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Factors that Affect the Shear 
Bond Strength of Pit and 
Fissure Sealants to Tooth 
Structure: A Systematic 
Review

ABSTRACT
Introduction: Pit and fissure sealants are effective in preventing caries disease, howev-

er, they may present flaws that damage the physical barrier leading to treatment failure. 
Objective: To answer the question ‘’Do pit and fissure sealants present good adhering to 
the dental structure when analyzed by their resistance to shear/microshear?”. Methods: 
This systematic review followed the Preferred Reporting Items for Systematic Review 
and Meta-Analyses (PRISMA) and was recorded in Open Science Framework. Embase, 
PubMed, SCOPUS, and Web of Science databases were used for the search strategy. The 
articles were selected according to the eligibility criteria. The risk of bias was performed 
with the adaptation of the quasi-experimental studies tool by Joanna Briggs Institute 
(JBI). Results: 1245 studies were found in the databases when applying the search strat-
egy, after removal of duplicates 881 were evaluated and 44 were selected. After applying 
the JBI tool, 30 studies presented low risk and 15 moderate risk of bias. Meta-analysis 
was not possible to performed due to the heterogeneity of the studies. Conclusion: The 
adhesion is dependent on the application protocol, and among the protocols evaluated, 
conditioning with 37% phosphoric acid for 60 seconds and contamination of the sub-
strate, as these can affect sealant adhesion.

 INTRODUCTION
The pit and fissure sealants are effective in preventing caries disease as 

they act as a physical barrier to the invasion of bacteria and plaque accu-
mulation, however it is still a constant challenge to adhere to the dental 
structure due to physiological conditions, alteration of ph, temperature, 
masticatory forces, constantly submitted to the oral cavity.1,2 For this reason, 
researchers aim to improve their physical-chemical and mechanical prop-
erties in order to increase their resistance to adherence and thus provide 
greater longevity and consecutive clinical success of preventive treatment.1–3

To provide adhesion to the sealants, conditioning with phosphoric acid 
is the most used method because it provides the formation of micropores 
on the enamel surface allowing the penetration of the material.3,4 There 
are also alternative preparation methods such as the application of lasers, 
air abrasion and invasive preparations with drills that increase retention 
through macroscopic changes in the substrate.5,6 In recent years, the ap-
plication of self-etching adhesives has become popular, as it allows for a 
reduction in clinical time and simplification of the technique.7,8
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The micromechanical retention of sealants can be affected 
by the adverse conditions present in the oral cavity, the main 
one being salivary contamination, so adequate saliva control 
and isolation of the operative field are paramount during 
the operative technique, especially in care of young children, 
patients with special needs and newly erupted teeth.4,9 The 
presence of saliva affects the adhesion of sealants and their 
reduction compromises their marginal integrity by favoring 
the occurrence of microleakage and consequent secondary 
caries, postoperative sensitivity, adverse pulp response and 
loss of restoration, with reduced clinical performance and 
preventive potential.3,4,10

The challenge of adhesion of sealants to the substrate is as-
sessed by researchers by the shear strength and microcutting 
tests as they are useful tools for determining the retention 
capacity of dental materials on enamel and predicting their 
clinical effectiveness in vitro. It is noteworthy that a low resist-
ance to these tests is associated with inadequate connections 
and wider gaps between the sealant and the substrate, while a 
high with greater predictability of clinical success.5,10,11

Despite the proven clinical efficacy of sealants and the rela-
tive ease of application, retention and longevity remain a chal-
lenge, so this systematic review aims to critically assess the 
existing literature and answer the question ‘’Do pit and fissure 
sealants present good adhering to the dental structure when 
analyzed by their resistance to shear/microshear?’’.

 MATERIAL AND METHODS

PROTOCOL
This systematic review was prepared in accordance with the 

Preferred Reporting Items for Systematic Review and Meta 
Analyzes Protocols (PRISMA 2020) to answer the question ‘’Do 
pit and fissure sealants present good adhering to the dental 
structure when analyzed by their resistance to shear/micro-
shear?”, and its protocol was registered in the Open Science 
Framework (https://osf.io/dwk2f). 

ELIGIBILITY CRITERIA	
In vitro experimental studies that evaluated the adhesion of 

pit and fissure sealants (glass ionomer sealants, auto-polym-
erized sealants, light-polymerized sealants, resin based seal-
ants) in human teeth (permanent or deciduous) and bovine 
by the methods of shear resistance and micro-shear, without 
restriction of time and language, were included. And excluded 
if: a) they did not carry out the shear tests (SBS) or micro shear 
(µSBS); b) sealants for orthodontic and endodontic purposes; 
c) article not available in full; d) articles published in journals 
without Journal Citation Reports (JCR); f) clinical articles, re-
views, chapters, conference, short communications.

SEARCH STRATEGY
The databases Embase, PubMed, SCOPUS, and Web of Sci-

ence were used for the personalized search strategy: (‘’dental 
sealants’’ OR ‘’pit and fissure sealants’’ OR ‘’tooth sealants’’ OR 
‘’Fissure sealants’’) AND (‘’shear strength’’ OR ‘’adhesion test’’) 
on March 31st, 2023. The EndNote X8 software was used to 
remove duplicates and the Rayyan web application was used 
to select articles by title and abstract.

SELECTION PROCESS
The reviewers I.F and J.D.C.T evaluated the articles found 

independently in two phases according to the eligibility cri-
teria. In the first phase, they selected according to the title 
and abstract, and in the second, through the full reading of 
the articles. Doubts and discrepancies were resolved at the 
consensus meeting with the coordinator A.C.R.

DATA TABULATION
I.F and J.D.C.T tabulated the data in an excel spreadsheet 

(Microsoft Corporation, Redmond, USA) independently ac-
cording to author, year, objective, groups evaluated, types of 
teeth, trial, result expressed in Table 1.

 ANALYSIS OF THE RISK OF BIAS 
The quasi-experimental studies (non-randomized experi-

mental studies) from the JoannaBriggs Institute (JBI) has been 
adapted to assess the risk of bias.12,13 For the classification 
of the methodological quality of the studies, each question 
was scored with “yes”, “no” and “uncertain”, so when all ques-
tions were answered with “yes” the study was considered to 
be of high quality (low risk of bias), studies that had 6 to 7 
“yes” moderate quality (medium risk of bias) and when 5 or 
less “yes” low quality (high risk of bias). The analysis was per-
formed using the RevMan 5.3 software.

 RESULTS

SELECTION PROCESS
When applying the search strategy, 1245 studies were found 

in the databases, after removing the duplicates, 881 were 
evaluated by title and summary, which resulted in 86 to be 
read in full when applying the eligibility criteria 44 were se-
lected. The selection process is illustrated in the flowchart in 
Figure 1.

