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Abstract: Anin vitro study was conducted to determine the ability of two different materials to physicaly occlude
dentinal tubules (SootheRx™ and MI Paste dentifrices) when repeatedly challenged with an acidic (demineralizing)
environment. The active ingredients in SootheRx™ and MI Paste (NovalMin® and RECALDENT™, respectively) are both
presented to consumers as sources of minerals that are naturally found in teeth. Brushing with both products should, in theory,
aid in remineralizing tooth surfaces and occluding exposed tubules during the daily remineralization/demineralization
(remin/demin) cycle that takes place in the mouth.

Root portions of bovine incisors were progressively ground, polished and acid-etched to expose tubules in the dentin

layer. Theroot dentin samples were randomly assigned to one of three treatment groups: Control (brushed with DI water), Ml
Paste, or SootheRx™ and were subjected to the following protocol every day for atota of 10 days: 1) 30-minute soak in
demineralizing solution, 2) 2-minute brush with the appropriate dentifrice, 3) 6-hour soak in artificial saiva, 4) 30-minute soak
in demineralizing solution, 5) 2-minute brush with the appropriate dentifrice, 6) 15-hour (overnight) soak in artificial saliva. At
the end of the 10-day remin/demin cycle the root dentin samples were prepared for analysis with scanning electron microscopy

(SEM). Quantitative tubule occlusion data were independently obtained by three people who examined each SEM image and
recorded the number of open, partially occluded, and totd visible (open + partially occluded) tubules.

Treatment with both dentifrices significantly reduced the number of open tubules compared to the control group. The
average number of open tubules visible in an SEM image (60 x 44uum) dropped from 48 in the control group to 28 in Ml Paste-
treated samples and less than 1 in samples treated with SootheRx™, Samples treated with MI Paste had alarge proportion of
partially occluded tubules and very few fully occluded tubules present on the dertin surface. The number of open, partially
occluded, and total visible tubules seen in treated with SootheRx™ were significantly less than in the M| Paste-treated samples.

The current study has demonstrated that the NovaMin® particles in the SootheRx™ dentifrice are superior to the
RECALDENTT™ in MI Paste in depositing a mineral layer on dentin that will occlude dentinal tubules and resist
demineralization by repeated acid challenges.

Introduction

Recently, a 10-day reminerdizatior/
demineraizaion (‘remir/demin®)
study was conducted with the god of
comparing the longer-teem remin-
eralization benefits of SootheRx™
toothpaste with those of MI Pege.
The active ingredients in SootheRx™
and Ml Paste (NovaMin® and
RECALDENT™, respectively) are
both presented to consumers as
sources of minerds tha are naturaly
found in tegh. Brushing with both
products should, in theory, aid in
reminerdizing tooth surfaces during
the daly reminerdizatior/
deminerdizaion cycle that takes
place in the mouth. This study was

designed to teg thistheory using anin
vitro modd of this daly remin
eralization/deminerdization cycle.

Materialsand Methods

Preparation of Bovine Root Dentin
Sanples

The root portion of 15
bovine indsors were separated from
the crown portion at the cementum-
enamel  jundion (CEJ usng a
diamond-embedded blade and a low-
speed sawv. The root portions of the
teeth were progressvdy ground &
low speeds using 320, 600, and 1200
grit dlicon carbide abrasive papers to
expose and polish the dentin layer.
Fresh deonized (DI) water was kept

flowing on the grinding wheal auring
al grinding and polishing geps. The
samples were ultrasonicated three
timesinfresh DI water for 15 minutes
each. The smear layer was removed
by soaking the samplesin a 40% o-
phosphoric  acid solution for 15
minutes. The deaning procedure was
then repeated by ultrasonicaing the
samples an additiond three times in
DI water for 15 minutes each.
Prepared samples were refrigerated
overnight in TRIS buffer before
testing was performed.

