Pilot clinical and in vitro studies
evaluating NovaMin® in
desensitizing dentifrices

Abstract:

Objective: To evaluate bioactive glass (NovaMin®) as dentifrice ingredient
capable of reducing tooth hypersensitivity through a mechanism of tubule
occlusion.

Materialsand Methods: A double-blinded, placebo-controlled clinical study
with 66 adults was conducted with two test dentifrices containing 2.5%
NovaMin and 7.5% NovaMin, respectively, formulated into an aqueous base.
Cold air and tactile stimulation were used to eval uate sensitivity at baseline, 2, 4
and 8 weeks. Sensitivity wasrated by participants on a visua analog scale
(VAS) from 0-100mm. For inclusion in the study participants needed two teeth
with sengitivity between 30-70mm on the VAS.
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In vitro experiments were also performed to demonstrate the occlusion of open

dentin tubulesin a model designed to approximate the clinical study conditions. Experiments used standardized
dlabs of human dentin that had been prepared to exhibit open tubules through grinding and acid etching. Slabs were
treated with the same dentifrices as were used in the clinical study, with an appropriate number of treatments to
correspond with the Baseline 2, 4 and 8 week clinical study evaluations. Treatments consisted of passive application
for 2 minutes, followed by 2 minutes of vigorous air/water rinse. The treated slabs were evauated via Scanning

Electron Microscopy (SEM) to look at tubule occlusion.

Results: In theclinica study both the Cold Air and Tactile measures showed significant reductions from basgline
for test and control groups. The 7.5% formulation significantly outperformed both the control and the 2.5% formula
at dl time points. The 2.5% formula showed some improvement from control at early time periods, but lost this

advantage at the 8-week time point.
Per Cent Reduction From Baseline

Tactile VAS ~ ColdAir VAS
L 0% 125% | 75% 0% 25% 75%
2weeks | 11% 8% 43% 5% 9% 26%0*
4weeks | 29% | 38%* | S55%* 14% | 28%* | 43%*
8weeks | 35% | 36% | 73%* 28% | 30% | S55%*
p<05

The in vitro experiments demonstrated tubule occlusion as seen by visua examination under SEM, with apparent
complete occlusion of al open tubules, while control dentifrice samples showed little or no occlusion. This appears
to demonstrate that tubule occlusion is the mechanism of action for the clinical efficacy in sengitivity reduction.

Detailed report attached.




The Use of a Bioglass® Compound
in a Dentifrice Formulation

Bioactive and biocompatible glasses have been developed as bope replacement materials. Studies
have shown that these glasses will induce or aid osteogenesis in a physiologic system. Reaction of the
glass begins immediately upon exposure to an aqueous environment. Sodium ions in the glass ex-
change with hydogen ions from the body fluids causing the pH to increase. Calcium and Phosphorous
migrate from the glass forming a Ca-Prich surface layer. This ion rich layer will interact with bone or
tooth to form a bond and deliver chemical components to the lissue with positive effects. In bone the
glass will bond and enhance the formation of new bone. In tooth structure, the glass will bond and
release 10ns, change the pH and mechanically occlude open dentin tubules. This jnteraction with tooth
structure can resuit in the reduction of tooth sensitivity, remineralization of tooth structure, whitenin g
of tooth structure and potentially reduce the reattachment of calculus to tooth structure. Each of these
effects will be described and supported by experimental data following.

INTRODUCTION

Tooth hypersensitivity is a common prob-
lem which affects about 40 million adults in the
United States, 10 million of which can be consid-
ered chronically affected. It is estimated that some
17% of adults in the U.S. have at least one or more
sensitive teeth. The teeth may be sensitive to cold,
heat, air or sugary foods. The incidence of tooth
hypersensitivity increases with age. The increased
incideuce is believed to be refated to the general
increase in exposed root surfaces of teeth as a re-
sult of periodontal disease, tooth brush abrasion
or cyclic loading fatigue of the thin enamel near
the dento-enamel junction.

The currently accepted theory for tooth
hypersensitivity is called the hydrodynamic
theory.This theory is based on the belief that open
dentinal tubules allow fluid flow through the tu-
bules. This flow excites the nerve endings in the
dental pulp. Clinical replicas of sensitive teeth
viewed in the scanning electron microscope
(SEM) reveal varying numbers of open or partially
occluded dentinal tubules. Tubules generally are
not seen at the tooth root surface because of the
cementum covering the tooth root, or because of
a smear layer of dentinal debris 2-5 rnicrons in
thickness that covers the tooth surface and masks
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the tubules. When the smear layer of the tooth is
present, the fluid {low that can occur through the
dentin is only a few percent of that possible fol-
lowing acid removal of the smear layer, thereby
“opening” the tubules.

