
Many articles have been written about
dental sealants, and most clinicians
know that sealants are a barrier to

biofilms. The physical barrier blocks the biofilm
formation in the pits and fissures, and it keeps the
acids out of the fissures, prohibiting dental decay.1

If the sealant is properly placed, the pits and fis-
sures will be safe from further decay.2 In the Third
National Health and Nutrition Examination
Survey analysis, pit and fissure decay accounted for
88% of caries while the occlusal surface accounts
for only 13% of total tooth surface.3 In the United
States the percentage of children without caries
experience in permanent teeth has doubled in the
past 20 years.4

For a number of years, resin sealants have
remained basically the same. Some innovations
have developed in material or application, such as
refined applicators and added colorants to make
placement easier to see, such as the 3M™ ESPE™

Clinpro™ Sealant (St. Paul, Minn, www.3m.com).
Ivoclar Vivadent’s Helioseal® (Amherst, NY,
www.ivoclarvivadent.us.com) has a system to
make the resin sealant appear green when ultravi-
olet (UV) light is focused on the sealant after place-
ment to make it obvious to the clinician that the
sealant is still present.  

Evolution in the sealant materials has allowed
for improvement in the UV lights as well. Along
with the advanced setting properties of the newer
resin sealants, the Rembrandt® Sapphire® Light
(Den-Mat Corporation, Santa Maria, Calif,
www.denmat.com), ARC Light® IIM Xenon
Curing and Bleaching System (Air Techniques, Inc.
Hicksville, NY, www.airtechniques.com), and the
Easy Cure 3 (Sullivan-Schein Dental®,  www.sulli-
vanschein.com) have better intensity to allow
shorter setting times and deeper depth of cure. This
increased speed makes it easier for the apprehen-
sive patient to have a positive dental experience. 

Isolation of the tooth is still one of the major dif-
ficulties in resin sealant placement. Hygienists are
often charged with placing sealants without assis-
tance, making placement difficult. The sealant

position paper from the American Association of
Pediatric Dentistry recommends using a bonding
agent to increase the strength of the bond, particu-
larly on the buccal and lingual surfaces.3 This step
decreased sealant failure by 47% on occlusal sur-
faces and reduced risk of failure by 65% on the
buccal or lingual surfaces.3 UltraSeal™ XT plus
(Ultradent Products, Inc., South Jordan, Utah,
www.ultradent.com) includes a separate bonding
agent with their sealant. 3M ESPE makes a prod-
uct that, although not intended for use with
sealants, is an etchant and bonding agent in one,
eliminating a step. Resin sealants’ main function
has been, and will always be, a physical barrier
protecting pits and fissures.

Use and Overuse
Studies agree that placing sealants on teeth at

high risk for decay increases sealant effectiveness.3

That is to say, placing a sealant on a child with
existing restorations or decay is far more beneficial
than placing a sealant on a patient who has never
experienced decay with low caries risk. The goals
for Healthy People 2010 are to have sealants on
50% of children’s teeth.5

A sweeping statement to seal all teeth is over-
stating the need.  Insured populations with access
to municipal water fluoridation have such a low
incidence of decay that sealants may be considered
overtreatment.6 Dennison stated that sealants had
an almost insignificant effect on population-based
treatment or health care costs. Over 5 years, place-

ment of 15 sealants eliminated the need for 1
restoration in the study population. The effective
risk reduction for teeth receiving sealant was
approximately 50% over 5 years.

After analyzing the cost/benefit ratio, the
authors do not recommend routine sealants in
this population. This does not reflect the needs of
the rest of the population. For every child with-
out medical insurance, there are 2.6 children
without dental insurance and 38% do not live in
communities with fluoridated water.7

Fluoride is still one of the best assets we have
with regard to preventing decay. Low-dose, long-
duration fluoride application, as in fluoridated
municipal water supplies, has decreased the
amount of decay.8-11

Risk
Most decay is in the pits and fissures; erupting

molars are the highest risk, and second molars
exhibit a 20% higher incidence of caries than first
molars.3,6,12 These statistics, plus poor nutrition,
poor oral hygiene, ineffective salivary components,
and insufficient saliva increase the risk for dental
decay.13 In some cases, resin sealants are not indi-
cated because of the young age of the patient, the
patient’s inability to cooperate, or something as
simple as an incomplete eruption. Even with these
presentations, the risk for decay is often so high
that clinicians may feel compelled to do something. 

