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a b s t r a c t

Objectives. This study evaluated the ability of a novel sol–gel bioactive glass, in conjunction

with appropriate carrier vehicles, to reduce dentinal fluid flow, with an eye toward reducing

dentinal hypersensitivity.

Methods. Experiments were conducted to measure the reduction in tubule fluid flow after

treatment of cut tooth surfaces with sol–gel bioactive glass particles in several carrier

vehicles. Surfaces were also examined after exposure to brushing and acidic solutions. A

non-bioactive particulate glass was compared.

Results. Tubular occlusion produced by the bioactive glass was observed via SEM and a sus-

tained reduction in hydrodynamic conductance was measured after exposure to various

fluids and brushing.

Conclusions. This new material may be used with the tested carriers to significantly and

durably reduce tubule fluid flow, ultimately resulting in reduced dentinal hypersensitivity.

© 2010 Academy of Dental Materials. Published by Elsevier Ltd. All rights reserved.

1. Introduction

It has been stated 8–35% of the population in the U.S. at any
one time suffers from dentin hypersensitivity [1], but there are
estimates as high as 74% [2]. It also has been reported that root
sensitivity increases from 9 to 15% pre-periodontal surgery,
to 55% post-surgery [3]. In vivo studies provide strong evi-
dence that the sensitivity originates from the exposure of open
dentinal tubules at the surface of the tooth [4] and is caused
by changes in the local environment, including temperature,
pressure, osmolality, and chemical agents. These local envi-
ronment changes cause fluids in the dentinal tubules to move
quickly, stimulating the nerves surrounding the odontoblasts
and giving rise to pain as postulated in the hydrodynamic
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theory [5]. Typical methods to alleviate the effects of dentin
hypersensitivity include occluding the open tubules with
organic or inorganic chemicals and compounds, as well as
applying chemical agents that suppress pain expression [6,7].
The general consensus is that the most effective and durable
method for achieving relief would be to seal the dentin surface
through tubule occlusion, thereby eliminating or minimizing
movement of fluids in the tubules [8].

Various agents have been packaged as both in-office, as well
as over-the-counter medicaments for treating tooth hyper-
sensitivity [6]. However, there currently is no ideal system
for performing this task. Potassium oxalate, potassium chlo-
ride, glutaraldehyde, resin monomers, and other materials
have been used either in dentifrices or as single or multiple
application agents to occlude dentinal tubules. While these
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materials have been shown to provide some relief, none have
been proven to be completely effective. Recently, a bioactive
glass has been added to a dentifrice for this express pur-
pose [1]. Tubule occlusion was examined by scanning electron
microscopy, and shown to be enhanced to some extent with
certain formulations. However, no attempt was made to study
the ability of the agent to reduce dentin permeability. The
durability of the surface layer also was not studied, though
it was suggested that it is easily washed off with water.

Bioactive glasses have been shown to promote the crystal-
lization of new mineral on their surfaces [9–12]. Other studies
have verified the precipitation of a calcium phosphate ceramic
on the surface of a tooth after application of a bioactive glass
(Bioglass®), providing evidence for the potential of this form
of treatment [13]. Bioactive glasses can be formulated by the
sol–gel process such that they have varying rates of dissolution
and mineral formation in biologic environments [14].

The objective of this study was to examine in vitro the
dentinal tubule sealing ability of a nano-structured sol–gel
bioactive glass preparation delivered on exposed dentinal
tubules and its effects on hydraulic conductance of human
dentin. Furthermore, we assessed the physical durability of
this sealing, as measured by its resistance to aggressive solu-
tions and toothbrushing, and identified appropriate vehicles
and delivery systems for its application. It was hypothesized
that this novel material may potentially be used as a dental
desensitizing agent.

2. Materials and methods

2.1. Materials

We synthesized bioactive glass (BAG), using a sol–gel method.
The composition of this glass was 65 mol% SiO2, 31 mol% CaO,
and 4 mol% P2O5.