There is a growing body of evidence that
occlusion of the dentinal tubules of a sensitive
tooth, whether by resin infiltration, vamnish coat
or more recently by crystallite precipitation, re-
sults in reduction or elimination of the hypersen-
sitivity. The duration of relief, however, is highly
variable. Hypersensitivity usually reappears be-
cause of toothbrush abrasion, presence of acid
challenges in the mouth or degradation of the coat-
ing material.

Desensitizing dentifrices containing potas-
sium oxalate have been found to provide tempo-
rary tubule occlusion. Potassium oxalate is
thought to react with the smear layer to increase
its resistance to acid attack as well as reduce the
permeability. It is thought that the crystals pro-
duced when dentin is treated with potassium ox-
alate are calcium oxalate,

Previously, all materials have used biologi-
cally inactive inorganic or organic components that
will occlude the open tubules for a limited time
period. Normal habits including the eating of
acidic foods and vigorous toothbrushing wil re-




move the materials from the tubules allowing fluid
flow and a recurrence of sensitivity. In addition,
literature has demonstrated with some hypersen-
sitivity agents simple rinsing with water signifi-
cantly reduces the number of occluded tubules.
Therefore, there 1s a need in the dental field for a
material that would chemically react with the sur-
face of dentin and intimately bond to tooth strue-
ture, which would significantly reduce the reopen-
ing of dentin tubules due to contact with oral flu-
ids and potentially remineralize the surface.

Bioactive and biocompatible glasses have
been developed as bone replacement materials.
Studies have shown that these glasses will induce
or aid osteogenesis in a physiologic systems. The
bond developed between the bone and the glass
has been demonstrated to be extremely strong and
stable. The bioactive glass formulation has been
widely tested in bone and soft tissue. Toxicology
evaluation of the glasses has shown no toxic ef-
fects in bone or soft tissue in numerous ixn vitro
and in vivo models. However, the glass has been
reported to be bacteriostatic or bacteriocidal most
likely related to the change in pH induced by the
dissolution of the ions from the surface of the glass
and lack of bacterial adherence to the glass sur-
face.

The bonding of the glass to bone begins with
the exposure of the glass to agueous solutions.
Na+ in the glass exchanges with H+ from the
bedy fluids causing the pH to become more alka-
line. Ca and P migrate from the glass forming a
Ca-Prich surface which will form an apatite layer.
Underlying this Ca-P rich layer on the glass is an
area which becomes increasingly silica rich due
to the loss of Na, Ca and P ions.

Bioglass®, a bioactive glass, has not previ-
ously been described as a material for use in re-
ducing tooth hypersensitivity. Subject of two pat-
ents (one allowed, one pending) is a novel
Bioglass® compound which will mechanically
occlude open tubules and release Ca and P to
remineralize and strengthen tooth structure. In
addition, sodium and calcium have been demon-
strated to reduce transmission of nerve impulses,
thus reducing the stimulj to the dental puip.

Several studies have been completed to es-
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tablish a proof of concept for
following studies will be de:
trial nsing three concentratior
compound in a dentifrice, 2)
Microscopy (SEM) studies ¢
changes on dentin surfaces, 3
Infrared Spectroscopy to ides
tion on dentin surfaces, and 4
persive Spectroscopy (SEM-I
faces to determine the presenc
ponents on the surface. All ev:
FTIR were performed using «
frice at the time intervals mat
tions of the clinical trial.

MATERIALS AND ME’

Clinical Study Design: 1
a “double-blind”, placebo <
which 66 healthy adults (Table
persensitivity were enrolled.
firmed at a screening appoin
were randomly assigned to a
ment schedule of unsupervise
day with one of three dentifric

Participant Demoy
O% 25%
Number 22 22
Age 40.6 392
Male 4 4
Female 18 18
White 10 16
Black 11 5
Other 1 1
No significant differences among tre
Fisher's exact te
Table 1

2.5% Bioglass® compound a
compound (Tables 2 & 3}, Effi
at Baseline, Two, Four and Ei
uct use in¢clude cold-air and tac
by the subject on a Visual A
from 0-100 mm. An oral soft
and calcualus evaluation were


