One option is fluoride varnish. However, var-
nish is not a barrier to biofilms or their waste
products. Resin sealants are the first choice for
sealing pits and fissures because they have been
proven to provide mechanical defenses against
decay-causing organisms and their waste prod-
ucts. In certain circumstances, such as insufficient
eruption, glass ionomer sealants should be con-
sidered.14 Glass ionomer cements obstruct
biofilms, deliver fluoride, and have been studied
extensively in sealant applications, so they are the
best option in difficult cases.

Glass Ionomers as Sealants
A glass ionomer is a material that has many ben-

efits as a sealant material, such as: 
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Abstract
Sealants have proven to be a valuable pre-

ventive service. Changes to resin sealants
have made them more reliable as a pit and
fissure protectant that shields the most sus-
ceptible part of the tooth from decay and
have a high sealant retention rate. 
Glass ionomers used as a sealant have

gone beyond the traditional retention of
resin sealants. Glass ionomer cements have

been enticing dentistry for a use as a sealant
for a long time, and with good reason.
Glass ionomers act as a fluoride reservoir,
releasing fluoride for years. They also bond
chemically to the tooth in a moist atmos-
phere, raising the bar of sealants’ efficacy
to a new level. This article reviews the his-
tory of glass ionomers as a sealant and sur-
face protectant material. 
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After reading this article, the reader should be 
able to:



• therapeutic fluoride release. 
• thermal expansion coefficient sim-

ilar to enamel. 
• chemical bond to the enamel.
• saliva friendly.
• self-curing.
• short-term bactericidal activity.15

• inhibits biofilm formation.15-17

Fluoride acts as a flux in the pow-
der component of the glass ionomer,
driving the chemical reaction be-
tween calcium, silicate (glass), and
aluminum. Calcium and aluminum
ions react with phosphoric acid, cre-
ating an aluminum-calcium-phos-
phate matrix that binds the partially
reacted glass particles together.14,16,18

The fluoride is not a structural
component of the matrix and is
expendable without affecting the
overall cement.19 The fluorides are
leached from the cement and have
been shown to react with the enamel,
forming a more acid-resistant zone
and even resulting in remineraliza-
tion.18 This fluoride release is in-
creased in an acidic environment.19

Fluoride in a glass ionomer has been
shown to buffer lactic acid.16 This is
important because glass ionomers are
then proactive in the high-caries-risk
individual. Placed in a high acid env-
iornment where demineralization of
tooth structure is occuring, glass
ionomers can chemically alter the
acidity with the release of fluoride.  

The fact that this material also
contains and reacts with water is
important because it forms a hydro-
gel. The hydrogel allows the most
important benefits of glass ionomer
to occur, which is fluoride recharge-
ability. As fluoride is leached out of
the material into the surrounding tis-
sue, fluoride is also allowed in from
general daily homecare products,
effectively creating a fluoride reser-
voir or battery.18,19

This hydrogel property is also
what makes glass ionomer possible to
place in a moist environment, even
under an operculum in a partially
erupted tooth, which is an area that is
unsealable with traditional resin
sealants.

Glass ionomer materials have
evolved from cements and leuting
agents to permanent restorations and
currently to sealants. As a cement or
leuting material, glass ionomers have
a long history of providing excellent
clinical results. The pathway for a
permanent restoration and sealant
material is much longer and convo-
luted.

Glass ionomers are brittle when
compared with other restorative

materials and wear away over time.14

Studies have shown alarmingly short
lifespans of glass ionomers as
sealants.20-22 

Over time, manufacturers have
developed glass ionomers to with-
stand occlusal forces and to increase
flowability. The caries rate was
decreased substantially in teeth that

were sealed with glass ionomer
sealants, regardless of its presence.22

Scanning electron microscope views
showed that although the teeth had
no sealant visible to the unaided eye,
there was some material located deep
in the pits and fissures, still providing
a barrier to the fissure.22 And the
minute amount of glass ionomer

sealant continually acted as a fluoride
battery—discharging and recharging
with fluoride as the environment
allowed.