Preparation  of
Solution

Remineralizing



Artificid sdiva (remineralizing sol-
ution) was prepaed to have the
following composition:

2.200g/L Gastric Mucin
0.381g/L NeCl

0.213g/L CaCl*2H,0
0.738g/'L KoHPO,*3H,0
1.114g/L KCI

Each ingredient was added separady
to stirring DI water and was dlowed
to dissolve completely before the next
ingredient was added. The solution
was heaed to 37°C and the pH was
adjuged to 7.00 udng 85% ladic
acid.

Preparation  of
Solution
Deminerdizing solution was prepared
to have thefollowing compogtion:

Demineralizng

2.2mM CeCl*2H,0
2.2mM NaH,PO,+7H,O
0.05M Ladtic Acid
0.5ppm Huoride

Each ingredient was added separady
to stirring DI water and was dlowed
to dissolve completely before the next
ingredient was added. The solution
was heated to 37°C and the pH was
adjuged to 452 usng 50% NaOH
solution.

Remineralization/Demineralization
Sudy Protocol

The 15 root dentin samples were
randomly assgned to one of three
treatment groups 1) Control (brushed
with DI water), 2) Ml Paste, or 3)
SootheRx™ and were subjected to the
following protocol every day for a
totd of 10 days:

08:00-08:30: All tegh spaked in
demineralizing solution at 37°C

08:30-09:30: All teeth removed from
demingdizing solution, brushed
usng a soft-bristled toothbrush with
the appropriate dentifrice, and gently
rinsed with deionized (DI) weter

09:30-15:30: All tegh soaked in
artificd sdivaa 37°C

15:30-16:00: All tegh soaked in
demineralizing solution at 37°C

16:00-17:00: All teeth removed from
deminerdlizing  solution, brushed
usng a soft-bristled toothbrush with
the appropriate dentifrice, and gently
rinsed with deioni zed (DI) water.

17:00-08:00: All tegth soaked in
artifidd sdivaa 37°C

FEM Analysis

At the end of the 10-day study, the
teeth were dried at 37°C and mourted
for andysis udng scanning electron
microscopy (SEM). Threetegth from
each treament group were mounted
on carbon mounts and coated with
carbon coating and the remaning two
teeth from each trestment group were
mourted on duminum mounts and
coaed with a gold/pdladium coating.
SEM images were obtained a 500X
and 2000X from three randomly
chosen spots on each tooth surface

Quantitative Evaluation of Tubule
Occlusion

Tubule counting was performed on dl
SEM images tha were obtained a
2000X (15 images pe treatment
group). Three people separady
examined each image and counted the
number of open tubules and partialy
ocduded tubules udng previoudy
agreed-upon criteria.  Tubules tha
could not be fully visualized on the
SEM imageswere not counted.

For each SEM image the tubule
counts from the three people were
averaged together to obtan the
number of open, partidly ocduded,
and totd vishble (open + partialy
ocduded) tubules (n=3). For each
trestment group, the data from the 15
SEM images were averaged together
to obtain the average number of open,
partidly ocduded, and tota visble
tubules (r=15).

Data were gdisticdly analyzed usng
SgmaPlot software (v9.01, Systat
Software, Inc.). Daa did not have a
norma distribution s the non

parameiric ANOVA on Ranks tes
was used to deect significance
When significance was found, pair-
wise comparisons were made usng
the nonparametric Sudent-Newmarn+
Keuls tet (dgnificant if p<0.05).
Data are reported as mean + standard
error of the mean.

Results

Figures1— 3 (following page) contan
representative SEM images of tegh
from each of the three trestment
groups. It is clear that the polished,
acid-etched bovine dertin samples
contain open tubules (Figs la and
1b). All five control samples were
very uniform in appesrance and inthe
number of tubules present.