To maintain the highest homogeneity possible, all start-
ing compounds were high-purity metal alkoxides. Tetraethyl
orthosilicate (TEOS, C8H20O4Si) was used as the precursor
for silica (SiO2) in the final glass; calcium methoxyethoxide
(CMOE, C6H14O4Ca) was the precursor for lime (CaO); and tri-
ethyl phosphate (TEP, C6H15O3PO) was used to yield phosphate
(P2O5). All of the alkoxide reagents were purchased commer-
cially (Sigma–Aldrich). The methoxyethanol solution served
as a mutual solvent for all of the alkoxides. The solutions
were prepared in a dry nitrogen environment, and water vapor
was introduced by aging them in a 100% humidity chamber at
37 ◦C. This served to initiate hydrolysis and glass formation.
After mixing, the resulting glasses were cast into polyethy-
lene containers and allowed to hydrolyze undisturbed for
up to 3 weeks. They were aged in distilled water, air-dried
and stabilized in a furnace at 600 ◦C, using a ramp and soak
sequence over two days to completely remove residual alco-
hols and alkoxide components, while retaining high surface
area through moderate–high porosity formation. After rapidly
cooling, the glasses were coarsely crushed with mortar and
pestle, and subsequently ball-milled with zirconia beads for
8 h in an ethanol solution. The resulting powders were dried
at 37 ◦C and sieved to less than 35 �m. The particles under-
went further processing in a micronizer (Sturtevant, Hanover

Table 1 – The concentration of ionic species in SBF.

Ionic species Concentration
in SBF (mM)

Mg2+ 1.5
Ca2+ 2.5
K+ 5.0
Na+ 142.0
SO4

2− 0.5
HPO4

2− 1.0
HCO3

− 4.2
Cl− 147.8

MA), resulting in a distribution of particles with a size range
from less than 1 �m to about 20 �m, as measured by laser
diffraction (Malvern Mastersizer 2000, Malvern Instruments,
Westborough, MA). The surface area of all powders was mea-
sured using the BET technique (Quantasorb, Quantachrome
Corp., Syosset, NY).

In order to verify the bioactivity of these powders, samples
(10 mg) were immersed in 5 ml of Simulated Body Fluid (SBF)
for up to 14 days (see Table 1). Following immersion, the pow-
ders were rinsed, dried and examined using Fourier Transform
Infrared Spectroscopy (FTIR).

2.2. Tooth preparation

Dentin/pulp chamber specimens (n = 3–5 for each treatment)
were prepared from human teeth as shown in Fig. 1. In
brief, intact human molars free from caries and restorations
were sectioned perpendicular to the long axis of the tooth
using a low-speed rotary saw and a diamond wafering blade.
The initial cut was made apically and far enough below the
dentin–enamel junction so as to leave a small amount of the
original pulp chamber. The occlusal surface of the tooth was
removed with a second cut parallel to the first and just supe-
rior to the pulp horns. This resulted in a thin cylinder of tooth
with intact dentin on the surface of the sample. The prepared
tooth was mounted on an acrylic block using cyanoacrylate
adhesive (Zap-it; Dental Ventures of America) through which
a 15 gauge stainless steel (SS) tube had been inserted to pro-
vide entry into the pulp chamber. The fresh dentin surface was
ground using #600 SiC until perfusion of water through the
dentin was visible with moderate pressure applied through
the SS tube via a water-filled syringe. Care was taken to not
perforate the thin dentin layer. The SS tube was used through-
out the remainder of the experiments when the specimens
were being aged to provide 20 cm pressure with SBF to repli-
cate physiologic conditions.

Each tooth surface was lightly etched with 35% phos-
phoric acid (15 s) on a microbrush to remove the resulting
smear layer and open the tubules. Following etching,
the surface was rinsed for 10 s and blotted dry with
tissue, and then hydraulic conductance measurements were
made as detailed below.

2.3. Experimental design

All conductance measurements were made following a mod-
ified procedure described by Pashley et al. [8], using a FloDec
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