Other findings stated finger pres-
sure to the material on the tooth
increased retention.22,23 The pressure
increased the bond strength and
forced the material into the fissures.
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Establishing Sealant
Efficacy 

Sealant effectiveness comes from
the idea that sealants act only as a
physical barrier to decay-causing ele-
ments. Sealant studies that compared
composite resin sealants with glass
ionomer sealants found that glass
ionomer sealants physically didn’t
last as long as resin sealants. These
examinations were done with the
unaided eye. The outcome at the end
of the trials found that the decay rate
for the teeth sealed with the glass
ionomer sealants were less likely to
have statistically less significant
decay.3,21,24

Glass ionomers act as a physical
barrier and they contain fluoride to
interact chemically with the enamel,
increasing its effectiveness as a
sealant and providing a new way to
determine sealants’ effectiveness.
Research by Pereira and colleagues
found no need to reapply chipped
glass ionomer sealants to affect caries
rate.20

“Sealant effectiveness should be
measured by a decrease in decay, not
just retention of the sealant,” says
Dr. Hein Ngo. Dr. Ngo is an
Australian dentist and developer of
GC Fuji Triage™ (GC America, Inc.
Alsip, Ill, www.gcamerica.com), the
only glass ionomer to be marketed as
a sealant (H Ngo, oral communica-
tion, September 2003). Triage has a
distinct pink color to allow high-risk
patients and clinicians to detect the
material, even after curing. It has 6
times the fluoride release as other
glass ionomer cements, and it can be
used as a surface protectant on parts
of the tooth other than the occlusal.

Objective analysis of a pit or fis-
sure’s fitness up until now has been
established without magnification
and with the use of only an explorer
before placing a sealant. This lack of
definitive information has propelled
some clinicians to surgically alter the
pit’s or fissure’s anatomy in an
attempt to facilitate better sealant
access and retention. It also has
sometimes led to clinicians attempt-
ing to remove incipient decay, believ-

ing that this early decay should be
removed for the sealant to be effec-
tive, but this is not the case.24 Use of
air abrasion, or fissureotomy burs, to
open pits or fissures is not supported
by the evidence.3

Newer techniques and technology
for detecting decay, plus the mount-
ing supporting evidence for use of
digital x-rays (CDR®, Schick Tech-

nologies, Inc., Long Island City, NY,
www.schicktech.com; DIGIPAN®,
Trophy Radiologie, S.A., Danbury,
Conn, www.trophy-imaging.com)
and light (QLF™, Inspektor Research
Systems bv, Amsterdam, the Nether-
lands, www.inspektor.nl; OMNII
Oral Pharmaceuticals, West Palm
Beach, Fla, www.omniipharma.com)
or laser caries detection (KaVo
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Table 1—Unstimulated and stimulated salivary pH and flow
rate in patients with and without caries

With caries Without caries
Unstimulated salivary pH 6.55 +/- 0.07* 7.12 +/- 0.05
Stimulated salivary pH 6.72 +/- 0.09* 7.21 +/- 0.06
Unstimulated salivary flow 0.43 +/- 0.03* 0.73 +/-0.09
(mL/min)
Stimulated salivary flow 0.60 +/- 0.05* 1.12 +/- 0.10
(mL/min)
Values are mean +/- SEM. *P<0.05.



DIAGNOdent®, KaVo America,
Lake Zurich, Ill, www.kavousa.com),

make explorer examination inade-
quate. Clinicians left with only unas-

sisted vision and an explorer use
inadequate tools for detecting decay
early enough and determining the
true mineralization of the tooth. Or
worse, they are creating a cavitated
lesion from one that could have rem-
inerialized.25,26

Many authors have studied the
effectiveness of placing composite
resin sealants over incipient lesions

and concluded that altering the
tooth’s surface is not necessary and
leaving remnants of caries is inconse-
quential to the longevity of the resin
or glass ionomer sealant.3,21,24 As long
as the decay hasn’t penetrated
through the enamel it is safe and rec-
ommended to seal it without ampu-
tation of the tooth.3,27 The use of
ozone therapy (HealOzone™, KaVo
America) shows promise in further
reducing the need for surgical inter-
vention by sterilizing the tooth’s sur-
face.28 The use of glass ionomer
sealants has been known to reminer-
alize damaged enamel.27,29-30 The
flow of fluoride through the hydrogel
formulates fluoroapatite, which is
less soluble than enamel without flu-
oride (hydroxyapatite) and heightens
the importance of this material to
modern dentistry in an attempt to
practice minimally invasive dentistry.

