Evaluation of NovaMin® as an
adjunct to fluoride for caries
lesion remineralization.

Abstract: This study was conducted to evaluate atest dentifrice containing 5% NovaMin
and Fluoride (MFP) to acommercialy available dentifrice in remineralization of subsurface
carious lesions in human tooth enamel.

Enamel sections from 18 extracted human teeth were prepared and sectioned into quedrants. In
three sections simulated pre-carious surface lesions adepth of 100-150 um werecreated using a
demineralizing solution. Onequadrant from esch tooth was trested with an expeimental
NovaMin (5%) plus fluoride dentifrice, while another wes treated with acommerciadly

available dentifrice with Fluoride (MFP). Each sanmple (plus an untrested control quadrant) wes
exposad to 20 days of cycling through demineralizing solution, 3 minute dentifrice trestment,
additional demineralizing and then salivasoaking. After treatments the treated quadrants were
additionally sectioned to reved across section of thelesion to allow for cross sectiona andlysis.

Evaluation and measurement was done using confocd laser scanning microscopy
(“CLSM”), which is able to distinguish between sound enamel and demineralized enamel
using fluorescing dye. The NovaMin dentifrice produced significantly more
remineralization than did the Fluoride dentifrice dentifrice. Fluoride dentifrice® reduced

the lesion area by an average of 24.9% from the original lesion depth. NovaMin®
decreased the lesion area by 41.9%. Results were statistically significant (p<0.001).
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Precaious surface lesons on tooth
enamel are considered precursorsto sub-
surface lesons and cavities. Fuoride
dentifrices have been shown in many
studies to be efective a improving
reminerdization of subsurface enamd
lesons. It is less dear, however, if
Fluoride done is effedive a
reminerdizing surface ledons. A
dentifrice which was more successful &
reminerdizing these surface lesons
would intervene ealie in the tooth
decay disease process and would,
therefore, be of potentidly great benefit
clinicdly.

This study was conducted to evduate a
tes dertifrice containing 5% NovaMin
and Fluoride (MFP) to a commercidly
avalable HFuoride dentifrice (MFP
alone) in reminerdization of surface
cariouslesonsin human tooth enamel.

METHODS AND MATERIALS
Collection and Storage of Tegth

A totd of 18 teeth with intact surfaces,
no carious lesons and no redordions
were oollected from a pool of tegh
extracted in urnrelated procedures at
Univergty of Horida Dental Clinics. All
teeth were stored in 0.1% Thymol urtil
processng. Teeth were cleaned of oft
tissue debris and later Serilized usng
gammairradiation.

Sectioning and Mounting

Each tooth was sectioned into quadrants
along both mesodistal and bucoolingud
planes using a Bueher Isomet® 300
Low Speed diamond-tipped saw.
Sections were mounted individudly in
epoxy mounting resin and labded. A 3-
mm diameer standardized treament
“window” was created on each tooth
section by grinding off 200 pm of
surface enamel. This process removes
non-homogenous outer surface layers
formed through years of fluoridaion and
naturd deminremin cycling in the
mouth. Mechanical polishing was

performed with successve 120, 400,
600 and 1200 grit paper.

Leson Formation

Three of the four quadrant sections of
each tooth samplewere demineraizedin
asolution containing 2.2 mM CaCl2, 2.2
mM NaH2PO4, 0.05 M Lactic Acid,
and 0.5 ppm F-, adjusted to pH 4.5 with
50% NaOH. Condtions were
maintained to produce uniform surface
lesonswith a depth of 100-150 pm.

Treatment Regimen

Two quadrant sections were trested in a
pH cycling regmen induding 3:1
toothpaste  solutions of  Huoride
dentifrice  Regula and NovaMin®
dentifrice respectively. Both dertifrices,
nearly identicd in composition, contain
1100 ppm fluoride dthough the
NovaMin® page ocontans 5 wt%
NovaMin patides in place of an
equivdent amount of dlica abrasve.
Tooth sedions were  immersed



cyclicdly in dirred trestment solutions,
demineradizaion  solution  (detaled
above) and Fusayama’s synthetic saliva
for 20 days at a temperaure of 37°C
(with the exception of the dentifrice
solution treament, which was done &
25°C).

The daly treament regimen (pH
cycling) included the following
sequence:

Time Zero (“T0”): Deminerdization
solution 30 minutes

TO+05 hrs: Dentifrice treatment 3
minutes/ digilled water wash/ synthetic
saliva

TO+75 hrs Demingrdizaion solution
30 minutes

TO+8.0 hrs: Derntifrice treatment 3
minutes/ digilled water wash/ synthetic
salivafor 16 h

Cross-sectioning

After tregement, dl four quadrant
sections of esch tooth were coss
sectioned  through the  trestmernt
“window” to expose the lesion depth
along the cross-sectiond surface During
storage all sections were kept moist and
refrigerated.

