, 21(3): 228-242, 1987.

22. Takahashi K, Emilson CG, Birkhed D. Fluoride release in vitro from
various glass ionomer cements and resin composites after exposure to
NaF solutions. Dental Mat, 9: 350-354, 1993.

23. Chan WD, Yang L, Wan W, Rizkalla AS. Fluoride release from dental
cements and composites: a mechanistic study. Dental Mat, 22(4):
366-373, 2006.

24. Featherstone JDB, O’ Reilly MM, Shariati M, Brugler S. Enchancement
of remineralization in vitro and in vivo in: Factors relating to reminer-
alization and to demineralization of the teeth. Leach SA, editor,
Oxford: IRL Press: 23-34, 1986.

25. Gladys S, Van Meerbeek B, Lambrechts P, Vanherle G. Microleakage of
adhesive restorative materials. J Dent, 14(3): 170-176, 2001.

26. Hallett KB, Garcia-Godoy F. Microleakage of resin- modified glass
ionomer cement restorations: an in vitro study. Dent Mat, 9(5):
306-311, 1993.

Volume 34, Number 4/2010 327

ZZ0z 8unr Gz uo Jasn eydsoH @ 868|100 [elua@ yeadeApin nereyg Aq ypd-zognolosolosysed v ve pdoli9g9z6 L 2/cze/vivepd-ajonie/pdaljwoossaidusyie-ueipuawy/:diy woly papeojumoq



Self versus Professionally Applied Remineralizing Materials

27. Mali P, Deshpande S, Singh A. Microleakage of restorative materials: an
in vitro study. J Indian Society of Pedodontics and Preventive Dentistry,
24(1): 15-18, 2006

28. Kumar VL, Itthagarun A, King NM. The effect of casein phosphopep-
tide- amorphous calcium phosphate on remineralization of artificial
caries-like lesions: an in vitro study. Australian Dent J, 53: 34-40, 2008.

29. Cochrane NJ, Saranathan S, Cai F, Cross KJ, Reynolds EC. Enamel sub-
surface lesion remineralisation with casein phosphopeptide stabilised
solutions of calcium, phosphate and fluoride. Caries Res, 42: 88-97,
2008.

328 The Journal of Clinical Pediatric Dentistry

Volume 34, Number 4/2010

ZZ0z 8unr Gz uo Jasn eydsoH @ 868|100 [elua@ yeadeApin nereyg Aq ypd-zognolosolosysed v ve pdoli9g9z6 L 2/cze/vivepd-ajonie/pdaljwoossaidusyie-ueipuawy/:diy woly papeojumoq