Saliva
Children are the prime candidates

for sealant application, although
sealants should be used on teeth with
pits and fissures, regardless of the
patient’s age.3 Lack of saliva is not
often considered for this age group.
Any clinician who has attempted to
place traditional composite resin
sealants on an apprehensive child
knows of the near hyperactivity of
the salivary ducts once the surface
has been cleaned. 

Saliva is an important part of 
the demineralization/remineraliza-
tion process of the tooth. Although
saliva quantity is not often an issue
with children, saliva quality can be.  

As the dentition becomes carious,
the salivary pH drops.31 A low-pH
beverage, such as carbonated soft
drinks or fruit juice, coupled with
ambient acidic saliva, tip the scale to
favor continued demineralization.
Sanchez and colleagues, in a paper
describing the quality of saliva,
showed that children with caries had
smaller increments of salivary flow
after stimulation with 1 of 4 test bev-
erages (Coca-Cola®, Sprite®, Ades N
[Brazilian beverage], and chocolate
milk), and children without caries
had nearly double the flow rate.31

This team also showed that children
with caries had lower salivary pH
than the control group (Table 1).

Saliva in the children with caries
had low buffering capacity when
compared with the children without
caries. Fifty-two percent of the chil-
dren with decay had saliva with low
buffering capacity, compared with
only 8% of the children without
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Table 2—Salivary buffering capacity in those with caries and
those without

Buffering capacity Caries,% Without caries,%
Low 52 8
Medium 25 47
High 23 45



decay. Saliva with a high buffering
capacity was nearly double in chil-
dren without decay, compared with
children with decay. These are tough
problems to overcome with a tooth-
brush. The research team did not
speculate which came first, low
buffering capacity of saliva or caries.
They did state that the flow rate was
a predisposing intrinsic factor for
developing decay (Table 2). Without

a saliva test, a clinician cannot know
a patient’s saliva chemistry. Ivoclar
Vivadent makes a saliva test (CRT®

buffer) that can be administered
chairside.  

Bacteria counts have not proven
to be as important an indicator as
saliva quality.31,32 Van Palenstein
Helderman and colleagues found
that while it was a part of the whole
caries picture, bacterial counts are a

single indicator of a multifactorial
disease and knowing which bacteria
grew out of the saliva was of 
little importance.32 Freedman and
Diefenderfer showed that an acidic
environment released fluoride from
the glass ionomer.18

Croll and Nicholson reported that
glass ionomer acts as a buffer to lac-
tic acid, increasing pH around the
material within seconds of the 

acid challenge.16 Carvalho and
Bezerra found a statistically signifi-
cant reduction in Streptococcus
mutans in the children who had
atraumatic restorative treatment (a
process where decay is removed
with hand instruments only) with
glass ionomer.33 Okuda and col-
leagues found inhibition zones
around the glass ionomer restora-
tions in that study.34 Given this
information on saliva, and the fact
that glass ionomers can be placed in
a moist environment, a clinician
could be more motivated to place
glass ionomer sealants on children
with caries experience.

Plaque Quality
The biofilm known as plaque has a

very bad reputation in dentistry. It is
the root cause of all dental disease.
Periodontal disease and decay are
both brought about by the mass of
pathogens conglomerating on the
surfaces of the teeth.35

While it’s difficult to say that
plaque is our friend, it is not the
enemy that we perceive. When it
comes to decay, this biofilm can be a
useful reservoir for the components
we look for to remineralize teeth.
Plaque can harbor fluoride, calcium,
and phosphorous, thereby making
the building blocks of enamel readily
available to teeth.8,36 Although
brushing is important, leaving some
plaque isn’t horrible, as long as re-
mineralization elements are provided
by way of fluoride, such as lozenges
(Lozi-Flur™, Dreir Pharmaceuticals,
Inc., Scottsdale, Ariz, www.dreir
pharmaceuticals.com) or dairy prod-
ucts (Recaldent™, Bonlac Foods
Limited, Melbourne, Australia,
www.recaldent.com).10

It’s widely known in dental circles
that plaque lives on sugars, or glu-
cose. S mutans has the reputation of
causing the most decay. In a study
published in 2002, Bradshaw and his
team studied the effects of fluoride on
biofilm and planktonic microbial
communities.8 In the biofilms creat-
ed, the team included only 4% S
mutans. After feeding the cultures
glucose for 10 days and allowing the
pH to drop to levels preferred by
acidophiles, the culture demographic
changed dramatically, increasing the
S mutans to nearly 23% from 4%.