RISK OF BIAS
The risk of bias was increased in some studies because 42 

studies2-11,14-35,38-47 evaluated the connection interface only once 
(after applying the cause), 15 of them3,6,8,18,20,22,23,29,30,37,39,41,45-47 
do not have a control group, and 1 with data measurement 
using a different methodology21 (Figures 2 and 3). Thus, 30 
studies had a low risk of bias and 15 a moderate risk of bias.

P333
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Table 1. Data tabulation according to the author, year, objective, groups evaluated, type of teeth, assay, and result.

Author, year Aim Groups
Type of 
teeth

Assay Result

Dewji  
et al 199836

To Compare the adhesion 
of resin sealants, Delton 

Opaque®, and ionomeric 
sealants, Fuji III Self 
Cure®, Fuji III L.C.®, 

and Fuji III L.C.®.

G1: Delton Opaque®- 10% 
phosphoric acid; G2: Fuji III Self 
Cure® - no conditioning; G3: Fuji 

III L.C.® - 20% Polyacrylic acid plus 
3% Aluminium Chloride; G4- Fuji 
III L.C.® - 10% phosphoric acid.

Bovine 
teeth SBS

Fuji III L.C® resin-modified 
ionomer sealant showed 

higher SBS compared 
to Delton Opaque® and 

Fuji III Self Cure®.

Ellis  
et al 199937

To investigate short-term, 
72 hours, and long-term, 
120 days, resistance to 

thermal shear of Pit and 
Crack Sealants, Delton®, 

following various methods 
of surface pretreatment for 
enamel, air abrasion, acid 

etching, pumice stone, and 
3% hydrogen peroxide.

G1: no surface pretreatment 
or control conditioning; G2: air 
abrasion. No conditioning; G3: 

phosphoric acid 35%; G4: cleaned 
with a pumice stone without 

fluorine + phosphoric acid 35%; 
G5: submitted to air abrasion 

+phosphoric acid 35%; G6: washing 
with 3% hydrogen peroxide for one 

minute. + phosphoric acid 35%.

Permanent 
human 
teeth

SBS

Showed average values 
of stored SBS 72h after 

conventional conditioning, 
while the air abrasion + acid 

etching showed greater 
adhesion and stability in 120 
days stored followed by 800 

cycles of thermal cycling.

Tulunoglu 
et al 199926

To evaluate the shear 
strength between saliva-

contaminated and washed 
enamel before application 

of a fluoride-releasing 
sealant, and bonded with 
three agents, Scotchbond 

Multi-Purpose Plus®, 
Optibond® and Syntac®.

G1: No adhesion and 
uncontaminated, control 
group; G2: No adhesion 

contaminated, control group; G3: 
Scotchbond® uncontaminated; 

G4: Scotchbond® contaminated; 
G5: Syntac® uncontaminated; 

G6: Syntac® contaminated; G7: 
Optibond® uncontaminated; 

G8: Optibond® contaminated.

Deciduous 
teeth SBS

The presence of salivary 
contamination decreased 
the SBS regardless of the 

type of adhesive agent used.

Drummond 
et al 200018

To evaluate the shear 
strength of bovine enamel 

between teeth with acid 
and teeth with a laser. 
With and without an 
experimental primer.

G1: acid + sealant condition; G2: 
acid + primer + sealant condition; 
G3: laser + sealant condition; G4: 

laser + primer + sealant condition.

Bovine 
teeth SBS

Larger SBS for conventional 
compared to the CO2 laser, 
and the developed primer 

promotes greater adhesion.

Yamamoto 
et al 200334

To evaluate the effects of 
tooth conditioning agents 

on the bond strength 
of resin-modified glass 
ionomer sealant, Fuji III 
LC®, to bovine enamel.

G1: conditioning with 10% 
polyacrylic acid; G2: conditioning 

with 20% polyacrylic acid; G3: 
conditioning with 12% citric 
acid; G4: conditioning with 

35% phosphoric acid; G5: no 
surface pretreatment, control.

Bovine 
teeth SBS

The 10% polyacrylic acid 
had the lowest SBS values 

than 20% polyacrylic 
acid, 12% citric acid, and 

35% phosphoric acid, 
however, the conditioning 

promotes an increase 
in SBS regardless of the 

conditioning agent.

Castro 
et al 20046

To evaluate the effect of 
three invasive methods of 
crack preparation, drill, air 
abrasion, and Er, Cr: YSGG 

laser, on the retention of the 
sealant, Embrace®, on the 
permanent molar surfaces.

G1: drill + acid etching;  G2: drill + 
acid etching + Excite® adhesive; G3: 
air abrasion + acid etching; G4: air 
abrasion + acid etching + Excite® 
adhesive; G5: laser Er,Cr:YSGG + 

acid etching; G6: laser Er,Cr:YSGG 
+ acid etching + Excite® adhesive.

Permanent 
human 
teeth

SBS

Reported higher SBS for 
drill, air abrasion, and 

laser Er preparations: Cr 
YSGG when conditioned 

by the conventional 
method with Excite®.

Peutzfeldt 
et al 20048

To evaluate the short and 
long-term shear strength 
of a sealant, Clear®, for 
primary and permanent 
enamel, which has been 

conditioned with phosphoric 
acid or a self-adhesive 

adhesive, Prompt L-Pop®.

G1: deciduous; G2: 
permanent; Subgroups: 1- the 
enamel was engraved for 30 

seconds with 38% phosphorus 
acid gel; 2- the enamel was 

treated with Prompt L-Pop®.

Permanent 
and 

Deciduous 
teeth

SBS

Reduced SBS for deciduous 
with sealant Clear® after 
conditioning with Prompt 
L-pop® and conventional 

when compared to 
permanent. No differences 

between conventional 
and self-etching.

Table 1 continued over leaf
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Table 1 continued:

Knobloch et 
al 200510

To compare the effect of 
air abrasion, acid attack, 

37% phosphoric acid, and 
the combination of both 

procedures on the SBS of a 
light-curing sealant, Delton®, 

to the enamel of human 
primary molar teeth.

G1:control group; G2: acid 
etching; G3: air abrasion; G4: 
air abrasion + acid etching.

Deciduous 
teeth SBS

Reported higher SBS in 
the combination of air 

abrasion and conventional 
acid etching methods.

Lepri 
et al 20084

To evaluate the shear 
strength of a sealant Er: YAG 
laser irradiated with enamel 
after salivary contamination.

G1: surface treatment with 37% 
phosphoric acid; G2: surface 

treatment with Er: YAG laser, 80 mJ/ 
2 Hz + phosphoric acid; Subgroups: 

1- no salivary contamination; 2 
with salivary contamination.

Permanent 
human 
teeth

SBS

Higher SBS for conventional 
preparation when compared 

to laser Er: YAG and 
salivary contamination 

affects the SBS of sealants 
regardless of preparation.

Wadenya  
et al 200927

To compare the SBS of a self-
conditioning resin sealant, 
Enamel Loc®, to a sealant 
using the acid conditioning 

technique, Clinpro®.