CLSM Analyss

CLSM  (confocd laser  scanning
mi croscopy) was performed on 72 cross
sections (4 sections x 18 teeth) a the
Ord Hedth Research Inditute & Indiana
Univergty-Purdue Univerdty a
Indiangpolis  (IUPUI)  under the
supervisonof Dr. Marguerita Fortana.

Cross sedtiond andysis of enamd
lesons with CLSM were based upon
digitd images taken a spedfied
controlled conditions. Sound enamd
regissees  near zero  fluorescence
(grayscale value ~ 0) and appears pitch
black. Ledons dightly autofluoresce but
uptake of the Rhodamine B dye (0.1
mM) alows the porous deminerdized
layer to fill and appear with considerable
contrast. Anaysis of all samples was
conducted with aspecidly modified

Nikon microsoope fitted with Odyssey
confocad capahility (Odyssey, Noran
Instruments, Inc., Middeton, WI). The
accompanied oftware (Metamorph®
verson 4.1.6, Universd Images Corp.,
West Chester, PA) caauldes image
based parametes of sHected leson
ZOnes.

RESULTSAND DISCUSSION

The NovaMin® dentifrice was more
successful at redudng lesion area than
was Huoride dentifrice for 16 out of 18
teeth (fig 3a, following page). Snge
taled T-testing (asuming unequd
variances) found these two groups to be
significantly different (p < 0.001). For
nearly all samples, the 20-day dentifrice
tretment under pH cycling hated and
reversed the caries process as evident in
the reduction of theleson area, as would
be expected for fluoride-containing
dentifrices. Fluoride dertifrice reduced
the lesion area by an average of 24.9%
from theorigind leson depth. NovaMin
decreased leson area by 41.9%.
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Fig 1. Cross section lesion area

Totd gray value was ds0 plotted to
determine the fluorescence levels within
thelesons. This parameter is commonly
reported as total fluorescence because
greater fluorescence oorresponds to
higher gray values (thus, amaller values
are indicdive of less porodty and dye
penetration, or more minerd). The
NovaMin® dertifrice reduced the totd
gray value more than Fluoride dentifrice
for the same 16 out of 18 teeth (fig 3b,,
following page). Treatmert groups were
again found to be significantly different
(p < 0.001). Fluoride dentifrice reduced
the fluorescence (total gray value) by an
average of 48.1%, NovaMin® 70.5% --

a gmila ratio to the leson aea
measurements.
Statidical review (SAS  System

software) udng two-way anaysis of

variance (ANOVA) of dl three
trement groups Vyielded ddisticd
significance (p < 0.0001) for both
confocd parameters, leson area and
totd fluorescence.

Remineralization “bands” revealing the
depth a which mog reminerdization
occurred could be easily seen in these
cross sectional images (figures 2a-c).
The remineralization “bands” signify
mineral deposition, similar to those
reported in subsurface leson moddss for
fluoride dentifirces. The depth of these
bands could be due to severd variables.
A combingtion of diffusion raes for
fluoride caldum, and phosphates into
the enamel surface in addtion to twice
daily add chdlenge may influence band
depth.

Surface Lesion

Fig 2a. Cross section of control sample

Fig 2b. Cross section of Fluoride dentifrice
freated sample

Fig 2c. Cross secton of NovaMin fteated
sample



The NovaMin +MFP dertifrice resulted
in a remineralization band throughout
the lesion depth reldive to the thinner
reminerdization band at the surface of
the leson for the fluoride-done
dentifrice

The nature and degree of interaction
between fluoride and NovaMin® is
cleerer. It appearstha in \itro, thesetwo
agents pogtivdy interact and do not
inhibit the reminerdization function of
theother.

Cross-sctiond CLSM andysis proved
to be a usdful approach for surface
reminerdization study in wvitro. From
cross-sectional imaging it was clear that
most reminerdization took place at the
surface during exposure to fluoride
contaning toothpagte. Thisis consigent
with other published studes Therefore
data taken from the trestment surface
alone would creste an incomplete
picture of remineralization throughout
theleson.

This dudy did not indude organic
comporents such as oral bacteria or
plaque. Therefore anti-microbid effects
were not active, and the known arti-
microbid  effeds of NovaMin
conta ning dentifrices might be expected
to creae even larger advantage for the
NovaMin  dentifice  in  dinicd
conditions Furthermore, the key factors
for reminerdization in this modd were
ions (Ca2+ and PO43-) and the pH a
the tooth surface. The rdease of these
ions from NovaMin® provides a
solubility gradient in favor of minerd
depostion. This explans why the
samples trested with NovaMin®
dentifrice experienced greater
reminerdization, the environment was
more condudve to this process. This
may present a stronger case for
NovaMin® dentifrice in xerogomic
conditions

CONCLUSION

This study has shown that NovaMin®
dentifrice exhibits a greater degree of
reminerdization than regular fluoride
dentifrice on dmulated early surface

carieslesionsin human enamd inthisin
vitro modd. This indicates tha
incorporaion of NovaMin into fluoride
dentifrices could arres the tooth decay
process ealier than currently availade
fluoride dentifrices.
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