Figures 2a and 2b show the samples
from the MI Page trestment group
after 10 days of remin/demin cycling.
A film can be seen on the dertin and
there is significartly more fibrous
appearing materid on the urface
compared to the control samples.
There is d 90 evidence of some tubule
ocdusgon (top and lower right in Fig.
2aand lower portion of Fig. 2b).

Figures 3a and 3b show the
SootheRx™-tregted dertin samples
after 10 days of remin/demin cycling.
Mog of the exposed dentin tubules
have been ocduded and there is
significant build-up of areaction layer
onthesurface of the dertin.



Figures 3a and 3b: SEM Images of Teeth Brushed with SootheRx™ (2000X)




Average Tubule Count
g

10 4

H Total Visible Tubules
I Opren Tubules
[ Partially Occluded Tubules

— *

]

* 3 #
L[]

Cantral I Paste

SootheRx

* Tubule count differs significantly fram Contrdl {p=0.001).
# Tubule count differs significantly from Ml Paste (p-=0.001}).

Figure4: Quantitative Tubule Occlusion Data

Figure 4 contains the reaults of the
quartitative evduation of tubule
ocdudon dte 10 days of
remindemin cycling. The samples
from the MI paste and SootheRx™
treement groups had ggnificantly
less totd vigble and open tubules
than the control samples. There were
more partidly ocduded tubules
visble on the M| Padetreaed
samples than the control samples
while  the SootheRx™-tregted
samples contained the same number
of patidly ocduded tubules as the
control group. The number of open,
partidly ocduded, and tota visble
tubules seen in samples from the
SootheRX™ ftreatment group were
significantly less than seen in the Ml
Pagetrested samples.

Discusson

The use of in vitro reminerdizatiorV
deminegalizetion methods has been
well accepted by the dentd
community in assessing the efficacy
of materials to physically ocdude
tubules and to remineralize the
surface of both dentin and enamel. In
this dudy, two products that clam to
tred dentine hypersendtivity were
compared dde-by-5de in a 10 day
reminerdizatiorydemineralization
protocol. The quditaive and
quartitaive rexults presented here
clearly demongrate tha the reactivity
of the NovaMin® particles in the

SootheRx™ dentifrice occluded the
vast mgjority of dentin tubules and
was much more effective than the
competitive MI Page.

While a definitive explanation for the
obsaved dfferences mus  await
further detaled surface andysis, it is
likdy that the peformance
differences of the two dertifrices are
due to very different mechanisms of
action. MI| Paste contans casan
phosphopeptide (RECALDENT™)
that caries amorphous cddum
phosphate. When the peptide
complex hbinds to plague or the tooth
surfece it is sdd to ddiver bio-
available caldum and phosphate for
reminerdization, resulting in
ocdusion of dentintubules.

In compaison, the NovaMirf-
containing SoctheRx™ deposits fine
partides onto the dentin or enamd
surface and a series of readions
occurs over time that results in the
formaion of a aysaling
hydroxycarbonate apaite (HCA)
layer. This HCA layer is chemicaly
and structuraly similar to naurd
enamel and dertin and is more
resgant to acid chdlenges than the
amorphous  cddum  phosphate
deposited by the M| Pagte.

The SEM and tubule ocduson daa
presented here dearly demondraethe

difference in performance of the
surfece layers deposited by the two
dentifrices. The MI Paste leaves a
thin film on the structurd dentin efter
10 days, but there is very little
ocduson of the dentin tubules. In
comparison, the NovaMin® particles
rapidy form a tenacious HCA layer
on the dentin that redgs the repeated
acid chdlenges

Conclusons

The current study has demonstrated
that the NovaMin® patides ae
superior to the casein phosphopeptide
(RECALDENT™) in depositing a
minera layer on dentin tha will
ocdude dertinal tubules and ress
demingdizaion by repeated acd
challenges. This qudy supports the
previous clinicad studes tha have
demonstrated superior reductions in
dentina hypersendtivity in patients
trested with NovaMin®-containing
dentifrices compared with other
commerddly avalable produds.