G1: control - Clinpro® with 
traditional acid conditioning; G2: 
Enamel Loc® self-conditioning.

Permanent 
human 
teeth

SBS
Clinpro® SBS was 
statistically higher 
than Enamel Loc®.

Moslemi  
et al 20105

To evaluate whether the 
sealant bond strength 

to the enamel increased 
when the cracks were 

prepared with air abrasion 
or with Er, Cr: YSGG laser 
followed by acid etching.

G1: Acid etching, control group; 
G2: Abrasion to air/acid etching; 

G3: Laser irradiation/acid storage.

Permanent 
human 
teeth

SBS
Higher SBS in the 

combination of air abrasion 
+ acid etching methods.

Rirattanapong 
et al 20119

To evaluate the effect of saliva 
contamination and compare 
the shear strength of three 

different sealants Concise®, 
Clinpro®, and Fuji VII®.

G1: saliva contamination; G2: 
non-saliva contamination. 3 
sub-groups: 1- Concise®; 2- 

Clinpro®; 3- Fuji VII®.

Permanent 
human 
teeth

SBS

The presence of 
contamination reduces 

SBS mainly in the Fuji VII® 
ionomer sealant when 
compared to the resin 

Concise® and Clinpro®.

Marchesi  
et al 201219

To evaluate the influence of 
ozone gas on the immediate 

bond strength of two 
fissure sealants, Concise®, 

and Ultraseal XT®.

G1: Concise® - ozone + sealant; 
G2: Concise® - sealant only; G3: 
Ultraseal XT® - ozone + sealant; 
G4: Ultraseal XT® - sealant only.

Bovine 
teeth SBS

Ozone-treated specimens 
did not differ statistically 

from controls for both 
tested sealant systems.

Margvelashvili 
et al 20133

To test Vertise Flow® on 
its bond strength to intact 
enamel. For comparative 

purposes, sealants marketed 
for use in combination with 
phosphoric acid or a self-

adhesive adhesive, Prompt 
L-Pop®, were also evaluated.

G1: Etchant Gel + Vertise Flow®; 
G2: Etchant Gel + Guardian 
Seal®; G3: Adper Prompt 

L-Pop® + Clinpro Sealant®.

Permanent 
human 
teeth

SBS

Higher SBS for the 
association of methods 

self-etching vs acid etching, 
and Vertise Flow® has 
registered higher SBS 
than Guardian Seal®.

Stellini  
et al 201330

Compare the joint strength 
between two different types 
of crack sealant, Clinpro® 
and Quick Seal®, and the 

tooth enamel surface.

G1: Clinpro®; G2: Quick Seal®.
Permanent 

human 
teeth

SBS
The self-etching sealants 

had lower SBS values than 
the conventional method.

Biria et al 
201428

To determine the SBS of 
a micro enamel sealant 
material, Enamel Loc®, 
to enamel and compare 

it to the bond strength of 
a conventional sealant, 

Concise®, with a full etching 
technique or a self-adhesive 
adhesive, Prompt L-pop®.

G1: Concise® - attack with 
phosphoric acid; G2: Concise® 
- used the L-pop adhesive; G3: 

Enamel Loc® - no pre-conditioning.

Permanent 
human 
teeth

µSBS

The conventional acid 
etching showed respectively 

higher µSBS than with 
Prompt L-pop®.

Table 1 continued over leaf
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Table 1 continued:

Derelioglu 
et al 201420

To compare the SBS of an 
ionomeric sealant, Fuji 
Triage Capsule®, a self-
adhesive, Vertise Flow®, 
and a conventional resin 
sealant, Grandio seal®, 

with or without phosphoric 
acid pre-conditioning.

G1: phosphoric acid + Grandio 
seal®; G2: phosphoric acid + Fuji 
Triage Capsule®; G3: Fuji Triage 
Capsule®; G4: phosphoric acid 

+Vertise Flow®; G5: Vertise Flow®.

Permanent 
human 
teeth

SBS

The SBS of Grandio seal® 
+ acid etching and Vertise 
Flow® + acid etching were 

higher than Fuji Triage 
Capsule® + acid etching 
and Fuji Triage Capsule® 
sealants without etching.

Tavassoli-
Hojjati  
et al 201423

To investigate the effect of 
variable concentrations, 1, 
2, 3, 4, and 5 wt.% of b-TCP 

nanoparticles, on micro shear 
mechanical properties.

G1: b-TCP-NPs 1wt.%; G2: 
b-TCP-NPs 2wt.%; G3: b-TCP-

NPs 3wt.%; G4: b-TCP-NPs 
4wt.%; G5: b-TCP-NPs 5wt.%; 
G6: control groups containing 

additive-free crack sealants; G7: 
commercial control Concise®.

Permanent 
human 
teeth

µSBS

Did not show significant 
differences in the mean 

values of the micro shear 
between the various 

experimental groups and 
between the control groups.

Schuldt  
et al 201535

To investigate the shear 
strength and sealing 

techniques in comparison 
with conventional pit 
and fissure sealing.

G1: self-etching/self-adhesive 
sealant Constic®, without acid 
etching; G2: self-etching/self-
adhesive sealant Constic®, 
with prior acid etching; G3: 

conventional fissure sealing, 
control group- Helioseal F®.

Permanent 
human 
teeth

SBS

The Constic® with acid 
etching and the Helioseal 

F® control group performed 
equally well, while the 
Constic® obtained a 

significantly lower SBS after 
thermocycling compared 
to the control group. The 

Constic® without acid 
recording obtained a lower 
SBS for all aging protocols.

Teixeira  
et al 201533

To define the effect of APP 
on the mechanical properties 

of enamel and its ability 
to promote the bonding of 

sealant, UltraSeal XT®.

G1: conditioned enamel; G2: non-
conditioned enamel. Subgroups: 

1- received APP treatment for 
15 seconds;  2- NaOH treatment 
for 60 seconds;  3- the recorded 

and unrecorded control 
groups received 15 seconds of 

compressed air application.

Permanent 
human 
teeth

SBS

Reported higher µSBS for 
APP preparation compared 
to NAOH when conditioned 
by a conventional method.

Chiang  
et al 201617

To determine the influence 
of tooth site selection, 
prismatic compared 

to. aprismatic enamel, 
conditioning time, aging, and 

shear procedure on SBS;

G1: prismatic enamel; G2: 
aprismatic enamel; Subdivide 

in 1- acid etching 30s or 60s; 2- 
aging: 1 day or 3 months or 5000 
thermocyclers; 3- shearing: bevel 

edge method or knife edge method.

Permanent 
human 
teeth

SBS

Larger SBS with conventional 
conditioning for 60 

seconds aprismatic and 
30s for prismatic.

Kucukyilmaz 
et al 201625

To determine the bond 
strength of three different 

glass ionomer-based fissure 
sealants, Fuji Triage®, Fuji VII 

EP®, and GCP Glass Seal®.