When the study was repeated and
the glucose was provided in the pres-
ence of sodium fluoride, the demo-
graphic balance of the bacterial
colony did not change. The fluoride
restricted the growth of S mutans to

November/December 2003Contemporary Oral Hygiene32

ContinuingEducation



<5%. They concluded that even low amounts of
fluoride exert direct and indirect effects on the
flora.  

Glass ionomers have been shown to have an
inhibitory effect on biofilm formation around the
restoration for up to 3 months.15 The glass
ionomer buffers the acid with sodium fluoride
release, blocks the pits and fissures, and can be
placed in a moist field.

Conclusion
In the end, both intuitively and scientifically,

sealants work. Glass ionomer sealants are not for
everyone—they are for the difficult cases. They
have a definite place in our armamentarium. GC
Fuji Triage was developed specifically as a surface
protectant. Dr. Ngo saw circumstances where all
surfaces of the tooth should be protected against
decay (H Ngo, oral communication, September
2003). In the case of dependent or infirm patients,
or those at high risk for decay, GC Fuji Triage can
be used on any at-risk tooth surface. 

Early decay can be arrested and the tooth re-
mineralized by applying glass ionomer to that sur-
face and instructing the patient to watch for the
pink color. When it’s gone, in some cases it’s time
to reapply. In other cases, if the patient has over-
come a physical handicap, diet, or the tooth is now
fully erupted, the surface protectant may no longer
be needed. Currently, studies tell us that glass
ionomer can be expected to provide fluoride for 2
years to 5 years, as described by Croll and
Nicholson and Forsten.16,30

The National Call to Action to Promote Oral
Health urges us to “increase oral health work-
force diversity, capacity, and flexibility.”37 Glass
ionomers can help improve dental hygiene out-
reach results by acting as a sealant protecting pits
and fissures, as well as a surface protectant on the
broad surfaces of the tooth.  COH

Disclosure
The author received an honorarium from GC

America Corporation to write this article.
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CEQuiz

1. What is resin sealants’ main function? 
a. protecting pits only
b. protecting fissures only
c. protecting both pits and fissures
d. protecting gingiva

2. What increases the risk for dental decay? 
a. poor nutrition
b. poor oral hygiene 
c. ineffective salivary components and insufficient

saliva
d. all of the above

3. What are some of the benefits of glass ionomer
sealants? 
a. therapeutic fluoride release 
b. saliva friendly
c. self-curing
d. all of the above

4. Studies have shown alarmingly short lifespans of
glass ionomers as sealants. Compared with other
restorative materials, glass ionomers are: 
a. brittle.
b. soft.
c. coarse.
d. dense.

5. What do glass ionomers contain to interact chem-
ically with the enamel, increasing its effectiveness
as a sealant?
a. fluoride
b. silicate
c. hydrogel
d. cement

6. What therapy shows promise in further reducing
the need for surgical intervention by sterilizing
the tooth’s surface?
a. light therapy
b. periodontal therapy
c. ozone therapy
d. water therapy

7. Who are the prime candidates for sealant 
application?
a. children
b. senior citizens
c. adults between age 25 and 45
d. adults between age 35 and 55

8. What is often an issue with demineralization/
remineralization with children’s teeth?
a. saliva quantity
b. saliva quality
c. low buffering capacity
d. high buffering capacity

9. What is the root cause of all dental disease?
a. glucose
b. fluoride
c. phosphorous
d. plaque

10. Glass ionomers have been shown to have an
inhibitory effect on biofilm formation around the
restoration for up to:
a. 2 months.
b. 3 months.
c. 4 months.
d. 6 months.