G1: Fuji Triage ®; G2: Fuji VII 
EP®; G3: GCP Glass Seal®

Permanent 
human 
teeth

SBS

The Fuji VII EP® exhibited 
the highest shear 

strength score, which 
was significantly different 

from Triage Fuji® and 
Glass Seal GCP®.

Schuldt  
et al 201611

To assess the SBS of a self-
conditioning adhesive, Adper 
Prompt L-Pop®, compared to 
acid pre-conditioning sealing, 
Clinpro®, and Helioseal F®.

G1: experimental group: Adper 
Prompt L-Pop®; G2: prior acid 
conditioning. Subgroups: 1- 1 
day storage in distilled water 

at 37°C in a thermal oven; 2- 3 
months of storage in distilled 

water at 37°C in a thermal oven; 
3- 1 day storage in distilled 

water at 37°C followed by 5,000 
cycles in a thermal cycler bath.

Permanent 
human 
teeth

SBS

Conventional conditioning 
showed respectively 

higher µSBS and SBS than 
with Prompt L-pop®.

Birlbauer  
et al 201721

To determine the SBS 
according to different aging 

procedures of a new EFP.

G1: EFP; G2: EFP-1; G3: EFP-2; G4: 
EFP-3; Subgroups: 1- stored 1 

day in water; 2- stored 3 months 
in water; 3- thermocycling.

Permanent 
human 
teeth

SBS

The EFP-3 group showed the 
highest SBS values under in 

vitro conditions compared to 
the groups that were tested 

previously and all groups 
showed SBS decrease 
after thermocycling.

Table 1 continued over leaf
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Table 1 continued:

Fiorati-Aguiar 
et al 201816

To evaluate the properties 
of a new bisphenol-A free 

sealant, Embrace Wetbond®, 
compared to a conventional 

sealant Fluroshield®.

G1: Embrace Wetbond®; 
G2: Fluroshield ®.

Subgroups- 1: water contaminated; 
2: not water contaminated.

Permanent 
human 
teeth

SBS

Saliva and water 
contamination reduced 

Embrace Wetbond® 
and Fluorshield® 
SBS respectively.

Odabasi  
et al 201822

To evaluate the bond strength 
of two different resin-based 

crack sealants, Clinpro ® 
or Fissurit Fx ®, packed 

with Er: YAG laser and/or 
in vitro phosphoric acid.

G1: Clinpro ®; G2: Fissurit Fx®. 
Subgroups: 1- Laser; 2- acid 

etching; 3- acid etching + laser.

Permanent 
human 
teeth

SBS

Observed a higher SBS for 
conventional preparation 

when compared with 
laser Er: YAG.

Pitchika  
et al 20187

To evaluate the SBS of a 
new sealant compared 
to a conventional acid 

etching sealant.

G1: BeautiSealant Paste®; G2: 
Helioseal F®, control group.

Permanent 
human 
teeth

SBS

SBS decreased slightly 
in both groups after 3 

months of water storage 
and significantly after 5,000 

cycles of thermal cycling.

Memarpour 
et al 20192

To investigate the efficacy of 
nano-HA in Clinpro® sealant 

to remineralize artificial 
caries lesions, comparing the 
SBS after nano-HA treatment.

G1: control group, acid etching; 
G2: nano-HA 0,15%; G3: nano-
HA 0,03%; G4: nano-HA 0,15% 
+ SHMP 0,05%; G5: nano-HA 

0,03% + SHMP 0,01%.

Permanent 
human 
teeth

SBS

The higher concentration of 
nano-HA, 0.15%, led to the 
increased shear strength 

of the sealant compared to 
conventional application.

Zhang  
et al 201914

To evaluate the influence 
of sub-pressure in the 

bonding of sealants before 
and after thermocycling.

G1: Concise® without sub 
pressure; G2: Concise® with 
sub pressure; G3: Helioseal 

F® without sub pressure; G4: 
Helioseal F® with sub pressure.

Permanent 
human 
teeth

SBS

Sub Pressure groups had 
a significantly higher SBS 
than specimens in groups 

without sub-pressure. 
Thermocycling decreased 

the SBS compared to 
non-aging specimens.

Çelik et al 
202038

To compare the effects of 
laser and ozone pretreatment 

on the enamel surface 
for decontamination on 
SBS of three types of pit 

and fissure sealants.

G1: Nd:YAG laser; G2: ozone; 
G3: Control group. Subdivided 
into 3 groups according to the 
type of sealant: giomer, glass 

ionomer, and resin-based.

Permanent 
human 
teeth

SBS

The pretreatment reduced 
the SBS of glass ionomer 
and resin-based sealants 
compared to the control. 
There was no statistical 

difference between the types 
of pretreatment, and the 

resin-based sealants had the 
highest SBS value and glass 

ionomer sealants the lowest.

Cocco  
et al 202032

To evaluate pits and fissure 
sealants containing ZnM or 
SnM have been developed 
to achieve easy handling/
application and powerful 

anti-biofilm activity.

G1: Control;  G2: ZnM 2.5%; 
G3: ZnM 5%; G4: SnM 

2.5%; G5: SnM 5%.

Did not 
inform 

the type 
of teeth

µSBS

No statistical differences 
were observed in the 

µSBS of the experimental 
sealant when modified 

by ZnM and SnM.

Fei et al 202024

To develop the first pits 
and fissures sealant 

containing nCaF2 and 
DMAHDM, and investigate 

mechanical properties.

1) Helioseal F® (Commercial 
control); 2) 50% BT + 0% 

DMAHDM + 0% nCaF2+ 50% glass 
(Experimental control); 3) 45% BT 
+ 5% DMAHDM + 0% nCaF2+ 50% 
glass; 4) 45% BT + 5% DMAHDM 

+ 10% nCaF2+ 40% glass; 5) 
45% BT + 5% DMAHDM + 15% 
nCaF2+ 35% glass; 6) 45% BT + 

5% DMAHDM + 20% nCaF2+ 30% 
glass; 7) 45% BT + 5% DMAHDM 

+ 25% nCaF2+ 25% glass.

Permanent 
human 
teeth

SBS

The 5% DMAHDM+20% 
nCaF2 group produced 
a bond strength similar 
to commercial control.

Garcia  
et al 202015

To add METAC to the 
formulation of the sealants 

and check its influence 
on the properties.

G1: Control group, without 
METAC; G2: 2,5% of METAC; 

G3: 5% of METAC

Bovine 
teeth µSBS

Adherence showed no 
statistical difference 

between groups with METAC.

Table 1 continued over leaf
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Table 1 continued:

Ibrahim  
et al 202031

To evaluate DMAHDM 
and NACPs compound 

pits and fissures sealants 
for their properties.

G1: Control, commercial sealant - 
Virtuoso®; G2: 0% DMAHDM and 
0% NACPs- experimental control; 
G3: 5% DMAHDM and 0% NACPs; 

G4: 0% DMAHDM and 20% NACPs; 
G5: 5% DMAHDM and 20% NACPs.

Permanent 
human 
teeth

SBS

The sealant developed 
with the incorporation of 
5% DMAHDM and 20% 
NaCPs did not alter the 
SBS when compared to 

the experimental control 
alone or associated.

Lo et al 202029

To evaluate the shear 
strength, SBS) of a sealing 

material, Helioseal F®, 
under the inclusion of 
different commonly 

recommended acid attack 
times, 15, 30, 45, and 60 
s in a permanent tooth.

G1: etching for 15s;  G2: etching for 
30s;  G3: etching for 45s; G4: etching 

for 60s. Subgroups: 1- prismatic 
enamel; 2- aprismatic enamel.

Permanent 
human 
teeth

SBS

No statistically significant 
differences between acid 

etching times for prismatic 
and aprismatic enamel.

Attar et al 
202139

To evaluate the effects 
of Co-curing or Staged-

curing adhesives compared 
to No-bonding on the 

adhesion of different pit 
and fissure sealants.

G1: Seal-it ™; G2: Helioseal-F ™; G3: 
Climpro ™. Subdivided into: No-

bonding; Staged-curing e Co-curing.

Permanent 
human 
teeth

SBS

The sealants that were 
applied with Staged-curing 

showed the best SBS 
results for Seal-it ™ and 

Clinpro ™. Only Helioseal-F 
™ showed no difference 

with No-bonding. Co-
cure had the lowest SBS 

values for all groups.

Bao et al 
202140

To evaluate the SBS 
of contaminated and 

uncontaminated resin 
sealants with the variables 

of rinsing, reapplication 
of acid etching, and use 
of a universal adhesive.

G1: no contamination and stored 
for 24h; G2: no contamination and 
thermocycled; G3: contaminated 

and stored for 24h; G4: 
contaminated and thermocycled; 

G5: contaminated, rinsed and 
stored for 24; G6: contaminated, 

rinsed and thermocycled; G7: 
contaminated, Re-etching and 

stored for 24h; G8: contaminated, 
Re-etching and thermocycled; G9: 
contaminated, adhesive, stored 

for 24h; G10: contaminated, 
adhesive, thermocycled.

Permanent 
human 
teeth

SBS

Saliva contamination 
significantly reduced the 

SBS values. The storage for 
24 hours showed better 

SBS for the G9 group, 
while the groups that were 
thermocycled, all showed a 
reduction in SBS, but the G8 
group obtained better values 
compared to the G2 group.

Memarpour 
et al 202141

To evaluate the SBS of 
saliva-contaminated and 

non-contaminated pit 
and fissure sealants.

G1: dry with Resin-based sealant; 
G2: dry with ACP-containing sealant; 

G3: dry with Glass ionomer-based 
sealant; G4: Saliva contamination 

removed by cotton pellet with 
Resin-based sealant; G5: Saliva 

contamination removed by 
cotton pellet with ACP-containing 
sealant; G6: Saliva contamination 

removed by cotton pellet with 
Glass ionomer-based sealant; G7:  
Saliva contamination removed by 

air-drying with Resin-based sealant; 
G8: Saliva contamination removed 
by air-drying with ACP-containing 
sealant; G9: Saliva contamination 

removed by air-drying with 
Glass ionomer-based sealant.

Permanent 
human 
teeth

SBS

The salivary contamination 
showed a reduction in 

the SBS of the three types 
of sealants evaluated. 

There was no statistical 
difference between drying 

the contamination with 
cotton pellets or air-drying.

Table 1 continued over leaf
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STUDY CHARACTERISTICS

Morphological Conditions
Chiang et al. and Lo et al. compared the influence of conditioning 

time in prismatic and aprismatic enamels in terms of adhesion 
by shear strength (SBS). Chiang et al. found higher SBS values 

after conditioning with 37% phosphoric acid (conventional) for 
60 seconds for the aprismatic enamel and for 30 seconds for 
the prismatic enamel. Lo et al., on the other hand, found no 
statistically significant differences.17,29 

Table 1 continued:

Beltrami  
et al 202242

To compare the adhesion of 
pit and fissure sealants on 

untreated and eroded enamel 
with self-adhesive systems.

G1: control; G2: etch-and-rinse 
technique; G3: immersed for 

24 h in acid drink, acid etching, 
and self-adhesive technique; G4: 
immersed for 24 h in acid drink, 
acid etching, and adhesive, an 

etch-and-rinse technique.

Bovine 
teeth SBS

There was a statistical 
difference between the 
groups, with higher SBS 
values in MPa for group 
G2 and similar results 

between groups G1, G3, 
and G4. Enamel with 

simulated erosion showed 
no significant effect on 

the SBS of sealants.

Ersan  
et al 202243

To evaluate the SBS of 
pit and fissure sealants 

in enamel prepared with 
Er, Cr:YSGG, CPP-ACP 

containing paste and sodium 
hypochlorite application.

G1: Er, Cr: YSGG laser + CPP–ACP 
+ fissure sealant G2: Er, Cr: YSGG 
laser + fissure sealant G3: NaOCl 

+ fissure sealant G4: NaOCl + 
CPP–ACP + fissure sealant G5: 
CPPACP + fissure sealant G6: 

fissure sealant (control group).

Deciduous 
teeth SBS

The application of laser 
Er, Cr: YSGG did not affect 
the adhesive properties of 

sealants with results higher 
than the control and CPP-
ACP showed no statistical 

difference with the control, 
maintaining the SBS. The 
NaOCl group showed a 
significant reduction in 
the SBS of the sealants.

Mézquita-
Rodrigo  
et al 202244

To evaluate the SBS of pit 
and fissure sealants after 
enamel conditioning with 
different new-generation 

self-etching agents.

G1: Conventional etching Climpro 
™G2: Conventional etching 

Teethmate F1 ™; G3: Self-etching 
BeautiSealant ™; G4: Selfetching 

Climpro ™; G5: Selfetching 
Teethmate F1 ™; G6: Self-etching 

BeautiSealan ™ with BeautiBond ™.

Permanent 
human 
teeth

SBS

The SBS was lower for 
groups G1 and G3, while 
although there was no 
statistical difference 

between them, groups G2, 
G4, G5, and G6 had the 
highest SBS values. Self-
adhesive agents can be 

indicated for clinical use.

Sayeh  
et al 202245

To investigate the µSBS of pit 
and fissure sealants applied 
with different techniques.

G1: acid etch + bonding + fissure 
sealant Clinpro ™); G2: acid etch + 
Vertise Flow ™;G3: Vertise Flow ™.

Permanent 
human 
teeth

µSBS

The group that did not 
have acid etching showed 
a reduction in SBS when 

compared to the groups that 
had the acid etching step.

Souza-Penha 
et al 202246

To evaluate the SBS of pit 
and fissure sealants with 

a self-conditioning system 
with pre-reacted glass.

G1: Fluroshield ™; G2: 
BeautiSelant ™.

Bovine 
teeth SBS

The group with conventional 
acid etching G1 with 

phosphoric acid showed 
higher SBS than the self-

etching group at both 24hrs 
and 30 days. After 30 days 
of storage, both sealants 

showed a reduction in SBS.

Kharouba  
et al 202347

To evaluate whether µSBS 
of pit and fissure sealants in 
deciduous teeth is altered 
with decreasing enamel 

acid etching times.

G1: 8s; G2: 15s; G3: 30s Deciduous 
teeth µSBS

Acid conditioning time had 
no statistically significant 

change in µSBS of pit 
and fissure sealant.

APP, plasma treatment under atmospheric pressure; b-TCP, β tricalcium phosphate; DMAHDM, dimethylamino dodecyl methacrylate; EFP, 
experimental crack primer; METAC, [2-(methacryloyloxy)ethyl] trimethylammonium chloride; NACPs, amorphous calcium phosphate nano-
particles; nano-HA, nano-hydroxyapatite; nCaF2, calcium fluoride nanoparticles; SBS, shear bond strength; SHMP, sodium hexametaphos-
phate; SnM, di-nbutyldimethacrylate-tin; ZnM, zinc methacrylate; Nd: YAG, Neodymium-doped yttrium aluminum garnet; ACP, amorphous 

calcium phosphate; CPP, Casein phosphopeptide; ACP, amorphous calcium phosphate; Er, Cr: YSGG, Erbium, chromium: yttrium‑scandi-
um‑gallium‑garnet; NaOCl, Hitherto sodium hypochlorite;
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Peutzfeldt et al. observed lower SBS values ​​for deciduous teeth 
with Clear® sealant after conditioning with Prompt L-pop® and 
conventional when compared to the permanent ones.8

Beltrami et al. compared sealant adhesion on enamel, erod-
ed or not, conditioned by an adhesive system, etch-and-rinse 
or self-adhesive. They observed that sealant adhesion was not 
significantly affected by erosion, with the best result attribut-
ed to the etch-and-rinse adhesive system on eroded enamel.42

Substrate Preparation
Lepri et al. and Odabasi et al. observed a higher SBS for the con-

ventional preparation when compared to the Er: YAG laser.4,22 Kno-
bloch et al. and Moslemi et al. observed a higher SBS in the com-
bination of air + conventional abrasion methods.5,10 Drummond 
et al. obtained a higher SBS for the conventional compared to the 
CO2 laser, in addition to the developed primer promoting greater 
adhesion.18 In addition to Moslemi et al., they observed no statisti-
cal difference for SBS between conventional Er: Cr YSGG lasers.5

Figure 1: Flow diagram of literature search and selection criteria.

Figure 2: Qualitative analysis with adapted the quasi-experimental studies appraisal tool by the Joanna Briggs Institute. D1-Is it 
clear in the study what is the ‘cause’ and what is the ‘effect’; D2- Were the specimens included in any comparisons similar?; D3- Were 
the specimens included in any comparisons receiving similar treatment/care, other than the exposure or intervention of interest?; 
D4-Was there a control group?; D5- Were there multiple measurements of the outcome both pre and post the intervention (surface 
treatment)?; D6- Were the outcomes of specimens included in any comparisons measured in the same way?; D7- Were outcomes 
measured in a reliable way?; D6- Was appropriate statistical analysis used?
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Memarpour et al., observed greater SBS when they prepared 
with 0.15% nano-HA (hydroxyapatite) compared to the con-
ventional method.2 Teixeira et al. observed greater resistance 
to microcutting (µSBS) for the preparation with plasma under 
atmospheric pressure (APP) in relation to NAOH when condi-
tioned by the conventional method.33 Merchesi et al. observed 
that Ultraseal XT® and Concise® sealants when treated with 
or without ozone did not obtain SBS statistically different.19 
Castro et al. observed greater SBS for preparations with drills, 
air abrasion and with Er: Cr YSGG laser when conditioned by 
the conventional method with Excite®.6

Çelik et al. reported a reduction of SBS of resin and ionomer-
ic sealant on substrates prepared with Neodymium-doped yt-
trium aluminum garnet (Nd: YAG) laser and ozone compared 
to control.38 Ersan et al. compared the effect of substrate 
preparation with Erbium laser, chromium: yttrium-scandium-
gallium-garnet (Er, Cr: YSGG), Casein phosphopeptide - amor-
phous calcium phosphate (CPP-ACP) and Hitherto sodium 
hypochlorite (NaOCl) in different associations. They observed 
that Er, Cr: YSGG, and CPP-ACP did not affect adhesion, while 
the use of NaOCl reduced SBS.43

Acid Conditioning and Adhesive System 
Lo et al. observed through a linear regression analysis that 

the time of 60 seconds is greater than the times of 15, 30 and 
45 seconds for promoting greater SBS.29 Kharouba et al. ob-
served that reducing the acid etching time to 8 seconds on 
deciduous teeth did not affect SBS.47 Yamamoto et al. found 
that 10% polyacrylic acid had the lowest SBS values ​than 20% 
polyacrylic acid, 12% citric acid and 35% phosphoric acid, 
however conditioning results in an increase in SBS regardless 
of the conditioning agent.34 

Biria et al. and Schuldt et al. observed that conventional con-
ditioning had higher µSBS and SBS, respectively, than with 
Prompt L-pop®11,28 and Souza-Penha et al. observed that con-
ventional acid etching shows better SBS compared to self-etch-
ant at 24 h and 30 days after application.46 While Peutzfeldt et 
al. found no statistical differences.8 Pitchika et al., Stellini et al., 
and Wadenya et al. observed that the self-etching sealants had 
lower SBS values ​than the conventional method.7,27,30 Mézquita 
Rodrigo et al. observed that SBS is directly proportional to the 
percentage of phosphoric acid used (32% or 40%) and that 
new-generation adhesive agents can be used without compro-
mising adhesion on dental enamel.44	  

Schuldt et al. observed that the association of self-etching seal-
ant with pretreatment obtained a similar performance to the 
group with conventional pretreatment.35 While Margvelashvili 
et al. obtained a higher SBS for the association of the methods.3 
Attar et al. reported better SBS for sealants that performed the 
application of the adhesive system in stages compared to the 
self-adhesive and co-cure groups.39

Contamination
Rirattanapong et al. observed that the presence of con-

tamination reduces SBS mainly in the ionomeric sealant Fuji 
VII® when compared with the resinous Concise™ and Clin-
pro™.9 Fiorati-Aguiar et al. observed that contamination by 
saliva and water reduced the SBS of Embrace Wetbond® and 
Fluorshield® respectively.16

Lepri et al. found that salivary contamination affects the 
SBS of sealants regardless of conventional preparation and 
Er: YAG laser, which showed the lowest values.4 Tulunoglu et 
al. observed that the presence of salivary contamination de-
creases SBS regardless of the type of adhesive used.26 

Figure 3: Quantitative analysis with adapted the quasi-experimental studies appraisal tool by the Joanna Briggs Institute per studies. 
D1-Is it clear in the study what is the ‘cause’ and what is the ‘effect’; D2- Were the specimens included in any comparisons similar?; 
D3- Were the specimens included in any comparisons receiving similar treatment/care, other than the exposure or intervention of 
interest?; D4-Was there a control group?; D5- Were there multiple measurements of the outcome both pre and post the intervention 
(surface treatment)?; D6- Were the outcomes of specimens included in any comparisons measured in the same way?; D7- Were 
outcomes measured in a reliable way?; D6- Was appropriate statistical analysis used?
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Memarpour et al. reported that salivary contamination re-
duced SBS, even when using the cotton pallet drying and air-
drying protocols.41 Bao et al. reported reduced SBS with sali-
vary contamination and pointed out that under contaminated 
conditions, re-etching may increase SBS when compared to 
re-application of the adhesive or rinsing.40

Aging
Pitchika et al., Chiang et al., Birlbauer et al., and Zhang et 

al. found that after 5000 cycles of thermocycling the SBS was 
lower for Helioseal F®.7,14,17,21 And Schuldt et al. found that 
Constic® has the lowest SBS regardless of time and Helioseal 
F® with conventional conditioning had the lowest in 1 day and 
3 months.35

The Delton® sealant analyzed by Ellis et al. demonstrated 
average values ​of SBS stored 72h after conventional con-
ditioning, while the association of the conventional with air 
abrasion showed greater adhesion and stability in 120 days 
stored followed by 800 cycles of thermocycling.37 

Comparison Between Sealants 
Dewji et al. observed that the ionomeric sealant modified 

by Fuji III LC® resin showed higher SBS compared to Delton 
Opaque® and Fuji III Self Cure® when associated with 10% 
polyacrylic acid, while Derelioglu et al. found greater adhe-
sion to Grandio seal® in compared to Fuji Triage Capsule® 
and Vertise Flow® when associated with the conventional 
method.20,36 Kucukyilmaz et al. observed that the Fuji VII EP® 
sealant had a higher SBS compared to Fuji Triage® and GCP 
Glass Seal®.25 Sayeh et al. reported that there is no statistical 
difference in SBS between Climpro® and Vertise flow®.45

Innovation
Garcia et al. observed that there were no statistically signifi-

cant differences for µSBS of the developed sealant (control) 
and with incorporation of 2.5% and 5% of 2- (methacrylony-
loxy) ethyl] trimethylammonium chloride (METAC).15

Tavassoli-Hojjati et al. observed the absence of statistical dif-
ferences in the µSBS between the control group (experimen-
tal), Concise® and in the experimental group with incorpo-
ration of β-tricalcium phosphate nanoparticles (β-TCP-NPs).23 
Cocco et al., on the other hand, did not observe statistical 
differences in the µSBS of the experimental sealant when 
modified by zinc methacrylate (ZnM) and tin di-n-butyl meth-
acrylate (SnM).32

Ibrahim et al. observed that the sealant developed with the 
incorporation of 5% of dimethylaminohexadecyl methacrylate 
(DMAHDM) and 20% of amorphous calcium phosphate nano-
particles (NaCPs) did not alter the SBS when compared to the 
experimental control alone or in association.31

Fei et al. observed that the combination of 5% DMAHDM + 
20% nCaF2 to the experimental sealant presented SBS similar 
to the commercial control group Helioseal F®.24

 DISCUSSION
In order to solve the gaps still present in the literature re-

garding the adhesion of sealants to the dental substrate, the 
following question “‘Do pit and fissure sealants present good 
adhesion to the dental structure when analyzed for their 
shear / microshear resistance?’ Directed the systematic review 
due to the success of the preventive treatment with pit and 
fissure sealants being directly associated with its resistance to 
adhesion. Thus, it aimed to critically analyze the included in 
vitro studies2–11,14-47 most well designed with low risk of bias for 
some of the questions adapted from evaluation tool for qua-
si-experimental studies from JBI (quasi-experimental stud-
ies (non-randomized experimental studies) from the Joanna 
Briggs Institute), however, the results were interpreted with 
caution for those studies with a high risk of bias, in addition to 
the impossibility of accomplishing a goal -analysis due to the 
heterogeneity of the included studies.

Regarding the morphological condition of the substrate, bi-
ases are found between the clinical condition of application of 
the sealants, aprismatic enamel, in relation to the laboratory 
ones, prismatic enamel, a fact justified by the need for the 
standardization of the surface in vitro, making it flat, through 
superficial treatments that remove the aprismatic layer pro-
viding them with less resistance to acid conditioning as re-
ported by Chiang et al.17 and Lo et al.,29 so special attention 
must be given by clinicians to the conditioning time.17,29,48 
Kharouba et al. reported that for deciduous teeth acid etch-
ing for 8 seconds promoted acceptable SBS and suggested the 
indication of this protocol for uncooperative children with the 
advantage of being a fast procedure and lower risk of salivary 
contamination.47 With regard to deciduous teeth in the study 
by Peutzfeldt et al., even after the standardization of the sam-
ples, an aprismatic layer remained, which affected the SBS, a 
fact justified by the selected region being the cervical one,8 
attributed to dental enamel presenting anisotropy and the di-
rection and morphology of the prisms and dentinal tubules 
influence the adhesion of sealants with the dental structure 
according to the review by Mourad et al.49

Beltrami et al. observed that there is no significant differ-
ence in the SBS of sealants in eroded and healthy enamel, 
justified by the surface erosion associated with the adhe-
sive system acting synergistically on sealant adhesion.42 It 
was observed in this systematic review the use of different 
types of teeth such as bovine,15,18,19,34,36,42,46 permanent hu-
man2-7,9,11,14,16,17,20-25,27-31,33,35,37-41,44,45 and deciduous,8,10,26,43,47 a fac-
tor that may contribute to the divergence of results since bovine 
teeth diverge from human ones by presenting larger dentin tu-
bules that favor sealant adhesion. Regarding human teeth, third 
molars were the most investigated,2,4,7,9,11,16,17,21,22,24,28-30,35,38,40,41,44 
it is noteworthy that their morphology may affect the clinical 
representation of the results since they are more permeable 
than erupted and restored teeth that present sclerotic dentin 
and therefore are more resistant to acid etching.49 
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One way to increase adherence is the preparation on the 
dental surface, conditioning with phosphoric acid is the con-
ventional method used as a standard to compare techniques. 
This promotes the removal of the smear layer and creates a 
uniform micro-retentive pattern, due to the selective dissolu-
tion and removal of the hydroxyapatite crystals, which favors 
the penetration of the material in the micropores.4

The conventional method provides a greater SBS than prepa-
rations with Er: YAG laser, since the second causes the vaporiza-
tion of water and dental organic components with consequent 
micro-explosive destruction of inorganic substances, in which 
the intra and interprismatic spaces are blocked, restricting the 
diffusion of the material.4,22,50 The lower SBS obtained with the 
use of the CO2 laser, reported by Drummond et al., can be ex-
plained by the lower surface energy after the laser application, 
in addition to the decrease in the amount of water present, 
which makes it difficult for the sealant to penetrate.18 Çelik et al. 
inferred that preparation with Nd: YAG laser promoted chemi-
cal and morphological changes in the tooth structure, which 
increased the distribution of oxygen, calcium, and phosphorus, 
which makes the substrate more resistant to acid etching.38 
On the other hand, Ersan et al. when applying the Er, Cr: YSSG 
laser found no reduction in sealant adhesion, for unjustified 
reasons.43

The systematic review conducted by Lopes et al. reports that 
there is no definite consensus on the influence of lasers in 
substrate preparation on the SBS of sealants, even if potency, 
exposure, and wavelength parameters are well defined. The 
authors also point out that the acid etching step should not 
be ignored since the association of methods tends to present 
better SBS.51

The association of air abrasion + acid conditioning promoted 
greater SBS in the studies by Knobloch et al. and Moslemi et al. 
due to air abrasion increasing macroscopic roughness, elimi-
nate organic material from the fissures and make the enamel 
surface more reactive to the acid etching it promotes the for-
mation of micropores justified by the increase in surface area 
and strength of adhesion.5,10,52 Preparations with innovative 
techniques, such as nano-HA and APP also showed improve-
ment in the SBS of the sealants, because the hydroxyapatite 
promotes the creation of a reactive layer between the sealant 
and the nano-HA, while the APP increases the surface energy 
of the substrate allowing an interaction more intimate with 
the material.2,33

The preparation of the substrate with ozone can impair the po-
lymerization of the sealants and consequently their adhesion, 
as it is an oxidizing material and reacts with the monomer radi-
cals as observed in the study by Çelik et al.38 However, Merchesi 
et al., when using a drying agent, PrimaDry®, obtained better 
penetration of the sealants and no change in adhesion.19

The use of self-etching adhesives and sealants has increased 
in recent years as they allow for a reduction in clinical time 
and practical application. However, we can infer through this 

systematic review, that the self-etchers provide less adhesion 
than the conventional method, due to the simultaneous ap-
plication of the conditioner and primer to decrease the depth 
of surface demineralization with consequent less penetration 
of the sealants.11,27,28,44,46 Souza-Penha et al. reported that the 
SBS of substrates conditioned conventional adhesive system 
was higher than the self-etching ones after 24hrs and 30 days, 
justified by the low pH (2.3) of the phosphoric acid of the con-
ventional adhesive system inducing higher microporosity.46,53

The adhesion of sealants can be affected by contaminants 
present in the oral cavity, so the proper control of saliva, 
through the isolation of the operative field is essential. Lepri et 
al., Tulunoglu et al., Rirattanapong et al., Memarpour et al. and 
Bao et al., reported reduced adhesion of sealants due to sali-
vary contamination justified by the formation of an organic film 
on conditioned surfaces, which promotes the obliteration of 
formed micropores, impairing the bonding of sealants.8,9, 26,40,41 
Memarpour et al. evaluated different methods to minimize the 
effects of contamination, cotton pallet drying, and air drying. 
They observed that the cotton pallet technique was the best, 
because it eliminated from the microporosities, besides the hu-
midity, salivary proteins that are not removed by air drying.41 

The success of a treatment with sealants is clinically evalu-
ated for its durability and effectiveness, already in vitro by the 
thermocycling test, which simulates changes in the tempera-
ture of the oral cavity. Chiang et al. emphasize that the ther-
mocycling of 5000 cycles should be standardized as an ideal 
test to evaluate the aging of sealants, as it represents more 
faithfully the changes present in the oral cavity. It should be 
noted that storage in water causes instability and hydrolysis 
of the monomers while thermocycling shows the thermal per-
formance of the sealants.14,17,35,37

Conditioning with 10% polyacrylic acid for the application of 
the Fuji III LC® resin-modified ionomeric sealant promotes a 
surface with more micropores compared to 20% polyacrylic 
acid + 3% aluminum chloride, so the increase in SBS resulted 
from the association of mechanical, micropore, and chemical 
characteristics, polar / ionic bonding, promoted by the parti-
cles of the glass ionomer cement present in the formulation.36 
The comparison of ionomeric sealants modified by Fuji VII 
EP® resin, Fuji Triage® and GCP Glass Seal® performed by 
Kucukyilmaz et al. demonstrated that the Fuji VII EP® seal-
ant presented a higher SBS due to the incorporation of casein 
phosphopeptide – amorphous calcium phosphate (CPP -ACP) 
(1-5%).25 The self-etching sealant, Vertise Flow®, contains a 
higher pH compared to 37% phosphoric acid, which promotes 
a surface with fewer micropores with consequent reduced 
SBS, due to less penetration of the material.20

In this systematic review we analyze the innovations applied 
to the sealants and their consequent influences on the me-
chanical property of shear strength and micro shear. The eval-
uated studies aimed to incorporate the antimicrobial agents 
METAC,21 β-TCP-NPs,23 ZnM and SnM,24 BMAHDM24,31 to the 
sealants and showed no change in adhesion and suggested 
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that these materials developed can be used as a potential ma-
terial in the prevention of caries disease due to its antimicro-
bial properties.15,23,24,31,32

The qualitative analysis of the included studies allowed to in-
fer that: 1) The standardization of the samples in vitro studies 
interferes with the resistance to the adhesion creating biases 
between the clinical and laboratory conditions, so special atten-
tion must be given by the clinicians to the conditioning time; The 
association of air abrasion + acid conditioning methods showed 
better SBS results; 2) The conventional method of conditioning 
with phosphoric acid 37% is the most used and presents the 
best adhesion results; 3) Salivary contamination reduces SBS 
by promoting the formation of an organic film on conditioned 
surfaces, which obliterates the formed micropores, impairing 
the bonding of sealants; 4) Thermocycling with 5000 cycles is 
the ideal test to assess the aging of sealants, as it faithfully rep-
resents the changes present in the oral cavity; 5) The innovative 
sealants showed no change in adhesion and improved preven-
tive capacity by the addition of antimicrobial agents.

This systematic review had limitations due to the fact that 
it evaluated in vitro studies that showed wide heterogeneity, 
thus, it suggests to researchers that they develop randomized 
clinical studies so that it can be evaluated the adhesion of pit 
and fissure sealants in a faithful way.

 CONCLUSION
The question ‘’Do pit and fissure sealants present good ad-

hering to the dental structure when analyzed by their resist-
ance to shear/microshear?” can be answered through the 
critical analysis of the studies included in this systematic 
review, and it can be inferred that the adhesion of pits and 
fissures are dependent on the application protocol, substrate 
morphological condition and changes in composition, which 
directly interfere with its longevity.
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